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diioahtivyneSx�il shipments in the Universal Transport Cask shall be subject to the following 

limits: 

1. The maximum contents weight for the Universal Transport Cask shall not exceed • lb.  

2. The design basis fuel characteristics shall be in accordance Tables 1.2-1 and 1.2-1.  

3. The total decay heat of the cavity contents shall not exceed 20 kW for PWR fuel and 16 kW 

for BWR fuel.  

4. The total weight of the PWR fuel assembhesr -' UIHArtA§ tiý mble 

oi0.soniods or idu �l�tibe le luC s shall not exceed 8 lb.  

5. The total weight of the BWR fuel assemblies shall not exceed 9 lb.  

6. Radiation levels shall not exceed the requirements of 10 CFR 71.47, 10 CFR 71.51, and IAEA 

Safety Series No. 6, paragraph 469.  

7. Surface contamination levels shall not exceed the requirements of 10 CFR 71.87(i)(1) and 

IAEA Safety Senes No. 6, paragraph 408.  

SCask fuel contents shall be in accordance with the niiti values showbe!o 

Parameter PWR Cask BWR Cask 

Number of assemblies 24 56 

Max. U0 2 weight (MTU) 11.53 11.08 

Max initial enrichment (Wt % 235U) 4.2 

Max. Bumup (MWD/MTU) 0 
Min. cooling time (years) __ __ 

o ooo ~ n (ITO ~ e a wddscibec ' cctld J.3.1 .1 be d ,7 ' e 

ite-s~~5r ecfc h caatrstc nyrfe-re ntiaf oai n ! a t t en
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Figure 1.2-1 Operational Schematic for the Universal Transport Cask
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WkdIng teddTim 

Loading Table for eel4xl4 Fuel - Minimum Reguired Cool Time in Years 

Burnup 30 GWD/MTU _ _- Minimum Cool Time [v for 

Enrichment No CEA (Class 1) No CEA (Class 2) 51 r CEA 10 Yr CEA 15 Yr CEA 20 Yr CFA 

19 6 6 7 6 6 6 

-21 6 6 7 6 6 6 

.23 6 6 6 6 6 6 

25 6 6 6 6 6 6 

27 6 6 6 6 6 6 

29 5 6 6 6 6 6 

e3 1 5 5 6 6 6 5 

33 5 5 6 6 5 5 

35 5 5 6 5 5S 5 

37 5 5 6 5 5 5 

Burnup 35 GWDIMTU Minimum Cool Time is for 

Enrichment No CEA (Class 1) No CEA (Class 2) 5 Yr CEA " 0 Yr CEA 15 r CEA 20 1 r CEA 

19 8 8 9 8 8 8 

21 7 7 9 8 8 8 

23 7 7 8 7 7 7 

25 7 7 8 7 7 7 

27 6 7 7 7 7 7 

.29 6 6 7 7 6 6 

"31 6 6 7 6 -"6 6 

33 6 6 7 6 6 6 

35 6 6 6 6 6 6 

37 6 6 6 6 6 6 

lurnu p 40 GWVD.ITII Mimnmum Cool Time isi for 

Lnrichmentl No CEA (Class 1) No CEA (Class 2) 5 Yr CEA 10 Yr CEA 15 Yr CEA 20 Yr CEA 

1 9 11 12 14 13 12 12 

21 10 10 13 1 I1 11 11 

23 9 9 12 10 10 10 

25 9 9 10 9 9 9 

27 8 8 ' . 10 9 - 8 8 

29 8 8 9 8- 8 8 

31 7 7 8 8 9- 8 .8 
33 7 7 8 7 7 -7 

35 7 7 8 7 7 7 

t37 7 7 7 7 7 7 

Burnup 45 GV, DINMT[1 _Minimum Cool Time lvI for 

Fnrichment No CEA (Class 1) No CFA (Class 2) 5 Yr CEA 10 1 r CEA 15NrCEA- 20 Yr CEA 

1 9 18 18 21 19 18 18 

2 1 15 16 19 17 17 16 

23 14 14 18 16 15 15 

2 5 12 13 16 14 14 13 

27 11 12 14 13 12 12 

29 10 II 13 12 II -11 

3 I 10 10 12 11 10 10 

33 9 9 II .. I0 - 10 . .. 10 

35 9 9 10 10 10 10 

37 9 9 10 10 10 10 

Burnup 50G\ D/r IT_17, Mimmum (ool lime lv for 

Fnrichment No CEA (Class 1) No CEA (Class 2) 5\rCEA 10Yr CEA 15YrCEA 20NrCEA 

19 27 27 29 27 27 27 

21 24 24 27 25 24 24 

23 2 22 25 23 22 22 

25 19 19 23 21 20 20 

27 17 17 21 19 18 18 

29 15 16 19 18 18 18 

31 15 15 18 17 17 17 

33 15 15 17 17 17 17 

35 14 14 15 15 15 15 

37 14 14 15 15 15 15
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E-3:4: License Drawings

This section contains the License Drawings pertinent to the Universal Transport Cask. 0 The 

dimensions indicated on the drawings are generally limited to one significant digit past the 

decimal point. Note ,ffao st oe may present dimensions with 

additional significant digits based on more detailed engineering drawings.
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forging when redundant lifts are performed. The purpose of the trunnions is to enable lifting and 

handling of the cask. Two types of lifting systems may be used: redundant (four trunnions) or 

nonredundant (two trunnions). The lifting trunnions are designed to satisfy the heavy lifting 

requirements of NUREG-0612 [3] and attendant standard ANSI N14.6 [4] for a nonredundant lift 

using the two primary lifting trunnions or a redundant lift using all four of the lifting trunnions, 

as well as the requirements of 10 CFR 71.45(a) and Paragraph 506 of IAEA Safety Series No. 6.  

Analyses show that overload failure of the trunnions will not impair the ability of the cask body 

to continue to perform its function.  

Two rotation pockets are welded to the outer shell near the bottom of the cask. Neutron shield 

material is displaced to accommodate the placement of the rotation pockets, which are used to 

support the bottom of the cask on the shipping frame and also, as a pivot point to rotate the cask 

from the vertical lifting position to the horizontal position and vice versa. The rotation pocket 

design prevents lateral and rearward movement of the cask. The pocket welds are designed to 

fail in shear before the outer shell fails, thereby enabling the cask to continue to perform its 

primary function.  

Forward movement of the cask is prevented by the shear ring welded to the top forging of the 

cask. In the transport configuration, forward axial loads from the cask are passed through to the 

support frame where the shear ring contacts the frame. The shear ring welds are designed to fail 

in shear before the top forging, minimizing the damage to the cask, enabling the cask body to 

perform its primary function.  

2.1.1.2 Transportable Storage Canister 

The Transportable Storage Canister Assembly consists of a stainless steel canister shell 

assembly, a shield lid, and a structural lid. The shell assembly is a cylindrical shell welded to a 

bottom plate and a shield lid support ring welded to the interior of the canister shell. The shell 

assembly with both the shield and structural lid welded in place provides a double welded 

canister closure system for the fuel assemblies loaded in the basket. The canister assembly 

provides confinement for the spent fuel during storage diae Eet 'u •e entsX6;1 R 

-o- fu fL ý-iel ii Sectioiis 

hbw~ hat ih&66 aniste 'toi tsl& jti~ Vo a6ilimnt' uondi t "al ft&iv u 
oiiditi2h
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A basket assembly, as described in Section 2.1.1.3, is positioned inside the shell assembly. The 

basket structure locates and supports the basket contents. There are two basket designs, each of 

which is designed to accommodate either intact PWR or BWR fuel assemblies. The 

transportable storage canister assembly is moved in a transfer cask during fuel-loading 

operations. The shield and structural lids are welded to the canister shell while the loaded 

canister is in the transfer cask.  

In'the spent fuel pool, the fuel is loaded into the basket/canister assembly positioned in the 

transfer cask. Upon completion of fuel loading, the shield lid is lowered into the top of the 

canister. The shield lid assembly is a 7-in.-thick Type 304 stainless steel disk positioned on the 

shield lid support ring above the basket assembly. Then the loaded canister assembly is moved 

to a decontamination pit for the remaining canister closure operations, including installation of 

the drain pipe.  

Two penetrations through the shield lid are provided for draining, vacuum drying, and backfilling 

the canister with helium. The drain penetration is threaded on the top to accept the drain pipe.  

The pipe extends to within 1/8 in. of the bottom of the canister to facilitate draining water from 

the inside of the canister.  

The vent port is used to pressurize the canister or as a vent/discharge port during cask operations.  

Both the drain and vent ports have a cover welded over the quick disconnect prior to installation 

of the structural lid.  

The structural lid is a 3-in. thick Type 304L stainless steel disk positioned on top of the shield lid 

and welded to the shell after the shield lid is welded in place and the canister is drained, dried, 

and backfilled with helium. The structural lid is designed with removable hoist rings so that the 

loaded canister can be lifted. The canister design parameters for the transport of different classes 

of PWR and BWR fuel are provided in Chapter 1.0.  

2.1.1.3 Fuel' Basket 

The fuel basket assembly structure is located inside the canister shell assembly. The basket and 

canister shell assemblies are handled as one unit. The basket provides the fuel assemblies with 

lateral support, decay heat removal capability, and criticality control during all storage and

2.1-4
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The outside diameter of the Universal Transport Cask upper and lower impact limiters is 124.0 

iand the height is 43.0 i . The overlap between the cask body and the impact limiters 

is 11.0 e. Sixteen 2 diameter Iti Zin o , attach each impact limiter to the end of 

the cask. The attachments are described in detail in Section 2.6.7.5.7. The height of the redwood 

in the end section of the impact limiter is 30.0 che-s. A ring of balsa wood forms part of the end 

section of the impact limiter. The lsT-Wo6td ring dimensions arej inside diameter E 99.2 h, 

[outside diameter E 123.75 =6c6 , and 0 height E 21.6 ii61ies. The bottom region of the 

impact limiter is a 1.5 h thick layer of balsa wood that absorbs most of the kinetic energy in a 

1-ft end-drop impact and limits the impact force for normal conditions of transport (1-ft drop).  

The low crush strength L1ýjjýd is necessary because the impact area is considerably greater in 

a flat end impact than in any other drop orientation. The redwood and the balsa wood side ring 

absorb most of the energy in a comer impact and all of the energy in a side impact.  

The different segments and sections comprising each limiter are bonded to each other with 

DAP-Weldwood resorcinol adhesive.  

For each of the impact load conditions in this analysis, the impact limiters remain in position on 

the cask and absorb the energy of the impact; thus, they limit the impact loads to the calculated 

values 6n G x Ta 2abl 65.  

2.6.7.5.2 Load Conditions 

The specific loading conditions for the impact limiters are defined by 10 CFR 71.71(c)(7), 

10 CFR 71.73(c)(1) and Regulatory Guide 7.8, as follows: 

1. 1-ft drop of the cask impacting at any angle from vertical (flat end) to comer (cask 

center of gravity directly above point of impact).  
2. 1-ft drop of the cask in a horizontal orientation (side impact).  

3. 30-ft drop of the cask in an end, side, comer, or oblique orientation.  

On the basis of these loading conditions, the Universal Transport Cask impact limiters are 

designed for the 30-ft cask drops but with consideration of the effecti of E 1-ft 1 dropE. The 

maximum impact forces and the maximum crush depth for the 1-ft and 30-ft cask drops are 

obtained from the D 33 analyses of the aslkr s. -ED 1 ,M-lci nite 

leieii11r e car aru -1O mn e~inn o~ obe. ~ f Tructfr 
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e•ffd - u•• ~t~he ll 

2.6.7.5.4 Specification for Universal Transport Cask Impact Limiters 

The redwood material used for the Universal Transport Cask impact limiters must satisfy density 

and moisture content specifications. The density of any single redwood board shall be 23.5 ± 3.5 

lb/ft3 . E The average moisture content for the lot of redwood shall be less than 12%.  

The balsa wood to be used in the Universal Transport Cask impact limiter sZMK e t 

density between 7 and 10 pounds per cubic foot and moisture content between 5 and 15 

tfor any one piece with an average moisture content of not more than 12 c for any 
lot. =et outd.  

2.6.7.5.5 [] Impact Limiter Analysis 

The primary areas of analytical evaluation required in an impact limiter analysis are (1) crush 

depth, (2) maximum [, and (3) attachment to the cask. The crush depth and maximum 

7d•1ia-i:• are dependent on the crush strength of the crushable material, the area engaged in 

crushing, the geometry of the impact limiter, and the energy to be dissipated.  

rThetS-DYNA' gLONFT!gelne;al•_rn 6se&!Cit i ii mIII computer program is used to analyze' an 

impact limiter for an impact event to determine the dynamics of the event, the celeratio 

generated during ihat event, and the depth of crush. A detailed description of this program is 

provided in Section 2.10.1.2.  
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2.6.7.5.7 Impact Limiter Attachment Analysis 

The following design criteria apply to the method of attaching the impact limiters to the cask 

body.  

1. The impact limiters must remain attached to the cask body during normal handling 

and transport. Satisfaction of this criterion ensures that the limiters will be in a proper 

position to perform their impact-limiting function in the event of a free drop (normal 

or accident).  

2. In a free drop (normal or accident), the limiter (or limiters) making initial contact with 

the unyielding surface must remain in position on the cask for the full duration of the 

initial impact. Satisfaction of this criterion ensures that the limiter(s) will be able to 

properly perform the impact-limiting function.  

3. In a free drop (normal or accident) involving an initial impact on a single impact 

limiter, the limiter on the opposite end of the cask must remain attached to the cask 

during the initial impact. Satisfaction of this criterion ensures that the limiter will be 

in a proper position to perform its impact-limiting function in a subsequent secondary 

impact following the initial impact.  

Sections 2.6.7.5.7.1 through 2.6.7.5.7.3 demonstrate that each of these criteria is satisfied.  

2.6.7.5.7.1 Impact Limiter Attachment During Normal Handliiig and Transport 

Attachinent of the impact limiters to the cask body during normal handling and transport 

operations is ensured by demonstrating that the attachment hardware does not yield under normal 

handling and transport conditions. The worst-case loading associated with normal handling and 

transport is a 7.5 g-load corresponding to the peak longitudinal shock loading expected as the 

result of rail transport (as specified by the Field Manual of the AAR [31]).  

The design load, P, on the attachment is P = (7.5)(=M = lb, where M lb is the 

weight of each impact limiter.

2.6-66



SAR - UMS® Universal Transport Cask July 2002 

Docket No. 71-9270 Revision UMST-02C 

Analysis of Retaining Rods 

Sixteen :25-in. diameter retaining rods are equally spaced on a bolt circle diameter of 1.8 

cefor the upper limiter and J for the lower limiter. The attachment geometry of 

the impact limiters is shown in Figure 2.6.7.5-1. The retaining rods are SA-fGrad78 

stainless steel with a yield strength of 0 ksi a, esi •efi 30Odci at 

200'F (Table .  

The load on each retaining rod resulting from a longitudinal shock load of 7.5 g is given as 

P = 316 = , lb per retaining rod.  

s= 47 .69 275 psi 

Analysis of Retaining Rod Anchorage 

The nut of the retaining rod is bearing on a washer that has a diameter of 5.0 in. and a thickness 

of 0.50 in. The washer is beaning on the bearing plate portion of the impact limiter shell, which 
bears on the redwood material.  

The load h of the 16 retaining rods resulting • the normal transportation d is 

K-271 L E1 •. The bearing area between the bearing plate and the redwood 

material is: 

A = (7t/4)(5.02 - .02) = 12.57 in 2 .  

The bearing pressure is: 

p =ý 12.57 = psi 

The perpendicular-to-the-grain compressive stress in the redwood at E% strain is M psi. The 

margin of safety for compression of the redwood is: 

MS= ( ) - I = +MI.
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The washer is made of Type 304 stainless steel and has a 1.0-0 diameter hole in the center.  

It is analyzed by assuming that it is simply supported along a circle having a diameter equal to 

the edge of the hole in the bearing plate (E 3.00 in.). The 0 load of 6 lb is distributed 

along the edge of the nut, which has an average diameter of M 3 in. From Roark, 

=ajel-[28] ýe-sfres onth & h"ernsir 

Smax 2 
2 T.  

where: 

a =ý in. b = M in.  

t = 0.50 in. v = 0.31 
-'k 2'2L 9Q 77 

The yield strength of Type 304 stainless steel is 25.0 ksi at 200'F. The margin of safety is 

calculated MS = 25.0/M - 1 = + 0. The positive margins of safety show that the 

attachment of the impact limiters is adequate during normal conditions of transport.  

Evaluation of Impact Limiter Attachment for Vibration 

During normal conditions of transport, the impact limiter attachment may be subjected to 

vibration induced from the combination of component natural frequency and a dynamic load 

forcing function dependent on the transport media. Design of the impact limiter attachment 

eliminates the potential for the postulated vibration loading to loosen the impact limiter 

attachment. Lock nuts are installed in back of each of the retaining rod attachment nuts to 

prevent them from becoming loose. Locking wires installed between sets of two retaining rods 

eliminate rotation of the impact limiter retaining rods relative to their anchorage. The 

combination of these two design features eliminates the potential for the impact limiter 

attachment to become loose as a result of postulated vibration loading during transport.  

2.6.7.5.7.2 Response of Impacted Limiters Dunng Initial Impact of Package with Ground 

The second criterion applicable to the impact limiter attachments requires that the impact limiter 

making initial contact with the unyielding surface must remain in position on the cask for the full 

duration of the initial impact. To satisfy this criterion, the impact limiter(s) being crushed must 

not separate from the cask, although the attachment hardware (mounting plate and bolts) may fail 

during the impact event.
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The ability of the NAC-STC impact limiter to remain in position during an impact was 

demonstrated with reference to several static compression tests of the NAC-STC, during which 

the only attachment mechanism was a strip of duct tape. All of the compression tests were 

performed by using eighth-scale models of the impact limiters. The results of these tests are 

applicable to the Universal Transport Cask.  

Analytic evaluations are performed to further justify that the initially impacted Universal 

Transport Cask impact limiter remains in position during an impact event and properly performs 

its function. Results of evaluations indicate that the attachment hardware is not expected to fail 

and that the cask and impact limiter S not separate even if the attachment does fail. A 

significant resistance to the applied separation moment exists as a result of a combination of 

crushing of the limiter at the cask interface and also as a result of frictional resistance that exists 

at the interface. This total resistance is calculated to be greater than the applied separation 

moment.  

2.6.7.5.7.3 Response of Secondary Impact Limiter During Initial Impact of Package 

The final criterion to be satisfied is that for a free drop (normal or accident) involving an initial 

impact on a single impact limiter. The limiter on the opposite end of the cask (secondary limiter) 

must remain attached to the cask during the initial impact, thus ensuring that the secondary 

limiter is in position to absorb the secondary impact. [The secondary limiter remains in position 

for the full duration of the secondary impact and performs its impact-limiting function.  

Attachment is ensured by demonstrating that the attachment hardware (mounting plate and 

retaining rods) does not fail during the initial impact.  

During a free drop of the cask (normal or accident) involving an initial impact on a single impact 

limiter, i.e., flat end, center of gravity over corner, or any oblique drop, the ground exerts an 

upward force on the impact limiter that strikes it. L The impact limiter in turn exerts an upward 

force on the cask body, thus decelerating the cask body. The cask body exerts an upward force 

on the secondary impact limiter and decelerates it. This scenario is repeated during a rebound of 

the whole package: the ground exerts an upward force on the impact limiter that strikes it; the 

impact limiter that strikes the ground exerts an upward force on the cask body and the cask body 

exerts an upward force on the secondary impact limiter, thereby accelerating the whole package 

upwards. When the entire package is in the air, its components (the impact limiter, the cask 

body, and the secondary impact limiter) move with the same acceleration and velocity; no other 

force acts among them. Thus, it is evident that during a free-drop impact on the first impact

2.6-69



SAR - UMS"ý Universal Transport Cask July 2002 

Docket No. 7 1-9270 Revision UMST-02C 

limiter, no separation force exists between the cask body and the second impact limiter. The 

absence of separation forces ensures that the second impact limiter stays in position to absorb the 

second impact.  

Analysis of the impact limiter mounting plate and retaining rods demonstrates that the impact 

limiter attachments provide significant resistance to any unspecified separation force on the 

impact limiter. This analysis provides further evidence that the secondary impact limiter will 

stay attached to the cask body to absorb the second impact.  
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