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Table 2.6.12.6-2 PWR Canister: Pm Stresses - 1 Foot Side Drop
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-24.4 
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-11.66 
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Pm Stresses (ksi

Margin of 
Safety

Syz Sxz SafetySy Sz Sxy 

-0.2 -5.2 -0.4 

-0.8 -6.4 -0.8 

-0.6 -3.3 -0.3 

-0.2 0 0.8 

0.9 0.2 0 

1 0.2 0 

1.1 0.3 0 

2.5 -1.1 -0.1 

2.6 -2.1 0.05 

1.7 -2.1 -0.3 

1.8 -1.2 0.7 

-5.4 -6.7 -4.5 

-0.1 -3.5 0.1 

-3.42 -4.02 0.05 

-0.1 0.3 0 

0 0.1 0 

0.1 0.2 0

Stress evaluated over weld compression region 

** Allowable stress includes a stress reduction factor for weld: 0.8 x allowable stress.  

* Stresses treated as a local membrane stress. Allowable for normal :conditigoinss.i 

ksi for PL and PL = PB 

Note: All of the allowable stress values presented in this table are based on SA240, Type 304L 

stainless steel at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 

the central portion of the canister shell reach 408°F-resulting in slightly lower allowable stress 

values and subsequently slightly lower margins of safety for sections 5 and 6 than those 

presented in the table. However, this difference is negligible as discussed in Section 2.6.12.1.  
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Table 2.6.12.6-3 PWR Canister Pm + Pb Stresses - 1-Foot Side Drop, Internal Pressure 

Pm + Pb Stresses (ksi) 

Angle of 
Section Peak Stress SI Allowable Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) Stress (ksi) Safety 
1 0 -23 -0.9 -7.6 0.6 0 -2 22.5 24 0.07 
? 18 0.5 -12.7 -3.1 -0.2 0.2 -1.5 13.7 24 0.74 
3 27 -0.6 -12.5 -4.6 0.1 -0.6 -2.3 13 24 0.85 
4 9 -0.8 1.9 3.9 0 0.1 0.7 4.8 24 3.95 
5 9 -0.6 2.3 3.7 0 0 0.7 4.5 24 4.3 
6 9 -0.6 2.4 3.7 0 -0.1 0.7 4.5 24 4.33 
7 9 -0.7 2.4 3.7 0 -0.1 0.7 4.7 24 4.12 
8 0 -0.4 2.7 -2.4 -0.2 0.4 -0.2 5.1 24 3.66 
9 9 1.2 6.3 -0.4 -0.1 1.5 0.1 7.4 24 2.24 
10 0 -18.9 -2 -4.5 -5.3 1 -1.1 20.3 24 0.18 
11 9 4.0 0.9 -1.4 0.8 1.3 2.7 8.2 24 1.93 

12* 0 -28.6 -6.6 -8.2 -4.3 1.5 -0.7 24.5 25 0.02 
13"* 0-7.9 -16.65 -6.26 -6.48 -0.11 1.66 -1.98 12.49 20*** 0.60 

14 90 -0.8 0 0.4 0 0 0 1.2 24 18.27 
15 90 -0.6 0 -0.2 0 0 0 0.6 24 39.77 
16 0 -0.4 0 0.3 0 0 0 0.7 24 33.98 

* The peak temperature as calculated in Section 3.4 is 265°F, in the region of Sections 12. and .13, 

There the allowable stress for Type 304L stainless steel is 1.5 (16.7) 25.05, ksi.  
** The peak temperature as calculated in Section 3.4 is 265 0F in the region of Sections 12 and 13.  

There the allowable stress for 304L stainless steel is 1.5 (16.7) = 25.05 ksi. Sitess-evaluated• over 
weld compressing region.  

* Allowable stress includes a stress reduction factor for weld: 0.8 x allowablestre`ss.' 

Note: All of the allowable stress values presented in this table are based on SA240, Typ 304L 
stainless steel at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 
the central portion of the canister shell reach ý08°F-resulting in slightly lower allowable stress 
values and subsequently slightly lower margins of safety for sections 5 and 6 than those 
presented in the table. However, this difference is negligible as discussed in Section 2.6.12.1.
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2.6.12.7 Stress Evaluation of PWR Canister for Combined Thermal and 1-Foot Side Drop 

Load Condition 

The thermal stress loads described in Section 2.6.12.3 are applied in conjunction with the 

primary loads in Section 2.6.12.6 to produce a combined thermal stress plus 1-ft side-drop 

loading. The stress evaluation is performed according to the ASME Code, Section III, 

Subsection NB. The most critical sections are listed in Table 2.6.12.7-1. Results from the side

drop plus thermal load cases for the configurations that result in the minimum margins are 

presented in Tables 2.6.12.7-2 and 2.6.12.7-3. The stresses reported in this table correspond to 

the nodal stress at the surface. The minimum margin is +0.41 at Section 9 (see Table 2.6.12.7-1) 

when 3 Sm is used as the stress criteria. The margins of safety are calculated as: 

MS = (allowable stress/SI) -1.
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Table 2.6.12.7-1 PWR Canister Critical Sections for Combined 1-Foot Side Drop and 

Thermal Load Condition 

Critical Minimum Margin 

Condition Stress Section Table of Safety 

Side Drop + Pm+ Pb + Q 9 2.6.12.7-2 +0.41 

Thermal (cold) 

Side Drop + Pm + Pb + Q 9 2.6.12.7-3 +0.59 

Thermal (hot)
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Table 2.6.12.7-2 PWR Canister Pm + Pb + Q Stresses - 1-Foot Side Drop, Thermal Cold

Angle of 

Peak Stress 

Location Sx 

0 -15.3 

0 -11.7 

27 0.7 

0 -0.4 

45 -1.2 

45 -1 

0 -0.4 

0 0 

0 -26.6 

0 -18.8 

0 -26.3 

0 -26.4 

0 -32.5 

180 -9.3 

0 -0.7 

0 -0.6

SI

Pm + Pb + Q Stresses (ksi) 

Sy Sz Sxy Syz Sxz 

-0.4 -4 -0.1 0.1 -1.7 

-0.2 -2.2 -1.2 -0.4 -1.7 

5.2 1.3 1.2 1.6 1.2 

1.1 2.9 0 -0.1 0.6 

1.5 -1.2 -0.4 -0.4 -1.3 

1.2 -1.1 0.3 0.3 -1.2 

1.1 2.6 0 0 0.5 

2.7 -1.5 -0.1 0.6 -0.1 

6.9 -9.1 -2.1 1.7 0.2 

-2.6 -5 -4.5 0.9 -1.1 

3.3 -8.7 -0.3 1.8 -0.1 

4.8 -7.9 -3.7 1.7 -0.6 

-9.8 -10.6 -1.2 2 -1.4 

-2.5 -7.6 0.1 1.2 -0.1 

0 -0.1 0 0 0 

0.1 0.1 0 0 0

Allowable Margin of
Allowable Margin of 
Stress (ksi) Safety 

47.9 2.17 

47.9 2.97 

47.9 6.46 

47.9 12.73 

47.9 10.41 

47.9 12.51 

47.9 14.33 

47.9 10.04 

47.9 0.41 

47.9 1.54 

47.9 0.6 

47.9 1.04 

38.32* 0.56 

47.9 5.8 

47.9 69.76 

47.9 63.87

* Allowable stress includes a stress reduction factor for weld: 0.8 x allowable stress.  

Note: All of the allowable stress values presented in this table are based on SA240, Type 304L 

stainless steel at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 

the central portion of the canister shell reach 408°F-resulting in slightly lower allowable stress 

values and subsequently slightly lower margins of safety for sections 5 and 6 than those 

presented in the table. However, this difference is negligible as discussed in Section 2.6.12. 1.  
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Table 2.6.12.7-3 PWR Canister Pm + Pb + Q Stresses - 1-Foot Side Drop, Thermal Heat

Pm + Pb + Q Stresses (ksi) 

Angle of 
Section Peak Stress SI Allowable Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) Stress (ksi) Safety 
1 0 -13.4 -0.3 -3.8 -0.1 0.1 -1.4 13.2 47.9 2.62 
2 0 -9.8 0 -2 -1 -0.3 -1.4 10.2 47.9 3.7 
3 27 0.6 4.6 1.1 1 1.3 1 5.5 47.9 7.65 
4 0 -0.4 0.8 2.4 0 -0.1 0.5 3 47.9 15.13 
5 45 -1 1.2 -1.1 -0.4 -0.4 -1.2 3.6 47.9 12.17 
6 45 -0.9 1.1 -0.9 0.3 0.3 -1 3.1 47.9 14.39 
7 0 -0.4 1 2.1 0 0 0.4 2.7 47.9 16.98 
8 0 0 2.6 -1.2 -0.1 0.5 -0.1 4 47.9 11.05 
9 0 -23.3 6.4 -8.2 -1.8 1.4 0.3 30.1 47.9 0.59 
10 0 -16.5 -2.1 -4.8 -3.9 0.8 -0.8 16.6 47.9 1.88 
11 0 -22.8 3.2 -7.8 -0.2 1.5 0 26.1 47.9 0.83 

12 0 -23.3 -4.1 -7.4 -3.2 1.5 -0.4 20.8 47.9 1.31 
13 0 -28.2 -8.5 -9.6 -1 1.6 -1.1 21.1 38.32* 0.82 
14 180 -8.8 -1.6 -7.1 0.1 -0.8 -0.1 7.4 47.9 5.51 
15 0 -0.6 0 0.1 0 0 0 0.7 47.9 69.62 
16 0 -0.7 0 -0.1 0 0 0 0.8 47.9 61.85 

* Allowable stress- includes a stress reduction factor for weld: 0. 8 x allowable stress.  

Note: All of the allowable stress values presented in this table are based on SA240, TYpe 304L 

.steel. at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 
the central portion of the canister shell reach 408°F-resulting in slightly lower allowable stress 

values and subsequently slightly lower margins of safety for sections 5 and 6- than those 
presented in the table. However, this difference is negligible as discussed in Section 2.6.12.1.
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2.6.12.8 Stress Evaluation of PWR Canister for 1-Foot Comer Drop Load Condition 

A structural analysis performed by using ANSYS to evaluate the effect of a 1-ft end-drop impact 

for both the top-and bottom-corner orientations of the PWR canister. The ASME Code, Section 

1m1, Subsection NB, requires that stresses arising from operational loads be assessed on the basis 

of the primary loads. The primary loads for the 1-ft corner-drop result from the deceleration of 

the canister and its contents and the 25-psig pressure load internal to the canister. The applied 

deceleration is 20 g for both orientations (Note-the actual deceleration is 5.6 g; therefore, the 

results presented in this section are conservative). The inertial load of the canister is addressed 

by the deceleration factor applied to the canister density. The contents weight is represented by a 

pressure load on the inner end surface of the canister and a pressure applied to the basket by 

means of pressure acting in the plane of the disks. Displacement constraints are applied to the 

plane of symmetry and the gap elements attached at the canister end to represent the top or 

bottom of the transport cask.  

The locations of the linearized stresses are shown in Figure 2.6.12.3-1. The maximum stresses 

for Pm and Pm + Pb are tabulated in Tables 2.6.12.8-2 through 2.6.12.8-5 for the conditions that 

result in the worst-case stresses. The critical sections for the pressure and the pressure plus the 

deceleration load, with reference to the section and the appropriate tables, are shown in Table 

2.6.12.8-1. The margins of safety in these tables are calculated as: 

MS = (allowable stress/SI)-l.
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Table 2.6.12.8-1 PWR Canister Critical Sections for the 1-Foot Comer Drop Load 

Condition 

Condition Stress Critical Section Table Margin of Safety* 

Top Comer Drop Pm 9 2.6.12.8-2 +0.08 

+ Pressure 

Top Comer Drop Pm+ Pb 2 2.6.12.8-3 + 0.02 

Inertia 

Bottom Comer Pm 9 2.6.12.8-4 .O.02 

Drop + Pressure 

Bottom Comer Pm + Pb 11 2.6.12.8-5 +0.26 

Drop + Inertia

* Note: These margins of safety are based on stresses 

deceleration load. The actual deceleration load is 5.6 

conservative.

calculated for comer drops with a 20 g 
g; therefore, these margins of safety are
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PWR Canister Pm Stresses 1-Foot Top Corner Drop, Internal Pressure

P,, Stresses (ksi) 

Angle of 

Section Peak Stress SI Allowable Margin 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) Stress (ksi) of Safety 

1 0 -5.9 0.3 -1.7 0.2 -0.1 -0.8 6.4 16 1.5 

2 0 -1.6 0.3 -1.5 -0.1 -0.3 -0.4 2.4 16 5.75 
3 0 -0.5 0.5 -0.9 0.2 -0.3 -0.3 1.7 16 8.18 

4 0 -1.2 -0.1 1.5 0 0 0 2.7 16 4.89 
5 0 -1.2 -0.2 1.4 0 0 0 2.6 16 5.14 

6 0 -1.2 -0.4 1.4 0 0 0 2.6 16 5.12 

7 0 -1.2 -0.8 1.5 0 -0.1 0 2.1649 

8 45 0.4 -0.8 0.3 -0.4 -0.4 0.4 1.9 16 7.39 

9 0 -16.1 -2 -4.4 -1.8 0.5 -0.4 14.7 16 0.08 

10 0 -11.1 -4.3 -3.3 -1.9 0.2 -0.8 8.6 16 0.86 

11 0 -15.1 -6.6 -5.4 -0.7 0.4 -0.4 9.9 16 0.61 

12 0 -14.1 -6.2 -3.3 -2.9 0.2 -1 12 16 0.33 

13 0 -13.2 -8 -4 -0.8 0.2 -1 9.5 12.8* 0.35 

14 0 -0.2 0 0.2 0 0 0 0.4 16 37.89 

15 171 -0.1 -0.3 0 0 0 0 0.4 16 40.38 

16 0 -0.2 -0.4 0.1 0 0 0 0.5 16 34.04 

* Allowable stress includes a stress reduction factor for weld:,0.8,x allowable stress.  

Note: All of the allowable stress values presented in this table are based on SA240, Type 304L 

stainless steel at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 

the central portion of the canister shell reach 408°F-resulting in slightly lower allowable stress 

values and subsequently slightly lower margins of safety for sections 5 and 6 than those 

presented in the table. However, this difference is negligible as discussed in Section 2.6.12.1.
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Table 2.6.12.8-3 PWR Canister Pm + Pb Stresses - 1-Foot Top Comer Drop 

Pm + Pb Stresses (ksi) 

Angle of 

Section Peak Stress SI Allowable Margin 
Location Location Sx Sy Sz Sxy Syz Sxz (ksi) Stress (ksi) of Safety 

1 0 -15.3 -6.5 -4.5 -3.9 -0.2 -1 12.4 24 0.93 
2 0 -19.4 3.9 -4.4 -0.7 1.2 -0.1 23.5 24 0.02 
3 180 -0.5 9.9 5.3 0 0 -0.4 10.4 24 1.3 

4 0 -1.4 0 2.5 0 0 0.1 4 24 5.04 

5 0 -1.4 -0.1 2.4 0 0 0.1 3.8 24 5.37 

6 0 -1.4 -0.4 2.4 0 0 0.1 3.8 24 5.35 
7 0 -1.4 -0.7 2.5 0 -0.1 0.1 3.9 24 5.09 
8 36 0.1 -1.4 0.1 -0.4 -0.7 0.1 2.2 24 9.92 
9 0 -16.9 0.2 -5.4 -1.3 0.5 -0.2 17.3 24 0.38 
10 0 -11.9 -5.7 -2.9 -3.4 0.1 -1.1 10.9 24 1.21 

11 0 -17 -8.9 -5.6 -1.2 0.5 -0.7 11.8 24 1.03 
12 0 -15.4 -6.1 -3.7 -2.4 0.4 -0.9 12.6 24 0.91 
13 0 -15.7 -10.2 -5.4 -1.4 0.4 -1 10.8 19.2* 0.78 
14 90 -6.4 -0.1 -5.9 0.1 -0.1 0 6.3 24 2.78 

15 81 0 -0.3 0.1 0 0 0 0.4 24 54.38 

16 0 -0.2 -0.3 0.1 0 0 0 0.4 24 53.04 

* Allowable stress includes a stress reduction factor for weld: 0.8 x allowable stress.  

Note: All of the allowable stress values presented in this table are based on SA240, Type 304L 

stainless steel at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 

the central portion of the canister shell reach 408°F-resulting in slightly lower allowable stress 
values and subsequently slightly lower margins of safety for sections 5 and 6 than those 

presented in the table. However, this difference is negligible as discussed in Section 2.6.12.1.
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Table 2.6.12.8-4 PWR Canister Pm Stresses - 1-Foot Bottom Comer Drop 

Pm Stresses (ksi) 

Angle of 

Section Peak Stress SI Allowable Margin 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) Stress (ksi) of Safety 
1 ,-7 -l.9 -2,4 -0.1 0 - 6 16 !6J 

2 18 0.6, ,3.k -0., 0 -0.1 -0.5 4 16 2.96 

3 18 0 -3.1 -0.9 0.1 7Q2 -0.4, 33 16 3.  

4 0 -1.2 -. 3 0.2 0 0 -0.1 2' 16 4.7-5 

5 180 0 -2.2 -0.1 0 0 0 2.3 16 6.07 

6 180 0 -2.2 -0.1 0 0 0 2•. 16 

7 180 0 -1.9 -0.1 0 0 0 1.9 6 7167 

8 4 0.1• -11. 0 -0.3 -0.3 0 1.5 16 
90 -15 Q2 4.5 -1.4 0.9 -0.3 ! 16 

10 0 -75 -0.4 - -1.4 0.7 -0.7 7 1 16 

__ 9 2ý 9 16 2 

12 0 -11,i7 -2.7 -2.8 -7, 0.6 -0.8 1. 16 
13 0 -I3, -. -3.11 Od 0.8 -1.2 9P A.8 

14 0 -Q4, 7U.2 0.2 0 0 0 0.5 16 

15 0 -0.1 0 0.1 0 0 0 0.2 16 

16 0 -0.3 0 0 0 0 0 0.3 16 50.45 

*A&llwab e s9ssinsdudesa'stress re_ýtxonu, to• n-sw. -es s 

SStress~e tred.s as: local a!tmermnbarsan&.e :osctren:sts;: ssw., b efr norm•a••con diatiis.•.% 2A 

Note: All of the allowable stress values presented in this table are based on SA240, Tyj, 304L 

stainless steel at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 

the central portion of the canister shell reach 469'F-resulting in slightly lower allowable stress 

values and subsequently slightly lower margins of safety for sections 5 and 6 than those 

presented in the table. However, this difference is negligible as discussed in Section 2.6.12.1.
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Table 2.6.12.8-5 PWR Canister Pm + Pb Stresses - 1-Foot Bottom Comer Drop 

Pm + Pb Stresses (ksi) 

Angle of 
Section Peak Stress SI Allowable Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) Stress (ksi) Safety 
1 0 -7.5 -0.8 -2.5 0.3 0.1 -1 7 24 2.44 
2 18 -0.2 -6.9 -1.4 -0.1 0 -0.5 6.9 24 2.46 
3 18 -0.3 -6.1 -1.3 0.2 0 -0.5 6 24 3.02 
4 0 -1.4 -1.9 2.5 0 0 0.1 4.4 24 4.39 
5 0 -1.3 -1.4 2.4 0 0 0.1 3.9 24 5.21 
6 0 -1.3 -1.1 2.4 0 0 0.1 3.7 24 5.4 
7 0 -1.4 -0.8 2.4 0 0 0.1 3.8 24 5.27 
8 18 0.3 -1.1 -0.9 0.3 0.4 -0.4 2 24 11.1 
9 0 -15.2 2.9 -5 -1.2 0.9 -0.1 18.3 24 0.31 
10 0 -7.9 -0.8 -1.5 -2.3 0.5 -0.9 8.9 24 1.7 
11 0 -15.9 2.9 -4.4 -0.1 1 0 18.9 24 0.26 
12 0 -14.6 -3.7 -3.9 -1.8 0.8 -0.7 12.2 24 0.96 
13 0 -18 -6.8 -5.9 -0.2 1.1 -0.9 13 O9A2* 04 
14 0 -0.4 -0.3 0.2 0 0 0 0.5 24 43.89 
15 72 1.3 0 1.4 0 0 0 1.4 24 15.9 
16 18 -0.9 0 -0.6 0 0 0 0.9 24 25.01 

* Allowable stress includs a stress reduction factor for weld: 0.8 x allowable stress.  

Note: All of the allowable stress values presented in this table are based on SA240, Typa 304L 
stainless steel at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 
the central portion of the canister shell reach 40 8°F-resulting in slightly lower allowable stress 
values and subsequently slightly lower margins of safety for sections 5 and 6 than those 
presented in the table. However, this difference is negligible as discussed in Section 2.6.12.1.
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2.6.12.9 Stress Evaluation of PWR Canister for Combined Thermal and 1-Foot Comer 

Drop Load Conditions 

The thermal stress loads described in Section 2.6.12.3 are applied in conjunction with the 

primary loads in Section 2.6.12.8 to produce a combined thermal stress plus comer impact 

loading. The stress evaluation is performed according to the ASME Code, Section III, 

Subsection NB. On the basis of the results in Section 2.6.12.8, the most critical sections are 

identified in Table 2.6.12.9-1. The stresses reported in this table correspond to the nodal stress at 

the surface. The minimum margin of safety is +1.14 when 3 Sm is used as the stress criterion.  

Tables 2.6.12.9-2 through 2.6.12.9-5 tabulate the results for top and bottom corner-drop with 

thermal results for the conditions that result in the minimum margins of safety. The stress 

intensity criterion of 3.0 Sm is satisfied. The margins of safety are calculated as: 

MS = (allowable stress/SI)-1.
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Table 2.6.12.9-1 PWR Canister Critical Sections for the Combined 1-Foot Comer Drop and 

Thermal Load Condition 

Critical Minimum Margin 

Condition Stress Section Table of Safety 

Top Comer Drop + Pm+ Pb + Q 2 2.6.12.9-2 +1.14 

Thermal (cold) 

Top Comer Drop + Pm + Pb + Q 2 2.6.12.9-3 +1.24 

Thermal (hot) 

Bottom Comer Drop 

+ Pressure + Thermal Pm + Pb + Q 9 2.6.12.9-4 +1,96 

(cold) 

Bottom Comer Drop 

+ Pressure Pm + Pb + Q 9 2.6.12.9-5 +1.37 

+ Thermal (hot)
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Table 2.6.12.9-2 PWR Canister Pm + Pb + Q Stresses - 1-Foot Top Corner Drop, Thermal 

Cold 

Pm + Pb + Q Stresses (ksi) 

Angle of 

Section Peak Stress SI Allowable Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) Stress (ksi) Safety 

1 0 -19.5 -7.1 -4.4 -3.7 -0.2 -1 16.3 47.9 1.95 

2 0 -19.9 2.3 -3.3 -0.6 1.2 -0.3 22.4 47.9 1.14 

3 126 0.4 -10.3 0.3 0.7 0.1 -0.5 11.2 47.9 3.3 

4 0 -1.4 -0.6 2.4 0 -0.1 0 3.7 47.9 11.79 

5 0 -0.8 -2.9 1.7 0 -0.4 -0.2 4.8 47.9 9.08 

6 0 -1.1 -1.9 2.1 0 0.2 -0.2 4.1 47.9 10.72 

7 0 -1.3 -0.7 2.3 0 0 0 3.5 47.9 12.54 

8 171 -0.2 -3.6 -0.4 0 0.2 0 3.5 47.9 12.78 

9 0 -12.6 0.1 -3.8 -1.1 0.5 -0.2 12.9 47.9 2.71 

10 0 -10 -4.8 -2.4 -2.5 0.1 -1 9 47.9 4.35 

11 0 -11.8 -6.9 -3.9 -0.9 0.4 -0.6 8.2 47.9 4.85 

12 0 -11.8 -4.2 -2.8 -1.9 0.4 -0.7 9.8 47.9 3.87 

13 0 -11.8 -6.9 -3.9 -0.9 0.4 -0.6 8.2 38.32* 3.67 

14 0 -15.3 -1.8 -14.4 0 -1 0 13.6 47.9 2.52 

15 81 -0.1 -0.3 0.1 0 0 0 0.4 47.9 116.04 

16 0 -0.1 -0.4 0.1 0 0 0 0.6 47.9 82.56 

* Allowable stress includes a stress reduction factor for weld: 0.8 x allowable stress.  

Note: All of the allowable stress values presented in this table are based on SA240, Type 304L 

stainless steel at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 

the central portion of the canister shell reach 408°F-resulting in slightly lower allowable stress 

values and subsequently slightly lower margins of safety for sections 5 and 6 than those 

presented in the table. However, this difference is negligible as discussed in Section 2.6.12.1.
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Table 2.6.12.9-3 PWR Canister Pm + Pb + Q Stresses - 1-Foot Top Comer Drop, Thermal 

Heat 

Pm + Pb + Q Stresses (ksi) 

Angle of 
Section Peak Stress SI Allowable Margin 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) Stress (ksi) of Safety 

1 0 -18.3 -6.7 -4.4 -3.4 -0.2 -0.9 14.9 47.9 2.22 
? 0 -18.7 2.5 -3.1 -0.7 1 -0.3 21.4 47.9 1.24 
3 126 0.4 -10.2 0.2 0.7 0.1 -0.4 11 47.9 3.35 

4 0 -1.1 -0.5 2 0 -0.1 0.1 3.1 47.9 14.7 

5 0 -0.5 -2.4 1.7 0 -0.3 0.1 4.2 47.9 10.38 

6 0 -0.6 -1.5 2.1 0 0.2 0.3 3,7 47.9 12.08 
7 180 0 -2.9 0 0 0 0 2.9 47.9 15.69 

8 171 -0.1 -3.6 -0.4 0 0.2 0 3.5 47.9 12.78 

9 0 -12.8 0.4 -3.8 -1.1 0.5 -0.2 13.5 47.9 2.56 

10 0 -10.2 -4.8 -2.4 -2.6 0.1 -1 9.1 47.9 4.27 
11 0 -12 -6.9 -4 -1 0.4 -0.6 8.4 47.9 4.73 

12 0 -11.9 -4.1 -2.8 -2.1 0.4 -0.7 10 47.9 3.81 

13 0 -12 -6.9 -4 -1 0.4 -0.6 8.4 38.32* 3.56 

14 0 -14.5 -1.6 -13.6 0.1 -0.9 0 13 47.9 2.69 

15 90 -0.1 -0.3 0.1 0 0 0 0.4 47.9 116.24 

16 0 -0.1 -0.4 0.1 0 0 0 0.6 47.9 84.45 

* Allowable stress includes a stress reduction factor for weld: 0.8 x allowable stress.  

Note: All of the allowable stress values presented in this table are based on SA240, Type 304L 

stainless steel at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 

the central portion of the canister shell reach 408°F-resulting in slightly lower allowable stress 

values and subsequently slightly lower margins of safety for sections 5 and 6 than those 

presented in the table. However, this difference is negligible as discussed in Section 2.6.12.1.
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Table 2.6.12.9-4 PWR Canister Pm + Pb + Q Stresses - 1-Foot Bottom Corner Drop, Internal 

Pressure, Thermal Cold

Angle of 

Peak Stress 
T -afiin

0 

27 

27 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

81 
45

-6.3 

-0.2 

-0.2 

-1 

-1 

-0.9 

-0.9 

-0.6 

-14.3 

-9 

-14.2 

-13.6 

-17.3 

-0.3 

0.7 

-0.6

Pm + Pb + Q Stresses (ksi) 

Sy Sz Sxy Syz Sxz

-0.9 
-5 

-5.1 

-1.5 

-1.1 
-0.8 

-0.6 
0.2 

2.2 
-1.5 
1.1 

-2.9 

-5.6 

-0.4 
0 

-0.1

-1.9 
-1.4 

-1.3 

2.8 

2.8 
2.8 

2.8 
1.2 

-4.5 

-1.7 
-4.5 
-3.5 

-5.5 

0.2 
0.9 

-0.4

0.1 
-0.2 

0 

0 

0 
0 

-0.2 

-1.1 

-2.2 

-0.2 

-1.8 

-0.5 

0 

0 
0

0 
-0.1 

-0.3 
0 

0 

0 

0 

0.4 
0.9 
0.5 

1.9 
9 
1 

0 

0 0

-0.8 
-0.8 

-0.6 
-0.2 
0.2 
0.2 

0.2 

0.1 

-0.2 

-0.7 

-0.8 

0 
0 

0

SI 
(ksi)

Allowable 
Stress (ksi)

I I __________ 7,535.6 
5.2 

5.2 

4.3 

3.9 
3.8 
3.7 

2 

16.7 
9.2 
15.4 

11.9 

12.9 
0.6 
0.9 
0.6

47.9 
47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

38.32* 

47.9 

47.9 

47.9

* Allowable stress includes a stress reduction factor for weld: 0.8 x allowable stress.  

Note: All of the allowable stress values presented in this table are based on SA240, Type 304L 

stainless steel at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 

the central portion of the canister shell reach 408°F-resulting in slightly lower allowable stress 

values and subsequently slightly lower margins of safety for sections 5 and 6 than those 

presented in the table. However, this difference is negligible as discussed in Section 2.6.12.1.  
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Table 2.6.12.9-5 PWR Canister Pm + Pb + Q Stresses - 1-Foot Bottom Corner Drop, Internal 

Pressure, Thermal Heat 

Pm + Pb + Q Stresses (ksi) 

Angle of 
Section Peak Stress SI Allowable Margin 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) Stress (ksi) of Safety 

1 0 -2.1 0 1.3 0 0.1 -0.1 3.5 47.9 12.79 
2 162 0.1 -5.1 0.3 0.1 0 -0.1 5.4 47.9 7.87 

3 162 0.1 -4.9 0.4 0 -0.1 -0.1 5.3 47.9 8.12 

4 180 0 -3.7 1.2 0 0 -0.1 4.9 47.9 8.76 
5 180 0 -3.8 1.5 0 -0.2 0 5.3 47.9 8.06 
6 0 -0.5 -1.6 3.5 0 0.1 0.2 5.1 47.9 8.34 
7 0 -0.9 -0.6 3.2 0 -0.1 0.3 4.1 47.9 10.82 
8 0 -0.6 0.8 2 -0.1 0.6 0.3 2.9 47.9 15.7 
9 0 -17 2.9 -5.3 -1.3 1.2 -0.3 20.2 47.9 1.37 
10 0 -11.5 -1.9 -2.4 -2.7 0.6 -1.2 11.6 47.9 3.13 
11 0 -16.7 1.4 -5.5 -0.2 1.1 -0.2 18.4 47.9 1.61 
12 0 -16 -3.2 -4 -2.2 1 -0.9 14.3 47.9 2.36 
13 0 -20.5 -6.3 -6.5 -0.7 1.3 -1 15.6 38.3* 1.46 
14 0 -10 -4.9 -9.7 0 0.1 0 5.1 47.9 8.33 
15 90 0.8 0 1 0 0 0 1 47.9 47.69 
16 27 -0.6 -0.1 -0.3 0 0 0 0.6 47.9 79.93

* Allowable stress includes a stress reduction factor for weld: 0.8 x allowable stress.
Note: All of the allowable stress values presented in this table are based on SA240, Type 304L 

stainless steel at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 

the central portion of the canister shell reach 408°F-resulting in slightly lower allowable stress 

values and subsequently slightly lower margins of safety for sections 5 and 6 than those 

presented in the table. However, this difference is negligible as discussed in Section 2.6.12.1.
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2.6.12.10 Shear Stresses for 1-Foot Drops 

The primary mechanism for shear loading in the canister drop analyses occurs for the bottom 

end-drop in the canister structural and shield lid welds. The maximum stress intensity for either 

Sections 12 or 13 during the bottom end-drop is 1.8 ksi for the bottom end-drop with thermal 

heat (Table 2.6.12.5-5). The maximum shear is 1.8/2 = 0.9 ksi. The allowable shear is 0.6 Sm 

per the ASME Code, Section 1EI, Subsection NB-3227.2 for pure shear loading. The maximum 

canister shell temperature is 399°F and the margin of safety for pure shear is 

MS = 0.6 x 15.8/0.9 -1 = 9.53 

2.6.12.11 Canister Bearing Stresses for 1-Foot Side Drop 

The average bearing stress on the canister wall is computed for the side-drop using the smallest 

length of canister and the maximum mass for either the PWR or BWR canisters. This results in a 

conservatively bounding value of the average bearing stress. The maximum canister plus 

contents mass is for the BWR Class 5 with a weight of M lb. For contact of the canister wall 

with the inner shell over an 180 arc se , the projected bearing width is 10.54 in. The 

length of the shortest canister is .1-7 L in. (PWR Class 1). The average bearing stress is 

Bearing Stress = - lb x 20g/ M- in. x 10.54 in.) = f psi 

Based on a yield strength of 17.5 ksi at 4000F, the margin of safety is 

MS = ?17.5/ '9?J-1 = +Large 

Next, the bearing stress evaluation is presented in the regions under the shield lid and structural 

lid welds for the normal conditions side-drop (see Sections 9, 10, and 11 in Figure 2.6.12.3-1).  

Three separate regions are considered for the bearing evaluation; (1) the area beneath the 

structural lid weld from 0' to 90, (2) area between the structural lid weld and shield lid weld from 

00 to 90, and (3) area below shield lid weld between 00 and 90.
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In order to calculate the bearing stresses in these regions, forces from the gap elements between 
the canister shell and the cask inner shell in these regions are examined. The forces from the gap 
elements act normal to the surface of the shell (i.e., radially), but are conservatively summed for 
each of the three regions described above. The following enveloping force summations are 
obtained from the PWR and BWR analysis results for each of the regions. The governing load 
case is also noted.  

Region 1: -45,373 lb PWR Side Drop with no Internal Pressure 

Region 2: -43,935 lb PWR Side Drop With Internal Pressure 

Region 3: -78,640 lb BWR Side Drop with Internal Pressure 

Gaps at both 00 and 90 are closed. Gaps at angular locations greater than 90 remain open in the 
regions of interest. The projected width conservatively based on 90 contact is 5.27 for the three 
regions. Region I has a length equal to the weld thickness (0.88 in.), Region 2 has a length of (3 
- 0.88) 2.12 in., and Region 3 has a length of 0.5 in. equal to length of the shield lid weld. The 
corresponding bearing stresses for each region are 

Region 1: 45,373/(5.27 x 0.88) = 9,784 psi 

Region 2: 43,935/(5.27 x 2.12) = 3,932 psi 

Region 3: 78,640/(5.27 x 0.5) = 29,844 psi 

The peak temperature in the canister shell in the region of the lids is 266°F for the PWR canister 
(see Section 3.4). The yield strength is 19,950 psi based on this temperature for 304L stainless 
steel. The margins of safety for each region are presented below.  

Region 1: 19.950 / 9.784 - I = 1.04
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Region 2: 19.950 / 3.918 - 1 = 4.09 

Region 3 is allowed 1.5 Sy since the width of application of the load is less than the distance to 

the free edge (0.5 < 3.0) and 

Region 3: 1.5 x 19.950 / 29.844 - 1 = 0.0026 

2.6.12.12 Canister Buckling Evaluation for 1-Foot End Drop 

Code Case N-284-1 [12] of the ASME Boiler and Pressure Vessel Code is used to analyze the 

PWR canister for the normal condition 1-foot end drop (both top and bottom end drops). The 

evaluation requirements of Regulatory Guide 7.6, Paragraph C.5, are shown to be satisfied by the 

results of the buckling interaction equation calculations of Code Case N-284-1. The canister 

buckling design criteria are described in Section 2.1.2.5.3.  

The data considered for the buckling evaluation includes shell geometry parameters, shell 

fabrication tolerances, shell material properties, theoretical elastic buckling stress values for the 

shell, and membrane stress components in the shell. The internal stress field that controls the 

buckling of a cylindrical shell consists of the longitudinal (axial) membrane, circumferential 

(hoop) membrane, and in-plane shear stresses. These stresses may exist singly or in 

combination, depending on the applied loading. Only these three stress components are 

considered in the buckling analysis.  

A 20 g deceleration load was used for all the 1-ft drop canister analyses that are presented in 

Sections 2.6.12.4 through 2.6.12.9. The 20 g-load bounds all 1-ft deceleration loads for all other 

drop angles. The top- and bottom-end drops result in the largest potential for canister shell 

buckling and, therefore, are the two load cases presented here. The side drop load case is not 

considered a credible buckling mode of the canister shell and is, therefore, not presented here.  

The stress results from the canster analysis K: are screened for the maximum values of the 

longitudinal compression, circumferential compression, or in-plane shear stresses for the 1-ft 

drop cases (top- and bottom-end drops) with and without pressure. For each loading case, the 

largest of each of the three stress components anywhere regardless of location within the PWR 

canister shell are combined. To these maximum stress components are added the maximum
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stresses from the hot and cold thermal cases (Tables 2.6.12.3-1 and 2.6.12.3-2). Combining the 

maximum stress components in this way produces a conservative, bounding-case buckling 

evaluation of the PWR canister, one which envelopes all 1-ft PWR canister drop cases including 

those presented in Tables 2.6.12.4-4 and 2.6.12.4-6.  

Consistent with the Code Case, the following are used: 

- The symbols 0, 0, or 00 correspond to the longitudinal (axial) direction or stress 

component, circumferential (hoop) direction or stress component, and in-plane shear 

stress component, respectively.  

- The formulas in the Code Case for cylindrical shells (unstiffened) are used.  

- The factor of safety is 2.0 for Normal Conditions.  

The analytical process used for the PWR canister is the same as that described in a step-by-step 

example presented in Section 2.7.12.3 (for the cask inner shell).  

The geometry parameters used in the PWR canister evaluation are presented in Table 

2.6.12.12-1.

The maximum stress components used in the evaluation and the buckling 

the top- and bottom-end drop cases are provided in Table 2.6.12.12-2.  

buckling analysis show that all interaction equation ratios are less than 

buckling criteria of Code Case N-284-1 are satisfied, thus demonstrating 

PWR canister does not occur.

interaction ratios for 

The results of the 

1.0. Therefore, the 

that buckling of the
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Table 2.6.12.12-1 Geometry Parameters for the PWR Canister

Parameter Value 

t = thickness (in) 0.625 

ID = inside diameter (in) 65.81 

R = radius (in) = (ID+t)/2 33.22 

R/t 53.15 

(Rt)0 .5  4.56 

Overall Length (in) 191.95 

'Q ttrý Thickness (in) 1.75

Structural Lid Thickness (in) 

L, = Length used in evaluation (in)* 

Lo = 2TcR = circumference (in) 

V = Poisson's Ratio

3.0 

187.2 

208.7 

0.275

Lo = Overall canister length - Bottom thickness - Structural lid thickness.  
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Table 2.6.12.12-2 Buckling Evaluation Results for the PWR Canister for I-Foot End Drop 

Longitudinal Circumferential In-plane Elastic Buckling Plastic Buckling 
(Axial) Stress* (Hoop) Stress* Shear Stress Interaction Equations Interaction Equations 

Load Condition SO (psi) SO (psi) SOO (psi) Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 
1-Ft Top End Drop 2400 300 400 .009 .077 .066 .009 .077 .065 .077 .066 

1-Ft Bottom End Drop 3600 600 300 .063 .115 .131 .064 .115 .131 .115 .131

Component stresses include thermal stresses.  
* Compressive stresses
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2.6.13 PWR Basket Analysis - Normal Conditions of Transport 

The Universal Transport Cask PWR basket is a right-cylinder structure fabricated with 24 square 

fuel tubes, a number of circular support disks, a number of heat transfer disks, eight tie rods with 

spacers, and two end weldment plates. The number of support disks and heat transfer disks varies 

depending upon the class of PWR fuel the basket is designed to contain. The basket components 

and their geometry are illustrated inFigure 2.6.13-1 and Figure 2.6.13-2. Figure 2.6.13-3 shows 

the details of the fuel tube with the encasing BORAL. The fuel tubes are open at each end; 

therefore, longitudinal fuel assembly loads are imparted to the canister shield lid or the bottom 

plate, and not the fuel basket structure. The fuel basket contains the fuel and is laterally 

supported by the canister shell.  

The fuel assemblies together with the tubes are laterally supported in the holes in the stainless 

steel support disks. The aluminum heat transfer disks are located throughout the cavity to fully 

optimize the passive heat rejection from the package. They serve no structural function other 

than supporting their own weight. The dimensional differences between the heat transfer disk 

and the support disk accommodate the different rate of thermal growth between aluminum and 

stainless steel, thereby preventing interference between the tube, support disk, and heat transfer 

disks.  

The primary function of the spacers and the threaded top nut is to locate and structurally 

assemble the support disks, heat transfer disks, and top and bottom weldment plates into an 

integral assembly. The spacers carry the inertial weight of the support disks, heat transfer disks, 

one end plate, and their own inertial weight for a normal transport condition 1-ft end-drop. The 

end-drop loading of the split spacers and tie rods represents a classical, closed-form structural 

analysis. The support disk requires a detailed finite element analysis 

•b & . The stainless steel fuel tubes are not considered to be a structural component with 

respect to the disks other than consideration of their mass contribution to loading.  

WOW- The basket is evaluated for the hypothetical 

accident condition in Section 2.7.8.
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Figure 2.6.13-1 PWR Fuel Assembly Basket
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Figure 2.6.13-2 Support Disk Cross-Section Configuration

Note:

Engineering drawings provide appropriate tolerances for dimensions shown.
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Figure 2.6.13-3 PWR Fuel Tube Configuration
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2.6.13.1 Analysis Description 

On the basis of criticality control requirements, the PWR fuel basket design criteria require the 

maintenance of fuel support and control of spacing of the fuel assemblies for all load conditions.  

The structural design criteria for the structural components in the fuel basket is the ASME Code, 

Section I1, Division 1, Subsection NG [15]. Consistent with this criterion, for any normal 

condition load and position orientation, the main structural component in the fuel basket, the 

stainless steel support disk, is shown to have a maximum primary membrane stress intensity and 

a primary membrane plus bending stress intensity in any disk. These are less than the design 

stress intensity value Sm and 1.5Sm, respectively. The value of Sm is defined at the temperatures 

for the component being analyzed.  

In the side-drop, the loads of the fuel assemblies are transferred into the plane of the support 

disks, from which they are transmitted to the canister shell. For the end•,dop, the fuel basket 

components are loaded by their own inertial weight and do not experience load from the guided 

but freestanding fuel assemblies. Various cask drop angles and radial impact orientations of the 

support disk are evaluated. In addition to the load from inertial weight, the differential thermal 

expansion of the support disk is also evaluated.  

2.6.13.2 Finite Element Model Description - PWR Basket 

Two finite element, models are generated to analyze the P•R fuel basket for the n••mal 

operating conditions: one for the end-drop, in which the loads are perpendicular to the pla.n,,.f 

the disk, and one for the side-drop, in which-the loads act in the .planeof pthedis,• Both rnmdels 

accommodate thermal expansiqn effects byusn -t emprq jtrtonfm the th~r~ 

analysis and the .ce•ffiient of thermal- expg ion. Offjgle (0): results cL 

based on the component stresses from the end andside drop evaluafion.
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I.the model ase.ýpqt(sSt the 

camister shell., The in~fc- bewe.espot ýtr mdldJ n 

AN~SYS CONTAC52 lement prnt~h-spqM-jk [r-d iief~

cantister elem nts._The _ terKace,~e th, c'aiser shla ra u f .trap~~& 

cask inner shell is also £modeled. with CONTAC52 (ltments,,H .QtpS aj 1omrs y 

element. The deformed shape ofthe transport caskt oner shell i pj toutennoes a.!e 

CONTAC52 elements as boundr conditions. :Cont.lements modeAe , min te Igap 

created slit located. at, t hesppo.. gd h.. , o.-, 

isý set to l.0OlE,-6 Ib/in: Becaus arsadi ]t.sfhe 

is added to the model byin ui.!i-n. w,,ip1ii.  

and between the canister. and cask in.er sjhell 

The loads from thefu~el assemy varemdlasp.pg jq eachbq e,ýric 

support ,disk slot opening. ,The,_sur•ej press.__ _ _ e q e `ý i-oY -nmg 

Comparison analysis of all .relevant PWR as~s 

loading is-(PWRCast) 

-376081b>25b " 

Weight of single fuel assembly + fuel tube =1, tl 705]b 
.. ,24slots,,- 24slo 2ts:'- .  

Pressure applied to web slot (!79_.5.b.! 7Zn x0.i))/3O 1.2 

where, the slot size is.9.2k fI* s Lg t n L U-01 

The weglf of the tiees f•0 

support disk material-by a factor 0f: 1•.73as, shown below.  

Disk Weigh+Rods'andSpacers, 186.4 t 69A ! 
Ratio 13734 

Disk Weight~ ~ i86.4, 

gN edit s ý,d
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De~nsity 0- 9.291 X 1.3733 0.3997 Jb/inn 

Inertial loads-4pp*0,,to the ofdisk. ip, faccident 
conditions. The pressure load i's also mu iley prpit ~lrto 

Fo ,r t ,he -side dr op, pressure loads, arelapplied,-to, thejigamentbased o the i~mpactangle"..the 
PWVR fuel assembly basket with 24_slots exhibits one-eighth symme Arniniimum.pree 
radial thickness occurs between. the comer of the fuel assembl~l n b a ii ter 
radius, at three loain:1.2,2._and 451ý masure tqe clockwse. i ia 
(see Fig. 26..13.2-2). Therefore, to ensure that thek.urding •as- et o .. t .... gt ý "drg 
orientations of; 00 18.220, 26.280 _and45' are consid__re____.4•_ i e 00t£ddig 
pressure loads are set to zero and the acceleration is appliedithe aidrection- of t 

To evaluate oblique impacts, th.srs opoet_(~. S,,- -)acale d bsed- 6",th 
stress results of the side and end drop cases.. These stress c... i• ........ ' .......... : 
the use ofan. AN.SYS macro. The macro extracts .h component s6" •t • e.c..mpo•he sbel et 
drop orientation f.or th•e side -4ed:~•£••£Qq?•}t, : 

dro oietatonfo th sdeand end drop cases. Once ~the stress i~ss',1ýi anN_ý 
macro cycles throug the cask•• p. angles.,(0'.230 230'400.M! .45•50•60w70580 
.... and. 90!), as _weyll as the basket drop orientation_ 1 20j824 

the stres.ses. Finaly, the macro then sorts the data to determielt : -,. t 

drop orientations where the §ýstrs~ us 

--- fry.". 7 

To dtermiine- thejq~gj cpý -ý of 'qns cross sqctisý4t , 
the identification. of.these se9tonsFigures 2.6.13.'2-_3. and2..6.;.24 sho e!ocati• 

suppq , q_0 . is I k- -T-b, le- 2-,.-6 .I -ý-Y.-ilists the cros-s sec-tion-s 'ver'su's"Pi' n ,P

cross section of the web int&he , - Cthe suppor di oPints _2 

shown in Figu~q 1ejsL n 2.6.11.~i2.32.4i p pi 3 rm b6.6 2tý
to Points :a- shown in Figur.e 2.6..... ..t to the left of the ce.... t-li *e o 
disk). From fthe corresponding nodal coordinatepiiveninTable22j61372.  

ylg e75)t and pint(X 7 0 )i kiuti 4qt istsq fir 

S~ubsectiio n N _____ e
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_qý_pý!kp ..against e. al able, allowabl(ý q fuý 

and acci e t conclitions, are, s"4own.be ow.

Pxn7iý j n P~Su 
Pm+Pb 1.5 Sm __'.  

P+tQ 30SmN/

The following table summarizes the side, end, and off--ng!e stresses ine pWo 

normal conditions (1-Foot drop). The minimum mar±nof sqeyj .18.

stress 
State 

P.  
Pm+Pb 

P+Q 
P.  

Pm+Pb 

P+Q

Ther l 
Case1 

B 

B 

B 

A 

A 
A

Sction 
120 
21 

21 

120 
21

90.0 

85.0 
88.0t 
90.0 
P9.0 
85.0

Basket 

45.0 

45.3

Sx 

DZ..

g•5i 

-9.1 
[47:.i

8.0 
7.6) 

v.o

Nsi) 

5~74 

V.7

mom 
Qafffi 

PýZ2 
VA 
LB 
OM 
OX2 

y

WM*3 

M-16

'See Section"2.6.13.3 for definitio-nofthiermafcases.  
. Cask drop angle, see figureshoiwn on preyious page.  
3 Basket angle (orientation), see Figure2.6.13.22.
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Fgure 263.2-1 PWR Blasket 4 od for .D
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Figure 2.6.13.2-3 Location of the'Section to Obtlain Linearized Sqqses-(Lpf afo 
support disk)
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Figure C,. 1Jinv Oba _1 
-ý~ rs 

i- 
s21AýY
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Table 2.6.13.2-1 Idsting Qf Qoss-Sectios sf. j 7•7s.ya ouiij_ jiO Dsko(pnnilued)
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Table 2.6.'1 3.2-1 u•tsDisk (,aontunued
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2.6.13.3 Thermal Conditions andfEpanin'EVauation for ]WýR Support-Disk 

Three thermal'conditions are considere~d-whe-n.n iLJ pgokdiPWR.e.YOIa4 

Condition 1: 100OF ambient temperature with j"ANjmum Yheaty load and maximum solar 

insolation.  

Condition 2: -40Ft ambient terperatu e with maximun deay heat load a.d.no isolation.  

Condition 3: -40°F ambient temperature, no decheatlpd an•d. q_•o1-r•n iolation.  

Temperatures of the support disk for each heat condition -ae .•s follows: 

Heat T. Tmi; AT 

Condition' (?F ~F) rOF) 

1 686 366 120 

2 600 255 145 

3 -40 40 

Two thermal cases (A and B) are considered inthae analysis.. A htoabwn

Thermal case A bounds heat- condition 1 (maxmumA temperature), hea t condition 2 

(maximum temperature gradient) while thermal hea'B re-rtesits. c o n 3.  

Thermal Heat T• TM- AT 

Case Condition (F) (0 F) M.T 

A i&2 686 341 34 

B 3 ~ 40 -400 

The allowable stresses are calc ulated by Using thefterature distribn the results of 

a steady-state conduction analysis performed by using t u nqary,.0onAq.-_, 

Temperatures are applied to the PWR_ support disk mntdelto simulat wortcase temperature 

conditions. The maximum temperatre is a center of-ppoadisPmodeland the 

minimum temperatue is app.lied to the outer.-dgeA. et nA •t.. u aBgnaLYSis (w.t,-:, Mg

planar. elemenits tp•tpranIyq ngeo,, ... , ..  

th ,epe attron.*tdiitni 

structutalm .r soa4t. In l ca RoLa jakt ni 

two analysesqr 6 ~ z
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the second. run accounts. forAerma stresie not 
required for Level D conditioonn, c b "o i e .:&if'ie4e&qoc•• latedlfor 
both Level A and Level D .... p.t.o t ... •... "I' ..  

The thermal stress at the outer radius of the basket is tension, whereas the interior thermal stress 
is compression. With the application of the primary loads, the area in contact with the shell is in 
compression, thus reducing the combined stresses. During the 1-ft drop impact, the support disk 

deflects so as to maximize the contact region with the canister. The result is tension stresses at 
the outer radius of the support disk and compression of the interior ligaments. For this reason, 

the primary + secondary stress intensity range evaluation is considered to envelope the evaluation 

for the thermal-stress-only condition.  

2.6.13.4 Stress Evaluation of PWR Support Disks for 1-Foot End-Drop Load Condition 

The support disks of the basket are located by eight tie rods with spacers. A structural analysis is 

performed by using ANSYS to evaluate the effect of a 1-ft end-drop impact that corresponds to 
the most severe out-of-plane loading. The finite element model described in Section 2.6.13.2 is 

used in conjunction with a 20 g deceleration.  

The calculated values of maximum primary imembrane .•dlibn~ding: •, as•ss' 

and B are provided in Tables 2.6.13.4-, and 2 .613.4i2. The membane streses or the l-fteid 

drop conditions is effectively zero.  

The maximum prim membrane plus bending stress intensity is 78:ki (thermal case :A) ,ch 
results in a margin of safety, of_+7.44.. The location of•the tgpten maximunrpnr.ar membrane 

plus bending stresses, Thermal Case A, are presented in Figpre 2.6.13.,4-
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Figure 2.6.13,4-1
C a.se-A

2.6-193



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

November 2001 
Revision UMST-O1D

Table 2.6.13.4-1 Pm + Pb Sqe4rs~es for uppqr,DiskZ.~F~~dDo In -_ ~ T4ai~

Sfress Alloaiiable 
SxS Sy Sxy intensity Stress Margin 

Section -(ksi) (ksi) (ksi) (ksi) (ksi) of Safety
40 
42 
54 
56 
12 
14 
26 
28 
39 
53 
11 

25 
67 
83 
99 
115 
74 
106 
90 
122 
55 
41 
27 
13 
82 
114 
98 
66 
72 
104 
120 

88 
5 
19 

4

3 
1

2.0 
2.0 
2.0 
2.0 
-5.7 
-5.7 
-5.7 
-5.7 
2.6 
2.6 
-3.7 
-3. 7 
1.7 1.7 
1.7 

1.7 

5.0 
5.0 
5.0 
5.0 
2.2 
23.5 
-3.5 

3.4 
3.4 
3.4 3.4 
3.2 

3.2 
3.2 3.2 

0.0 
0.0 

-419 
-4.9 
-4.9

-5.8 
75.8 
-5.8 
75.8 
2.0 
2.0 
2.0 
2.0 
-3.7 
-3.7 
2.6 
2.6 
5.1 
5.1 
5.1 
5.I 
1.6 
1.6 
1.6 
1.6 
-3.5 
-3.5 
2.2 
2.2 
3.2 
3.2 
3.2 
3.2 
3.4 
3A4 
3.4 
3.4 
-5.1 -5.1 

0.0 
0.0 

.4.9 
1-309 
-3.0

0.2 

-0.2 
0.2 
0.2 
70.2 
-02 0.2 

0.0 
0.0 
0.0 
0.0 
2.3 
-2.3 
2.3 
-2.3 
2.3 
2.3 
-2.3 
-2.3 
0.0 
0.0 
0.0 
0.0 
-2.0: 
-2.0 
2.0 
2.0 
2.0 

72.0 
-2.0 
2.0 
0.0 
0.0 
Q.;Q 

6'.6 
6d.0 ;00 

b'o

7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
6.4 
6.4 
6.3 
6.3 

6.2 
6.2 
6.2 

6.2 
6.2 6.2 
~6.2 

56.7 
5.7 
5.7 
5.7 

5.3 
5.3 

5.3 
5'.3 

5.3 
5.3 

5.1 
5.1 

4.9 
,4.9

65.8 
651.8 
65.8 
65.8 
65.8 
65.8 
65.8 
65.'8 
65.8 
'65.8 
65.8 
65.8 
.66.4 
66.4 
66.4 
66.4 

66.4 66.~4 
66.4 

65.9 
65.9 
65.9 
~65.9 
66.4 
66.4 

661.4 
66.4 

'66.4 

66.4 

63.6 61
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7.44 
7.44 
7.44 
7.44 
7.45 
7.45 
7.45 
7.45 
9.36 
9.36 

9.37 
9.6 3 
9.63 
9,63 

9.73 
9.73 
9.7-3 
9.73 
10.5.5 
10.55 
10. 57 
ý10.57 

11'46 

1.: 46 
.11.46 

11.52 

jLj .5J4 
1125 1..5
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Pm ± b:Stresses for Spo4b f roo W eiina1 Case B
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2.6.13.5 Stress Evaluation of PWR SupI -Foot End 

Drop Conditions 

The thermal expansion loading described in Secton 6 de- lieflnite element 

model simultaneously, with the 20 g-.6nd-dropp_6ddscribedi SecStion 2.61 &to produce a 
combined thermal expansion plus efnd-imnnpact!odig.i The". ,,a• i•tioxnJs .perfpre.  

according to the ASME Code, Section ELI, Subsection NQJ155. ThestrVessjintensity atns pits 
maximum value at the surface of the extreme fibr.' 

Thermal case A is used for this evaluation. The'optenj_.m um secina 7 s locatios for.  

the combined thermalgand 1-ft end--op condition are' _ The.5
maximum stress intensity is 9.5 ksi and the 3S~IUoal -a ti.peraturlo'17.,.21] 
is 133.5 ksi, which results in a margin of safety of +13.07*Resultsf-tii:e combiedt•termal•.and 
1-ft end-drop condition are presented in Table 2,6.1,3.5-11.
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Figure 2.6.13.5-1 Locatons of Maximum PE Tr- p-he a] CaseA
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Table 2.6. 13.5-1 P. StreQ$Vsses fo ý:Z
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2.6.13.6 Stress Evaluation of PWR Support Disk. for I-Foot S-ideDrop'r adConditions 

To determine the structural adequacy of the PWR fuel basket support disk for the 1-ft side-drop 

impact load condition, a quasi-static impact load equal to the weight of the fuel and fuel tubes 

multiplied by a 20 g amplification factor is applied to the support disk structure. The inertial 

loading of the support disk is also included by means of the density input for the 17-4 PH 

stainless steel. The value of 20 g is conservative because the Universal Transport Cask impact 

limiter design deceleration for a 1-ft side-drop is 16.4 g. The fuel assembly load is transmitted in 

direct compression through the tube wall to the web structure of the support disk. A conservative 

number of disks is assumed to transmit the load to the canister shell (see Section 2.6.13.2). The 

maximum in-plane loading occurs in the side-drop, which requires a detailed structural 

evaluation. A finite element analysis is performed by using ANSYS and the finite element model 

described in Section 2.6.13.2.  

2.6.13.6.1 Drop Orientations 

For the side drop, pressure loads are appjed to the igament ~b 

PWR fuel assembly basket with 24 slots exhibits. one-eighth-s A.•;- mu•,-ppenmete 

radial thickness occurs between the comer of the fuel assembly:Qtinft e basket and the iouter 

radius at four locations: 0', 18.22', 26.280, and 45 i measured& co n, mi the Y-axis 

(see Fig. 2.6.13.6-1). Therefore, to ensure that the boundingsbeasket ois-ev 

orientations of 00, 18,220,,26..28, and 4504ar e onsidered., The 2 

allowables are taken at temperature fo both thermal casesA andB.  

2.6.13.6.2 Analysis Results for the 1-Foot Side-Drop 

Finite element anyses arevperfdrme0d for the 1-ft sidew-dro6 load Co iditionsf& our 

radial basket orientations, ('Q, 18.2', 26.28', andA5'°) and forjo t rntlth Jali cgWuld result 

in the use of different moduii of elasticity throughout theSbasket tioqpr•T=,mW- rollaO-

SI stresses for thie fou, r o a r show n2Figueqý ! g26 

For Tnormal con l L 

stress ispg5SS-
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The cross' section's with the 40'minimum i'n'nsý.-p- -~ t r ab e2~ 6 2 
through 2.6.13.6417. The tables are idefied below: 

Basket Therinjal 5sties§ Mqijmur 
Table Number Orientation.() Case Evaluathioni in SafY 

2.6.13.6-2 P A P +1,.17 
2.6.13.6-3 0 A P-.+b03 
2.6.13.64 0 B Pm f6 
2.6.13.6-5 0 + 5P0b ±0 

2.6.13.6-6 18.22 A.5 
2.6.13.6-7 18.22 A P77JP b R.27 
2.6.13.6-8 18.22 B PLii 
2.6.13.6-9 18.22 B P.• 2•1 

2.6.13.6-10 26.28 A +1.04 
2.6.13.6-11 26.28 A P..  

2.6.13.6-12 26.28 B ±JA_1 
2.6.13.6-13 26.28 B Pm)4_ 
2.6.13.6-14 45 A PM 
2.6.13.6-15 45 A .P '0 
2.6.131-6-.16 45 ýn i• kt 

2.6.13.6-17 045B PI4 •-0.1 

The minimum margin of safety of +0. * 19 for the side-dro occur n-te 45 0 
thermal-stresses. This marn rtof safety is produced, by, pa m embranep11sJ•endingsa 

of 56.9 ksi.
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Figure 2.6.13.6-1 !Support Dis Sd-Drop O9'entt~ions
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Figure 2.6.13.6--2 Locatons of Maximum P j tensitls - SidDT bý A jp- ri , 
Thermal ~s~

2.6-202



SAR - UMS® Universal Transport Cask November 2001 

Docket No. 71-9270 Revision UMST-O1D 

Figure 2.6.13.6-3 Locations Of Maximum P, 

Thermal Case A 

2.6-203



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

November 2001 
Revision UMST-01D

Figure 2.6.13.64 TLoc-atonsofMa, s u-8 Side Drov Oentation, 
Themal Case A
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Table 2.6.13.6-2 PM Stresses. for, Support Disk-i-Foot Side-Drop, 0' Orientation, Thermal 
Case A
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Table 2.6.13.6-3 Pm t Pb Stresses for Supp.ort Disk-1oot Sipp 0,SiPe•aio n, 

Theimal Case A

Stresis Allo-wable 
Sx' SyX' Sxy Intsity, $tress Mairgin 

Section (ksi) (ksi) (ksi) (ksi) (ksi) of Safety
107 
123 
25 
26 
28 
20 
23 
21 
27 
29 
114 
98 
2 

22 
30 
1 
3 

24 
14 
12 
4 
94 

110 
9 

75 

91 
31 
32 

8 
6 
17 
18 

115 
99 

37 

51 
113

-23.6 
-23.6 
11.0 
15.5 
15.5 

8.7 
12.0 
12.0 
'4.4 
0.0 
7.1 
7. 1 
6.1 
-4.9 
4.7 
8.9 
8.9 
0.0 
-9.6 
-9.6 

10.9 
10.9 
-8.6 
'8.6 
6.7 
6.7 
4.9 
-4.9 
0.0 
5.5 
-6.4 
8.9 
8.9 
,22 

"117 

'2.'6

-30.9 
-30.9 
7-92 
-9.2 
-3.5 
-3.5 
-7.3 
-2.9 
-2.9 
-12.5 
-13.7 
-5.5 
-5.5 
-5.2 

-10.4 
-9.6 
-1.9 
-1.9 

-11.4 
-4.7 
-4.7 
-7.9 
0.6 
0.6 
-5.9 
-5.9 

6.8 
6.8 
-7.9 
-7.9 
-9.1 
-3.1 
-5.9 
1.4 
1.4 

L6.4 

-'7.8 

-7.1

15.9 
-15.9 
-1.1 
-2.4 
2.4 
-0.3 
1.7 
-1.7 
-3.2 
0.0 
-0.3 
0.3 
-0.8 
-3.0 
4.2 
-1.0 
1.0 
0.0 

3.3 
-0.1 

3J 

0.1 
3-.1 

-3.6 

3.3 

-3.3 

-2.5 
,-0.7 
0.7 

0.  
g1•

443.6 
43.'6 
20.3 
19.6 
19.6 
16.0 
15.2 

1:23 13.7 
13 .7 
12.6 
12.6 
11.5 
11:7 
12.0 

11.1 

10.6 
10.9 
10.9 
10.6 
10.6 
10.4 
10.4 

10.0 

8.8 
;8.7 
9.0 

87

ý6:8 

65.8 65.8 

614.5 
64.5 
64.,5 

663 
66.4 
66.4 
.63.0 

6.6.  
63.0 
63:0 
65.2 

65.-8 

66.1 
66.1 
64.5 
64.5 
66.8 
66-,8 

66-Z7 

63.6 
6 
64.5 
66.7 
66.7 

6

0.53 
'0.53 
2.24 
2.36 
2.36 
3.03 
3.23 
3.23 
3.82 

4.29 
4.29 

41.52 

4l.70 

,4.72 
4.91 

4.90 
-5.07 

5.07 
5 ,07 
5.44 

5.65 

6.35 
6.44 
6.45 

6145
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Table 2.6.13.6-4 Pm S.tesses foqrt.uppport Disk-l-F66ot Side-eD16jneintation, Thermal 
Case',B
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Table 2.6.13.6-5 Pm.' Pb Stesses. folr Supppqg[, 4sk-,-S!iýop,0k :.njetation., 

Thermal Case.B
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Table 2.6.13.6-6 Tm S Casses folr 'uppo-l A5 "--- F99- de-O n 

Thermal Case. A
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m±bSres for S~uppqrt ik tpai 
Th -Disk-Foot Sd r,1 2 entation, 

Thermal Case A____________
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Table 2.6.13.6-8 Pm $Aýsses for,ýjpport P 
Thermal Caise-B-
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Pm +j b Stresses for Support Disk i-ýFoot Si;rop .8. entation, 

Ther ma Case B
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Table 2.6.13.6-10 Pm -tiessesfqfoSupport Disk-I-Fg SieDfp YOiijia tion 
Theýr-m'al Case ,A
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Pm 7 ts for Support Disk.,IFoot -op, 26.28 Orientation, 
Thermal Case A
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Table 2.6.13.6-12 -~' D Isk-i '-foo Side- P '.re _ Pm ~ Stess for- uppo Di -1 I 4626 ! .O tation, 
Thera -Case .B

2.6-216



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

November 2001 
Revision UMST-O1D

Table 2.6.13.6-13 Pm + Pb Stressesjor Suppqor Disk-Z1Foot Si eDrop, 2qZ8? Onientation, 

Thermal Case B
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Table 2.6.13.6-1.4 Pm Stresss fo~upprt Dis SideDrp45Oietaon 

Thermal _Case' A

Streiss Allowable' 
SSy Sy Inte ,nsity Sir�e's~s Mai,2gin 

Section (ksi) (ksi) (ksi) (ksi) (kSi) of Safety
120 
!14 

35 
23 
37 
21 
49 
9 

112 
111 
96 

63 
51 
7 

28 
40 
98 
72 
66 
104 
64 
95 
42 
26 
80 
79 
119 
1io 
94 
71 
46 
36 
22 
74 
99 

14 

122 
115

9.1 
-9.0 
12.7 
-1.4 

-16.8 
-7.7 

-12.9 
70.6 
7.1 -5.8 

-10.7 
1.5 

12.0 
3.1 
-8.3 
0.9 

-8.9 
-10.4 
-0.3 
-6.6 

-11.7 
-3.2 
.-6.9 
-9.4 
9.8 
1.1 

,-0.1 

-12.1 
-11A1 
-0.1 
-9.8 
'-2.8 
-4.1 
-0.2 
2'5 

A 2-

-91 
9.1 
-1.4 
12.7 
-7.7 

-16.8 
-0.6 

-12.9 
-5.8 
7.0 
1.5 

-10.6 
3.1 
12.0 
0.9 
-8;3 

-10.3 
-8.8 
-6.7 
-0.1 
-3.2 

-11.6 
-9.4 
..6.9 

9.8 
-12.1 
-0.1 

-141 
-1.0 
-4.1 
-2.8 
-9.5 

2;5 

ý944

7.6 
7.6 
7.0 
7.0 
6.0 
6.0 
6.4 
6.4 
6.1 
6.1 
5.7 
5.7 
5.4 
5:4 
5.4 
5.4 

4,.6 

4.5 
6.2 
6.1 

54.  
4.5 
4.2 
42 

4.1 
4.1 
-0.5 
-01.5 
0-04 

-4.9 

48 

FN

23.7 
23.7 
19.8 

'19.8 
19.8 

17.7 
:17.6 
17.7 
17.7 
16.7 
16.7 
14.5 
14.5 
14.2 
.14.2 
ý14.3 

13.9 

13.6 
13.6 
12.5 

12.5 

J12.0 

12.1 
11.2 

:10. 1

,44.3 
44.3 
43.10 
'43.0 
43.0 
43.0 

43.0 
~43.7 
43.7 

43-.7 
43.7 
43.0 

43.9 

43.9 
44.3 
44.3 
44. 3 
44.3 
43.7 
43.7 
43.9 
43;9 
,43.7 

0-1 
44:1 
44.1.  

r44'5 

43.1 

4.3

0.86 
0.87 

L1.17 
'1.17 

J144 
:1.44 

1.61 

4.96 

2.0 
2.10 
2. .11 
2.14 

2419 
2.21 

2.65 

2.05 

3.37 

~43 

!1R5
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Table 2.6.13.6-15 Pm, + 'Pb Stresses for Support Disk -,i-Foot Sjdi. rop,4,Q OQijtation,

Thermal Case A
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Table 2.6.13.6-16 Pm Stresses for Support Disk-1!-Foot: Side-IQlJ, 450 . j5• aIntatiPn, 
Thermal Case -B
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Pm Pi-Yb Stresses for Supp6r Dis 9et4S Paton, 

Thermal CaseB__
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2.6.13.7 Stress Evaluation of PWR Support Disk for Combined Thermaland 1-Foot Side
Drop LoadC!ondition

The inertial loading for the 1-ft side-drop is combined with..4e thermi 1!oading for Thermal Case 
A to produce the largest stress intensities. TheaJwable'tiss ite 3 S lUhted at the 

section temperature.  

The 40 sections vith the smallest margins ofis e presented Tables 6.3.7-1 through 

2.6.13.7-4. The tables are identified here: 

Basket Thermal Stress nimuM Margin 
Table Number Orientation C() case Evaluation . .afety 

2.6.13.7-1 0 A Pm+ Pb+Q 0.75 
2.6.13.7-2 18.22 A -.59Ij 

2.6.13.7-3 26.28 A P.21PbQ 
2.6.13.74 45 A Pm .+ Pb +Q 146

The minimum margin of safety is +1.21.
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m±Pb +.Q,. Sises for 5,9Pp -S~ rtýti 

Thernial.Case-4__ _ __ _ __ _ __ _ __ _
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Table 2.6.13.7-2 Pm tPb + Q Stresses f port Dik-'-,FOtSide-Dr68.22 
Ofientation, Thrmal Ca•eA
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Table 2.6.13.7-3 OiPn b + Q Stresses for SpoA t e-Dr 228 

Orientation, Thermal Case A

Stress All6wable 
Sy Sxy Intensity Stress Margin 

Sec tion (ksi) (ksi) (ki) (ksi) sksi) of Safety
3 

6 
9 
34 
37 
20 
21 
48 
49 
2 
1 

23 
95 
96 
22 
91 
112 
51 
42 
39 
111 
28 
27 
8 

80 
79 
107 
14 
11 
13 

63 
64 
120 
124 

35

-41.1 
-41.1 
-39.8 
-39.8 
-31.1 
-31.1 

-33.6 
-33.6 
-34.6 
-34.6 
34.6 
-25.9 
31.9 
-30.1 
-30.1 
-35.5 
25.7 
-15.4 
28.7 
-18.7 
-18.7 
-31.8 

-27.4 
-27:4 
30.2 
25.3 
25.3 
28.3 
-26.5 
-26.5 
28.3 
-23.0 
-23.0 
ý0.6 

22.7

-43.0 
-43.0 
-33.9 
-33.9 
-40.5 
-40.5 
-39.0 
-39.0 
-35.0 
-35.0 
23.4 
-33.1 
24.7 
-28.4 
-28.4 

-15,9 
28.8 
-34.9 
25.1 
-29.6 
-29.6 
1-17.4 
-18ý.5 
718.5 

3.5 
22.8 
22.8 
16.9 
-16.6 

9.0 
-22.6 

-28.7 2%1i 

:-25.8 
-25.8 

r14.9

15.0 
15.0 
12.9 
12.9 
12.2 
12.2 
12.0 
12.0 
11.9 
11.9 
10.9 
9.4 
9.8 
9.3 
9.3 
7.6 
11.7 
5.9 
8.8 
8.5 
8.5 

8-.0 

5.3 
7.4 
7.4 
-7.5 
7.9 

7,2 
7.4 

7-4 
5.5 

FQ4

57.0 
57.0 
50.1 
50.1 

48.8 
48.8 
48.6 
48.6 
46.7 
46..7 
41.3 
39.6 

38.8 
38.7 
318.7 
.38.1.  
39.0 
36.6 
35.8 
34.2 
34.2 
33.7 
32.1 

32:1 
31.2 
31.6 
3.6 

32.0 

30.9 
30.9 
30.7 

30.2 
30.2 
30,2 

L78 
263

125.9 
125.9 
129.0 
:129.0 
129.0 
1219.0 
129.0 
129.0 
129.0 
12f9.0 
-125.9 
125.9 
129.0 

0130 

1 29.2 
.133.5 
131¶0 
-12,9.0 
131.6 
131.6 

,131.0 

:131-.6 
13 .8, 
i129.2 
131.0 
1311.0 
133 5 
13.1.6 
:3i.  

131.6 

131-.0 

132.8 Eil

lý1! UN
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1.21 

,1.57 
1 .57 

S1.64 
1.66 

1.66 
ý1.76 
-176 
2.05 

2.18 

2.39, 

2.439 

2".5-8 
2.60 
2.85 

2.88 

310 

3.104 
3.44 

3.15 
3.1.7 
3ý-.26 
3.26 

3:34
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Table 2.6.13.74 P, t±Pb + Q Streses for Spor u isi-ý1FP4td-ro ,4 5.  
OrI ientation I, The-rmal Case A

Stress Allowable 
Sx Sy Sxy Intensity Stress. s Margin 

Section (ksi) (ksi) (ksi) (ksi) (ksi) of Safety
1 
2 
6 
9 

48 
49 
3 
4 

34 

20 
21 
63 
64 
95 
96 
111 
112 
79 
80 
35 
23 
36 
22 
91 
8 
50 
44 
46 
3O 
31 
7 
51 
26 
25 
42 
39 

13 
54

-35.6 
-35.6 
-40.2 
-40.2 
-37.4 
-37.4 
-40.2 
40.2 
-36.1 
-36.1 
-36.5 
-36.5 
-26.3 
-26.3 
-28.3 
-28.3 
-33.4 
-16.3 
26.5 
26.5 
-12.4 
-31.7 
-12.4 
-31.7 
22.8 
29.8 
1.6 

"-27.8 

20.5 
24.4 
-2.3.3 

-20.6 

26.0 
9.'5

-40.3 
-40.3 
-37.4 
-37.4 
-40.2 
-40.2 
-35.6 
-35.6 
-36,5 
-36.5 
-36.1 
-36.1 
-28.3 
-28.3 
-26.2 
-26.2 
-16.4 
-33.3 
26.5 
2625 
-31.7 
-12.4 
-3i~.7 
-12,4 
25.3 
1.6 

29.8 
-10.5 
-10.5 
-27.6 
-27.6 
24.4 
20.4 
-20.6 
-20.6 
-233 

926 

25.9

13.0 
13.0 
13.5 

13 .5 13.15 
13.5 
1310 
131=0 

12.1 
12.1 
12.1 
12.1 
8.8 
8.8 

8.8 

5.9 
5.9 
8.2 
8.2 
6.2 
6.2 
6.2 
6.2 
10.2 
4.6 
4.6 
8.4 
8.4 
8.2 
8.2 
7.0 

7.0 
7.3 
7.3 

68

51.1 
51.1 
52.4 
52.4 
52.4 
52..4 

51.i 

48.4 
48.4 
48.4 
36.1 
36.1 

36.1 
35.2 
35.1 
34.7 
34.7 
33.5 
33.5 
33.5 
33-5 
34:3 
30.5 
30.5 
31.2 
3 1.2 

30.9 

29.7 
29-.7 
29.4 29A7 

2 .4 
28:

125.9 
ý125 .  
129.0 
12.9.0 
129.0 

1259.  
125'.9 

1219.0 
129.0 
129.0 
129..0 

13 .Q 

13 1'9 

13 1.0 
131.9~ 

131.0 

129.0 
129.0 
129.*2 

512.  

129.2 
J,29.2 

133.4 
133.  
1332:4 

129ý-Q 
12.9.0

.1.46 
ý1.46 

ý.46 

21.46 
1.46 

:L67 ,1.67 

-1.67 1.67 

2.63 
2.63 

2.72 
2.73 
2.78 
2.78 

2.85 
2.85 

3.23 
,ý:23 

3.28 •:.28 

33-2 332 

IM, 
W4§
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2.6.13.8 Stress Evaluation of PWR Support Disk fo Footýý 66i d AonditionS 

As previously discussed, the evaluation of off-ngle mpac•isacco3oplisnedo3Tiisig the stress 

results from the. side a ndend-drpyjevaluations. a p the stress 

components (i.e. S,, Sy, ,Sxy) are combined froim the sieide en& p, case 'ý e evaluation 
considers various cask drop angles (4)= 0", 23",300, 45 ,.o,,, 70"52;, 85,'8.ý$ý,and90') 

as well as the basket drop orientation (0', 18.22", 26.280 nd 45j)Note that the-ed drop 
0°) and side drop (0 = 90') are included in the -evaluation so tha.thq results envelope al cask •~~~_CY_ Sy 4tes•2s~s an.off'anigle. (0). drop 

drop angles:. The normal stresses (S, and Sy) and the she.ar stress for 

are calculated by-the following equations, 

Sx(o =sxo(end) os4+S(e)S inO, 

Sy() ,y(end) Cos5O+Sy(s. )SinO, 

SXYMq) S xy(ed)C054 ) + SXY(,i&)Sin4), 

where, 

Sx(side), Sy(side), and Sxy(side)o _are the section stresses calculate• by the.A$YSJ 'lya. s§Jor thesid e 

drop conditions.- Sx(end), Sy(e0d), and Sxy(eod) a~re the ~secdipn4 sesý,S_ cu~t'~bAI1 

analysis for the end drop;. The pinjcipal stresses and hses., itensty' rtqdce~e.rl 

based on the stress components., Th•orientations. where the._m4Zuaxiqcjo.achioakiq°g 

condition are then determined. A Summary of t.e. evaluaUio.ijns& preW.ntS~ cj8?j 2.6.13.2.  

2.6.13.9 Stress Evaluation of Support Disk for Combied Therma1 and :Foot. Off-Agle 

Conditions 

The stress evaluation for the combiied thermal and obli~qusePNfdition- f ed;usingthe 

same. method9igy. j Me_" naio• tn • - ffses 

also presentedS.tion 2. ;
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2.6.13.10 Stress Evaluation of Tie Rods and Spacers for 1-Foot End-Drop 

Load Condition 

The PWR basket support disks are connected by eight tie rods with spacers to maintain spacing 

of the support disks and heat transfer disk. The tie rods and spacers are constructed from Type 

304 stainless steel. The tie rods are threaded only at the upper end so that the top nut can provide 
rigidity of the basket assembly. The tie rods do not transmit any load other than their own weight.  

In a side-drop, the load resulting from the disks and the fuel is transmitted directly into the 

canister wall by the support disks. In an end-drop, the spacers transmit the load resulting from 

the weight of the support disks, aluminum heat transfer disks, one end weldment, and spacers to 

either the lid or bottom depending on the orientation of the drop. The weight of the fuel 

assemblies is transmitted directly into the canister lid or bottom, because the fuel tubes in the 

basket are open at both ends. In drop orientations other than on the end, the spacers experience 

only a portion of the weight of the support disks, heat transfer disks, one end weldment, and the 

spacers that act along the centerline axis of the cask. Thus, the end-drop is the critical loading 

condition.  

During an end-drop, the weight of the support disks, end weldment, aluminum heat transfer 

disks, and spacers and end nuts is supported by the spacers on the 8 tie rods, thereby resulting in 

compressive stress over the cross-sectional area of the spacers. Taking the largest weight of all 

three PWR fuel classes, the total weight of the basket is 16,48& l. Because the weights of the 

bottom end weldment (527.jb) and the fuel tubes (•,6761b) are transmitted directly into the end 

of the canister, the remaining load acting over the area of the spacers is Ji2,b2 . For the 1-ft 

end-drop, the deceleration is 20 g, which results in a total end-drop load of _LtqO,.J The area 

in compression is 7L(3.0 2 - 1.752)/4 = 4.66 in2. The compressive stress, is g4,,2qQ/(8 x 4.66) = 

6,591 psi, and is considered to be a membrane stress.  

Based on the ASMIE Code, Section III, Subsection NG, the allowable membrane stress is 1.0 Sm.  

Using a conservative material temperature for the outer edge of the support disk of 500'F, 

Sm = 17.5 ksi. The corresponding margin of safety is 

MS 0 +(1,5Ol_6•!)Y1! aK4 1.66.  

Therefore, structural adequacy of the tie rod/spacer assemblies is demonstrated.
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2.6.13.11 Support Disk Shear Stresses for 1-Foot Drops 

The ASMIE Code, Section 1II, Division 1, Subsection NG, criteria define the Level A allowable 

for shear stress to be 0.6 Sm. The extrapolated design stress intensity for 17-4 PH at a bounding 

temperature of 750'F is 41.9 ksi. The maximum stress intensity across any section (membrane 

stress) for the 1-ft side-drop is 31.4 ksi for the 450 drop orientation at Case 1. Similarly, for the 

end-drop, a maximum membrane stress across a section is 0 ksi for the 1-ft drop. Therefore, the 

maximum shear stress for any normal loading condition is 31.4/2 or 15.7 ksi.  

Using the allowable stresses as stated previously, the minimum margin of safety for shear is 

MS = [2(0.6)Sm/SI]- 1 

= [2(0.6)(41.9)/31.4]- 1 

= +0.60 

Therefore, structural adequacy of the PWR fuel basket support disk design for the normal 

conditions of transport, 1-ft side and end-drops is demonstrated for shear stress criteria.
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2.6.13.12 Bearing Stress - Basket Contact with Can'ster Shell 

For the bearing stress (Sbr) acting along the basket support disk-canister shell interface, an 
angular contact of 18' is considered on the basis of ANSYS gap element status (at a radius of 
32.75 in). The load considered to be acting on the support disks is the total contents weight 
(55,810 lb), times the deceleration value of 20 g, divided among 30 support disks in the basket.  
The bearing area is considered to be the 0.5-in. thick disk over an 18' contact area.  

Sbr (55,810)(2 0)/[(0.5)(30)(7t)(65.5)/(360/18)] = 7,233 psi 

The allowable bearing stress is the yield stress, which is 89.8 ksi for SA-693, Type 630, 17-4 PH 
stainless steel at a temperature of 400'F. The margin of safety for the support disk (not the 
canister) is computed as 

MS = 8 9 .8/Sbr-1 = +11.41.  

2.6.13.13 Basket Weldment Analysis for 1-Foot End-Drop 

The responses of the top and bottom weldment plates of the fuel assembly to a 1-ft end-drop in 
conjunction with the thermal expansion stress are evaluated in this section. The top and bottom 
weldment plates are 1.25-in.-thick and 1.04n.-thick plates of Type 304 stainless steel, 
respectively. The weldments support their own weight plus the weight of 24 PWR fuel assembly 
tubes. A finite element analysis is performed for both plates, because the support for each 
weldment is different as a result of the location of the welded ribs for each. Both models use the 
SHELL63 element, which permits out-of-plane loading. Figures 2.6.13.13-1 and 2.6.13.13-2 
show the finite element models for the top and bottom weldments, respectively. The load from 
the fuel tube is represented as point forces applied to the nodes at the periphery of the fuel 
assembly slots. An average point force is applied. The application of the nodal loads at the slot 
periphery is accurate because the tube weight is transmitted to the edge of the slot, which 
provides support to the fuel tubes in the end-drop condition. The analysis using the applied 
nodal forces demonstrates that the weldment design satisfies the primary membrane (Pm) and the 
primary membrane plus bending (Pm+Pb) stress criteria. Thermal expansion stresses are also 
analyzed. The determination of the weldment temperatures is discussed in Chapter 3.0.
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The margins of safety are calculated as 

MS = [(Pm + Pb) / 1.5 Sm] - I 

or 

MS = [(Pm + Pb + Q) / 3 Sm] -1

The margins of safety evaluated for the weldments are shown in Table 2.6.13.13-1. The 

weldments are shown to satisfy the stress criteria in the ASME Code, Section 111, Division I, 

Subsection NG.
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Finite Element Model of the Top Weldment Plate

Horizontal Support (small) 
(Real Const. #8) 

Horizontal Support (at sym.) 
(Real Const. #2)

Vertical Support (at sym.) 
(Real Const. #7)

Plate (looking attop of plate) 
'(Real Const #1)

~Top Nu# 
t(Rea] Const #3) $.  

Top Nut #2 
(Real Canst #4)

Gap Element 
Locations': "- .i. , r 

(Re " "..,. ,,,al Co -st N5) ,:•:; .; ';,,) '!• '" 2
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Fini It e Elemen It Mo .del. Io f __ t-h.eBo dmýiPlate

Horizontal Support (small) 
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Minimum.~~~L Magn o ___ -oot 
End-Drop
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All- wable 
Component/Condition Pm (ksi) Smki- M 

Top Weldment/!-ft End-Drop 5.86 47.38 iI-.!7 
Bottom Weldment/1-ft End-Drop 6.13 J7.56 +1.86 

A-lowab le-1 
Component/Condition. Pm±P•b (i) L5O)) MS 
Top Weldmentll-ft End-Drop 2.54 207 +22 
Bottom Weldment/1-ft End-Drop 4.33 • 3,4 

Component/Condition Pn •IQ2j [M 
Top Weldment/l-ft.End-Drop + Thermal 35.41 L.2,14 
Bottom Weldment/ll-ft End-Drop + Thermal 35.27 52-.68 0- .49..
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2.6.13.14 Support Disk Buckling Evaluation 

The PWR fuel baketsupprdisks are subjected to compe~ssiye and i•ertial loads during d g pact 

conditions. Depending on the cask orientation -forj the.,i t -plane and oukpf-pane 

loads are applied to the support disk. The in-plane loads (basket side impact._tcnpojn~nt) apply 

compressive forces and in-plane.(strong axis) bendingmomemnetson the•support dis~kand the out

of-plane inertial loads (basket end-impact com.ponent)prqduc, oit-ofplaae.(wea axis) bending 

moments on the support disk.  

Buckling of the support disk is evaluated in accordancewith the methods and i 
of NUREG/CR-6322., The support disk. buckling evaluationefortn• ,hype•ttca• int 

conditions is presented in Section 2.7.8.3.  

2.6.13.14.1 Support Disk Buckling Evaluation input Data 

The support disk Iis constructed of SA-693, Type 630, 17-4 PH stainless steel 

properties are evaluated at the actual temperature of the locations where buckling evaluatons are 

performed.  

2.6.13.14.2 Detailed Support Disk Buckling Evaluation 

Methodology 

The buckling evaluation of the-suppert disk web is based on the Interaction. gdugins, 3' i:.3 
in~ ~ ~ ~~~ý NRGC-32..Thiwsutons adopt, -the j"Limit Analyeslis appo -fo 

structural members subjqcq-pq#cL stre• •beyond d.e yeldlit of the mater& , 

deformed elastically as a resut _of both, axial load and bndng i,_0 

applicable to the calculations, are listed later in this seption.  

The maximum forces and moments are determined for the end-drpg conlition and ur 

differesuts i 0ft ent a ii•e2s!p(Stj_;(d'-d= 

results ,of the~ iinite' eijme V4 :0§iasi
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moments for thepa k~f it 

based on the drop angle. The__b cng eval n 

axis of the wveb and out-9f e-- ahout~the weak axis of 7,wbJukigjoe.Eauto 
for strong axis buckling is performed only for the side dropcon•0•itionsince, itis the govegn 

case. Evaluation for weak axis buckling is performed for all end drops and off-ange dtrops (00, 

230, 30°, 400, 450, 500, 600, 700, 7501 800, 850, and 880).  

Detailed buckling calculations are performed using ANSYS macros.-:•2 Thje •_• tep41ogg 

equations used in the calculations are those from NUREG/CR 63,22.:ý TheJdampln ification 

factors used are -20 g for 1-ft end-drop, I-ft side-drop, pand,-off-angt:d9pj con•ditiq • ts. -jhe 

buckling evaluation is performed for each. of the sections identifiediFigurqs _.6. 13.2-3 and 

2.6.13.2-4.  

The buckling evaluation methodology/equations are summarized as follows: 

Symbols and Units 

P = applied compresisve axial load, kips 

M = moment, kips-in.  

P, = allowable axial compressive load, kips 

P,, = critical axial compression load, kips 

P, = Euler buckling loads, kips 

Py = plastic axial load, equal to profile area times specified minimum yield stress, kips 

(for normal operating condition) 

C, = column slenderness ratio separating elastic and inelastic buckling 

Cm = coefficient applied to bending term in interaction equation 

Mm= critical moment that can be resisted by a plastically designed member in the 

absence of axial load, kip-in.  

Mp = plastic moment, kip-in.  

Fa = axial compressive stress permitted, ksi 

Fe = Euler stress for a prismatic member divided by factor of safety, ksi 

k = ratio of effective column length to actual unbraced length 

I = unbraced length of member, in.
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r = radius of gyration, in.  

Sy = yield stress allowable, ksi 

A = area of the ligament, in 2 

Z× = plastic section modulus with respect to the major axis, in3 

Y = allowable reduction factor, dimensionless.  

From NUREG/CR-6322, the following equations are used to evaluate the support disk for normal 

conditions: 

P Cm"M <•1.0 

L. M ~ M[1- P 

P M 
P + < 1.0 

PY 1.1 8 MP 

where: P, = 1.7 ýX A x Fa

Fa 1( ] 
5 3( kk. 1 k.i

Pe = 1.92 X A X Fe 

~rE 

F = (austen itic), " 

= - k 12 
Py '"2 ' :•'. "
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Cm = .5 o emeswith'Joint translation (sideway) 

MM= M "10-(r-S M 

Mm 3160 

Buckling evaluation is performed at all sections defined in, Figurs 2.6.13.2-3and 2.6.13.24' 
Using the cross-se`cional stresses calculated at each• of the section edin the' web for each 
loading condition the corresponding compressive forces (P) an•. jý• q e ipmept (M).eare 
determined as follows, 

- xi-- .,ý 

P =ma GA, Axis 

t thickness 
SWeak s 

M .. b . Axis 

where, cam is the membrane stress, ab is the strong, axis bending ~sTess ~orweal axis bend~ing 
stress, A is the area b x t),and S is the section modulus (tb2 j6 for;strnýg seisb-epdjig andjjA2/ 
for weak axis bending).  

Support disk buckling evaluation results 

The equations used in the buckling analysis are: 

p_*: CraM - , : 

PI P/Pr, Mi M= ( +M3)<1) (Eq. 31, NUREGICR-6322) 

and P2 =P/P M2 = M (PI + M1 < 1) (Eý. 32, NUREG/CR-63223.  

The marginsosfe e
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and MS2 =P +M 1
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(based on Eq. 31, NTREGICR-6322) 

(based on Eq. 32, NUREG/CR-6322)

Table 2.6.13.14-1 summarizes the worst buckling margins ofsafety for each stress categtFY . a 

thermal case for normal conditions of transpor. As the esuitsde 

disks meet the ruirements of NUREG/CR-6322.

2.6-239



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

Table 2.6.13.14-1

November 2001 
Revision UMST-0ID

Dnimums Margins of Safty frQMJ B ig Evaluation ogf PWRSu

Loading Stress Thermal Section Drop Basket P P. M M Mm MS1 MS2 
Condition State* Case Number Angle ngle P) (ip) (i-n.kip) (in-p) (in-kip) 

Strong Axis Buckng 
Normal P A 21 90.00 45.00 3 ,8 39.3 2.9 , 10.9 21.7A 1.97 2.18 

P+Q A 4 90.00 26.28 7.8 59.6 6.2 23.6 -. 6 1:.80 1f.88 
P B 21 90.00 45.00 41 46.7 3.2 13.1 12.7 2.26 2.51 

P+Q B 21 90.-00 45.00 4.2 4I6:1 3.3 13.1 -141i Zý 2.45 
WeakAs Buckling 

Normal P A 29 85.00 0.00 10.3 47i5 0O, _.5 7A, 1,59 57 
P+Q A 29 90.00 0.00 13.~7 4-7.5 9.Q 85 _~ ~ 2 27 

P B 29 85.000 0.00 10.6 53.4 0.0 9-8 8;5 4.02 6.40 
P+Q B 2 985.00 0.00 10.6 5 ý3.4 0.0 §.'9 8. 3 ~ 

* P = Primary Stress, P+Q = Primary + Secondary Stresses.
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2.6.14 BWR Transportable Storage Canister Analysis - Normal Conditions of Transport 

In this section, the Transportable Storage Canister Assembly containing BWR fuel is evaluated 

for the normal conditions of transport. The principal components of the canister assembly are the 

canister, fuel basket assembly, shield lid, and structural lid. The canister and the canister shell, 

bottom plate, and lids are shown in Figures 2.6.14-1 and 2.6.14-2.  

Spacers are used to properly locate the canisters containing Class 4 and 5 BWR fuel in the cask 

cavity. The analysis of the spacers is presented in Section 2.6.16. The geometries and materials 

of construction of the canister, baskets, and spacers are described in Section 1.2.1.2.

2.6-241



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

November 2001 
Revision UMST-01D

Figure 2.6.14-1 BWR Transportable Storage Canister
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STRUCTURAL LID
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FUEL TUBES
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Figure 2.6.14-2 BWR Transportable Storage Canister Shell and Lids

CANISTER SHELL

SHIELD LID

STRUCTURAL LID
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2.6.14.1 Analysis Description 

Two canisters of different lengths are designed to accommodate the two classes of BWR fuel.  

The overall lengths of the two BWR canisters are 185.75 in and 190.55 in. Other design 

parameters of the canisters are provided in Table 1.2-3. For this analysis, the largest load per 

disk configuration (BWR Class 4) is modeled with the longest canister of 191.95 in.  

As is the case for the PWR canister, the structural design criteria for the BWR canister is the 
ASME Code, Section 1H, Subsection NB. Consistent with this criterion, the structural 
components of the canister are shown to satisfy the allowable stress limits presented in Tables 
2.1.2-3 and 2.1.2-4 as applicable. The allowable stresses used in this analysis are based on a 
maximum material temperature of 380'F for all locations in the canister, unless otherwise 
indicated. These allowables are conservative for all sections because the maximum temperature 

in the canister shell central region is determined to be 363°F in the thermal analysis presented in 
Section 3.4.2. For the canister. structural lid weld (Sýtion 13, Figure 2.6.12.3-i),_- l rbase etal 
properties are used to define the allowable stress limits since the weld filler rod tensile properties 

are greater than the base metal. Also, the ailowable stress is multiplied by a stress reductioIn 
factor of 0.8 per ISG-4.  

The ANSYS finite element computer program is used to analyze the canister for the 1-ft free

drop condition in the top and bottom end, side, and top and bottom corner-impact orientations.  
In addition, the effects of normal operating internal pressure and thermal stresses resulting from 

exposure of the cask to the hot (100'F ambient and solar insolance) and cold (-40'F ambient) 

normal conditions are evaluated. The worst-case stresses from these analyses are presented in 

Section 2.6.14.4.  

2.6.14.2 Finite Element Model Description - BWR Canister 

To evaluate the BWR Transportable Storage Canister for normal conditions of transport, ANSYS 

is used to construct and analyze a finite element model of the canister and its contents. The 

contents modeled consist of the fuel basket support disks and weldments. The fuel assemblies, 

fuel tubes, tie-rods, and related hardware are not explicitly modeled but are accounted for by 

applying pressure loads to the support disk slots as appropriate.
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The maximum unit load per length results in the largest bearing stresses. Stresses in the top and 

bottom of the canister are not affected by its length. Moreover, distortion in the shell is not 

affected by the 6-in differential of the longest canister and the shortest canister.  

The finite element model of the BWR canister is similar to the model for the PWR canister. A 

detailed description of the PWR model is provided in Section 2.6.12.2. Table 2.6.14.2-1 lists the 

real constants assigned to specific components of the model. Table 2.6.14.2-2 lists the material 

properties used for the model.  

Figure 2.6.14.2-1 is a plot of the entire canister finite element model. An isolated view of the 

canister shield and structural lids portion of the model is presented in Figure 2.6.14.2-2, and an 

enlarged view of the model in the structural lid and shield lid weld regions is shown in Figure 

2.6.14.2-3. The canister bottom plate portion of the model is shown in Figure 2.6.14.2-4.  

The loading for the normal operating condition is based on 1-ft drops in conjunction with the 

internal pressure loading (to the canister). Drop orientations considered are the top and bottom 

end, side, and top and bottom comer-drops. The transfer of loads due to the drop orientations 

and the resulting stresses are similar to the PWR canister case discussed in Section 2.6.12.2. The 

contents weight analyzed includes 38,920 lb for all fuel assemblies (56 fuel assemblies), the fuel 

tubes weight (4,034 lb), the disk spacer weight (1,060 lb), and the tie rods and nuts weights (586 

+ 116 lb). The actual bounding fuel assembly weight is 38,976 lb. The effect of the increased 

contents weight is discussed below.  

For the side and corner-drops, the weights of the fuel assemblies (Wwb),fel) Iub es,, (•.),.e 

rods (Wrocs), nuts/washers (Wnats), and spacers (Wspacer) are included .in the. mode1 :•by.apPjygn 

pressure load (Fjot) to the slot openings of the supP.rt/we!dmentA*s. Thi§, Eps••e.sue Loais` 

Fso Wfue, + Wtubes + Wrods + Wnuts + wVspacers X g 

Ns lots X W x N disks 

where, 

Nslot pdh•q •g_€ t q.-•-~pe n_ --.R ih-m-l U_-

Ndisks = - e pp
g = _#te assootedgo fdeop le
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For basket orientations- other than "0,,thecompo9nens of.hi's pire-rsssu oado 

faces of the slot .pening., For comer-drops,, the sltc.ppnenitjesjLng2 fr.o.m ou9tin qrg 
drop angle is used as the pressure load on the di lot openings, Forthe BWR cansterdrp 
analyses, with 56 slot openings;, a slot opening ywidth of 6.278 inches, and a total of '3A5 
support/weldment disks (33 support disks and 2 weldment ithe base pressureload is: 

F-11 38,920+ 4 ,0 3 4 +5 8 6 + 1 16 +1,0 6 0 xg-3.634xg 
56x6.278x35 

For the end drops, a uniform pressure representin;g the total.weight of the'fuel and fuel basket 
(54,351 lb) is applied to the canister shield lid (fof..t op. end-drop'or -canister bo9ttomplate- for 
bottom end-drop). _For the comer-drops, the component of this unforrn pressure rsultingfm
accounting for the drop angle is applied to the appropriate elements, 

Design changes were made to the BWR basket after the finite element analyses of the canister 
were performed. The effects of the design changes are evaluated as follows. The support disks 
were changed from thirty-three (33) 0.75-inch thick disks to forty (40) 0.625-inch thick disks.  
Reducing the thickness of the support disks makes them more similar to the PWR support disks 
(0.5-inch thick). Increasing the number of disks distributes the internal load more uniformly on 
the canister shell. Also, seventeen (17) aluminum heat transfer disks were added to the BWR 
basket design. The heat transfer disks do not provide structural support, but their addition along 
with the associated spacers does add weight that must be considered.  

The increase in the number of.support disks has aminimrnal effect on9the estres spresepnte! 
in this section since this change 1ielps to distribute the load to the canister l-el e 
addition, the design changesad.bounf.ding fuel.assembly weight.res.u tu 1u0 4 
basket weight of 56,821 lb. This is an increasein weight of ,247I?. b_(4,5% increasp)e,,.,qp 
total fuel and fuel basket weight (54,351 lb) used in the BWR canister analyses. Therefore, the 
stress intensities presented in the following tables for the BWR canister are conservatively 
ratioed up according to the following: Sections 3 through 8 (see Figure 2.6.14.3-1) are increased 
by 5% for the side and corner-drops to account for the additional contents weight on the canister 
shell. Sections I and 14 stress intensities are increased by 5% for the bottom end and bottom 
corner-drops to account for the additional load on the canister bottom end. Sections 12, 13, 15,
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and 16 stress intensities are increased by 5% for the top end and top corner-drops to account for 

the additional load on the canister shield lid.  

The operational conditions also contain loads developed from the temperature distribution in the 

canister. The temperature distributions used for the BWR canister analysis are obtained from the 

PWR thermal evaluation since this resulted in conservative values of the temperatures and 

temperature gradients in the canister. These are included in the canister model analyses. The 

thermal analyses are described in Section 3.4.  

The BWR canister is analyzed for basket orientations of 0' and 45'. To accurately predict the 

canister response to impact, both orientations are run for these drop orientations: side, top corner, 

and bottom comer. Top- and bottom-end-drops are not required because the basket disks are not 

included in these runs (their presence is accounted for by using applied pressure loads to the 

inner surface of the top or bottom).
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Figure 2.6.14.2-1 BWR Canister Assembly Finite Element Mesh (with 450 Basket 

orientation)
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Figure 2.6.14.2-2 Canister Structural and Shield Lid Finite Element Mesh

2.6-249



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

November 2001 
Revision UMST-01D

Figure 2.6.14.2-3 Structural and Shield Lid Weld Regions Finite Element Mesh 

Weld regions

* Gap elements between lids and canister shell 

-Gap elements between shield lid and structural lid
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Figure 2.6.14.2-4 Canister Bottom Plate Finite Element Mesh
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Real Constant Sets Defined in Canister Model

Real Constant Set Component 

1 Canister Bottom Plate (SOLID45) 
2-9 Canister Shell (SOLID45) 

10-11 Shield Lid (SOLID45) 
12-13 Structural Lid (SOLID45) 
100 Axial Gaps from Canister Bottom Plate to Cask Shell (CONTAC52) 
200 Radial Gaps from Canister Side to Cask Shell (CONTAC52) 
300 Axial Gaps from Structural Lid Top to Cask Shell (CONTAC52) 
400 Axial Gaps Between Structural and Shield Lid (COMBIN40) 

500 Radial Gaps Between Shield Lid and Canister Inner Surface (CONTAC40) 
600 Radial Gaps Between Shield Lid and Canister Inner Radius (CONTAC52) 
700 Axial Gaps Between Shield Lid and Canister Wall to Simulate Sp Rig 

(COMBIN40) 
800 Radial Gaps Between Basket and Canister Inner Surface (CONTAC52) 
1000 Intermediate Basket Thickness Real Constant 
1100 End Basket Thickness Real Constant 
1200 Weak Spring Real Constant

Table 2.6.14.2-2 Material Sets Defined in Canister Model

2.6-252

Material Component Material 
Property Set 

I Canister Shell and Structural 304L Stainless Steel; ASME SA240 
Lid 
Top and Bottom End Basket 304 Stainless Steel; ASME SA240 
Disk 

3 Shield Lid 304 Stainless Steel; ASME SA240 

4 Support disk ASME SA-533, Type B Class 2 
Carbon Steel
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2.6.14.3 Thermal Expansion and Thermal Stress Evaluation of Canister for BWR Fuel 

A thermal stress evaluation is performed by using ANSYS to determine the differential thermal 

expansion and the associated thermal stresses that result from a heat load of 16 kW. In assessing 

the thermal stresses, the following three extreme conditions are considered: 

Solar Insolance Applied 
Condition Ambient Temperature to Cask Surface 16 kW Fuel Load 

1 100°F Yes Yes 
2 -40°F No Yes 

3 -40°F No No 

The temperatures employed in the thermal stress analysis are obtained by applying temperatures 

at 36 key locations on the canister shell and ends to the thermal equivalent model of the structural 

canister model as thermal boundary conditions. These temperatures are taken from the thermal 

evaluation described in Section 3.4. The temperature distribution of the PWR canister is 

conservatively used in the BWR canister analyses since this produces the peak temperatures and 

temperature gradients. The structural finite element model is described in Section 2.6.14.2 and 

2.6.12.2. The equivalent thermal model is obtained by changing the structural element 

SOLID45, which has three global displacements for degrees of freedom, to a SOLID70, which 

has temperature degrees of freedom at the individual nodes.  

The temperature-dependent thermal conductivity for the canister material is employed in the 

thermal conduction analysis. The temperatures generated in this analysis are used in the thermal 

stress analysis to evaluate the properties at temperature as well as the stresses resulting from 

thermal expansion. Using this method, two separate cases are evaluated: a hot case (100 °F ambient 

with solar heat load and maximum decay heat) and a cold case (-40'F ambient and maximum decay 

heat). Condition 3 is not evaluated because the entire assembly would be at -40'F for the 

conditions described.  

According to the ASME Code, Section III, Subsection NB, the allowable stress criteria are based 

on the evaluation of linearized stresses across critical cross sections through the canister wall.  

For the evaluation of the thermal stresses, the criteria for the stresses are based on peak stresses.  

The stress values taken from the analyses are the nodal stresses at the surface. The sections used 

in this evaluation are shown in Figure 2.6.14.3-1. The thermal stresses reported in Tables 

2.6.14.3-1 and 2.6.14.3-2 correspond to the maximum stresses for any circumferential section for 

the locations shown in Figure 2.6.14.3-1.
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For Conditions 1 or 2, the canister is hotter than the cask body and will undergo more thermal 

expansion than the cask body. To conservatively determine the minimum gap between the 

canister and the cask body results from thermal expansion, only expansion of the canister is 

considered as is the case in the analysis of the PWR canister. The canister is considered to be at 

380'F (the maximum shell temperature for Condition 1 is 372°F) and the cask inner shell 

temperature is assumed to be 70'F. These conditions are conservatively bounded by the analysis 

presented in Section 2.6.12.3. Section 2.6.12.3 also provides a conservative evaluation of the 

axial thermal growth.
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Identification of the Sections for Evaluating the Linearized Stresses in the 

Canister
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Figure 2.6.14.3-1
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Table 2.6.14.3-1 BWR Canister Linearized Q Stresses-Thermal Only (Hot 1) 

Q Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1 180 -0.5 0 2.3 -0.1 0 -0.2 2.8 47.9 16.29 

2 9 0 -0.6 1.3 0 0 0.2 1.9 47.9 23.99 

3 9 0 -0.6 1.2 0 0 0.2 1.8 47.9 25.87 

4 0 0 -0.2 0.1 0 0 0 0.2 47.9 193.56 

5 0 0 -0.5 0.3 0 0 0 0.8 47.9 59.35 

6 0 0 -0.8 0.5 0 0.1 0 1.3 47.9 36.13 

7 0 0 -0.5 0.1 0 0 0 0.6 47.9 76.09 

8 90 1.1 1.6 0 0 0 0 1.6 47.9 28.39 

9 162 0 -1.4 -0.4 -0.1 0 0.1 1.5 47.9 30.75 

10 90 0.3 1.5 -0.1 -0.2 0 0.1 1.6 47.9 28.3 

11 81 -0.4 -1 0.2 -0.1 -0.1 -0.1 1.3 47.9 36.48 

12 162 -0.2 0.7 0 -0.1 0.1 -0.2 1 47.9 46.99 

13 81 -0.3 0.4 -0.6 0 -0.1 0 1 N8.32 37,3.2 

14 0 -9 -1.1 -8.9 0.6 0.7 0.7 8.6 47.9 4.54 

15 180 0.3 0 0 -0.8 0 2 4.2 47.9 10.33 

16 180 -0.2 0 0.2 -0.6 0 -1.2 2.7 47.9 16.45 

* Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable stress.
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Table 2.6.14.3-2 BWR Canister Linearized Q Stresses-Thermal Only (Cold 2) 

Q Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1 180 -0.5 0 2.5 -0.1 0 -0.2 3.1 47.9 14.55 

2 45 1.3 0.5 1.3 0 0 1 2.1 47.9 21.79 

3 9 0 -0.6 1.4 0 0 0.2 1.9 47.9 23.64 

4 0 0 -0.2 0.1 0 0 0 0.3 47.9 159.33 

5 0 0 -0.6 0.4 0 -0.1 0 0.9 47.9 49.66 

6 0 0 -11 0.5 0 0.1 0 1.5 47,9 30.31 

17 0 0 -0.7 0.1 0 0 0 0.8 47.9 60.83 
88 90 1.2 1.8 0 0 0 0 1.8 47.9 25.66 

9 162 0.1 -1.4 -0.4 -0.1 0 0.1 1.5 47.9 30.23 
10 90 0.4 1.7 -0.1 -0.2 0 0.1 1.8 47.9 24.97 

11 81 -0.5 -1.1 0.2 -0.1 -0.1 -0.2 1.4 47.9 32.93 

12 162 -0.2 0.7 0 -0.1 0.2 -0.2 1 4 7.9 44.7 

13 81 -0 .4 0.4 1-0.7 0 -0.1 0 1.1 38•••,8 

14 0 -10.1 -1.3 -9.9 0.6 0.8 0.7 9.5 47.9 4.04 

15 180 0.3 0 -0.1 -0.7 0 1.7 3.7 47.9 11.83 

16 180 -0.2 0 0.2 -0.6 0 -1.1 2.4 47.9 18.7 

Allowable stress includes a stress reduction factor for the weld: 0.8-x a-1owyable, stress.
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2.6.14.4 Stress Evaluation of BWR Canister for 1-Foot End-Drop Load Condition 

A structural analysis is performed using ANSYS to evaluate the effect of a 1-ft end-drop impact 

for both the bottom and top end orientations of the BWR canister. The ASMIE Code, Section lII, 

Subsection NB requires that the stresses from operational loads be assessed on the basis of the 

primary loads. The primary loads for the 1-ft drop are due to the deceleration of the canister and 

its contents and the 25 psig pressure load internal to the canister. The applied deceleration is 20 g 

for both orientations. The inertial load of the canister is addressed by the deceleration factor 

applied to the canister density. The contents weight is represented by a pressure load on the inner 
end surface of the canister. Displacement constraints are applied to the plane of symmetry and 

the gap elements attached at the canister end to represent the top or bottom of the transport cask.  

To determine the effect of the 25 psig pressure load, the top-end and bottom-end orientations 

with and without the pressure load are analyzed.  

The locations of the linearized stresses are shown in Figure 2.6.14.3-1. The maximum stresses 

for Pm and Pm + Pb are tabulated in Tables 2.6.14.4-2 through 2.6.14.4-7. Results from the end

drop analyses are presented for the cases that result in the minimum margins of safety. The 

critical sections for the pressure and the pressure plus the deceleration load, with reference to the 

section and the appropriate tables, are shown in Table 2.6.14.4-1. The margins of safety in these 

tables are calculated as: 

MS = (allowable stress/SI) -1.
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BWR Canister Critical Sections for the 1-Foot End-Drop Condition

2.6-259

Critical Minimum 

Condition Stress Section Table Margin of Safety 

Pressure (only) Pm 2 2.6.14.4-2 + 4.04 

Pressure (only) Pm + Pb 3 2.6.14.4-3 + 1.28 

Top End-Drop Pm 3 2.6.14.4-4 + 4.15 

Inertia 

Top End-Drop Pm+ Pb 2 2.6.14.4-5 + 1.65 

Inertia 

Bottom End-Drop Pm 4 2.6.14.4-6 + 4.18 

+ Pressure 

Bottom End-Drop Pm + Pb 2 2.6.14.4-7 + 6.13 

+ Pressure
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Table 2.6.14.4-2 BWR Canister Pm Stresses - Internal Pressure 

Pm Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1 0 -0.1 2 0.7 -0.4 0 0.1 2.2 16 6.12 

2 0 0.9 -1.4 -2.2 -0.4 0 -0.2 3.2 16 4.04 

3 0 0.6 -0.9 -2.6 -0.2 0 -0.2 3.2 16 3.94 

4 180 0 0.7 1.3 0 0 -0.1 1.3 16 10.95 

5 0 0 0.7 1.3 0 0 0.1 1.3 16 11.02 

6 0 0 0.7 1.3 0 0 0.1 1.3 16 11.02 

7 0 0 0.7 1.3 0 0 0.1 1.3 16 11.02 

8 0 0 0.7 0.7 0 0 0.1 0.7 16 22.62 

9 0 0 0.5 0.3 0.1 0 0 0.5 16 33.49 

10 0 -0.3 0.3 0.2 -0.1 0 0 0.6 16 25.64 

11 18 0.3 -0.1 0.2 0 0 -0.1 0.4 16 38.49 

12 0 -0.1 -0.4 0 -0.1 0 0 0.5 16 34.2 

13 180 0 0.3 0.2 0 0 0 0.3 .1284 414,67 

14 90 0.3 0 0.3 -0.1 0.1 0 0.4 16 35.12 

15 180 0 0 0 0 0 0 0 16 1809.97 

16 90 0 0 0 0 0 0 0 16 378.21 

Allowable stress includes a stress reduction factor for the weld: 0.8 x allowabJle'. 9&ss
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Table 2.6.14.4-3 BWR Canister Pm + Pb Stresses - Internal Pressure 

Pm+ Pb Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1 0 0.9 4.5 -0.5 -0.2 0 -0.1 5 24 3.77 

2 0 0.8 -9.5 -4.6 -0.7 0 -0.4 10.5 24 1.28 

3 0 0.7 -9.1 -5 -0.4 0 -0.4 9.8 24 1.44 

4 0 0 0.7 1.3 0 0 0.1 1.4 24 16.64 

5 0 0 0.7 1.3 0 0 0.1 1.4 24 16.74 

6 0 0 0.7 1.3 0 0 0.1 1.3 24 16.77 

7 180 0 0.7 1.3 0 0 -0.1 1.4 24 16.76 

8 0 0 0.7 0.7 0 0 0.1 0.7 24 31.43 

9 0 0.1 0.9 0.5 0.1 0 0 0.9 24 26.1 

10 180 -0.1 1.4 0.6 0 0 -0.1 1.5 24 14.52 

11 18 0.2 -0.9 -0.1 0.1 0 -0.1 1.1 24 20.14 

12 135 -0.2 -0.8 -0.2 0.1 0.1 -0.1 0.7 24 34.23 

13 0 -0.4 0 0 0.1 0 0 0.4 A9.z2 47-0,0 
14 90 8.1 0.1 8.1 -0.1 0.1 0 8.1 24 1.97 

15 90 -0.6 0 -0.6 0 0 0 0.6 24 39.21 

16 90 0.3 0 0.3 0 0 0 0.3 24 73.72 

* Allowable stress includes a stress reduction facto fortqeweld: 0.,8 x alowablestress.
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Table 2.6.14.4-4 BWR Canister Pm Stresses - 1-Foot Top End-Drop 

Pm Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1 0 0.1 -1.7 -0.6 0.3 0 -0.1 2 16 7.19 

2 0 -0.7 1.2 2.1 0.4 0 0.2 2.9 16 4.46 

3 0 -0.5 0.8 2.6 0.2 0 0.2 3.1 16 4.15 

4 171 0 -0.8 0 0 0 0 0.8 16 18.84 

5 36 0 -1 0 0 0 0 1 16 14.77 

6 144 0 -1.2 0 0 0 0 1.2 16 12.07 

7 171 0 -1.4 0 0 0 0 1.4 16 10.13 

8 180 0 -1.3 0 0 0 0 1.4 16 10.52 

9 135 -0.1 -1 -0.1 0 0 0.1 1 16 14.79 

10 144 -0.1 -1 -0.1 0 0 0.1 0.9 16 16.12 

11 135 -0.1 -0.9 -0.1 0 0 0.1 0.9 16 16.62 

12* 144 0 -0.7 -0.1 0 0 0 0.8 16 19'17 

13* 180 0 -0.8 -0.1 0 0 0 0..8 j.1. 8.50• 

14 90 -0.2 0 -0.2 0.1 -0.1 0 0.4 16 41.06 

15* 144 0 -0.3 0 0 0- 0 0.4 16 4.07 

16* 0 0 -0.4 0 0 0 0 01 4 16 M 68 

Stresses at these locations are increased by 5% t]o, account for the, hyavierB.,WR fie, 

basket/fuel assemblies.  

** Allowable stress includes a stress reduction factor for the weld: 0.8x aflowab & stress.'
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Table 2.6.14.4-5 BWR Canister Pm + Pb Stresses - 1-Foot Top End-Drop

Pm + Pb Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1 0 -0.7 -4 0.6 0.1 0 0.1 4.6 24 4.2 

2 0 -0.7 8.2 4.2 0.6 0 0.4 9 24 1.65 

3 0 70.6 7.9 4.6 0.4 0 0.4 8.5 24 1.81 

4 180 0 -0.8 0 0 0 0 0.8 24 28.6 

5 153 0 -1 0 0 0 0 17 2 24 232.  

6 162 0 -1.2 0 0 0 0 1.2 24 18.58 

7 180 0 -1.4 0 0 0 0 1.4 24 15.68 
8 180 0.1 -1.3 0 -0.1 0 0 1.4 24 15.81 
9 135 -0.1 -1.2 -0.1 0 0 0.1 1.I 24 20.03 
1 0 1 8 0 0 - . -0 2 0 0 0 1 . 1 2 4 2 0 .6 9 
11 45 -0.1 - -0 1 0 0 -0.1 1 242 .7 

12 " 180 0.1 -0.7 -0.1 -0.1 0 0 0.8 2428 6 
1T 3 " 180 0 -0.8 -0.1 0 0 0 0.8 19•,,2 ,•, -2 ..  
14 90 -7.3 -0.1 -7.3 0.1 -0.1 0 7.2 24 2.32 

1 5 1 0 . 1 -0 .3 0 .1 0 0 0 0 .4 2 4 5_ 3 .2 7 
16 " 0 0 :-0 .4 0 0 0 0 0 .4 245 7 0 

Stresses at these locations are increased by 5% to.account for the heavierB IWR fuel 

basket/fuel assemblies.  

** Allowable stress includes a stress reduction factor for the weld: Q.8x alowable stress:
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Table 2.6.14.4-6 BWR Canister Pm Stresses - 1-Foot Bottom End-Drop, Internal Pressure 

Pm Stresses (ksi) 
Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 
Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1* 180 0 -0.7 -0.1 0.1 0 0 0.7 16 21.2 
2 180 0.2 -1.9 -0.3 0.1 0 0 2.2 16 6.41 
3 180 0.1 -2 -0.2 0.1 0 0 2.1 16 6.58 
4 180 0 -1.8 1.3 0 0 -0.1 3.1 16 4.18 
5 180 0 -1.6 1.3 0 0 -0.1 2.9 16 4.57 
6 0 0 -1.3 1.3 0 0 0.1 2.7 16 5.01 
7 180 0 -1.1 1.3 0 0 -0.1 2.5 16 5.52 
8 180 0 -0.7 0.7 0 0 -0.1 1.4 16 10.31 
9 72 -0.4 -0.5 -0.1 0 0.1 -0.1 0.4 16 36.29 
10 180 0.4 -0.3 -0.2 -0.1 0 0 0.7 16 21.41 
11 0 -0.5 0.1 -0.2 0 0 0 0.6 16 27.65 
12 0 0.1 0.5 -0.1 0.1 0 0 0.5 16 28.25 
13 180 0 -0.5 -0.3 0 0 0 0.4,,,28 1Q 

14* 0 0.1 -0.4 0.1 0 0 0 0.5 16 33.31 
15 180 0 0 0 0 0 0 0.1 16 271.79 
16 90 0 0 0 0 0 0 0 16 423.44 

* Stresses at these locations are increased by 5% to account for thehe•a•ier B•WRqfe 

basket/fuel assemblies.  
** Allowable stress includes a stress reduction factor for the weld;O.81 alloyblestres

2.6-264



SAR - UMS Universal Transport Cask 

Docket No. 71-9270

November 2001 
Revision UMST-01D

Table 2.6.14.4-7 BWR Canister Pm + Pb Stresses - 1-Foot Bottom End-Drop, Internal 

Pressure 

P.+ Pb Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1* 180 0.1 -0.7 0 0.1 0 0 0.8 24 27.93 

2 180 0.1 -3.2 -0.7 0.1 0 0.1 3.4 24 6.13 

3 180 0.1 -3 -0.5 0.1 0 0 3.1 24 6.68 

4 0 0 -1.8 1.3 0 0 0.1 3.1 24 6.74 

5 0 0 -1.6 1.3 0 0 0.1 2.9 24 7.31 

6 0 0 -1.3 1.3 0 0 0.1 2.7 24 7.97 

7 0 0 -1.1 1.3 0 0 0.1 2.5 24 8.74 

8 45 0.3 -0.9 0.3 0 0 0.3 1.5 24 14.93 

9 72 -0.5 -1.1 -0.1 0 0.1 -0.1 1.1 24 21.24 

10 90 -0.7 -1.6 0.1 0 0 0 1.8 24 12.59 

11 0 -0.2 1.3 0.2 -0.1 0 0 1.5 24 14.87 

12 90 0.1 0.8 0.5 0 -0.2 0 0.8 24 29.83 

13 180 0.5 0 0 0.1 0 0 0.5 192* 37.144 

14* 0 0.1 -0.4 0.1 0 0 0 0.5 24 47.50 

15 90 0.8 0 0.8 0 0 0 0.8 24 28.02 

16 90 -0.4 0 -0.4 0 0 0 0.4 24 59.45 

-L...~. I * A 1, 4 01-~ + ~ tb.JQ. ft.op WJT E

**

Stresses at these loct.uions ar nial-avu ?yq i!VY L AJ..  

basket/fuel assemblies.  

Allowable stress includes a stress reduction factor for the weld:_J.8_x fowable stress,
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2.6.14.5 Stress Evaluation of BWR Canister for Combined Thermal and 1-Foot End-Drop 

Load Condition 

The stress evaluation of the BWR canister is performed by applying the thermal stress loads 

described in Section 2.6.14.3 in conjunction with the primary loads in Section 2.6.14.4 to 

produce a combined thermal stress plus end-impact loading. The evaluation is in accordance 

with the ASME Code, Section IEl, Subsection NB. The most critical sections are listed in Table 

2.6.14.5-1. The stresses reported in this table correspond to the nodal stress at the surface. When 

3 Sm is used as the stress criteria, the minimum margin of safety is +2.27. Tables 2.6.14.5-2 

through 2.6.14.5-5 present the peak stresses for the hot and cold conditions for both the top and 

bottom end-drop cases for the loading conditions that result in the minimum margin of safety.  

The margins of safety are calculated as: 

MS = (allowable stress/SI) -1.
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Table 2.6.14.5-1 BWR Canister Critical Sections for the Combined 1-Foot End-Drop and Thermal 

Load Condition 

Critical Minimum 

Condition Stress Section Table Margin of Safety 

Top-End-Drop Pm + Pb + Q 14 2.6.14.5-2 +2.27 

+ Thermal (cold) 

Top-End-Drop Pm + Pb + Q 14 2.6.14.5-3 + 2.42 

+ Thermal (hot) 

Bottom-End-Drop Pm + Pb + Q 14 2.6.14.5-4 + 6.04 

+ Thermal (cold) 

Bottom-End-Drop Pm + Pb + Q 14 2.6.14.5-5 + 7.85 

+ Thermal (hot) I I I I _I
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Table 2.6.14.5-2 BWR Canister Pm + Pb + Q Stresses - 1-Foot Top End-Drop, Thermal Cold 

P.+ Pb + Q Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1 162 -0.8 -5.1 1.6 0 0 -0.9 7.1 47.9 5.78 

2 171 -0.5 10 6.5 -0.5 -0.2 -1.1 10.7 47.9 3.5 

3 171 -0.3 9.2 6.6 -0.3 -0.2 -1.1 9.7 47.9 3.94 

4 0 0 -1.2 0 0 0 0 1.2 47.9 39.52 

5 0 0 -1.9 0.2 0 -0.1 0 2.1 47.9 21.85 

6 0 0 -2.6 0.4 0 0.1 0 3 47.9 14.95 

7 0 0 -2.7 -0.1 0 0 0 2.7 47.9 16.85 

8 9 -0.1 -3.3 0 0 0.1 0 3.3 47.9 13.41 

9 162 0.1 -3.1 -0.7 -0.1 -0.1 0.3 3.3 47.9 13.55 

10 0 -0.1 -2 -0.5 0.1 0 0 1.9 47.9 23.64 

11 171 0 -3.2 -0.8 0 0 0.1 3.2 47.9 13.85 

12* 0 0.3 -0.9 -0.1 0.2 0 0 1.4 47.9 33.21 

13" 0 0.1 - 1.1 -0.2 0.1 0 0 1.3 38.32* 28.48 

14 0 -15.9 -1.3 -15.1 0.1 -0.8 0 14.7 47.9 2.27 

15* 90 0.1 -0.3 0.1 0 -0 0 0.A 47.9 1I2.27 

16* 0 0.1 -0.5 0.1 0 0 0 0.6 47.9 84.16 
* Stresses at these locations are increased by 5%,%to account for the heavier. BW fuel 

basket/fuel assemblies.  

** Allowable stress includes a stress reduction factor for the weld:0.8 x allowable stress.
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BWR Canister Pm + Pb + Q Stresses - 1-Foot Top End-Drop, Thermal Heat

Pm+ Pb + Q Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Ma 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) S 

1 9 -1 -5.1 1.8 0 0 0.5 6.9 47.9 

2 171 -0.5 9.9 6.3 -0.5 -0.2 -1.1 10.7 47.9 

3 171 -0.4 9.2 6.4 -0.3 -0.1 -1.1 9.7 47.9 

4 0 0 -1.1 0 0 0 0 1.1 47.9 

5 0 0 -1.8 0.2 0 -0.1 0 1.9 47.9 

6 0 0 -2.4 0.3 0 0.1 0 2.8 47.9 

7 0 0 -2.5 0 0 0 0 2.5 47.9 

8 9 -0.1 -3.1 0 0 0.1 0 3.1 47.9 

9 162 0.1 -3 -0.7 -0.1 -0.1 0.3 3.2 47.9 

10 162 -0.3 -2.1 -0.6 -0.2 -0.1 0.1 1.8 47.9 

11 171 0 -2.9 -0.7 0 0 0.1 3 47.9 

12* 0 0.3 -0.9 -0.1 0.2 0 0 1.3 47.9 

13* 0 0.1 -1 -0.1 0 0 0 1.2 a,32" 

14 0 -15.1 -1.1 -14.4 0.1 -0.7 0 14 47.9 

15* 90 0.1 -0.3 0.1 0 0 0 0.4 47.9 

16* 0 0.1 -0.5 0.1 0 0 0 [25 47.9 

* Stresses at these locations are increasedby 5% to account for te heavie'r BWRfuel 

basket/fuel assemblies.  

** Allowable stress includes a stress reduction factor for the weld: 0.8 x aliowables•tress.

irgin of 
afety 

5.9 

3.49 

3.92 

W0.91 

23.6 

16.39 

18.26 

14.54 

13.92 

25 

15.12 

2.42 
112.18.
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Table 2.6.14.5-4 BWR Canister Pm + Pb + Q Stresses - 1-Foot Bottom End-Drop, Thermal 
Cold 

Pm+ Pb + Q Stresses (ksi) 
Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 
Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1* 162 0.3 -2.1 1.3 0.2 0 -0.4 3.8 47.9 11.61 
2 9 0 -3.5 1.1 -0.1 0.1 0.2 4.6 47.9 9.48 
3 9 0 -3.5 1 0 0.1 0.1 4.5 47.9 9.69 
4 0 0 -3.1 0 0 0 0 3.1 47.9 14.61 
5 0 0 -3.1 0.3 0 -0.1 0 3.4 47.9 13.21 
6 0 0 -3.2 0.5 0 0.1 0 3.7 47.9 12.02 
7 0 0 -2.6 0 0 0 0 2.7 47.9 17.02 
8 9 -0.1 -2.6 0 0 0.2 0 2.6 47.9 17.59 
9 162 -0.2 -3.3 -1.3 0.1 0.1 0.4 3.3 47.9 13.64 
10 0 0.4 -4 -1.5 0 0.1 -0.1 4.4 47.9 9.98 
11 0 -0.5 2.8 0.7 -0.1 0.1 0.1 3.3 47.9 13.37 
12 18 1.2 1.7 0.4 0.5 0.1 -0.1 1.6 47.9 28.13 
13 0 -1.4 -2.1 -1 0.3 0 0 1.2 38,32** 3093 

14* 0 -10.8 -4.4 -10 0 0.2 0 6.7 47.9 6.15 
15 72 1.7 0 1.4 0 0 0 1.7 47.9 27.57 
16 81 -0.7 0 -0.6 0 0 0 0.7 47.9 67.25 

* Stresses at these locations are-increased by 5%..to account forphe h•eajir•BWR fgel 

basket/fuel assemblies.  
** Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable-stress.
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Table 2.6.14.5-5 BWR Canister Pm + Pb + Q Stresses - 1-Foot Bottom End-Drop, Thermal 

Heat

Pm+ Pb + Q Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1* 162 0.3 -2 1.2 0.2 0 -0.4 3.5 47.9 12.69 
2 9 0 -3.5 0.9 -0.1 0.1 0.1 4.4 47.9 9.89 

3 9 0 -3.5 0.8 0 0.1 0.1 4.3 47.9 10.12 

4 0 0 -3 0 0 0 0 3 47.9 15.16 

5 0 0 -3 0.2 0 -0.1 0 3.2 47.9 13.91 

6 0 0 -3 0.4 0 0.1 0 3.5 47.9 12.89 

7 0 0 -2.5 0 0 0 0 2.5 47.9 17.93 

8 9 -0.1 -2.4 0 0 0.2 0 2.4 47.9 18.79 

9 162 -0.2 -3.2 -1.3 0.1 0.1 0.4 3.1 47.9 14.42 

10 162 0.1 -3.8 -1.4 -0.1 0.1 0.5 4.1 47.9 10.79 

11 9 -0.5 2.6 0.6 -0.1 0.1 0.2 3.2 47.9 14.15 

12 162 0.7 1.9 0.2 -0.4 0 0.1 1.8 47.9 25.33 

13 0 1 -0.2 0.2 -0.1 0 -0.1 1.2 a8.32* 54Q.9

14* 0 -9.7 -3.9 -9 0 0.2 0 6.1 47.9 6.8 

15 81 1.7 0 1.4 0 0 0 1.7 47.9 28.04 

16 72 -0.8 -0.1 -0.6 0 0 0 0.7 47.9 67.46 

* Stresses at these locations are increased by 5% to account-for itheheavier BWR ue 

basket/fuel assemblies.  

** Allowable stress includes a stress reduction factor for ,the weld: o.98 xal ow4io Aixs q!
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2.6.14.6 Stress Evaluation of the BWR Canister for 1-Foot Side-Drop Load Condition 

ANSYS is used to determine the stresses in the BWR canister resulting from a 1-ft side-drop.  
The finite element model of the BWR canister is similar to the model for the PWR canister. A 
detailed description of the PWR canister model is provided in Section 2.6.12.2.  

The load resulting from the contents is applied to the basket by means of pressure acting in the 
plane of the disks. The weight is assumed to act over the effective width of 6.428 in. (for 33 
support disks) in which each disk is 0.75 in. thick. This weight is distributed over the 33 support 
disks plus two end weldments. A deceleration factor of 20 g is applied to the weights to provide 
the loading for the basket assembly. In addition to the contents load, a 25 psig pressure is applied 
to the inner surface of the canister. The canister is analyzed for basket orientations of 0' and 450.  
As discussed in Section 2.6.14.2, the actual design uses 40 support disks of 0.625 in. thickness.  
The impact of these differences are also discussed in Section 2.6.14.2.  

The methodology used to evaluate the stresses for the side-drop are identical to that used for the 
PWR side-drop (Section 2.6.12.6). Sections 9, 10, and 11 at the 00 circumferential position (see 
Figure 2.6.12.3-1) are not included in the evaluation. These regions are characterized as a 
bearing stress since they result from the canister shell bearing against cask inner shell. Section 
2.6.14.11 provides an assessment of the bearing stresses. Sections 9, 10, and 11 at all other 
angular locations are included in the evaluation. Also, Sections 12 and 13 at 00 are treated as 
local membrane stresses. According to the ASMIE Code, Section III, Subsection NB-3213.10, a 
stressed region may be considered local if the distance over which the membrane stress intensity 
exceeds 1.1 Sm does not extend more than 1.0 times the square root of RT in the meridional 
direction, where R is the minimum midsurface radius of curvature and T is the minimum 
thickness in the region considered. For Section 13, the minimum thickness is that of the canister 
shell (0.625 in.) and the midsurface radius of the shell is 33.2175 in. The resulting distance is 
4.56 in. A section located 4.56 in. from Section 13 in the meridional direction results in a 
membrane stress intensity of 6.44 ksi, which is below Sm, This section conservatively 
encompasses Section 12 since it is located 1.56 in. from this section. The stresses at adjacent 
circumferential sections (i.e., at 90) for Sections 12 and 13 are also included in the tables for 
comparison. The critical sections stresses are reported in Table 2.6.14.6-1 for the Pm and Pm + Pb 

stresses.
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Results are calculated for 1-ft side-drop with internal pressure for both the 0' and 45' basket 

orientations. Tables 2.6.14.6-2 and 2.6.14.6-3 present the worst-case margins of safety for the 

side-drop with the conditions noted. The minimum margin of safety occurs for primary 

membrane without pressure and with pressure for primary membrane plus primary bending. The 

minimum margin of safety for the BWR canister for the side-drop is +0.02, which occurs at 

Section 12 in Figure 2.6.14.3-1. The margins of safety are calculated as: 

MS = (allowable stress/SI) -1.
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Table 2.6.14.6-1 BWR Canister Critical Sections for the 1-Foot Side-Drop Load Condition
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Critical Minimum 

Condition Stress Section Table Margin of Safety 

Side-Drop Pm 1 2.6.14.6-2 +QA 
Side-Drop Pm + Pb 12 2.6.14.6-3 + 0.02 

+ Pressure
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Table 2.6.14.6-2 BWR Canister Pm Stresses - 1-Foot Side-Drop

Pm Stresses (ksi) 

Section Angle of Stress Allowable 

Location Peak Stress Intensity Stress Margin of 

Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1 0 -13.3 0.1 -4.2 -0.3 -0.1 -2 13.8 16 0.16 

2 0 -8.5 -0.3 -4.6 -0.4 -0.3 -1.4 8.7 16 0.83 

0 -6.1 -0.3 -3.6 -0.3 -0.3 -1.3 (.75 16 1.37 

4** 0 -2.3 -0.5 0.2 0 0 0.1 2.65 16 5.05 

0 -2.3 0.1 0.2 0 0 0.1 2.65 16 5.03 

6** 0 -2.4 0.3 0.2 0 -0.1 0.1 2.88 16 4.56 

70 -2.4 0.3 0.1 0 -0.1 0.1 2.96 16 .40 
8** 0 -0.8 2.1 -1.1 -0.2 0.5 -0.1 3.56 16 •.50 

9 9 -0.24 2.56 -1.99 0.05 1.35 -1.06 5.73 16 1.8 

10 9 1.45 1.67 -2.09 -0.3 0.99 -0.65 4.6 16 2.48 
11 9 4.17 1.8 -1.1 0.7 1.2 -1.7 6.75 16 1.37 

12* 0 -24.3 -5.4 -6.6 -4.5 1.2 -1 21.6 24 0.11 

12 9 -0.42 -0.18 -3.42 0.15 0.55 -1.9 4.97 16 2.22 

13t 0-7.4 -11.61 -3.40 -4.00 0.05 1.10 -2.23 9.96 10,1 029 

14 0 -0.8 0 0.3 0 0 0 1.1 16 13.12 

15 0 -0.3 0 0.1 0 0 0 0.4 16 35.05 
16 0 -0.5 0 0.1 1 0 1 0 1 0 1 0.6 1 16 1 24.17 

Treated as a local membrane stress . Allowable for normal conditions is 1.5 ,Sm!=4JkLforYPL. and 

PL+PB.  

•** Stresses at these locations are increased by 5% to account for the heayier, BRfuel ,'askcet-fue! 

assemblies.  

• ** Allowable stress includes a stress reduction factor for the weld: 0.8 x:allowabPlestress

I" Stress evaluated over weld compression region,
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Table 2.6.14.6-3 BWR Canister Pm + Pb Stresses - 1-Foot Side-Drop, Internal Pressure 

Pm + Pb Stresses (ksi) 
Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 
Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1 0 -17.1 -0.9 -5.3 0.2 -0.1 -2 16.5 24 0.46 
2 0 -8 0.8 -2.5 -0.6 -0.3 -1.7 9.4 24 1.55 

3** 0 -5.8 0.9 -1.5 -0.4 -0.3 -1.5 7.7 24 .2.12 
4** 0 -2.4 1 3.3 0 0 0.4 6.1 24 2.93 
5** 0 -2.4 1.6 3.6 0 -0.1 0.4 6.4 24 2.75 

6** 0 -2.5 1.8 3.7 0 -0.1 0.4 6.6 24 2.64 
7** 0 -2.5 1.7 3.7 0 -0.1 0.4 6.5 24 2.69 
8** 0 -0.6 2.5 -2.4 -0.2 0.4 -0.2 5.2 24 3.61 
9 9 1.1 6.4 -0.3 -0.08 1.6 0.1 7.44 24 2.22 
10 0 -18.9 -2.1 -4.5 -5.3 1 7-1.1 20.3 24 Q48 
11 9 4.3 0.9 -1.4 0.8 1.3 2.7 8.4 24 1.86 

12t 0 -28.6 -6.6 -8.2 -4.3 1.6 -0.7 24.5 25 0.02 
13t* 0-7.8 -16.57 -6.23 -6.42 70.09 1.68 -2 12.49 2Q** 0.6 

14 0 -0.7 0 0.3 0 0 0 1.1 24 21.32 
15 90 -0.7 0 -0.1 0 0 0 0.7 24 34.37 
16 0 -0.6 0 0.1 0 0 0 0.7 24 34.67 

t The peak temperature as calculated in Section 3.4 is 265°F in the region of Sections 12 and 13.  
The allowable stress is 1.5 (16.7 ksi) = 25.05 ksi based on this temperature.  

* Stress evaluated over weld compression reion.  

** Stresses at these locations are increased by 5% to account for the hiaier lB~ u! ?ie1 
assemblies.  

*** Allowable stress includes a stress reduction factor for the weld: 0.8 1dw]bk •se
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2.6.14.7 Stress Evaluation of BWR Canister for Combined Thermal and 1-Foot Side-Drop 

Load Conditions 

The BWR canister is evaluated by applying the thermal stress loads described in Section 2.6.14.3 

in conjunction with the primary loads in Section 2.6.14.6 to produce a combined thermal stress 

plus 1-ft side-drop loading. The stress evaluation is performed according to the ASME Code, 

Section HI, Subsection NB. The most critical sections are listed in Table 2.6.14.7-1. The 

stresses reported in this table correspond to the nodal stress at the surface. Results from the side

drop plus thermal load cases for the configurations that result in the minimum margins of safety 

are presented in Tables 2.6.14.7-2 and 2.6.14.7-3. The minimum margin of safety is +0.42 at 

Section 9 (see Figure 2.6.14.3-1) when 3 Sm is used as the stress criterion. The margins of safety 

are calculated as: 

MS = (allowable stress/SI) - 1.

2.6-277



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

November 2001 
Revision UMST-01D

Table 2.6.14.7-1 BWR Canister Critical Sections for the Combined 1-Foot Side-Drop and 

Thermal Load Condition
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Critical Minimum Margin 

Condition Stress Section Table of Safety 

Side-Drop P + Q 9 2.6.14.7-2 + 0.42 

Thermal (cold) 

Side-Drop P + Q 9 2.6.14.7-3 + 0.60 

Thermal (hot)
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Table 2.6.14.7-2 BWR Canister Pm + Pb + Q - 1-Foot Side-Drop, Thermal Cold

Angle of 

Peak Stress 

Location 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0

________________________ I I r

Sx-

-16.4 

-6.4 

-4.6 

-2.4 

-2.1 

-1.9 

-2.3 

-0.3 

-26.6 

-18.8 

-26.3 

-26.3 

-32.4 

-11.2 

-0.7 

-0.6

Pm + Pb + Q Stresses (ksi) 

Sy Sz Sxy Syz

Allowable 
Stress 
(ksi)

Margin of 
Safety

2.12 
4.77 

6.04 

9.19 

8.98 

9.89 

10.1 

0.42 

1.54 

0.62 

1.05 

9._57 
5.07 

72.63 

69.59

-3 
-0.4 

0.2 

2.1 

2.4 

2.1 

2.2 

-1.7 

-9 

-5 

-8.8 

-7.9 

-10.6 

-9.4 

-0.3 

0

0.3 
0 

-0.1 

0 

0 

0 

0 

-0.2 

-2.1 

-4.5 

-0.3 

-3.7 

-1.2 

0 

0 

0

0 
-0.2 

-0.1 

-0.1 

-0.3 

0.2 

-0.1 

0.6 

1.7 

0.9 

1.8 

1.7 

1.9 

0 

0 

0

47.9 
47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9

-1.3 

1.5 

1.6 

0.8 

-0.4 

-1.4 

0.3 

2.2 

6.7 

-2.8 

3 

-4.9 

-9.9 

-3.3 

0 

0

Sxz
-1.7 
-1.6 

-1.3 

0.3 

0.4 

0.4 

0.3 

-0.1 

0.1 
-1.1 

-0.1 

-0.7 

-1.4 

0 

0 

0

Stress 
Intensity 

(ksi)

15.4 
8.3 

6.8 

4.7 

4.8 

4.4 

4-.81 
4.3 

33.7 

18.8 

29.6 

23.4 

24.4 

7.9 

0.7 

0.7

Allowable stress includes a stress reduction factor for the weld: 0.8 .allowable stress, 

** Stresses at these locations are increased by 5% to account for the heavierBWR~f~el 

basket/fuel assemblies.
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Section 

Location 

1 

2 
3** 

6* * 

9 

10 
11 

12 

13 

14 

15 

16

Sx I
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Table 2.6.14.7-3 BWR Canister Pm + Pb + Q Stresses - 1-Foot Side-Drop, Thermal Heat 

Pm + Pb + Q Stresses (ksi) 
Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 
Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1 0 -14.5 -0.3 -3 0.2 0 -1.5 14.3 47.9 2.35 
2 0 -6 0.9 -0.6 -0.3 -0.1 -1.4 7.3 47.9 5.59 

3** 0 -4.3 1 0 -0.3 -0.1 -1.2 5.9 47.9 7.12 
4** 0 -2.3 0.2 1.5 0 0 0.3 4.1 47.9 10.68 
5** 0 -2.1 -0.5 2.1 0 -0.2 0.4 4.4 47.9 9.89 
6** 0 -2 -1.3 1.7 0 0.2 0.4 4.0 47.9 10.98 
7** 0 -2.2 0.3 1.9 0 -0.1 0.3 4.3 47.9 10.14 
8** 0 -0.3 2.2 -1.4 -0.1 0.5 -0.1 4.0 47.9 10.98 

9 0 -23.4 6.3 -8.3 -1.9 1.5 0.3 30 47.9 0.6 
10 0 -16.6 -2.2 -4.9 -3.9 0.8 -0.8 16.6 47.9 1.88 
11 0 -22.8 2.8 -7.9 -0.2 1.5 0 25.9 47.9 0.85 
12 0 -23.4 -4.2 -7.4 -3.2 1.5 -0.4 20.7 47.9 1.31 
13 0 -28.2 -8.6 -9.7 -1 1.6 -1.1 21 .8,32* 0.82 
14 0 -9.7 -2.5 -8 0.1 -0.2 0 7.2 47.9 5.63 
15 27 -0.6 0 -0.3 0 0 0 0.6 47.9 75.57 
16 0 -0.6 0 0.1 0 0 0 0.7 47.9 65.48 
Allowable stress includes a stress reduction factor for the weld: 0.8 x-allowable stress.  

** Stresses at these locations are increased: by 5% to accountpfor .•thej hea WeB K ftel 
basket/fuel assemblies.
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2.6.14.8 Stress Evaluation of BWR Canister for 1-Foot Corner-Drop Load Condition 

ANSYS is used to perform a structural analysis to evaluate the effect of a 1-ft end-drop impact 

for both the top and bottom corner orientations of the BWR canister. The ASME Code, Section 

11l, Subsection NB requires that the stresses arising from operational loads be assessed on the 

basis of the primary loads. The primary loads for the 1-ft corner-drop result from the 

deceleration of the BWR canister and its contents and the 25-psig pressure load internal to the 

canister. The applied deceleration is 20 g for both orientations. The inertial load of the canister is 

addressed by the deceleration factor applied to the canister density. The contents weight is 

represented by a pressure load on the inner end surface of the canister and a pressure applied to 

the basket by means of pressure acting in the plane of the disks. Displacement constraints are 

applied to the plane of symmetry and the gap elements attached at the canister end to represent 

the top or bottom of the transport cask.  

The locations of the linearized stresses are shown in Figure 2.6.14.3-1. The maximum stresses 

for Pm and Pm + Pb are presented in Tables 2.6.14.8-2 through 2.6.14.8-5 for the conditions that 

result in the worst case stresses. The critical sections for the pressure and the pressure plus the 

deceleration load, with reference to the section and the appropriate tables, are shown in Table 

2.6.14.8-1. The margins of safety in these tables are calculated as: 

MS = (allowable stress/SI) - 1.
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Table 2.6.14.8-1 BWR Canister Critical Sections for the 1-Foot Corner-Drop Load 

Condition

2.6-282

Critical Minimum Margin 

Condition Stress Section Table of Safety 

Top Comer- Pm 9 2.6.14.8-2 + 0.18 

Drop + Pressure 

Top Comer- Pm+ Pb 9 2.6.14.8-3 +0.52 

Drop Inertia 

Bottom Comer- Pm 11 2.6.14.8-4 ±0.12 

Drop + Pressure 

Bottom Comer- Pm+ Pb 11 2.6.14.8-5 +0.41 

Drop +Inertia
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BWR Canister Pm Stresses - 1-Foot Top Corner-Drop, Internal Pressure

4.

____________________ 
T

Pm Stresses (ksi) 

7-1 1 -. 1ki aeySz~

Allowable 

Stress 
(ksi)

Margin of 
Safety

Angle of 

Peak Stress 
Location 

0 

0 

0 

0 

0 

0 

0 

54 

0 

0 

0 

0 

0 

0 

0 

0

* Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable stress 
** Stresses at these locations are increased by,5%btod account for the heaierI f 

basket/fuel assemblies.
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-1.2 

-0.9 

-0.7 

1.4 

1.4 

1.4 

1.4 

0.2 

-4 

-3 

-4.9 

-2.9 

-3.7 

0.2 

0 

0.1

0.3 
0 

0 

0 

0 

0 

0 

-0.3 

-1.6 

-1.7 

-0.6 

-2.7 

-0.7 

0 

0 

0

-0.1 
-0.2 

-0.2 

0 

0 

0 

-0.1 

-0.2 

0.5 

0.2 

0.4 

0.2 

0.2 

0 

0 
0

-tz

-0.6 
-0.3 

-0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

-0.4 

-0.7 

-0.4 
-1 

-1 

0 
0 

0

16 
16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16 

16

C'

0.1 

0.4 

0.4 

-0.3 

-0.3 
-0.5 

-0.9 

-1.1 

-1.8 

-4 

-6.1 

-5.7 

-7.3 

0 

-0.3 

-0.4

Stress 
Intensity 

(ksi)

4.8 
1.7 

1.4 

2.4 

2.4 

2.4 

2.4 

2.0 

13.6 

8 

9.2 

11.7 

9.3 

0.4 

0.4 

0.5

2.322.32 
8.54 

56.60 

5.68 :70 

0.18 

0.74 

0.37 

V38 

44.29 

38.74 

32.99

Section 

Location 

I 

2 

4** 

5** 

6** 

7** 

8** 

9 

10 
11 

12** 
13"* 

14 

15"* 
1 6"*

Sx 

-4.5 

-0.9 

-0.6 

-0.9 

-0.9 

-0.9 

-0.9 
0.5 

-14.8 

-10.2 

-13.9 

-12.9 

-12.2 

-0.2 

-0.1 

-0.2

.- XV -IVZQ z

I I

Ixj I I I I



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

November 2001 
Revision UMST-01D

Table 2.6.14.8-3 BWR Canister Pm + Pb Stresses - 1-Foot Top Comer Drop 

Pm + Pb Stresses (ksi) 
Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 
Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1 0 -9.2 -4.4 -2.2 -1.9 -0.1 -0.6 7.8 24 2.06 
2 0 -8.9 4.9 -1.1 0.9 0.8 0.2 14 24 0.72 

3** 0 -6.9 3.6 -0.6 0.5 0.7 -0.2 11.1 24 1.16 
4"* 0 -0.9 -0.7 0.5 0 0 0.1 1.5 24 15'. 00 
5** 0 -0.9 -0.7 0.7 0 0 0.1 1.7 24 132!2 

6** 0 -0.9 -0.9 0.7 0 0 0.1 1.8 24 12.3 
7"* 0 -0.9 -1.3 0.8 0 -0.1 0.1 2.2 24 i91 

8** 54 0.1 -1.4 0.1 -0.3 -0.3 0 1.8 24 12.27 
9 0 -15.3 0.2 -4.7 -1.2 0.5 -0.2 15.8 24 0.52 
10 0 -10.8 -5.2 -2.6 -3.1 0.1 -1 9.9 24 1.42 
11 0 -15.5 -8.1 -5 -1.1 0.5 -0.7 10.8 24 1.23 

12** 0 -13.9 -5.5 -3.3 -2.2 0.4 -0.8 12.1 24 0.98 
13** 0 -14.2 -9.3 -4.8 -1.2 0.4 -0.9 10.4 1912 .0.45 

14 90 -6.9 -0.1 -6.4 0.1 -0.1 0 6.8 24 2.52 
15"* 90 0 -0.3 0.1 0 0 0 0.5 24 51.78 
16** 0 -0.2 -0.3 0.1 0 0 0 0.5 24 51.61 

* Allowable stress includcesastsess 0reduction factor for the weld:,0.&jx allowable sss 

"** Stresses at these locations are incrvased by t he i~erB . . .  

basket/fuel assemblies.
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Table 2.6.14.8-4 BWR Canister Pm Stresses - 1-Foot Bottom Corner-Drop, Internal 

Pressure 

Pm Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1"* 0 -5.1 -0.8 -1.5 -0.1 0 -Q.7 4.7 16 2.40 

2 36 0 -2.4 -0.3 -0.1 0.1 -0.5 2.8 16 4.77 
3** 36 0 -2.4 -0.3 0 0.1 -0.4 2.8 16 4.71i 

4** 0 -0.9 -2 1.3 0 0 0.2 3.6 16 

5** 0 -0.9 -1.6 1.4 0 0 0.2 3.2 16 -4_O 

6** 180 0 -1.6 1.2 0 0 10. 2.9 16 42 

7** 180 0 -1,3 1.2 0 0 •-04 2.7 16 4-.'8 

8** 63 0.5 -0.7 0.2 -0.2 -0.1 0.3 L_6 16 %X 

9 0 -13.4 0.4 -3.7 -1.3 0.8 -0.3 14.2 16 0-.12 

10 0 -7.3 -0.4 -2.1 -1.2 0.6 -0.6 7.6 16 1.09 

11 0 -14.6 -0.9 -4.3 -0.2 1 -0.3 14 16 0.15 

12 0 -10.7 -2.5 -2.4 -1.9 0.6 -0.8 97 16 Q.5 

13 0 -10.2 -2.7 -2.6 0 0.7 1 8, 9 AM2Q, L.2 

14** 0 -0.3 -0.4 0.2 0 0 0 0.6 16 27.64 
15 0 -0.1 0 0.1 0 0 0 0.1 16 

16 90 -0.2 0 0 0 0 0 0.3 16 

Allowable stress includes sa stress reduction factor.fo 'eweld:40. • qwlo bi tes, 

** Stresses at these locationsare increased by5% oaCCo0njtfor t erBacen......i.r' ...  

basket/fuel assemblies.
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Table 2.6.14.8-5 BWR Canister Pm + Pb Stresses - 1-Foot Bottom Corner-Drop 

Pm + Pb Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1"* 0 -6.3 -0.8 -2 0.2 0 -0.8 6.0 24 3.00 

2 27 -0.2 -4.2 -1.2 -0.1 -0.1 -0.6 4.3 24 4.57 
3** 27 -0.2 -4 -1.1 -0.1 -0.1 -0.5 4.4 24 4A45 

4** 0 -0.9 -2.4 0.8 0 0 0.1 3.5 24 5.86 

5** 0 -0.9 -2 0.8 0 0 0.1 2.9 24 728 

6** 0 -0.9 -1.7 0.9 0 0 0.1 2.6 24 8.  
7** 0 -0.9 -1.4 0.9 0 -0.1 0.1 2.4 24 2-W 
8** 18 0.3 -1.1 -0.6 0.3 0.5 -0.2 *1.9 24 11.3 

9 0 -13.5 2.5 -4.4 -1 0.8 -0.1 16.2 24 0.48 

10 0 -6.9 -0.7 -1.3 -2 0.5 -0.8 7.8 24 2.07 

11 0 -14.2 2.6 4 -0.1 0.9 0 17 24 0.41 

12 0 -12.9 -3.3 -3.5 -1.6 0.7 -0.6 10.8 24 1.22 

13 0 -16.1 -6.1 -5.3 -0.2 1 -0.8 11.6 19 .2.* 

14** 0 -0.3 -0.3 0.1 0 0 0 0.5 24 47.00 

15 45 1.3 0 1.5 0 0 0 1.5 24 15.49 

16 9 -0.9 0 -0.7 0 0 0 0.9 24 26.14 

Allowable stress includes a stress reduction factor.forlthe weld:, 0.8•x.allowable stress' 

** Stresses at these locations ,are increased by % to, account f;t4eheieq BW.fAge 

basket/fuel assemblies.
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2.6.14.9 Stress Evaluation of BWR Canister for Combined Thermal and 1-Foot Comer

Drop Load Conditions 

The thermal stress loads described in Section 2.6.14.3 are applied in conjunction with the 

primary loads in Section 2.6.14.8 to produce a combined thermal stress plus comer impact 

loading. The stress evaluation is performed according to the ASME Code, Section mI, 
Subsection NB. On the basis of results in Section 2.6.14.8, the most critical sections are listed in 

Table 2.6.14.9-1. The stresses reported in this table correspond to the nodal stress at the surface.  

The minimum margin of safety is +1.57 when 3 Srn is used as the stress criterion. Tables 

2.6.14.9-2 through 2.6.14.9-5 present the results for top and bottom corner-drop with thermal 

results for the loading conditions that result in the minimum margins of safety. The margins of 

safety are calculated as: 

MS = (allowable stress/SI) -1.
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Table 2.6.14.9-1 BWR Canister Critical Sections for the Combined 1-Foot Corner-Drop 

and Thermal Load Condition

2.6-288

Critical Minimum 

Condition Stress Section Table No. Margin of 

Safety 

Top Corner-Drop + Pm + Pb + Q 2 2.6.14.9-2 + 2.02 

Thermal (cold) 

Top Corner-Drop + Pm + Pb + Q 2 2.6.14.9-3 + 2.05 

Thermal (hot) 

Bottom Corner-Drop + Pm+ Pb + Q 9 2.6.14.9-4 1 .54 

Pressure + Thermal 

(cold), 450 Basket 

Bottom Corner-Drop + Pm + Pb + Q 11 2.6.14.9-5 +1.62 

Thermal (hot) I II_ I
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Table 2.6.14.9-2 BWR Canister Pm + Pb + Q Stresses 
Cold

1-Foot Top Corner-Drop, Thermal

Pm + Pb + Q Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

I1 0 -14.1 -4.7 -2 -2.5 0 -1.1 12.8 47.9 2.73 

2 0 -14.3 1.3 -2.4 -0.1 1 -0.5 15.9 47.9 2.02 

3** 0 -10.7 0.6 -1.4 -0.3 0.8 -0.7 12.4 47.9 2.86 

4** 0 -0.9 -0.7 1.1 0 -0.1 0.1 2.1 47.9 21.81 

5** 0 -0.8 -1.4 2.8 0 -0.2 0.4 4.4 47.9 9.89 

6** 0 -0.6 -2.3 2.2 0 0.3 0.1 4.8 47.9 8.98 

7** 180 0 -2.9 0 0 0 0 3.1 47.9 14.45 

8** 171 -0.1 -3.6 -0.2 0 0.2 0 3.7 47.9 11.95 

9 0 -12.6 0.1 -3.8 -1.1 0.5 -0.2 13 47.9 2.68 

10 0 -10 -4.8 -2.4 -2.6 0.1 -1 9 47.9 4.35 

11 0 -12 -7 -4 -1 0.4 -0.6 8.3 47.9 4.77 

12** 0 -11.7 -4.2 -2.7 -2 0.4 -0.7 10.3 47.9 3.65 

13** 0 -12 -7 -4 -1 0.4 -0.6 8.7 3340 

14 0 -15.6 -1.2 -14.1 0.1 -0.8 0 14.4 47.9 2.34 

15"* 72 -0.1 -0.3 0.1 0 0 0 0.4 47.9 110.66 

16** 0 -0.1 -0.4 0.1 0 0 0 0.6 47.9 80.29

Allowable stress includes a stress reouction iactor w, die weld'u,' uQ xuaui•_.  

Stresses, at- these locations are increased b27 5%: to: accountfJmýf4.eI 
rhasketifuet assemblies.
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Table 2.6.14.9-3 BWR Canister Pm + Pb + Q - 1-Foot Top Comer-Drop, Thermal Heat

Pm + Pb + Q Stresses (ksi) 

Angle of Stress Allowable 
Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

1 0 -13.7 -4.6 -2.1 -2.4 0 -1.1 .12.4 47.9 2.88 
2 0 -13.9 1.6 -2.3 -0.2 0.9 -0.6 15.7 47.9 2.05 

3** 0 -10.4 0.9 -1.3 -0.4 0.7 -0.7 12.2 47.9 2.93 

4** 0 -0.8 -0.8 0.8 0 0 0.1 1.8 47.9 25.61 

5** 0 -0.9 -1.5 2 0 -0.2 0.1 3.6 47.9 12.31 

6** 0 -0.7 -2.1 1.8 0 0.2 0.2 4.2 47.9 10.40 
7** 180 0 -3 0 0 0 0 3.2 47.9 13.97 

8** 171 -0.1 -3.6 -0.2 0 0.2 0 3.7 47.9 11.95 

9 0 -12.1 0.4 -3.5 -1 0.5 -0.2 12.7 47.9 2.78 

10 0 -9.5 -4.5 -2.2 -2.5 0.1 -0.9 8.6 47.9 4.59 

11 0 -11.4 -6.5 -3.7 -0.9 0.4 -0.6 8 47.9 5.03 

12** 0 -11.1 -3.9 -2.6 -1.9 0.4 -0.7 9.9 47.9 M.84 
13** 0 -11.4 -6.5 -3.7 -0.9 0.4 -0.6 8.4 ,8,32* 3.56 

14 0 -14.8 -1.1 -13.5 0.1 -0.7 0 14.4 47.9 2.5Q 

15** 90 0 -0.3 0.1 0 0 0 0.4 47.9 1t90 

16** 0 -0.1 -0.4 0.1 0 0 0 0.5 47.9 82.9 
* Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable s 

** Stresses at these locations -are increased ,by 51% to ,account. for, the heavieýf'AB _ý!fue 

basket/fuel assemblies.
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Table 2.6.14.9-4

Section

2 
3** 

121 

1 3 
14** 

15 

16

Angle of 

Peak Stress

0 

162 

162 

180 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

90 

18

Sxz

-0.2 
-0.3 

-0.3 

-0.1 

0.2 

0.1 

0.3 

0.3 

-0.2 

-1.1 

-0.1 

-0.8 

-0.9 

0 

0 

0

Stress 
Intensity 

(ksi)

Pm + Pb + Q Stresses (ksi) 

Sy Sz Sxy Syz

November 2001 
Revision UMST-01D

BWR Canister Pm + Pb + Q Stresses - 1 Foot Bottom Corner-Drop, 

Internal Pressure, Thermal Cold

_______________________ r T I

4.0 
5.4 

5.6 

5.3 

6.2 

4.7 

3.0 

18.7 

10.6 

17.1 

13.1 

14.4 

6.8 

1 

0.6

Allowable 
Stress 

(ksi)
Margin of 

Safety

Locationi Location i x 10.9$
7.93 

7.55 

8.04 

7•&7 L.73 

1.57 

3.54 

1.81 

2.65 

6.04 

49.23 

78.82

* 

**

-2 

0.1 

0.1 

0 

-0.6 

-0.7 

-1 

-0.6 

-15.6 

-10.4 

-15.5 

-14.8 

-19 

-10.9 

0.9 

-0.6

0.1 

-4.5 

-4.4 

-3.7 

-1.4 

-2.4 

-0.6 

0.6 

2.7 

-1.7 

1.4 

-3 

-5.9 

-4.4 

0 

0

1.7 

0.8 

0.8 

1.3 

3.9 

3.4 

3.5 

2 

-4.9 

-2.1 

-5.1 

-3.8 
-6 

-9.9 

0.9 

-0.3

0.2 
0 

0 

0 

0 

0 

0 

-0.1 

-1.2 

-2.5 

-0.2 

-2 

-0.6 

0 

0 

0

0 
0 

0 

0 

-0.3 

0.2 

-0.1 

0.6 

1.1 

0.6 

1 

1 

1.2 

0.2 

0 

0

47.9
47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 

47.9 
47.9 

47.9 

7 -92 47.9 

47.9 

47.9 
47.9

Allowable stress includes a stress reduction fa torfor.theweld'-0.8 x-ll6wablet 

Stresses at these locations are increased by 5-% t/ aqcdfunmttor the'ieawhyu ,el 

basket/fuel assemriblies.  
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Table 2.6.14.9-5 BWR Canister Pm + Pb + Q Stresses 
Thermal Heat

I-Foot Bottom Comer-Drop,

Pm + Pb + Q Stresses (ksi) 
Angle of Stress Allowable 

Section Peak Intensity Stress Margin of 
Location Stress Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 

Location 
1"* 162 0.4 -2.7 1.2 0.2 0.1 -0.3 4.2 47.9 10.40 

2 162 0 -4.3 0.6 0 0 -0.3 5 47.9 8.57 
3** 162 0 -4.3 0.6 0 0 -0.3 5.3 47.9 .04 
4** 180 0 -4.4 0 0 0 0 4.6 47.9 9.41 
5** 180 0 -4 0 0 0 0 4.2 47.9 10.40 

6** 0 -0.7 -2.9 1.8 0 0.2 0.2 5.0 47.9 _58 
7** 0 -0.9 -1.4 1.5 0 0 0.2 3.2 47.9 13.97 

8** 171 -0.1 -2.4 -0.1 0 0.2 0 2.5 47.9 18.16 
9 0 -15.4 2.3 -5.2 -1.2 1 -0.3 18 47.9 1.66 
10 0 -9.6 -1.4 -2.1 -2.3 0.5 -1 9.9 47.9 3.85 
11 0 -16.6 1.6 -5.4 -0.2 1.1 -0.1 18.3 47.9 1.62 
12 0 -14.6 -3 -4 -1.8 1 -0.8 12.8 47.9 2.75 
13 0 -20.2 -6.4 -6.6 -0.7 1.2 -1 15.1 0 .2* 54 

14** 0 -9.8 -3.9 -8.9 0 0.2 0 6.2 47.9 6J73 
15 81 1.4 0 1.6 0 0 0 1.6 47.9 29.36 
16 45 -1 -0.1 -0.6 0 0 0 0.9 47.9 52.33 

*Allowable stress includes a stress reduction factor for•.the wel d:•.8-xall - q.aSbAlee 

** Stresses at these locations are increased by 5% to account-fort.he heaviuerBWRfUif 
basket/fuel assemblies.

2.6-292



SAR - UMS® Universal Transport Cask November 2001 

Docket No. 71-9270 Revision UMST-01D 

2.6.14.10 Shear Stresses for 1-Foot Drops 

The primary mechanism for shear loading in the canister drop analyses occurs for the bottom 

end-drop in the canister structural and shield lid welds. The maximum stress intensity for either 

sections 12 or 13 during any bottom end-drop is 1.8 ksi for the bottom end-drop with thermal 

heat (Table 2.6.14.5-5). The maximum shear is 1.8/2 = 0.9 ksi. The allowable shear is 0.6Sm per 

the ASME Code, Section I11, Subsection NB-3227.2 for pure shear loading. The maximum 

canister shell temperature is 408'F and the margin of safety for pure shear is 

MS = 0.6 x 16.0/0.9 -1 = 9.66 

2.6.14.11 Canister Bearing Stresses for 1-Foot Side-Drop 

The bearing stress evaluation presented in section 2.6.12.11 conservatively encompasses 

bounding values for both the BWR and PWR canisters.  

2.6.14.12 Canister Buckling Evaluation for 1-Foot End-Drop 

Code Case N-284-1 of the ASME Boiler and Pressure Vessel Code is used to analyze the BWR 

canister for the normal condition 1-ft end-drop (both top and bottom end-drops). The evaluation 

requirements of Regulatory Guide 7.6, Paragraph C.5, are shown to be satisfied by the results of 

the buckling interaction equation calculations of Code Case N-284-1.  

The canister buckling design criteria are described in Section 2.1.2.5.3.  

A 20 g deceleration load was used for all the 1-ft drop canister analyses that are presented in 

Sections 2.6.14.4 through 2.6.14.9. The 20 g-load bounds all 1-ft deceleration loads for all other 

drop angles. The top- and bottom-end drops result in the largest potential for canister shell 

buckling and, therefore, are the two load cases presented here. The side drop load case is not 

considered a credible buckling mode of the canister shell and is, therefore, not presented here.

2.6-293



SAR - UMS® Universal Transport Cask November 2001 
Docket No. 71-9270 Revision UMST-01D 

The BWR canister is evaluated for buckling in the same manner as the PWR canister (see 

Section 2.6.12.12). The analytical process used for the BWR canister is the same as that 

described in a step-by-step example presented in Section 2.7.12.3 (for the cask inner shell).  

The stress results from the canister analyses are screened for the maximum values of the 

longitudinal compression, circumferential compression, or in-plane shear stresses for the 1-ft 

drop cases (top- and bottom-end drops) with and without pressure. For each loading case, the 

largest 'of each of the three stress components anywhere regardless of location within the BWR 

canister shell are combined. To these maximum stress components are added the maximum 

stresses from the hot and cold thermal cases (Tables 2.6.14.3-1 and 2.6.14.3-2). Combining the 

maximum stress components in this way produces a conservative, bounding-case buckling 

evaluation of the BWR canister, one which envelopes all 1-ft BWR canister drop cases including 

those presented in Tables 2.6.14.4-4 and 2.6.14.4-6.  

The geometry parameters used in the BWR canister evaluation are presented in Table 

2.6.14.12-1.  

The maximum stress components used in the evaluation and the buckling interaction equation 

ratios for the BWR canister top- and bottom-end drop cases are provided in Table 2.6.14.12-2.  

The results of the buckling evaluation show that all interaction equation ratios are less than 1.0.  

Therefore, the buckling criteria of Code Case N-284-1 are satisfied, thus demonstrating that 

buckling of the BWR canister does not occur.
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Geometry Parameters for the BWR Canister

Parameter 

t = thickness (in) 

ID = inside diameter (in) 

R = radius (in) = (ID+t)/2 

R/t

(Rt)°.5 

Overall Length (in) 

Bottom Thickness (in) 

Structural Lid Thickness (in)

Value 

0.625 

65.81 

33.22 

53.15 

4.56 

190.55 

1.75 

3.0

Lo= Length used in evaluation (in)* 185.8 

Le = 2irR = circumference (in) 218.7 

v = Poisson's Ratio 0.275 

Overall canister length - Bottom thickness - Structural lid thickness.
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Table 2.6.14.12-2

Load 

Case Load Condition

Buckling Evaluation Results for the BWR Canister for 1-Foot End-Drop

1. .7
Longitudinal 

(Axial) Stress* 

SO (psi)

Circumferential 

(Hoop) Stress* 

So (psi)

In-plane 

Shear Stress 

S 0O (psi)

Elastic Buckling 

Interaction Equations

Q1 Q2 Q3 04
A I -Ft Top End-Drop 2100 200 400 0.0 .068 .043 0.0 .067 .043 
B 1-Ft Bottom End-Drop 3100 500 300 .040 .099 .108 .040 .099 .108

C~omponent stresses incluoe thermal stresses.  
* Compressive stresses.
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2.6.15 BWR Basket Analysis-Normal Conditions of Transport 

The Universal Transport Cask BWR basket is similar in design to the PWR basket. It is a 

right-cylinder structure fabricated with 56 square fuel tubes, a number of circular support disks, a 

number of heat transfer disks, six tie rods with split spacers, and two end weldment plates. The 

number of support disks and heat transfer disks varies depending upon the class of BWR fuel the 

basket is designed to contain. The basket components and their geometry are illustrated in Figure 

2.6.15-1 and Figure 2.6.15-2. Figure 2.6.15-3 shows the details of the fuel tube with the encasing 

BORAL on two sides. The fuel tubes are open at each end; therefore, longitudinal fuel assembly 

loads are imparted to the canister shield lid or bottom plate, and not the fuel basket structure.  

The fuel basket contains the fuel and is laterally supported by the canister shell.  

In the BWR basket, the fuel assemblies, together with the tubes, are laterally supported in the 

holes in the carbon steel support disks. The aluminum heat transfer disks located at the mid 

section of the cavity are used to fully optimize the passive heat rejection from the package and 

are self-supporting. The dimensional differences between the heat transfer disk and the support 

disk accommodate the different rate of thermal growth between aluminum and stainless steel, 

thereby preventing interference between the tube, support disk, and heat transfer disks.  

The primary function of the spacers and the threaded top nut is the same as those in the PWR 

basket described in Section 2.6.13. As described in that section, the only component that 

requires a detailed finite element analysis is the support disk. The stainless steel fuel tubes are 

not considered to be structural components with respect to the disks other than consideration of 

their mass contribution to loading.  

The basket support disk is designed to restrain 56 fuel assemblies, which would nominally fit 

into a 6.278 inch square slot. Since a populace of BWR fuel assemblies are not expected to fit 

into the 6.278 inch square, four oversized fuel assemblies slots are specified as 6.478 inch 

squares. This will reduce the thickness of the ligament at the outer most comer. However, the 

size of the web (.65 inch) is not changed. Therefore, the oversized slots will not affect the 

buckling calculations, since they pertain to the in-plane and out of plane buckling of the webs. In 

an inspection of the maximum stresses of the BWR basket, the ligament that contains the 

reduction due to the oversized slots, does not appear in the maximum stress summaries. The 

smallest ligament at the comer is still significantly controlled by the .8 inch ligament. Therefore,

2.6-297



SAR - UMS® Universal Transport Cask November 2001 

Docket No. 71-9270 Revision UMST-O1D 

the use of oversized holes is not considered to alter the model of the BWR basket, which 

employs a slot size of 6.278 inches.  

In this section, the BWR fuel basket is evaluated for the normal transport loads. As discussed in 

Section 2.6.13, the g-loads produced by the corner-drops are bounded by the g-loads produced by 

the end and side-drops. Therefore, only the end-drop and side-drop orientations are evaluated.  

The basket is evaluated for the hypothetical accident condition in Section 2.7.10.
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Figure 2.6.15-1 BWR Fuel Assembly Basket 

//-Tie Rods & 
Spacer

Support Disk
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Figure 2.6.15-2 Support Disk Cross-Section Configuration

Note:

Engineering drawings provide appropriate tolerances for dimensions shown.
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Figure 2.6.15-3 BWR Fuel Tube Configuration
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2.6.15.1 Analysis Description 

The criticality and structural design criteria for the BWR basket are similar to those for the PWR 

basket discussed in Section 2.6.13.1. Consistent with the structural design criteria, the main 

structural component in the fuel basket--the carbon steel support disk-is shown to have (in any 

disk for any normal-condition load and position orientation) a maximum primary membrane 

stress intensity and primary membrane plus bending stress intensity that are less than the design 

stress intensity values Sm and 1 .5Sm, respectively. The value of Sm is defined at the temperatures 

for the component being analyzed.  

In the side-drop, the loads of the fuel assemblies are transferred into the plane of the support 

disks, from which they are transmitted to the canister shell. In the vertical orientation, the fuel 

basket components are loaded by their own inertial weight and do not experience load from the 

guided but freestanding fuel assemblies. Various radial impact orientations of the support disk 

are evaluated. In addition to the load from inertial weight, the differential thermal expansion of 

the support disk is also evaluated.  

2.6.15.2 Finite Element Model Description - BWR Basket 

As is the case for the analysis of the PWR basket, two finite element models are generated to 

analyze the BWR fuel basket for the normal operating conditions: one for the end-drop, in which 

the loads are perpendicular to the plane of the disk, and one for the side-drop, in which the loads 

act in the plane of the disk. Both models accommodate thermal expansion effects by using the 

temperature distribution from the thermal analysis and the coefficient of thermal expansion.  

A complete basket support disk is modeled for the side impact evaluation because planes of 

symmetry are not present when the impact can be at an arbitrary angle. The basket model for the 

side-drop is shown in Figure 2.6.15.2-1. Although the end-drop orientation exhibits a quarter 

symmetry, the model conversion is simplified by using the same nodal pattern as that for the 

side-drop model.  

The finite element model for the side-drop evaluation of the BWR basket is similar to that used 

for the evaluation of the PWR basket. A detailed description of the model for the side-drop of 

the PWR basket is provided in Section 2.6.13.2. Figure 2.6.15.2-2 shows the ligaments and the
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interface with the BWR canister shell and the cask inner shell. The loads from the fuel assembly 

are modeled as a pressure loading at the inner surface of each support disk slot opening. The 

surface pressure loads applied to the support disk slot opening to represent fuel assemblies are 

determined by performing a comparison analysis of all relevant BWR assemblies. A comparison 

is performed to determine the highest load per disk. The load is then divided by the fuel tube's 

width and the disk thickness to result in a worst case scenario pressure loading. The pressure 

loading applied to each slot opening is calculated as follows.  

Load per disk = (Max. fuel assembly weight + max. fuel tube weight) / No. of loaded 

disk 

Max. fuel assembly weight = 821.3 lbs (very conservative based on actual max fuel 

assembly weight of 696 lbs [GE BWR/2-3 & 4-6]) 

Max. fuel tube weight = 83 

Number of loaded disks= 37 

Load per disk = (821.3 lbs + 83 lbs)/37 disks = 24.4 lbs/disk 

Therefore, the pressure loading applied to each slot opening is (24.4 lbs)(0.625)/ 6.278 = 6.2 psi).  

The loading is multiplied by a g load factor based on the drop condition being analyzed: 

1. Normal condition - 20 g 

2. Accident condition - 60 g 

The PLANE42 element used in the model corresponds to plane stress and the thickness of the 

model is input as 0.625 in., which corresponds to the thickness of the support disk in the BWR 

basket.
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Figure 2.6.15.2-1 ANSYS Model of BWR Basket for Side-Drop
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Figure 2.6.15.2-2 Close-up of the Ligaments and the Interface with the Canister Shell and 

the Cask Inner Shell
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2.6.15.3 Thermal Condition and Expansion Evaluation of BWR Support Disks

The three thermal conditions evaluated for the support disk analysis are as follows: 

Thermal Solar Insolance Applied 16 kW 

Condition Ambient Temperature to Cask Surface Fuel Load 

1 -40°F No No 

2 -40°F No Yes 

3 100W F Yes Yes 

The table below reflects the maximum and minimum temperatures required for the support disk 

evaluation. These temperatures were obtained from the thermal analysis of the BWR 

configuration as contained in Section 3.4.2.

Case Condition

No. Tmax Tmin No. a* E* Eoc* 

1 -400F -40°F 1 NC** NC** NC** 

3 616OF 296°F 3 7.598E-6 27.34E3 .2077 

5 524 0F 349°F 2 7.433E-6 27.988E3 .2080

In the structural 

employed.

evaluation of the support disk, the table below shows the temperatures cases

Case Condition 

No. Tmax Tmin No. oX* E* Eox* 

I -400F -40°F I NC** NC** NC** 

2 600OF 150VF 3 7.5425E-6 27.550E3 .2078 

4 516°F 106(F 2 7.4465E-6 27.934E3 .2080 

Evaluated at average of Tmax and Tmin (o = thermal expansion coefficient, in/in/0 F; 

E = modulus of elasticity, ksi) 
** NC denotes Not Compared because of uniform temperature.  

The thermal stress is dependent on the Eo: as well as the overall temperature change along the 

basket radius. Consequently, Cases 2 and 4 are enveloping as compared to Cases 3 and 5, which 

are the results of the thermal analysis for the BWR configuration. In comparing Case 2 and 4,
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the larger temperature change occurs for Case 2, and since the Ea's are approximately equal, the 

enveloping thermal stress would be developed in Case 4. To compute the margin of safety, the 

allowables are derived from Case 3 since it corresponds to the maximum temperatures which 

would result in the lowest stress allowables. Thermal condition 1 is also analyzed, since it 

generated the maximum modulus of elasticity, even though stresses arising from a thermal 

gradient are zero.  

2.6.15.4 Stress Evaluation of BWR Support Disks for 1-Foot End-Drop Load Condition 

The BWR basket support disks are positioned by six tie rods with spacers. An ANSYS structural 

analysis evaluates the effect of a 1-ft-end-drop impact that corresponds to the most severe out

of-plane loading. The finite element model described in Section 2.6.15.2 (and Section 2.6.13.2) 

is used in conjunction with a 20 g deceleration. Because shell elements are employed for the 

analysis, the nodal stress for the midplane of the plate or the outer fiber stress can be reported at 

each node. Maximum nodal stresses for the midplane (which correspond to the primary 

membrane stress) and the outer fiber (which correspond to primary membrane plus bending) are 

shown in Figure 2.6.15.4-1.  

The calculated values of maximum primary membrane and bending stresses are provided in 

Table 2.6.15.4-2. The membrane stresses for the 1-ft end drop condition are effectively zero.  

The minimum margin of safety corresponding to a maximum primary membrane plus bending 

stress of 32.5 ksi is 

MS (Pm+Pb) = (45.0/32.5) - 1 (1.5 Sm at 500OF = 45.00 ksi for SA533 carbon steel) 

= +0.39.  

Results of the 1-ft end-drop condition are presented in Tables 2.6.15.4-1 and 2.6.15.4-2.
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Figure 2.6.15.4-1 Locations of Maximum Primary Nodal Stress Intensities for 1-Foot End
Drop
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Table 2.6.15.4-1 Pm+ Pb Stresses for Support Disk 1-Foot End-Drop, Thermal Case 1 

Principal Stresses (ksi) Stress ýOowable Margi of 

S1 S2 S3 Intensity (ksi) Stress (ksi)ý Safety 

86 25.3 0.0 -1.0 26.3 45.0 0.71 

474 32.2 2.1 0.0 32.2 45.0 0.40 

1129 29.6 1.5 0.0 29.6 45.0 0!52 

1444 32.2 2.1 0.0 32.2 45.0 0.40 

1564 25.3 0.0 -1.0 26.3 45.Q Q.7 

2236 29.6 1.5 0.0 29.6 45.0 52 

2558 32.2 2.1 0.0 32.2 45.0 0.4 

2680 25.3 0.0 -1.0 26.3 45.Q 9JJ 

3332 29.6 1.5 0.0 29.6 45ý.0 0,52 

3647 32.2 2.1 0.0 32.2 4,• QI4 

3765 25.3 0.0 -1.0 26.3 45.90 __ 

4407 29.6 1.5 0.0 29.6 4$0 _ _ 

*1.5 Sm = 1.5 x 30.0 ksi at 500'F.
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Table 2.6.15.4-2 Pm+ Pb Stresses for Support Disk 1-Foot End-Drop, Thermal Case 4 

Principal Stresses (psi) Stress Intensity Aowable Margn of 
Node e 1 S2 S3 (psi) $tress,(pSi)* Safety 

86 25.6 0.0 -1.1 26.7 45.0 0.69 

474 32.5 2.1 0.0 32.5 45.•0 Q,3§ 

1129 29.9 1.5 0.0 29.9 4 5.0 015 

1444 32.5 2.1 0.0 32.5 45.0 0.39 

1564 25.6 0.0 -1.1 26.7 45.0 5.6 

2236 29.9 1.5 0.0 29.9 45..0 M 

2558 32.5 2.1 0.0 32.5 45. 600 

2680 25.6 0.0 -1.1 26.7 45.0 

3332 29.9 1.5 0.0 29.9 45.0s 05i 

3647 32.5 2.1 0.0 32.5 45. Q.  

3765 25.6 .0 -1.1 26.7 45.-Q 

4407 29.9 1.5 0.0 29.9 0;5 6.5 
*1.5 Sm = 1.5 x 30.0 ksi at 500F.
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2.6.15.5 Stress Evaluation of BWR Support Disk for Combined Thermal and 1-Foot End 

Drop Load Conditions 

The thermal expansion loads described in Section 2.6.15.3 (and 2.6.13.3) are applied to the finite 

element model simultaneously with the 20 g end-drop loads described in Section 2.6.15.4 to 

produce a combined thermal expansion plus end-impact loading. The stress evaluation is 

performed according to the ASME Code, Section III, Subsection NG. Because stress intensity is 

required at the surface only, the extreme fiber stress is required. Thermal Condition 4 is used for 

this evaluation. Maximum nodal stresses for the combined thermal and 1-ft end-drop condition 

are shown in Figure 2.6.15.5-1. The allowable stress intensity range is 3Sn. The maximum 

stress intensity is 52.7 ksi and the 3Sm allowable limit at 500OF for SA533 Type B Class 2 carbon 

steel is 90 ksi, which results in a margin of safety of: 

MS = (90/52.7) - 1 = + 0.71.  

Results from the combined thermal and 1-ft end-drop condition are presented in Table 

2.6.15.5-1.

2.6-311



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

November 2001 
Revision UMST-O0D

Figure 2.6.15.5-1 Locations of Maximum Primary and Secondary Nodal Stress Intensities 
for 1-Foot End-Drop
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Table 2.6.15.5-1 Pm + Pb + Q Stresses for Support Disk 1-Foot End-Drop, Thermal Case 4

I. r
Principal Stresses (ksi)

S2

7.2 

0.0 

3.6 

7.2 

0.0 

3.6 

7.2 

0.0 

3.6 

7.2 

0.0 

3.6

*3.0 Sm = 3.0 x 30.0 ksi at 500'F.

S3

0.0 

-3.1 

0.0 

-3.1 

0.0 

0.0 

-3.1 

0.0 

0.0 

-3.1 

0.0

Stress Intensity 
(ksi)

52.7 

38.1 

40.3 

52.7 

38.1 

40.3 

52.7 

38.1 

40.3 

52.7 

38.1 

40.3

Allowable Margin of 

Stress (ksi)* Safety 

90.0 0.71 

90.0 1.36 

90.0 L,23 

90.0 0.71 

90.0 1.36 

90.0 1.23 

90.0 0.71 

90.0 1,36 

90.0 1.23 

90.0 1.123
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Node

474 

481 

1129 

1444 

1451 

2236 

2558 

2565 

3332 

3647 

3654 

4407

SI

52.7 

35.0 

40.3 

52.7 

35.0 

40.3 

52.7 

35.0 

40.3 

52.7 

35.0 

40.3
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2.6.15.6 Stress Evaluation of BWR Support Disk for 1-Foot Side-Drop Load Condition 

To determine the structural adequacy of the BWR fuel basket support disk for the 1-ft side-drop 
load condition, a quasi-static impact load equal to the weight of the fuel and tubes multiplied by a 
20 g amplification factor is applied to the support disk structure. The inertial loading of the 
support disk is also included by means of the density input for the SA533 Type B Class 2 carbon 
steel. The value of 20 g is conservative because the Universal Transport Cask impact limiter 
design deceleration for a 1-ft side-drop is 16.4 g. The fuel assembly load is transmitted in direct 
compression through the tube wall to the web structure of the support disk. A conservative 
number of disks is assumed to transmit the load to the canister shell (See Section 2.6.15.2). The 
maximum in-plane loading occurs in the side-drop, which requires a detailed structural 
evaluation. ANSYS and the finite element model described in Section 2.6.15.2 are used to 
perform a finite element analysis.  

2.6.15.6.1 Drop Orientations 

The BWR fuel basket exhibits one-quarter symmetry. A minimal radial thickness between the 
comer of the fuel assembly slot in the basket and the outer radius occurs at 31.82, 49.46, 77.92 
and 900 measured counterclockwise from the +X axis. To ensure that the bounding basket 
orientation is evaluated, basket radial orientations of 0, 31.82, 49.46, 77.92, and 900 are 
considered. These orientations are identified in Figure 2.6.15.6-1. The material properties are 
evaluated at three thermal Cases 1, 2 and 4. Allowables are evaluated at Thermal Cases 1 and 3.  

2.6.15.6.2 Definition of Cross Sections for Linearized Stresses 

The stress evaluation for the support disk is performed according to the ASME Code, Section III, 
Subsection NG, which requires comparison of the linearized stresses of cross sections of the 
structure against the allowable stresses. Primary membrane stress intensity is compared with Sm 
and primary membrane plus bending stress intensity is compared with 1.5Sm for the material at 
temperature. A conservative temperature distribution is used to determine Sm at each of the cross 
sections. These temperatures are obtained through thermal conduction analysis by using Thermal 
Case 3, where the minimum temperature of the circumference and the maximum temperature is 
applied at the center of the basket.
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To determine the most critical cross sections, a series of cross sections is considered. To aid in 

the identification of these sections, Figures 2.6.15.6-2 through 2.6.15.6-5 show the point 

locations on a support disk. Table 2.6.15.6-1 lists the cross section versus Point 1 and Point 2, 

which spans the cross section of the web in the plane of the support disk. Points 1 and 2 for each 

cross section are shown in the previously cited figures.  

2.6.15.6.3 Analysis Results for 1-Foot Side-Drop 

Finite element analyses are performed for the 1-ft side-drop load conditions for the five different 

radial basket orientations (0, 31.82, 49.46, 77.92 and 900) and for two Thermal Cases that would 

result in the use of different moduli of elasticity throughout the basket. Figures 2.6.15.6-6 

through 2.6.15.6-10 show the locations of maximum nodal stress intensities (SI) for the five 

basket orientations.  

For the normal condition of transport, the allowable stress limit is Sm, for the support disk 

primary membrane stress (Pm) and 1.5Sm for primary membrane plus bending stress (Pm+ Pb).  

The cross sections with the 20 minimum margins of safety are presented in Tables 2.6.15.6-2 

through 2.6.15.6-21. A summary of the minimum margins of safety is presented below.
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Table Number Basket Orientation (Deg) Thermal Stress Evaluation Minimum 

Case Margin of Safety 

2.6.15.6-2 0 1 Pin +0.45 

2.6.15.6-3 0 1 Pmh+ Ph +0.84 
2.6.15.6-4 0 2 Pil +0.47 
2.6.15.6-5 0 2 Pi + Pb +0.88 
2.6.15.6-6 31.82 1 Pi +0.54 

2.6.15.6-7 31.82 1 Pi + Ph +0.19 

2.6.15.6-8 31.82 2 Pin +0.60 

2.6.15.6-9 31.82 2 Pil+ Ph +0.24 

2.6.15.6-10 49.46 1 Pin +0.35 

2.6.15.6-11 49.46 1 Pm+ Ph +0.11 

2.6.15.6-12 49.46 2 Pin +0.43 
2.6.15.6-13 49.46 2 Pi + Pb +0.13 

2.6.15.6-14 77.92 1 Pil +0.29 

2.6.15.6-15 77.92 1 Pmi+ Ph +0.45 
2.6.15.6-16 77.92 2 Pill +0.32 
2.6.15.6-17 77.92 2 Pm+ Ph +0.47 

2.6-15.6-18 90 1 Pil +0.09 
2.6.15.6-19 90 1 Pi)+ Ph +0.56 
2.6.15.6-20 90 2 Pill +0.12 
2.6.15.6-21 90 2 Pil + Ph +0.59 

The margins of safety are calculated as 

MS = (stress allowable/stress intensity) - 1.  

The minimum margin of safety for the side-drop (+ 0.09) occurs for the 900 basket orientation at 

Thermal Case 2, no thermal stresses. This margin of safety is based on a primary membrane 

stress of 27.4 ksi.
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Figure 2.6.15.6-1 Support Disk Side-Drop Orientations 
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Figure 2.6.15.6-2 Locations of the Sections Used to Obtain Linearized Stresses for the 

Support Disk for the 1st Quadrant (X>0, Y>0)
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Figure 2.6.15.6-3 Locations of the Sections Used to Obtain Linearized Stresses for the 

Support Disk for the 2nd Quadrant (X<O, Y<0)
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Figure 2.6.15.6-4 Locations of the Sections Used to Obtain Linearized Stresses for the 

Support Disk for the 3rd Quadrant (X<0, Y<O)
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Figure 2.6.15.6-5 Locations of the Sections Used to Obtain Linearized Stresses for the 

Support Disk for the 4th Quadrant (X>0, Y<0)
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Figure 2.6.15.6-6 Locations of Maximum Linearized Stress Intensities - 0' Drop Orientation 
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Figure 2.6.15.6-7 Locations of Maximum Linearized Stress Intensities - 31.82' Drop 

Orientation 
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Figure 2.6.15.6-8 Locations of Maximum Linearized Stress Intensities - 49.460 Drop 

Orientation 
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Figure 2.6.15.6-9 Locations of Maximum Linearized Stress Intensities - 77.92' Drop 

Orientation 
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Figure 2.6.15.6-10 Locations of Maximum Linearized Stress Intensities - 90' Drop 

Orientation 
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Table 2.6.15.6-1 Listing of Cross-Sections for Stress Evaluation of Support Disk

Section & Point Point Node Node X Y X Y 

Line # 1 2 1 2 1 1 2 2

2.6-327

1 1 2 4724 4725 32.74 0.33 30.85 0.33 

2 3 4 4726 4727 32.74 -0.33 30.85 -0.33 

3 5 6 4728 4729 -32.74 0.33 -30.85 0.33 

4 7 8 4730 4731 -32.74 -0.33 -30.85 -0.33 

5 9 10 4732 4733 32.07 6.6 30.85 6.6 

6 11 12 4734 4735 32.07 -6.6 30.85 -6.6 

7 13 14 4736 4737 -32.07 6.6 -30.85 6.6 

8 15 16 4738 4739 -32.07 -6.6 -30.85 -6.6 

9 17 18 4740 4741 25.57 20.46 23.89 20.46 

10 19 20 4742 4743 25.57 -20.46 23.89 -20.46 

11 21 22 4744 4745 -25.57 20.46 -23.89 20.46 

12 23 24 4746 4747 -25.57 -20.46 -23.89 -20.46 

13 25 26 4748 4749 17 27.99 17 27.39 

14 27 28 4750 4751 -17 27.99 -17 27.39 

15 29 30 4752 4753 -17 -27.99 -17 -27.39 

16 31 32 4754 4755 17 -27.99 17 -27.39 

17 33 34 4756 4757 0 0.33 0 -0.33 

18 35 36 4758 4759 3.14 0.33 3.14 -0.33 

19 37 38 4760 4761 3.79 0.33 3.79 -0.33 

20 39 40 4762 4763 6.93 0.33 6.93 -0.33 

21 41 42 4764 4765 10.07 0.33 10.07 -0.33 

22 43 44 4766 4767 10.72 0.33 10.72 -0.33 

23 45 46 4768 4769 13.86 0.33 13.86 -0.33 

24 47 48 4770 4771 17 0.33 17 -0.33 

25 49 50 4772 4773 17.65 0.33 17.65 -0.33 

26 51 52 4774 4775 20.78 0.33 20.78 -0.33 

27 53 54 4776 4777 23.92 0.33 23.92 -0.33 

28 55 56 4778 4779 24.57 0.33 24.57 -0.33 

29 57 58 4780 4781 27.71 0.33 27.71 -0.33 

30 59 60 4782 4783 30.85 0.33 30.85 -0.33 

31 61 62 4784 4785 -3.14 0.33 -3.14 -0.33 

32 63 64 4786 4787 -3.79 0.33 -3.79 -0.33 

33 65 66 4788 4789 -6.93 0.33 -6.93 -0.33 

34 67 68 4790 4791 -10.07 0.33 -10.07 -0.33 

35 69 70 4792 4793 -10.72 0.33 -10.72 -0.33 

36 71 72 4794 4795 -13.86 0.33 -13.86 -0.33 

37 73 74 4796 4797 -17 0.33 -17 -0.33 

38 75 76 4798 4799 -17.65 0.33 -17.65 -0.33 

39 77 78 4800 4801 -20.78 0.33 -20.78 -0.33
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Table 2.6.15.6-1 Listing of Cross-Sections for Stress Evaluation of Support 
Disk (Continued)

Section & Point Point Node Node x y x y 
Line # 1 2 1 2 1 1 2 2

40 79 80 4802 4803 -23.92 0.33 -23.92 -0.33 
41 81 82 4804 4805 -24.57 0.33 -24.57 -0.33 
42 83 84 4806 4807 -27.71 0.33 -27.71 -0.33 
43 85 86 4808 4809 -30.85 0.33 -30.85 -0.33 
44 87 88 4810 4811 0 7.25 0 6.6 
45 89 90 4812 4813 3.14 7.25 3.14 6.6 
46 91 92 4814 4815 3.79 7.25 3.79 6.6 
47 93 94 4816 4817 6.93 7.25 6.93 6.6 
48 95 96 4818 4819 10.07 7.25 10.07 6.6 
49 97 98 4820 4821 10.72 7.25 10.72 6.6 
50 99 100 4822 4823 13.86 7.25 13.86 6.6 
51 101 102 4824 4825 17 7.25 17 6.6 
52 103 104 4826 4827 17.65 7.25 17.65 6.6 
53 105 106 4828 4829 20.78 7.25 20.78 6.6 
54 107 108 4830 4831 23.92 7.25 23.92 6.6 
55 109 110 4832 4833 0 13.53 0 14.18 
56 111 112 4834 4835 3.14 13.53 3.14 14.18 
57 113 114 4836 4837 3.79 13.53 3.79 14.18 
58 115 116 4838 4839 6.93 13.53 6.93 14.18 
59 117 118 4840 4841 10.07 13.53 10.07 14.18 
60 119 120 4842 4843 10.72 13.53 10.72 14.18 
61 121 122 4844 4845 13.86 13.53 13.86 14.18 
62 123 124 4846 4847 17 13.53 17 14.18 
63 125 126 4848 4849 17.65 13.53 17.65 14.18 
64 127 128 4850 4851 20.78 13.53 20.78 14.18 
65 129 130 4852 4853 23.92 13.53 23.92 14.18 
66 131 132 4854 4855 0 21.11 0 20.46 
67 133 134 4856 4857 3.14 21.11 3.14 20.46 
68 135 136 4858 4859 3.79 21.11 3.79 20.46 
69 137 138 4860 4861 6.93 21.11 6.93 20.46 
70 139 140 4862 4863 10.07 21.11 10.07 20.46 
71 141 142 4864 4865 10.72 21.11 10.72 20.46 
72 143 144 4866 4867 13.86 21.11 13.86 20.46 
73 145 146 4868 4869 17 21.11 17 20.46 
74 147 148 4870 4871 3.14 0.33 3.79 0.33 
75 149 150 4872 4873 10.07 0.33 10.72 0.33 
76 151 152 4874 4875 17 0.33 17.65 0.33 
77 153 154 4876 4877 23.92 0.33 24.57 0.33
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Docket No. 71-9270 Revision UMST-01D 

Table 2.6.15.6-1 Listing of Cross-Sections for Stress Evaluation of Support 
Disk (Continued)

Section & Point Point Node Node X Y X Y 

Line # 1 2 1 2 1 1 2 2

2.6-329

78 155 156 4878 4879 3.14 3.46 3.79 3.46 

79 157 158 4880 4881 10.07 3.46 10.72 3.46 

80 159 160 4882 4883 17 3.46 17.65 3.46 

81 161 162 4884 4885 23.92 3.46 24.57 3.46 

82 163 164 4886 4887 3.14 6.6 3.79 6.6 

83 165 166 4888 4889 10.07 6.6 10.72 6.6 

84 167 168 4890 4891 17 6.6 17.65 6.6 

85 169 170 4892 4893 23.92 6.6 24.57 6.6 

86 171 172 4894 4895 3.14 7.25 3.79 7.25 

87 173 174 4896 4897 10.07 7.25 10.72 7.25 

88 175 176 4898 4899 17 7.25 17.65 7.25 

89 177 178 4900 4901 3.14 10.39 3.79 10.39 

90 179 180 4902 4903 10.07 10.39 10.72 10.39 

91 181 182 4904 4905 17 10.39 17.65 10.39 

92 183 184 4906 4907 3.14 13.53 3.79 13.53 

93 185 186 4908 4909 10.07 13.53 10.72 13.53 

94 187 188 4910 4911 17 13.53 17.65 13.53 

95 189 190 4912 4913 3.14 14.18 3.79 14.18 

96 191 192 4914 4915 10.07 14.18 10.72 14.18 

97 193 194 4916 4917 17 14.18 17.65 14.18 

98 195 196 4918 4919 3.14 17.32 3.79 17.32 

99 197 198 4920 4921 10.07 17.32 10.72 17.32 

100 199 200 4922 4923 17 17.32 17.65 17.32 

101 201 202 4924 4925 3.14 20.46 3.79 20.46 

102 203 204 4926 4927 10.07 20.46 10.72 20.46 

103 205 206 4928 4929 17 20.46 17.65 20.46 

104 207 208 4930 4931 3.14 21.11 3.79 21.11 

105 209 210 4932 4933 10.07 21.11 10.72 21.11 

106 211 212 4934 4935 3.14 24.25 3.79 24.25 

107 213 214 4936 4937 10.07 24.25 10.72 24.25 

108 215 216 4938 4939 3.14 27.39 3.79 27.39 

109 217 218 4940 4941 10.07 27.39 10.72 27.39 

110 219 220 4942 4943 -3.14 7.25 -3.14 6.6 

111 221 222 4944 4945 -3.79 7.25 -3.79 6.6 

112 223 224 4946 4947 -6.93 7.25 -6.93 6.6 
113 225 226 4948 4949 -10.07 7.25 -10.07 6.6 

114 227 228 4950 4951 -10.72 7.25 -10.72 6.6 

115 229 230 4952 4953 -13.86 7.25 -13.86 6.6



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

November 2001 
Revision UMST-OID

Table 2.6.15.6-1

Section & Point Poin 
Line # 1 2 

116 231 232 
117 233 234 
118 235 236 
119 237 238 
120 239 240 
121 241 242 
122 243 244 
123 245 246 
124 247 248 
125 249 250 
126 251 252 
127 253 254 
128 255 256 
129 257 258 
130 259 260 
131 261 262 
132 263 264 
133 265 266 
134 267 268 
135 269 270 
136 271 272 
137 273 274 
138 275 276 
139 277 278 
140 279 280 
141 281 282 
142 283 284 
143 285 286 
144 287 288 
145 289 290 
146 291 292 
147 293 294 
148 295 296 
149 297 298 
150 299 300 
151 301 302 
152 303 304 
153 305 306

Listing of Cross-Sections for Stress Evaluation of Support 
Disk (Continued)

t Node Node X Y X Y 
1 2 1 1 2 2

2.6-330

4954 4955 -17 7.25 -17 6.6 
4956 4957 -17.65 7.25 -17.65 6.6 
4958 4959 -20.78 7.25 -20.78 6.6 
4960 4961 -23.92 7.25 -23.92 6.6 
4962 4963 -3.14 13.53 -3.14 14.18 
4964 4965 -3.79 13.53 -3.79 14.18 
4966 4967 -6.93 13.53 -6.93 14.18 
4968 4969 -10.07 13.53 -10.07 14.18 
4970 4971 -10.72 13.53 -10.72 14.18 
4972 4973 -13.86 13.53 -13.86 14.18 
4974 4975 -17 13.53 -17 14.18 
4976 4977 -17.65 13.53 -17.65 14.18 
4978 4979 -20.78 13.53 -20.78 14.18 
4980 4981 -23.92 13.53 -23.92 14.18 
4982 4983 -3.14 21.11 -3.14 20.46 
4984 4985 -3.79 21.11 -3.79 20.46 
4986 4987 -6.93 21.11 -6.93 20.46 
4988 4989 -10.07 21.11 -10.07 20.46 
4990 4991 -10.72 21.11 -10.72 20.46 
4992 4993 -13.86 21.11 -13.86 20.46 
4994 4995 -17 21.11 -17 20.46 
4996 4997 -3.14 0.33 -3.79 0.33 
4998 4999 -10.07 0.33 -10.72 0.33 
5000 5001 -17 0.33 -17.65 0.33 
5002 5003 -23.92 0.33 -24.57 0.33 
5004 5005 -3.14 3.46 -3.79 3.46 
5006 5007 -10.07 3.46 -10.72 3.46 
5008 5009 -17 3.46 -17.65 3.46 
5010 5011 -23.92 3.46 -24.57 3.46 
5012 5013 -3.14 6.6 -3.79 6.6 
5014 5015 -10.07 6.6 -10.72 6.6 
5016 5017 -17 6.6 -17.65 6.6 
5018 5019 -23.92 6.6 -24.57 6.6 
5020 5021 -3.14 7.25 -3.79 7.25 
5022 5023 -10.07 7.25 -10.72 7.25 
5024 5025 -17 7.25 -17.65 7.25 
5026 5027 -3.14 10.39 -3.79 10.39 
5028 5029 -10.07 10.39 -10.72 10.39
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Docket No. 71-9270 Revision UMST-OD 

Table 2.6.15.6-1 Listing of Cross-Sections for Stress Evaluation of Support 
Disk (Continued)

Section & Point Point Node Node X Y X Y 
Line # 1 2 1 2 1 1 2 2

2.6-331

154 307 308 5030 5031 -17 10.39 -17.65 10.39 

155 309 310 5032 5033 -3.14 13.53 -3.79 13.53 

156 311 312 5034 5035 -10.07 13.53 -10.72 13.53 

157 313 314 5036 5037 -17 13.53 -17.65 13.53 

158 315 316 5038 5039 -3.14 14.18 -3.79 14.18 

159 317 318 5040 5041 -10.07 14.18 -10.72 14.18 

160 319 320 5042 5043 -17 14.18 -17.65 14.18 
161 321 322 5044 5045 -3.14 17.32 -3.79 17.32 

162 323 324 5046 5047 -10.07 17.32 -10.72 17.32 

163 325 326 5048 5049 -17 17.32 -17.65 17.32 

164 327 328 5050 5051 -3.14 20.46 -3.79 20.46 
165 329 330 5052 5053 -10.07 20.46 -10.72 20.46 

166 331 332 5054 5055 -17 20.46 -17.65 20.46 

167 333 334 5056 5057 -3.14 21.11 -3.79 21.11 
168 335 336 5058 5059 -10.07 21.11 -10.72 21.11 

169 337 338 5060 5061 -3.14 24.25 -3.79 24.25 
170 339 340 5062 5063 -10.07 24.25 -10.72 24.25 
171 341 342 5064 5065 -3.14 27.39 -3.79 27.39 
172 343 344 5066 5067 -10.07 27.39 -10.72 27.39 

173 345 346 5068 5069 -3.14 -7.25 -3.14 -6.6 
174 347 348 5070 5071 -3.79 -7.25 -3.79 -6.6 

175 349 350 5072 5073 -6.93 -7.25 -6.93 -6.6 

176 351 352 5074 5075 -10.07 -7.25 -10.07 -6.6 
177 353 354 5076 5077 -10.72 -7.25 -10.72 -6.6 
178 355 356 5078 5079 -13.86 -7.25 -13.86 -6.6 
179 357 358 5080 5081 -17 -7.25 -17 -6.6 
180 359 360 5082 5083 -17.65 -7.25 -17.65 -6.6 
181 361 362 5084 5085 -20.78 -7.25 -20.78 -6.6 
182 363 364 5086 5087 -23.92 -7.25 -23.92 -6.6 
183 365 366 5088 5089 -3.14 -13.53 -3.14 -14.18 

184 367 368 5090 5091 -3.79 -13.53 -3.79 -14.18 
185 369 370 5092 5093 -6.93 -13.53 -6.93 -14.18 
186 371 372 5094 5095 -10.07 -13.53 -10.07 -14.18 

187 373 374 5096 5097 -10.72 -13.53 -10.72 -14.18 

188 375 376 5098 5099 -13.86 -13.53 -13.86 -14.18 
189 377 378 5100 5101 -17 -13.53 -17 -14.18 
190 379 380 5102 5103 -17.65 -13.53 -17.65 -14.18 
191 381 382 5104 5105 -20.78 -13.53 -20.78 -14.18



Docket No. 71-9270 Revision UMST-01D 

Table 2.6.15.6-1 Listing of Cross-Sections for Stress Evaluation of Support 
Disk (Continued)

Section & Point Point Node Node X Y X Y 
Line # 1 2 1 2 1 1 2 2

192 383 384 5106 5107 -23.92 -13.53 -23.92 -14.18 
193 385 386 5108 5109 -3.14 -21.11 -3.14 -20.46 
194 387 388 5110 5111 -3.79 -21.11 -3.79 -20.46 
195 389 390 5112 5113 -6.93 -21.11 -6.93 -20.46 
196 391 392 5114 5115 -10.07 -21.11 -10.07 -20.46 
197 393 394 5116 5117 -10.72 -21.11 -10.72 -20.46 
198 395 396 5118 5119 -13.86 -21.11 -13.86 -20.46 
199 397 398 5120 5121 -17 -21.11 -17 -20.46 
200 399 400 5122 5123 -3.14 -0.33 -3.79 -0.33 
201 401 402 5124 5125 -10.07 -0.33 -10.72 -0.33 
202 403 404 5126 5127 -17 -0.33 -17.65 -0.33 
203 405 406 5128 5129 -23.92 -0.33 -24.57 -0.33 
204 407 408 5130 5131 -3.14 -3.46 -3.79 -3.46 
205 409 410 5132 5133 -10.07 -3.46 -10.72 -3.46 
206 411 412 5134 5135 -17 -3.46 -17.65 -3.46 
207 413 414 5136 5137 -23.92 -3.46 -24.57 -3.46 
208 415 416 5138 5139 -3.14 -6.6 -3.79 -6.6 
209 417 418 5140 5141 -10.07 -6.6 -10.72 -6.6 
210 419 420 5142 5143 -17 -6.6 -17.65 -6.6 
211 421 422 5144 5145 -23.92 -6.6 -24.57 -6.6 
212 423 424 5146 5147 -3.14 -7.25 -3.79 -7.25 
213 425 426 5148 5149 -10.07 -7.25 -10.72 -7.25 
214 427 428 5150 5151 -17 -7.25 -17.65 -7.25 
215 429 430 5152 5153 -3.14 -10.39 -3.79 -10.39 
216 431 432 5154 5155 -10.07 -10.39 -10.72 -10.39 
217 433 434 5156 5157 -17 -10.39 -17.65 -10.39 
218 435 436 5158 5159 -3.14 -13.53 -3.79 -13.53 
219 437 438 5160 5161 -10.07 -13.53 -10.72 -13.53 
220 439 440 5162 5163 -17 -13.53 -17.65 -13.53 
221 441 442 5164 5165 -3.14 -14.18 -3.79 -14.18 
222 443 444 5166 5167 -10.07 -14.18 -10.72 -14.18 
223 445 446 5168 5169 -17 -14.18 -17.65 -14.18 
224 447 448 5170 5171 -3.14 -17.32 -3.79 -17.32 
225 449 450 5172 5173 -10.07 -17.32 -10.72 -17.32 
226 451 452 5174 5175 -17 -17.32 -17.65 -17.32 
227 453 454 5176 5177 -3.14 -20.46 -3.79 -20.46 
228 455 456 5178 5179 -10.07 -20.46 -10.72 -20.46 
229 457 458 5180 5181 -17 -20.46 -17.65 -20.46

2.6-332

SAR - UMS®0 Universal Transport Cask November 2001



Docket No. 71-9270 Revision UMST-01D 

Table 2.6.15.6-1 Listing of Cross-Sections for Stress Evaluation of Support 
Disk (Continued)

Section & Point Point Node Node X Y X Y 
Line # 1 2 1 2 1 1 2 2

2.6-333

230 459 460 5182 5183 -3.14 -21.11 -3.79 -21.11 

231 461 462 5184 5185 -10.07 -21.11 -10.72 -21.11 

232 463 464 5186 5187 -3.14 -24.25 -3.79 -24.25 

233 465 466 5188 5189 -10.07 -24.25 -10.72 -24.25 

234 467 468 5190 5191 -3.14 -27.39 -3.79 -27.39 

235 469 470 5192 5193 -10.07 -27.39 -10.72 -27.39 

236 471 472 5194 5195 0 -7.25 0 -6.6 

237 473 474 5196 5197 3.14 -7.25 3.14 -6.6 

238 475 476 5198 5199 3.79 -7.25 3.79 -6.6 

239 477 478 5200 5201 6.93 -7.25 6.93 -6.6 

240 479 480 5202 5203 10.07 -7.25 10.07 -6.6 

241 481 482 5204 5205 10.72 -7.25 10.72 -6.6 

242 483 484 5206 5207 13.86 -7.25 13.86 -6.6 
243 485 486 5208 5209 17 -7.25 17 -6.6 
244 487 488 5210 5211 17.65 -7.25 17.65 -6.6 

245 489 490 5212 5213 20.78 -7.25 20.78 -6.6 
246 491 492 5214 5215 23.92 -7.25 23.92 -6.6 
247 493 494 5216 5217 0 -13.53 0 -14.18 
248 495 496 5218 5219 3.14 -13.53 3.14 -14.18 

249 497 498 5220 5221 3.79 -13.53 3.79 -14.18 
250 499 500 5222 5223 6.93 -13.53 6.93 -14.18 
251 501 502 5224 5225 10.07 -13.53 10.07 -14.18 
252 503 504 5226 5227 10.72 -13.53 10.72 -14.18 
253 505 506 5228 5229 13.86 -13.53 13.86 -14.18 
254 507 508 5230 5231 17 -13.53 17 -14.18 
255 509 510 5232 5233 17.65 -13.53 17.65 -14.18 
256 511 512 5234 5235 20.78 -13.53 20.78 -14.18 
257 513 514 5236 5237 23.92 -13.53 23.92 -14.18 
258 515 516 5238 5239 0 -21.11 0 -20.46 
259 517 518 5240 5241 3.14 -21.11 3.14 -20.46 
260 519 520 5242 5243 3.79 -21.11 3.79 -20.46 
261 521 522 5244 5245 6.93 -21.11 6.93 -20.46 
262 523 524 5246 5247 10.07 -21.11 10.07 -20.46 
263 525 526 5248 5249 10.72 -21.11 10.72 -20.46 
264 527 528 5250 5251 13.86 -21.11 13.86 -20.46 
265 529 530 5252 5253 17 -21.11 17 -20.46 

266 531 532 5254 5255 3.14 -0.33 3.79 -0.33 
267 533 534 5256 5257 10.07 -0.33 10.72 -0.33
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Table 2.6.15.6-1 Listing of Cross-Sections for Stress Evaluation of Support 
Disk (Continued)

Section & Point Point Node Node X Y X Y 
Line # 1 2 1 2 1 1 2 2

2.6-334

268 535 536 5258 5259 17 -0.33 17.65 -0.33 
269 537 538 5260 5261 23.92 -0.33 24.57 -0.33 
270 539 540 5262 5263 3.14 -3.46 3.79 -3.46 
271 541 542 5264 5265 10.07 -3.46 10.72 -3.46 
272 543 544 5266 5267 17 -3.46 17.65 -3.46 
273 545 546 5268 5269 23.92 -3.46 24.57 -3.46 
274 547 548 5270 5271 3.14 -6.6 3.79 -6.6 
275 549 550 5272 5273 10.07 -6.6 10.72 -6.6 
276 551 552 5274 5275 17 -6.6 17.65 -6.6 
277 553 554 5276 5277 23.92 -6.6 24.57 -6.6 
278 555 556 5278 5279 3.14 -7.25 3.79 -7.25 
279 557 558 5280 5281 10.07 -7.25 10.72 -7.25 
280 559 560 5282 5283 17 -7.25 17.65 -7.25 
281 561 562 5284 5285 3.14 -10.39 3.79 -10.39 
282 563 564 5286 5287 10.07 -10.39 10.72 -10.39 
283 565 566 5288 5289 17 -10.39 17.65 -10.39 
284 567 568 5290 5291 3.14 -13.53 3.79 -13.53 
285 569 570 5292 5293 10.07 -13.53 10.72 -13.53 
286 571 572 5294 5295 17 -13.53 17.65 -13.53 
287 573 574 5296 5297 3.14 -14.18 3.79 -14.18 
288 575 576 5298 5299 10.07 -14.18 10.72 -14.18 
289 577 578 5300 5301 17 -14.18 17.65 -14.18 
290 579 580 5302 5303 3.14 -17.32 3.79 -17.32 
291 581 582 5304 5305 10.07 -17.32 10.72 -17.32 
292 583 584 5306 5307 17 -17.32 17.65 -17.32 
293 585 586 5308 5309 3.14 -20.46 3.79 -20.46 
294 587 588 5310 5311 10.07 -20.46 10.72 -20.46 
295 589 590 5312 5313 17 -20.46 17.65 -20.46 
296 591 592 5314 5315 3.14 -21.11 3.79 -21.11 
297 593 594 5316 5317 10.07 -21.11 10.72 -21.11 
298 595 596 5318 5319 3.14 -24.25 3.79 -24.25 
299 597 598 5320 5321 10.07 -24.25 10.72 -24.25 
300 599 600 5322 5323 3.14 -27.39 3.79 -27.39 
301 601 602 5324 5325 10.07 -27.39 10.72 -27.39
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Table 2.6.15.6-2 Pm Stresses for Support Disk-i-Foot Side-Drop, 0' Orientation, Thermal 

Case 1 

Pm Stresses (ksi) 

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

300 10.6 -10.0 -.9 20.7 30.0 .45 

234 8.8 -9.8 1.8 18.9 30.0 .58 

293 6.9 -11.4 .1 18.3 30.0 .64 

227 6.5 -11.0 .0 17.5 30.0 .72 

298 -. 1 416.8 .2 16.8 30.0 .78 

232 -. 1 -16.2 -.3 16.2 30.0 .85 

290 -. 1 -14.9 .1 14.9 30.0 1.02 

284 4.7 -10.0 -. 1 14.7 30.0 1.04 

224 -.1 -14.3 -. 1 14.3 30.0 1.09 

218 4.5 -9.6 .3 14.1 30.0 1.13 

294 6.1 -7.7 .0 13.9 30.0 1.16 

260 4.6 -8.0 -2.0 13.3 30.0 1.25 

296 -1.6 -13.3 -.4 13.3 30.0 1.26 

194 4.5 -8.0 2.1 13.2 30.0 1.27 

281 -. 1 -13.1 .1 13.1 30.0 1.29 

228 5.7 -7.2 .1 13.0 30.0 1.31 

301 3.7 -7.6 -3.2 13.0 30.0 1.31 

230 -1.3 -12.7 .7 12.8 30.0 1.35 

235 2.9 -7.3 3.7 12.6 30.0 1.38 

215 -. 1 -12.6 -. 1 12.6 30.0 1.38

2.6-335
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Table 2.6.15.6-3

November 2001 
Revision UMST-01D

Pm + Pb Stresses for Support Disk-i -Foot Side-Drop, 00 Orientation, 

Thermal Case 1

Pm + Pb Stresses (ksi) 

Stress Allowable Margin of 
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

234 8.2 -14.4 4.6 24.5 45.0 .84 

300 10.5 -12.1 -3.7 23.8 45.0 .89 

235 1.2 -18.4 5.7 22.6 45.0 .99 

301 2.3 -17.3 -5.3 22.3 45.0 1.02 

15 -13.0 -10.6 8.0 19.9 45.0 1.26 

16 -12.5 -10.7 -7.9 19.6 45.0 1.30 

231 -8.0 -17.8 3.5 18.9 45.0 1.38 

293 8.3 -10.5 .4 18.8 45.0 1.40 

297 -7.2 -17.3 -3.5 18.4 45.0 1.45 

227 9.5 -8.7 -.3 18.2 45.0 1.48 

230 -4.7 -16.9 3.6 17.9 45.0 1.51 

"298 -.2 -17.5 .1 17.5 45.0 1.57 

232 -.3 -17.5 -.2 17.5 45.0 1.57 

260 11.4 -5.4 -.9 16.8 45.0 1.67 

194 12.5 -3.8 .9 16.5 45.0 1.73 

296 -3.3 -15.4 -3.5 16.4 45.0 1.75 

259 8.4 -7.2 .9 15.7 45.0 1.86 

197 -7.0 -14.2 3.1 15.3 45.0 1.94 

290 -. 1 -15.0 .1 15.0 45.0 2.00 

294 11.4 -3.5 -.2 14.9 45.0 2.01

2.6-336
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Table 2.6.15.6-4 Pm Stresses for Support Disk-i-Foot Side-Drop, 0' Orientation, Thermal 

Case 2 

Pm Stresses (ksi) 

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

300 10.5 -9.8 -.8 20.4 30.0 .47 

234 8.5 -9.6 1.8 18.4 30.0 .63 

293 6.8 -11.2 .1 18.1 30.0 .66 

227 6.4 -10.8 .0 17.2 30.0 .74 

298 -.1 -16.6 .1 16.6 30.0 .81 

232 -.1 -15.9 -.3 15.9 30.0 .89 

290 -.1 -14.7 .1 14.7 30.0 1.04 

284 4.7 -9.8 -.1 14.5 30.0 1.07 

224 -.1 -14.1 -.1 14.1 30.0 1.13 

294 6.2 -7.8 .0 14.0 30.0 1.15 

218 4.4 -9.4 .2 13.8 30.0 1.17 

260 4.6 -7.9 -2.0 13.2 30.0 1.28 

296 -1.6 -13.1 -.4 13.1 30.0 1.29 

301 3.8 -7.6 -3.2 13.1 30.0 1.29 

228 5.8 -7.3 .1 13.1 30.0 1.30 

194 4.5 -7.9 2.0 13.1 30.0 1.30 

281 -.1 -12.9 .1 12.9 30.0 1.33 

235 3.1 -7.3 3.6 12.7 30.0 1.37 

230 -1.2 -12.5 .7 12.6 30.0 1.39 

215 -.1 -12.4 -.1 12.4 30.0 1.43
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Table 2.6.15.6-5 Pm + Pb Stresses for Support Disk-i-Foot Side-Drop, 00 
Thermal Case 2

Orientation,

Pm + Pb Stresses (ksi) 

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

234 7.9 -14.2 4.5 23.9 45.0 .88 

300 10.4 -11.9 -3.5 23.3 45.0 .93 

235 1.4 -18.2 5.6 22.6 45.0 1.00 

301 2.4 -17.2 -5.3 22.3 45.0 1.01 

15 -13.0 -10.7 8.1 20.0 45.0 1.25 

16 -12.6 -10.8 -8.0 19.7 45.0 1.29 

231 -7.9 -17.7 3.5 18.8 45.0 1.40 

293 8.1 -10.4 .3 18.5 45.0 1.43 

297 -7.2 -17.2 -3.5 18.3 45.0 1.45 

227 9.3 -8.6 -.3 17.9 45.0 1.52 

230 -4.5 -16.6 3.5 17.6 45.0 1.56 

298 -.2 -17.3 .1 17.3 45.0 1.61 

232 -.3 -17.2 -.2 17.2 45.0 1.61 

260 11.2 -5.3 -.9 16.6 45.0 1.70 

194 12.3 -3.8 .9 16.2 45.0 1.78 

296 -3.1 -15.1 -3.5 16.1 45.0 1.80 

259 8.4 -7.1 .9 15.6 45.0 1.88 

197 -6.9 -14.1 3.1 15.2 45.0 1.96 

294 11.4 -3.6 -.2 15.0 45.0 2.00 

290 -. 1 -14.8 .1 14.8 45.0 2.04
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Table 2.6.15.6-6 Pm Stresses for Support Disk-l-Foot Side-Drop, 31.82' Orientation, 

Thermal Case 1

*1 1' I

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

295 3.6 -10.4 6.7 19.4 30.0 .54 

277 9.6 -9.2 2.0 19.3 30.0 .56 

229 -11.0 4.3 5.0 18.2 30.0 .65 

301 6.0 -6.6 6.2 17.7 30.0 .69 

300 .6 -5.5 7.7 16.6 30.0 .81 

77 7.8 -8.1 .9 16.1 30.0 .87 

235 -4.9 -2.6 7.5 15.2 30.0 .97 

234 -3.7 -4.4 7.5 15.0 30.0 1.00 

265 -4.6 5.6 5.0 14.3 30.0 1.10 

257 -.2 -2.2 6.7 13.7 30.0 1.20 

273 -. 1 -13.3 -.5 13.3 30.0 1.25 

299 -.1 -12.9 -.9 13.0 30.0 1.31 

263 -7.1 -12.6 .2 12.6 30.0 1.38 

294 -. 1 -8.4 4.7 12.5 30.0 1.40 

73 -. 1 -6.1 5.0 11.7 30.0 1.57 

291 .0 -11.3 -1.4 11.6 30.0 1.59 

76 6.2 -4.2 2.6 11.6 30.0 1.59 

103 -8.7 -.2 3.9 11.5 30.0 1.60 

292 -. 1 -11.3 -1.2 11.5 30.0 1.61 

276 4.3 -5.6 2.8 11.3 30.0 1.65

2.6-339
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Table 2.6.15.6-7 Pm + Pb Stresses for Support Disks-i-Foot Side-Drop, 31.82' 
Orientation, Thermal Case 1 

Stress Allowable Margin of 
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

295 -6.9 -35.9 7.8 37.8 45.0 .19 
294 -19.0 -34.8 6.2 37.0 45.0 .22 
293 -22.7 -33.6 5.7 36.1 45.0 .25 
267 -25.7 -31.9 5.9 35.4 45.0 .27 
266 -25.7 -31.8 5.2 34.8 45.0 .29 
288 -26.3 -31.0 5.2 34.4 45.0 .31 
274 -23.3 -32.2 4.0 33.7 45.0 .34 
251 -28.9 -27.0 5.3 33.4 45.0 .35 
275 -20.4 -32.0 3.8 33.1 45.0 .36 
227 -23.4 -30.3 5.2 33.0 45.0 .36 
287 -26.0 -30.2 4.3 32.9 45.0 .37 
260 -24.9 -28.7 5.0 32.1 45.0 .40 
284 -23.3 -30.4 3.7 31.9 45.0 .41 
248 -28.2 -26.8 4.3 31.9 45.0 .41 
74 -22.8 -30.0 3.9 31.7 45.0 .42 

200 -24.7 -28.8 4.4 31.6 45.0 .42 
254 -27.2 -23.3 6.0 31.5 45.0 .43 
301 2.1 -24.1 8.7 31.5 45.0 .43 
268 -24.2 -25.7 6.3 31.3 45.0 .44 
289 -24.1 -26.8 5.7 31.3 45.0 .44

2.6-340
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Table 2.6.15.6-8 Pm Stresses for Support Disk-i-Foot Side-Drop, 31.820 Orientation, 

Thermal Case 2 

Stress Intensity Allowable Margin of 

Section Sx Sy Sxy (ksi) Stress (ksi) Safety 

277 9.3 -8.9 2.2 18.7 30.0 .60 

295 3.5 -9.8 6.5 18.6 30.0 .61 

229 -10.8 4.1 4.9 17.8 30.0 .69 

301 6.1 -6.5 5.9 17.2 30.0 .74 

300 1.4 -5.5 7.6 16.6 30.0 .81 

77 7.6 -7.8 1.0 15.6 30.0 .93 

235 -4.8 -2.8 7.5 15.1 30.0 .98 

234 -3.3 -4.6 7.4 14.9 30.0 1.01 

265 -4.3 5.5 4.7 13.6 30.0 1.20 

257 -.3 -1.4 6.7 13.4 30.0 1.24 

273 -.1 -12.9 -.5 12.9 30.0 1.33 

299 -.1 -12.7 -.9 12.7 30.0 1.36 

294 .1 -8.2 4.5 12.3 30.0 1.44 

263 -6.6 -12.2 .1 12.2 30.0 1.46 

103 -8.4 -.1 3.9 11.5 30.0 1.62 

73 -.2 -6.0 4.9 11.3 30.0 1.65 

291 .0 -11.0 -1.3 11.3 30.0 1.66 

269 -8.9 -10.2 1.4 11.1 30.0 1.70 

76 5.8 -3.9 2.5 10.9 30.0 1.76 

292 -.1 -10.6 -1.1 10.8 30.0 1.78

2.6-341
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Pm + Pb Stresses for Support Disk-i-Foot Side-Drop, 31.820 Orientation, 
Thermal Case 2

Stress Intensity Allowable Margin of 
Section Sx Sy Sxy (ksi) Stress (ksi) Safety 

295 -6.6 -34.3 7.5 36.2 45.0 .24 
294 -17.9 -33.5 5.9 35.5 45.0 .27 
293 -21.6 -32.6 5.4 34.9 45.0 .29 
267 -24.9 -30.9 5.7 34.3 45.0 .31 
266 -24.4 -30.5 5.0 33.3 45.0 .35 
288 -25.3 -29.6 5.0 32.9 45.0 .37 
274 -22.4 -31.3 3.9 32.8 45.0 .37 
275 -19.9 -31.3 3.8 32.5 45.0 .39 
227 -22.5 -29.7 5.0 32.2 45.0 .40 
251 -27.9 -25.8 5.2 32.1 45.0 .40 
287 -25.2 -29.2 4.2 31.9 45.0 .41 
248 -27.4 -25.9 4.3 31.0 45.0 .45 
234 -8.1 -27.2 9.4 31.0 45.0 .45 
284 -22.3 -29.5 3.6 31..0 45.0 .45 
260 -23.5 -27.8 4.7 30.8 45.0 .46 
268 -23.7 -25.1 6.1 30.6 45.0 .47 
200 -23.8 -27.7 4.3 30.5 45.0 .48 

74 -21.7 -28.8 3.7 30.4 45.0 .48 
301 2.3 -23.2 8.3 30.4 45.0 .48 
208 -22.8 -28.7 3.5 30.4 45.0 .48
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Table 2.6.15.6-10 Pm Stresses for Support Disk-i-Foot Side-Drop, 49.460 Orientation, 

Thermal Case 1 

Stress Intensity Allowable Margin of 

Section Sx Sy Sxy (ksi) Stress (ksi) Safety 

277 9.4 -10.8 4.7 22.2 30.0 .35 

265 -8.4 9.4 5.3 20.7 30.0 .45 

77 9.1 -9.4 1.6 18.8 30.0 .59 

257 -3.7 2.9 8.6 18.4 30.0 .63 

295 .8 -7.4 7.4 16.9 30.0 .78 

246 -7.5 .2 7.5 16.8 30.0 .79 

229 -8.3 3.3 5.5 16.1 30.0 .87 

54 -.2 -9.4 6.4 15.7 30.0 .91 

273 -.1 -15.2 -1.1 15.3 30.0 .97 

262 -8.6 5.7 2.3 15.0 30.0 1.00 

269 -11.6 -12.1 3.0 14.8 30.0 1.03 

264 -14.3 -. 1 -1.0 14.4 30.0 1.09 

103 -7.2 1.8 5.2 13.8 30.0 1.18 

243 -7.0 3.7 4.3 13.7 30.0 1.19 

85 -12.1 -9.7 2.3 13.5 30.0 1.22 

73 1.2 -7.8 5.1 13.5 30.0 1.22 

259 -7.0 5.6 2.1 13.2 30.0 1.27 

65 -3.3 -4.1 6.3 12.7 30.0 1.37 

211 -7.9 2.2 3.8 12.6 30.0 1.39 

81 -. 1 -12.4 -.7 12.5 30.0 1.41
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Table 2.6.15.6-11 Pm + Pb Stresses for Support Disk-i-Foot Side-Drop, 49.460 Orientation, 

Thermal Case I 

Stress Intensity Allowable Margin of 
Section Sx Sy Sxy (ksi) Stress (ksi) Safety 

275 -30.2 -36.7 6.3 40.6 45.0 .11 
268 -31.7 -32.7 7.2 39.4 45.0 .14 
241 -33.4 -33.1 5.8 39.0 45.0 .15 
274 -29.8 -35.1 6.0 39.0 45.0 .16 

267 -30.3 -34.9 5.8 38.8 45.0 .16 

295 -10.8 -36.1 8.4 38.6 45.0 .17 
238 -32.7 -32.0 5.5 37.9 45.0 .19 
246 -35.4 -11.8 7.9 37.7 45.0 .19 
243 -36.6 -20.6 4.4 37.7 45.0 .19 
276 -25.6 -34.8 5.7 37.6 45.0 .20 
269 -26.3 -30.2 9.1 37.5 45.0 .20 

24 -35.6 -28.0 4.3 37.5 45.0 .20 

266 -29.1 -33.1 5.1 36.6 45.0 .23 
208 -28.0 -32.8 5.4 36.3 45.0 .24 

173 -30.4 -30.2 5.0 35.3 45.0 .28 
254 -32.9 -21.8 5.6 35.3 45.0 .28 

27 -30.6 -23.5 7.3 35.2 45.0 .28 
294 -23.0 -30.8 7.2 35.1 45.0 .28 
75 -28.2 -32.0 4.4 34.9 45.0 .29 

240 -34.1 -22.2 3.1 34.8 45.0 .29

2.6-344
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Table 2.6.15.6-12 Pm Stresses for Support Disk-i-Foot Side-Drop, 49.46' Orientation, 

Thermal Case 2 

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

277 8.5 -10.0 5.0 21.0 30.0 .43 

265 -7.8 9.0 5.1 19.6 30.0 .53 

257 -3.7 3.2 8.2 17.8 30.0 .68 

77 8.6 -8.7 1.6 17.6 30.0 .71 

246 -7.8 1.4 7.3 17.2 30.0 .74 

295 .9 -7.0 7.0 16.2 30.0 .86 

229 -8.2 3.1 5.4 15.7 30.0 .91 

54 -.2 -9.4 6.2 15.5 30.0 .93 

243 -7.4 4.3 4.1 14.2 30.0 1.11 

269 -11.1 -11.2 3.1 14.2 30.0 1.11 

273 -. 1 -14.1 -1.1 14.2 30.0 1.12 

262 -8.0 5.3 2.3 14.0 30.0 1.14 

103 -7.1 1.9 5.1 13.7 30.0 1.20 

264 -13.4 -. 1 -1.0 13.5 30.0 1.23 

85 -11.8 -8.9 2.5 13.3 30.0 1.26 

73 1.0 -7.6 4.9 13.1 30.0 1.29 

245 -12.3 .0 -1.4 12.6 30.0 1.39 

65 -3.4 -4.0 6.2 12.5 30.0 1.40 

211 -7.8 2.0 3.8 12.5 30.0 1.41 

259 -6.5 5.0 2.1 12.2 30.0 1.46

2.6-345



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

November 2001 
Revision UMST-01D

Table 2.6.15.6-13 Pm + Pb Stresses for Support Disk-i-Foot Side-Drop, 49.46' Orientation, 

Thermal Case 2 

Stress Allowable Margin of 
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

275 -29.5 -36.1 6.4 40.0 45.0 .13 

268 -31.1 -32.0 7.0 38.6 45.0 .17 
241 -32.8 -32.4 5.8 38.4 45.0 .17 
274 -28.9 -34.2 6.0 38.1 45.0 .18 

267 -29.5 -34.0 5.6 37.8 45.0 .19 
276 -25.5 -34.4 5.9 37.3 45.0 .21 
269 -26.3 -29.9 8.9 37.1 45.0 .21 
246 -35.0 -10.6 7.5 37.1 45.0 .21 
238 -31.8 -31.1 5.5 37.0 45.0 .22 
243 -35.9 -19.3 4.2 36.9 45.0 .22 

24 -34.9 -27.4 4.2 36.8 45.0 .22 
295 -10.1 -34.3 8.0 36.7 45.0 .23 
208 -27.2 -32.1 5.4 35.6 45.0 .27 
266 -27.7 -31.7 4.9 35.0 45.0 .28 

27 -30.5 -23.4 7.1 34.9 45.0 .29 
173 -29.7 -29.4 5.0 34.5 45.0 .30 
244 -28.4 -30.3 5.0 34.4 45.0 .31 

240 -33.4 -21. 1 3.0 34.1 45.0 .32 
75 -27.6 -31.1 4.3 34.0 45.0 .32 

254 -31.7 -20.7 5.3 33.9 45.0 .33
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Table 2.6.15.6-14 Pm Stresses for Support Disk-i-Foot Side-Drop, 77.92' Orientation, 

Thermal Case 1 

Stress Allowable Stress Margin of 

Section Sx Sy Sxy Intensity (ksi) (ksi) Safety 

246 -12.1 10.0 3.6 23.3 30.0 .29 

243 -11.4 8.2 1.3 19.8 30.0 .52 

245 -17.6 -.1 -.7 17.7 30.0 .70 

27 -10.1 6.9 2.2 17.5 30.0 .71 

240 -9.6 6.9 1.1 16.6 30.0 .81 

85 -7.6 5.4 4.3 15.6 30.0 .93 

242 -15.2 -.1 -.6 15.2 30.0 .97 

269 -10.1 5.0 .1 15.1 30.0 .99 

29 -14.6 -.1 -.7 14.6 30.0 1.05 

244 -14.0 -5.2 .7 14.1 30.0 1.13 

237 -7.9 6.0 1.1 14.1 30.0 1.13 

24 -8.7 4.8 1.1 13.6 30.0 1.21 

276 -7.1 3.1 4.0 12.9 30.0 1.33 

239 -12.8 -.1 -.6 12.9 30.0 1.33 

254 -8.5 4.1 1.0 12.8 30.0 1.35 

26 -12.7 -.1 -1.0 12.7 30.0 1.35 

256 -12.6 -.1 -.3 12.6 30.0 1.39 

241 -12.1 -5.7 1.0 12.2 30.0 1.45 

28 -11.9 -.9 -1.2 12.0 30.0 1.49 

280 -8.5 2.8 -1.9 12.0 30.0 1.51
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Table 2.6.15.6-15 Pm + Pb Stresses for Support Disk-l-Foot Side-Drop, 

Thermal Case 1

77.92' Orientation,

2.6-348

Stress Allowable Margin of 
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

5 -23.1 -30.6 2.0 31.1 45.0 .45 

30 -27.1 -3.4 7.8 29.5 45.0 .53 

27 -28.4 -5.8 3.3 28.9 45.0 .56 

246 -23.3 4.2 3.7 28.4 45.0 .57 

24 -26.5 -10.2 2.3 26.8 45.0 .68 

22 -25.6 -16.7 3.4 26.8 45.0 .68 

25 -25.8 -16.1 3.1 26.7 45.0 .69 

6 -8.2 -25.8 1.2 25.9 45.0 .74 
244 -23.3 -14.8 5.0 25.6 45.0 .76 

77 11.1 24.4 4.2 25.6 45.0 .76 

241 -22.6 -15.6 5.0 25.2 45.0 .79 

75 -21.2 -18.7 5.1 25.1 45.0 .79 

76 11.8 23.8 3.1 24.5 45.0 .84 
19 -23.1 -16.0 3.0 24.2 45.0 .86 

85 .5 23.5 3.3 24.0 45.0 .88 

21 -23.4 -11.0 1.7 23.7 45.0 .90 

74 -19.3 -18.0 4.6 23.3 45.0 .93 
238 -20.3 -15.3 4.6 23.1 45.0 .95 

84 11.6 21.9 3.3 22.8 45.0 .97 

275 -18.3 -16.7 5.1 22.6 45.0 .99
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Table 2.6.15.6-16 Pm Stresses for Support Disk-i-Foot Side-Drop, 77.920 Orientation, 

Thermal Case 2

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

246 -11.8 9.9 3.5 22.8 30.0 32 

243 -11.2 8.0 1.3 19.3 30.0 .55 

245 -17.2 -01 -06 17.2 30.0 .74 

27 -9.8 6.8 2.2 17.2 30.0 .75 

240 -9.4 6.6 1.0 16.1 30.0 .86 

85 -7.8 5.4 4.1 15.5 30.0 .93 

269 -10.0 5.0 .1 15.0 30.0 1.00 

242 -14.8 -. 1 -.6 14.9 30.0 1.02 

29 -14.3 -. 1 -.7 14.3 30.0 1.10 

244 -13.7 -4.9 .7 13.7 30.0 1.18 

237 -7.7 5.7 1.0 13.6 30.0 1.21 

24 -805 4.7 1.0 13.3 30.0 1.26 

254 -8.4 4.1 1.0 12.7 30.0 1.36 

276 -6.9 3.1 3.8 12.6 30.0 1.38 

239 -12.5 -. 1 -.6 12.6 30.0 1.39 

256 -12.5 -. 1 -.3 12.5 30.0 1.40 

26 -12.4 -. 1 -1.0 12.4 30.0 1.41 

5 -7.7 -3.7 5.7 12.0 30.0 1.50 

241 -11.8 -5.4 1.0 11.9 30.0 1.51 

257 -7.1 4.1 2.0 11.9 30.0 1.53
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Table 2.6.15.6-17 Pm + Pb Stresses for Support Disk-I-Foot Side-Drop, 77.92' Orientation, 

Thermal Case 2

2.6-350

Stress Intensity Allowable Margin of 
Section Sx Sy Sxy (ksi) Stress (ksi) Safety 

5 -23.0 -29.9 2.2 30.5 45.0 .47 
30 -26.2 -3.6 7.5 28.4 45.0 .58 
27 -27.9 -5.6 3.3 28.4 45.0 .59 

246 -22.9 4.1 3.7 27.9 45.0 .61 
24 -25.8 -9.9 2.2 26.1 45.0 .72 
22 -24.8 -16.1 3.3 25.9 45.0 .73 

25 -25.1 -15.6 3.0 25.9 45.0 .74 
6 -8.1 -25.6 1.2 25.7 45.0 .75 

244 -22.8 -14.4 4.8 25.0 45.0 .80 
77 10.9 23.8 4.1 25.0 45.0 .80 

241 -22.0 -15.1 4.9 24.5 45.0 .84 
75 -20.5 -17.9 4.9 24.3 45.0 .85 
76 11.5 23.1 3.0 23.9 45.0 .89 
85 .0 22.8 3.1 23.6 45.0 .91 
19 -22.1 -15.1 2.9 23.1 45.0 .94 
21 -22.6 -10.6 1.6 22.8 45.0 .97 

238 -19.7 -14.7 4.4 22.3 45.0 1.02 
74 -18.4 -17.0 4.4 22.2 45.0 1.03 

243 -22.1 -1.8 1.2 22.2 45.0 1.03 
84 11.1 21.2 3.1 22.1 45.0 1.04
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Table 2.6.15.6-18 Pm Stresses for Support Disk-i-Foot Side-Drop, 900 

Thermal Case 1

Orientation,

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

27 -13.3 14.2 .0 27.4 30.0 .09 

77 -8.3 13.5 3.1 22.7 30.0 .32 

269 -8.3 13.5 -3.1 22.7 30.0 .32 

85 -6.5 12.7 1.2 19.4 30.0 .55 

277 -6.5 12.7 -1.2 19.4 30.0 .55 

29 -19.3 -. 1 .0 19.3 3.0 .55 

24 -11.3 7.3 .0 18.5 30.0 .62 

273 .1 17.4 .4 17.4 30.0 .73 

81 .1 17.4 -.4 17.4 30.0 .73 

28 -16.0 .9 .0 16.9 30.0 .77 

26 -16.0 -.2 .0 16.6 30.0 .81 

6 -11.0 -10.3 -5.9 16.5 30.0 .81 

5 -11.0 -10.3 5.9 16.5 30.0 .81 

21 -9.6 5.2 .0 14.8 30.0 1.03 

23 -14.3 -. 1 .0 14.3 30.0 1.09 

246 -7.5 6.5 -.2 14.1 30.0 1.13 

54 -7.5 6.5 .2 14.1 30.0 1.13 

25 -13.5 -3.1 .0 13.5 30.0 1.23 

18 -8.1 4.2 .0 12.3 30.0 1.44 

20 -12.2 -. 1 .0 12.2 30.0 1.45
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Table 2.6.15.6-19 Pm + Pb Stresses 

Thermal Case 1

for Support Disk-i--Foot Side-Drop, 90' Orientation,

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

77 -6.3 22.0 3.0 28.9 45.0 .56 

269 -6.3 22.0 -3.0 28.9 45.0 .56 

27 -13.3 14.2 -.4 27.4 45.0 .64 

6 -17.9 -18.4 -5.8 24.0 45.0 .88 

5 -17.9 -18.4 5.8 24.0 45.0 .88 

85 -5.4 16.4 2.4 22.3 45.0 1.02 

277 -5.4 16.4 -2.4 22.3 45.0 1.02 

2 -3.9 -19.4 -. 1 19.4 45.0 1.32 

1 -3.9 -19.4 .1 19.4 45.0 1.32 

29 -19.3 -. 1 .0 19.3 45.0 1.33 

24 -11.3 7.3 -1.5 18.7 45.0 1.40 

273 .2 18.6 .4 18.6 45.0 1.42 

81 .2 18.6 -.4 18.6 45.0 1.42 

28 -16.0 .9 3.5 18.3 45.0 1.45 

26 -16.6 -.2 -. 1 16.6 45.0 1.71 

268 -5.7 10.4 -.9 16.2 45.0 1.78 

76 -5.7 10.4 .9 16.2 45.0 1.78 

54 -11.7 4.0 .9 15.8 45.0 1.85 

246 -11.7 4.0 -.9 15.8 45.0 1.85 

21 -9.6 5.2 -1.5 15.1 45.0 1.98
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Table 2.6.15.6-20 Pm Stresses for Support Disk-l-Foot Side-Drop, 900 Orientation, 

Thermal Case 2

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

27 -12.9 13.8 .0 26.7 30.0 .12 

77 -8.0 13.4 3.0 22.3 30.0 .35 

269 -8.0 13.4 -3.0 22.3 30.0 .35 

85 -6.6 12.6 1.2 19.3 30.0 .56 

277 -6.6 12.6 -1.2 19.3 30.0 .56 

29 -18.7 -. 1 .0 18.7 30.0 .60 

24 -10.9 7.0 .0 17.9 30.0 .67 

273 .1 17.2 .3 17.2 30.0 .74 

81 .1 17.2 -.3 17.2 30.0 .74 

28 -15.5 1.2 .0 16.7 30.0 .80 

5 -10.7 -10.4 5.7 16.2 30.0 .85 

6 -10.7 -10.4 -5.7 16.2 30.0 .85 

26 -16.1 -.2 .0 16.1 30.0 .86 

21 -9.3 5.0 .0 14.3 30.0 1.10 

246 -7.6 6.7 -.2 14.3 30.0 1.10 

54 -7.6 6.7 .2 14.3 30.0 1.10 

23 -13.9 -. 1 .0 13.9 30.0 1.16 

25 -13.1 -2.9 .0 13.1 30.0 1.29 

20 -11.9 -.1 .0 11.9 30.0 1.53 

18 -7.8 4.0 .0 11.8 30.0 1.54
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Table 2.6.15.6-21 Pm + Pb Stresses for Support Disk-l-Foot Side-Drop, 900 Orientation, 
Thermal Case 2

2.6-354

Stress Allowable Margin of 
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

77 -6.2 21.5 2.9 28.2 45.0 .59 
269 -6.2 21.5 -2.9 28.2 45.0 .59 
27 -12.9 13.8 -.4 26.7 45.0 .69 
6 -17.1 -17.7 -5.7 23.1 45.0 .95 
5 -17.1 -17.7 5.7 23.1 45.0 .95 

85 -5.5 15.9 2.3 21.9 45.0 1.05 
277 -5.5 15.9 -2.3 21.9 45.0 1.05 

2 -3.8 -19.0 -. 1 19.0 45.0 1.37 
1 -3.8 -19.0 .1 19.0 45.0 1.37 

29 -18.7 -. 1 .0 18.7 45.0 1.40 
273 .2 18.5 .3 18.5 45.0 1.44 

81 .2 18.5 -.3 18.5 45.0 1.44 
24 -10.9 7.0 -1.4 18.2 45.0 1.48 
28 -15.5 1.2 3.4 18.0 45.0 1.50 
26 -16.1 -.2 -. 1 16.1 45.0 1.79 

246 -11.7 4.2 -.9 16.0 45.0 1.81 

54 -11.7 4.2 .9 16.0 45.0 1.81 

268 -5.5 10.1 -.8 15.7 45.0 1.87 
76 -5.5 10.1 .8 15.7 45.0 1.87 
21 -9.3 5.0 -1.4 14.6 45.0 2.08
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2.6.15.7 Stress Evaluation of BWR Support Disk for Combined Thermal and 1-Foot 

Side-Drop Load Conditions

The loading for the 1-ft side-drop is combined with the thermal loading for Thermal Case 2 to 

produce the largest stress intensities. The allowable stress intensity, 3 Sm, is evaluated at 

Thermal Case 3 (see Section 2.6.15.6.3). The corner-drop condition is bounded by the side and 

end-drops.  

The 20 cross sections with the smallest margins of safety are presented in Tables 2.6.15.7-1 

through 2.6.15.7-5. The margins of safety are calculated as 

MS = (stress allowable/stress intensity) - 1.  

The tables are identified here.

Table Number 

2.6.13.7-1 

2.6.13.7-2 

2.6.13.7-3 

2.6.13.7-4 

2.6.13.7-5

Basket 

Orientation (Deg) 

0 

31.82 

49.46 

77.92 

90

Thermal 

Case 

2 

2 
2 

2 

2

Stress 
Evaluation 

Pm + Pb + Q 
Pm + Pb + Q 

Pm + Pb + Q 

Pm + Pb + Q 

Pm + Pb + Q

Minimum Margin 

of Safety 

+ 1.44 

+ 0.78 

+0.59 

+ 1.40 

+ 2.08
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Table 2.6.15.7-1 Pm + Pb + Q Stresses for Support Disk - 1-Foot Side-Drop, 0' Orientation, 

Thermal Case 2 

Stress Allowable Margin of 
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

14 25.5 18.4 14.5 36.9 90.0 1.44 

13 24.3 17.6 -14.0 35.3 90.0 1.55 

234 6.5 -14.4 5.1 23.3 90.0 2.86 

232 -.2 -23.1 -.2 23.1 90.0 2.89 

298 -.1 -23.1 .0 23.1 90.0 2.90 

300 8.8 -11.9 -4.1 22.3 90.0 3.04 

290 -. 1 -21.0 .1 21.0 90.0 3.28 

224 -. 1 -20.6 -.2 20.6 90.0 3.37 
281 -. 1 -19.8 .1 19.8 90.0 3.55 

145 -11.9 -14.9 6.0 19.6 90.0 3.60 

111 -11.9 -14.9 6.0 19.6 90.0 3.60 

215 -. 1 -19.3 -.3 19.3 90.0 3.65 

18 -9.3 -15.0 6.2 19.0 90.0 3.74 

266 -9.3 -15.0 6.2 19.0 90.0 3.74 

230 -4.1 -17.4 4.7 18.9 90.0 3.76 

194 -4.1 -17.4 4.7 18.9 90.0 3.76 

270 .0 -18.5 -.4 18.5 90.0 3.87 

134 -15.2 -9.7 5.3 18.4 90.0 3.89 

165 -15.2 -9.7 5.3 18.4 90.0 3.89 

146 -12.9 -12.7 5.4 18.2 90.0 3.93
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Table 2.6.15.7-2 Pm + Pb + Q Stresses for Support Disk - 1-Foot Side-Drop, 31.820 

Orientation, Thermal Case 2 

Stress Intensity Allowable Margin of 

Section Sx Sy Sxy (ksi) Stress (ksi) Safety 

18 -31.4 -37.3 15.9 50.5 90.0 .78 

266 -31.4 -37.3 15.9 50.5 90.0 .78 

21 -32.9 -35.4 16.0 50.3 90.0 .79 

267 -32.9 -35.4 16.0 50.3 90.0 .79 

238 -29.5 -36.1 13.4 46.6 90.0 .93 

274 -29.5 -36.1 13.4 46.6 90.0 .93 

268 -31.0 -31.6 15.0 46.3 90.0 .94 

24 -31.0 -31.6 15.0 46.3 90.0 .94 

137 -28.6 -33.4 14.1 45.2 90.0 .99 

31 -28.6 -33.4 14.1 45.2 90.0 .99 

138 -30.0 -29.1 13.7 43.3 90.0 1.08 

34 -30.0 -29.1 13.7 43.3 90.0 1.08 

200 -31.6 -28.0 13.0 43.0 90.0 1.09 

32 -31.6 -28.0 13.0 43.0 90.0 1.09 

260 -25.5 -34.1 12.1 42.6 90.0 1.11 

293 -25.5 -34.1 12.1 42.6 90.0 1.11 

275 -26.1 -34.0 11.9 42.6 90.0 1.11 

241 -26.1 -34.0 11.9 42.6 90.0 1.11 

288 -29.0 -30.8 12.1 42.0 90.0 1.14 

251 -29.0 -30.8 12.1 42.0 90.0 1.14
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Pm + Pb + Q Stresses for Support Disk - 1-Foot Side-Drop, 49.46' 

Orientation, Thermal Case 2

2.6-358

Stress Allowable Margin of 
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

24 -38.6 -38.5 18.2 56.8 90.0 .59 
268 -38.6 -38.5 18.2 56.8 90.0 .59 
267 -37.6 -38.9 17.7 56.0 90.0 .61 
21 -37.6 -38.9 17.7 56.0 90.0 .61 

238 -37.1 -39.8 16.1 54.6 90.0 .65 
274 -37.1 -39.8 16.1 54.6 90.0 .65 
241 -37.1 -39.8 15.8 54.3 90.0 .66 
275 -37.1 -39.8 15.8 54.3 90.0 .66 

18 -34.8 -38.9 16.9 53.9 90.0 .67 
266 -34.8 -38.9 16.9 53.9 90.0 .67 
27 -35.5 -35.4 17.3 52.8 90.0 .71 

269 -35.5 -35.4 17.3 52.8 90.0 .71 
244 -34.4 -39.3 15.1 52.1 90.0 .73 
276 -34.4 -39.3 15.1 52.1 90.0 .73 

31 -32.8 -35.2 15.5 49.6 90.0 .82 
137 -32.8 -35.2 15.5 49.6 90.0 .82 
34 -33.4 -32.0 15.2 47.9 90.0 .88 

138 -33.4 -32.0 15.2 47.9 90.0 .88 
32 -34.5 -29.8 14.0 46.4 90.0 .94 

200 -34.5 -29.8 14.0 46.4 90.0 .94
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Table 2.6.15.7-4 Pm + Pb + Q Stresses for Support Disk - 1-Foot Side-Drop, 77.92' 

Orientation, Thermal Case 2

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

31 -25.4 -25.2 12.2 37.5 90.0 1.40 

137 -25.4 -25.2 12.2 37.5 90.0 1.40 

24 -30.3 -18.4 11.5 37.3 90.0 1.42 

268 -30.3 -18.4 11.5 37.3 90.0 1.42 

138 -25.1 -23.2 11.8 35.9 90.0 1.51 

34 -25.1 -23.2 11.8 35.9 90.0 1.51 

27 -31.0 -11.6 10.4 35.6 90.0 1.53 

269 -31.0 -11.6 10.4 35.6 90.0 1.53 

25 -29.1 -17.3 10.8 35.5 90.0 1.54 

76 -29.1 -17.3 10.8 35.5 90.0 1.54 

244 -26.9 -22.7 10.5 35.5 90.0 1.54 

276 -26.9 -22.7 10.5 35.5 90.0 1.54 

74 -28.2 -18.9 10.8 35.3 90.0 1.55 

19 -28.2 -18.9 10.8 35.3 90.0 1.55 

2 -31.5 -5.7 10.5 35.2 90.0 1.55 

30 -31.5 -5.7 10.5 35.2 90.0 1.55 

75 -29.6 -15.6 10.6 35.2 90.0 1.56 

22 -29.6 -15.6 10.6 35.2 90.0 1.56 

37 -23.3 -24.0 11.5 35.1 90.0 1.56 

139 -23.3 -24.0 11.5 35.1 90.0 1.56
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Pm + Pb + Q Stresses for Support Disk - 1-Foot Side-Drop, 900 

Orientation, Thermal Case 2

2.6-360

Stress Allowable Margin of 
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

29 -29.2 .1 .0 29.2 90.0 2.08 

27 -15.5 13.0 -1.2 28.7 90.0 2.14 

77 -15.5 13.0 -1.2 28.7 90.0 2.14 

269 -15.5 13.0 1.2 28.7 90.0 2.14 

17 -28.1 -.4 -. 1 28.1 90.0 2.20 

26 -26.9 -. 1 -. 1 26.9 90.0 2.34 

23 -25.5 .0 -. 1 25.5 90.0 2.53 

20 -24.3 .0 -. 1 24.3 90.0 2.70 
14 17.1 10.0 9.5 23.6 90.0 2.81 

15 17.1 10.0 -9.5 23.6 90.0 2.81 

3 1.2 23.6 .8 23.6 90.0 2.82 

4 1.2 23.6 -.8 23.6 90.0 2.82 

28 -18.9 2.2 5.1 23.4 90.0 2.84 

16 14.5 9.4 8.1 20.5 90.0 3.40 

13 14.5 9.4 -8.1 20.5 90.0 3.40 

137 -13.7 -12.9 7.1 20.4 90.0 3.41 
200 -13.7 -12.9 -7.1 20.4 90.0 3.41 

31 -13.7 -12.9 7.1 20.4 90.0 3.41 
33 -20.4 .1 .0 20.4 90.0 3.41 

25 -17.2 -3.4 5.5 19.2 90.0 3.70
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2.6.15.8 Stress Evaluation of BWR Support Disk for 1-Foot Corner-Drop Load Conditions 

As is the case in the PWR basket support disks (see Section 2.6.13.8), the g-loads of the comer

and oblique-drop conditions are bounded by the g-load of the end- and side-drop conditions 

discussed in Section 2.6.15.6. Therefore, no separate evaluation of the 1-ft comer- and oblique

drop conditions is performed.  

2.6.15.9 Stress Evaluation of BWR Support Disk for Combined Thermal and 1-Foot 

Corner-Drop Load Conditions 

The combined thermal and 1-ft corner-drop and the combined thermal and 1-ft oblique-drop 

conditions are bounded by the results of combined thermal and 1-ft end- and side-drop 

conditions. Therefore, no separate evaluation of the combined thermal and 1-ft comer-drop 

condition and the combined thermal and 1-ft oblique-drop condition is performed.  

2.6.15.10 Stress Evaluation of Tie Rods and Spacers for a 1-Foot End-Drop Load Condition 

Tie rods and spacers are provided in the basket to maintain spacing of the support disks.  

Transmission of loads in different drop orientations of the BWR basket is similar to the 

transmission of loads in the PWR basket discussed in Section 2.6.13.10. As is the case in the 

PWR basket, in drop orientations other than on the end, the spacers only experience a portion of 

the weight of the support disks, heat transfer disks, one end weldment, and the spacers that act 

along the axis of the cask. Thus, the end-drop is the critical loading condition.  

During an end-drop, the weight of the support disks, weldment, aluminum heat transfer disks, 

and spacers and end nuts is supported by the spacers on the 6 tie rods. Compressive stress over 

the cross-sectional area of the spacers results. With the largest weight of the two BWR fuel 

classes, the total weight of the basket is 18,199 lb. Because the weights of the bottom-end 

weldment (623 lb) and the fuel tubes (4,665 lb) are transmitted directly into the end of the 

canister, the remaining load acting over the area of the spacers is 12,911 lb. For the 1-ft end-drop 

the deceleration is 20 g, which results in a total end-drop load of 258,220 lb. The area in 

compression is 7z(3.02- 1.75 2)/4 = 4.66 in 2. The compressive stress is 25,2201(6 x 4.66) = 9 235 

psi and is considered to be a membrane stress.
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The allowable membrane stress, on the basis of the ASME Code, Section 1ii, Subsection NG 
[15], is 1.0 Sm. Using a conservative material temperature for the outer edge of the support disk 
of 500'F, Sm = 17.5 ksi. The corresponding margin of safety is 

MS = (17,500/9,235) - 1 089.  

Therefore, structural adequacy of the tie rod/spacer assemblies is demonstrated.  

2.6.15.11 Support Disk Shear Stresses for 1-Foot Drops 

ASME Code, Section EIl, Division 1, Subdivision NG [15], criteria define the Level A allowable 
for shear stress to be 0.6 Sm. The design stress intensity for SA 533 at a bounding temperature 
of 500'F (where maximum stresses occur) is 30 ksi. The maximum stress intensity across any 
section (membrane stress) for the 1-ft side-drop is 27.4 ksi for the 00 drop orientation at Thermal 
Condition 1. Similarly, for the end-drop, a maximum membrane stress across a section is 
reported at 0 ksi for the 1-ft drop. Therefore, the maximum shear stress for any normal loading 
condition is 27.4/2 or 13.7 ksi.  

Using the allowable stresses as stated previously, the minimum margin of safety for shear is: 

MS = [2(0.6)Sm /SI] - 1 = [2(0.6)(30) / 27.4] - 1 = + .0.31 

Therefore, structural adequacy of the BWR fuel basket support disk design for the normal 
conditions of transport, 1-ft side and end-drops is demonstrated for shear stress criteria.  

2.6.15.12 Bearing Stress - Basket Contact with Inner Shell 

For the bearing stress (Sbr) acting along the basket support disk-canister shell interface, an 
angular contact of 18' is considered on the basis of the ANSYS gap element status (at a radius of 
32.75 in.). The load considered to be acting on the support disks is the total contents weight 
(57,044 lb) times the deceleration value of 20 g, divided among 40 support disks in the basket.  
The bearing area is considered to be the 0.625-in. thick disk over an 180 contact area.  

Sbr= (57 ,04 4 )(2 0)/[(0.625)(40)(7T)(65.5)/(360/18)]= 4,44 psi.
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The allowable bearing stress is the yield stress, which for SA533 Type B, Class 2 carbon steel at 

a temperature of 400'F, is 63.2 ksi. The margin of safety for the support disk (not the canister) is 

computed as 

MS = (6 3 .2 /Sbr)- 1 = + 13.2.  

2.6.15.13 Basket Weldment Analysis for 1-Foot End-Drop 

The responses of the fuel assembly's top and bottom weldment plates to a 1-ft end-drop is 

evaluated in conjunction with the thermal expansion stress. The top and bottom weldment plates 

are 1.25-in thick and 1.0-in.-thick plates, respectively, of Type 304 stainless steel. The 

weldments support their own weight and the weight of 56 BWR fuel assembly tubes. A finite 

element analysis is performed for both plates, because the support for each weldment is different 

depending upon the location of the welded ribs for each. Both models use the SHLELL63 

element, which permits out-of-plane loading. Figures 2.6.15.13-1 and 2.6.15.13-2 show the 

finite element models for the top and bottom weldments, respectively. The load from the fuel 

tube is represented as point forces applied to the nodes at the periphery of the fuel assembly slots.  

An average point force is applied. The application of the nodal loads at the slot periphery is 

accurate because the tube weight is transmitted to the edge of the slot, which provides support to 

the fuel tubes in the end-drop condition.  

The analysis demonstrates that the weldment design satisfies the primary membrane (Pm) and the 

primary membrane plus bending (Pm+Pb) stress criteria. An analysis including the thermal 

expansion stresses is also performed.  

The margins of safety are calculated as 

MS = [(Pm + Pb) / 1.5 S m] - 1 or MS=I[(Pm +Pb +Q)/3Sm]-1.  

The margins of safety evaluated for the weldments are shown in Table 2.6.15.13-1. The 

weldments are shown to satisfy the stress criteria in the ASME Code, Section III Division I, 

Subsection NG [15].
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Figure 2.6.15.13-1 Finite Element Model of the Top Weldment Plate
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Figure 2.6.15.13-2 Finite Element Model of the Bottom Weldment Plate
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Table 2.6.15.13-1 Minimum Margins of Safety for the Top/Bottom Weldments for a 1-Foot 
End-Drop With and Without Thermal Stresses

Allowable 

Component/Condition Pm (ksi) Sm (ksi) MS 

Top Weldment/1-ft 8141 17.38 +1.07 

End-Drop 

Bottom Weldmentl1-ft 11.14 '17.5•6 ±0.58 
End-Drop 

Component/Condition Pm + Pb (ksi) 1.5Sm (ksi) MS 

Top Weldment/1-ft 16.50 26.07 t0.58 

End-Drop 

Bottom Weldment/1-ft 18.98 26.4 +.ý39 

End-Drop 

Component/Condition Pm + Pb + Q (ksi) 3Sm (ksi) MS 

Top Weldment/1-ft 16.95 52.14 +2.68 

End-Drop + Thermal 

Bottom Weldment/1-ft 27.26 52.68 +093 

End-Drop + Thermal
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2.6.15.14 Support Disk Buckling Evaluation 

The BWR fuel basket support disk is subjected to compressive or inertial loads during a 1-ft drop 

of the cask onto an unyielding surface. Depending on the cask orientation for the 1-ft drop 

impact, both in-plane and out-of-plane loads may be applied to the support disk. The in-plane 

loadings (basket side impact component) apply compressive forces on the support disk and the 

out-of-plane inertial loading (basket end impact component) produces bending moments in the 

support disk.  

Buckling of the support disk is evaluated in accordance with the methods and acceptance criteria 

of NUREG/CR-6322. The support disk buckling evaluation for the hypothetical accident 

conditions is presented in Section 2.7.10.3. The characteristics of the support disk are as follows: 

2.6.15.14.1 Support Disk Buckling Evaluation Input Data 

Material: SA-533, Type B, Class 2 carbon steel plate

Material yield strength for buckling: 

Material modulus of elasticity for buckling: 

Impact load amplification factor:

Sy = 70.0 ksi at -40'F (Thermal Case 1) 

Sy = 59.3 ksi at 750'F (conservative) 

SY = 60.5 ksi at 650'F (conservative) 

E = 24.60 x 10-3 ksi at 750'F (conservative) 

E = 29.90 x 10-3 ksi at -40'F (Thermal Case 1) 

20 g for the 1-ft side or end-drop.  

E=25.56 x 10-3 ksi at 650'F (conservative)

Thermal Case 2 or 4 is bounding for Thermal Case 3.  

2.6.15.14.2 Detailed Support Disk Buckling Evaluation 

Conservative temperatures are used in the support disk buckling evaluation.
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Methodology 

The buckling evaluation of the support disk web is based on the interaction described by 
Equations 31 and 32 in NUREG/CR-6322 [16]. These two equations adapt the "Limit Analysis 
Design" approach for structural members for which stresses are beyond the yield limit of the 
material, i.e., for members deformed elastically as a result of both axial load and bending 
moment. Other equations applicable to the calculations are listed later in this section.  

The maximum forces and moments are determined for the end-drop condition and for five 
different radial orientations of the support disk for the side-drop condition considering the 
thermal conditions as presented in Section 2.6.15.3. In this evaluation, thermal loading 
conditions (Loading Cases 1, 2 and 4) employ only the loads developed in the drop condition (no 
thermal stresses are considered), but the thermal cases are used to evaluate the material 
properties. Buckling evaluations are performed for both in-plane (about the strong axis of the 
web) and out-of-plane (about the weak axis of the web) forces and moments. In the in-plane 

buckling evaluation, the compressive forces and bending moments that occur for the 1-ft side
drop condition are considered. For the out-of-plane buckling evaluation, the compressive forces 
for the 1-ft side-drop condition are combined with the moment resulting from the inertial weight 
of the support disk in the 1-ft end-drop condition.  

Detailed buckling calculations are performed in a spreadsheet format by using the methodology 

and equations from NUREG/CR-6322. The load amplification factors used are 20 g for both the 
1-ft end-drop and the 1-ft side-drop conditions. The buckling evaluation is performed for each of 
the sections shown in Figures 2.6.15.6-2 through 2.6.15.6-5. The sections are listed in Table 

2.6.15.6-1.  

The buckling evaluation methodology/equations are summarized as follows: 

Symbols and Units: 

P = applied loads, kips 
M = moment, kips-in.  

Pa = allowable axial compressive load, kips 

Pcr = critical axial compression load, kips 

Pe = Euler buckling loads, kips
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Py = plastic axial load, equal to profile area times specified minimum yield stress, kips 

(for normal operating condition) 

C, = column slenderness ratio separating elastic and inelastic buckling 

Cm = coefficient applied to bending term in interaction equation 

Mmn= critical moment that can be resisted by a plastically designed member in the absence 

of axial load, kip-in.  

Mp = plastic moment, kip-in.  

Fa = axial compressive stress permitted, ksi 

Fe = Euler stress for a prismatic member divided by factor of safety, ksi 

k = ratio of effective column length to actual unbraced length 

I = unbraced length of member, in.  

r = radius of gyration, in.  

Sy = yield stress allowable, ksi 

A = area of the ligament, in2 

Zx = plastic section modulus with respect to the major axis, in3 

Y = allowable reduction factor, dimensionless.  

P Cm -- -+ -C M I< 1.0 

Pcr M 
SMm[1I 

P M +_ _<1.0 
Py 0.18 MP 

where, Pcr = 1.7 x A x Fa 

[1_ r 2-Sy 
Fa = for -<Cc 2z 2 E =+ - <C= 2 

3 +8r.C C)8-r.C ) 

Pe =1.92xAxFe
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g2 .E 

Fe = -E 

P, =SyxA 

Cm = 0.85 for members with joint translational (sideways) 

MP = SY x Zx 

Mm= M. !.0 7 i YJ•P3160 

Load Conditions 

The load conditions considered in the 1-ft drop normal condition buckling evaluation are as 

follows: 

I. Primary loads, Thermal Case 1. (See Section 2.6.15.3) 

2. Primary loads, Thermal Case 2. (See Section 2.6.15.3) 

3. Primary plus secondary thermal loads, Thermal Case 4. (See Section 2.6.15.3) 

For the buckling evaluation different values for the thicknesses are associated with the weak axis 

of the support disk web and with the strong axis of the web. The weak axis corresponds to the 

0.625-in. support disk thickness and is associated with the load which would result in 

displacement perpendicular to the plane of the disk. The strong axis buckling would buckles the 

support disk web in the plane of the support disk.
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Buckling of Support Disk Web Weak Axis

For weak-axis buckling the evaluation parameters are as follows (Section 17):

Using the cross-sectional stresses calculated at each of the sections shown in Figures 2.6.15.6-2 

through 2.6.15.6-5 for the 1-ft side-drop condition, the maximum corresponding compressive 

forces are combined with the maximum out-of-plane moment resulting from the 1-ft end-drop 

condition to obtain the conservative maximum interaction coefficients.  

The terminology used in the buckling analysis is defined as follows:

Pl P/Pcr 

P2 P/Py

C.,M 

(I- P/P)M, 

M 

1.18 Mp

The X and Y directions refer to those webs that are parallel to the global X and Y directions, 

respectively, for the basket (X is the horizontal axis and Y is the vertical axis for the model 

shown in Figure 2.6.15.6-2). Section locations are identified in Figures 2.6.15.6-2 through 

2.6.15.6-5 and Table 2.6.15.6-1.
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The margins of safety are calculated as:

1 
MS1= -

P, +M 1
and

1 
MS2 - -1 

P, + M2

For weak-axis buckling, the minimum margin of safety is +0.659 for the 900 radial basket 

orientation at Section 17 (thermal stresses are included).  

The calculated minimum margins of safety for the drop orientations discussed in Section 
2.6.15.6.1 are presented in Table 2.6.15.14-1. The location of the sections identified in the table 

are shown in Figures 2.6.15.6-2 through 2.6.15.6-5.  

Buckling of Support Disk Web Strong Axis

For strong axis buckling the evaluation parameters are as follows:
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Parameter Value Parameter Value 

t 0.65 in. SY 59.3 ksi 

b 0.625 in. Py A x Sy = 24.091 ksi 

A 0.406 in2  Fa 31.959 

L 6.278 in. Cc 90.491 

I b t3/12 = 0.0143 in4  Per 22.071 
r =0.188 Fe 176.51 

K 0.800 Pe 137.674 

KLJr 26.766 MP 3.915 

Z bt 2 /4 = 0.066 Mm 3.87 

E 24,600 ksi Cm 0.85
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Using the cross-sectional stresses evaluated for each of the sections shown in Figures 2.6.15.6-2 

through 2.6.15.6-5, the maximum corresponding compressive forces in conjunction with the 

maximum in-plane moment produces the maximum interaction coefficients. Because the 

locations of the maximum force and the maximum moment may not coincide, the calculation of 

the interaction coefficient is conservative. The maximum magnitude of the moment is used, 

regardless of sign, to ensure the most severe condition.  

The margins of safety are calculated by using Equations 31 and 32 from NUREG/CR-6322 as 

discussed earlier. For strong-axis buckling, the minimum margin of safety is + 1.552 for the 

31.8' radial basket orientation at Section 295 (thermal stresses are included).  

The calculated minimum margins of safety for the drop orientations discussed in Section 

2.6.15.6.1 are presented in Table 2.6.15.14-2. The location of the sections identified in the table 

are shown in Figures 2.6.15.6-2 through 2.6.15.6-5.
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Table 2.6.15.14-1 Minimum Margins of Safety from Buckling Evaluation of 

Disks (Weak Axis)

BWR Support
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Section Disk Drop 
No. G-Load Orientation Heat Case MS1 MS2 
270 20 0 1 +2.56 +2.78 

16 20 0 2 +1.68 +1.79 
270 20 0 2 + thermal +1.22 +1.40 

load 
273 20 31.82 1 +1.93 +2.15 
273 20 31.82 2 +1.57 +1.76 

273 20 31.82 2 + thermal +1.22 +1.40 

load 
273 20 49.46 1 +1.74 +1.95 
273 20 49.46 2 +1.75 +1.96 

17 20 49.46 2 + thermal +1.18 +1.37 

load 
47 20 90 1 +3.09 +3.35 

47 20 90 2 +2.56 +2.78 
17 20 90 2 + thermal +0.66 +0.82 

load 
242 20 77.92 1 +2.22 +2.48 
244 20 77.92 2 +2.66 +2.97 

17 20 77.92 2 + thermal +0.77 +0.94 

load
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Minimum Margins of Safety from Buckling Evaluation of BWR Support 

Disk (Strong Axis)
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Section Disk Drop 

No. G-Load Orientation Heat Case MS1 MS2 

298 20 0 1 +2.95 +3.303 

298 20 0 2 +3.0 +3.36 

298 20 0 2 + thermal +1.97 +2.25 

load 

295 20 31.82 1 +1.82 +1.99 

295 20 31.82 2 +1.96 +2.14 

295 20 31.82 2 + thermal +1.52 +1.69 

load 

243 20 49.46 1 +1.98 +2.13 

243 20 49.46 2 +2.00 +2.16 

246 20 49.46 2 + thermal +1.44 +1.60 

load 

244 20 77.92 1 +2.56 +2.85 

244 20 77.92 2 +2.64 +2.93 

244 20 77.92 2 + thermal +1.79 +2.03 

load 

53 20 90 1 +5.56 +6.15 

53 20 90 2 +5.49 +6.08 

53 20 90 2 + thermal +3.42 +3.82 

load
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2.6.16 Universal Transport Cask Cavity Spacers 

This section documents the design analysis of the spacers used to position the Transportable 
Storage Canisters containing PWR or BWR fuel in the Universal Transport Cask cavity during 
transport of fuel. The spacers are freestanding components that are placed at the bottom of the 
cask cavity below the canister bottom, and are confined by the end of the canister and the bottom 
inner surface of the Universal Transport Cask. The spacers are designed to maintain the centers 
of gravity of the canisters at the required distance from the bottom inner surface of the cask.  

The following requirements bound the spacer design: 

1. The spacers must meet the normal conditions of transport requirements detailed in 
10 CFR 71.43(f) when subjected to the free drop (10 CFR 71.71).  

2. The spacers must provide spacing of the canister so that the center of gravity of the cask 

and contents is maintained.  

For impact loading conditions, the spacer is designed to meet the requirements of 10 CFR 
71.43(f) for the 1-ft drop condition (10 CFR 71.71). 10 CFR 71.43(f) requires that no substantial 
reduction in the effectiveness of the package be experienced in normal conditions of transport.  
Classical analysis is used to demonstrate compliance with these requirements.  

2.6.16.1 PWR Cask Cavity Spacers 

Each Transportable Storage Canister containing Class I or Class 2 PWR fuel is located by one 
spacer. Canisters containing Class 3 PWR fuel have no spacers. The PWR spacer is a weldment 
made of Type 304 stainless steel, ASTM A 240, 3/8-in. plate. The weldment consists of a base 
that is 67 in. in diameter with 6 raised cylinders of different diameters welded to it. The six 
different diameters are: 12, 24, 32, 50, 56, and 65 in. The lengths of the spacers used to locate 
the Class I and Class 2 fuel canisters vary. The Class 1 spacer is 18.25 in. long and the Class 2 
spacer is 11.25 in. long. A sketch of the PWR spacer is provided below.
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PWR Cask Cavity Spacers Accident Condition

For evaluation purposes, the PWR spacer can be viewed as separate cylinders. The cylinders are 

identified by numbers 1-6 with the inner most cylinder being number 1 and the outer most being 

6 as shown in the following sketch.

2.6-377

Spacer 

Base Disk

Individual 
Cylinders

Spacer



SAR - UMS® Universal Transport Cask 
Docket No. 71-9270

November 2001 
Revision UMST-O1D

The total load modeled is (73,000 ibs) x 60 g (conservative PWR canister weight).

Fuel canister lo 

ý 4444'II
aaing Top cover plate

Cylinders [J

0

El / El El
Cylinder

0 000

The forces exerted on each cylinder were obtained from the finite element model: 

F1 = 0.3561 (10)6 lb 
F2 = 0.6028 (10)6 lb 
F 3 = 0.8372 (10)6 lb 
F4 = 1.024 (10)6 lb 
F5 = 0.8260 (10) 6 lb 
F6 = 0.7346 (10)' lb 

The membrane stress experienced by each member is as follows: 

Gmembrane = F/A 

= 0.3561 (10)6 lb / 2nE(5.625 + 0.1875)(0.375) in2 = 25,993 psi 
(32= 0.6028 (10)6 lb / 2r( 11.625 + 0.1875)(0.375) in2 = 21,660 psi 
(73 = 0.8372 (10)6 lb / 27r(15.625 + 0.1875)(0.375) in2 = 22,469 psi 
cY4 = 1.024 (10)6 lb / 27z(24.625 + 0.1875)(0.375) in2 = 17,516 psi 
c75 = 0.8260 (10)6 lb / 2n(27.625 + 0.1875)(0.375) in2 = 1 2,605 psi 
cy, = 0.7346 (10)6 lb / 27z(32.125 + 0.1875)(0.375) in2 = 9,649 psi 

Based on the membrane stress the lowest margin of safety is: 

Allowable stress at 300'F = 0.7S,= 46,200 psi

2.6-378
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MS = (46,200 psi/25, 9 9 3 psi) -1= + 0.78 

To evaluate buckling the critical stress was determined and compared to the actual: 

Gcritical = E((0.605 - 10-7 m2)/(m(1 + 0.0040)) 

where: 

E = modulus of elasticity for 304 SS @ 300'F---27 106 psi 

m = R/T = radius/thickness 

O= E/Sy for 304 SS = 27E6/20,000psi = 1,350 psi 

Cycritical -I = critical stress for each individual cylinder 

CQcrifical - I = 27E6((0.605 - 107(5.8125/0.375)2)/(( 5.8125/0.375)(1 + 0.004(1350)) = 164,602 psi 

Ucrfical- 2 = 27E6((0.605 - 107(11.8125/0.375)2)/(( 1.8125/0.375)(1 + 0.004(1350)) = 80,894 psi 

Cycric.ai .3 = 27E6((0.605 - 107( 15.8125/0.375)2)/((15.8125/0.375)(1 + 0.004(1350)) = 60,352 psi 

urifical -4 = 27E6((0.605 - 107(24.8125/0.375)2)/((24.8125/0.375)(1 + 0.004(1350)) = 38,295 psi 

fic~l -5 = 27E6((0.605 - 107(27.8125/0.375)2)/((27.8125/0.375)(1 + 0.004(1350)) = 34,100 psi 

ycriica1 -6 = 27E6((0.605 - 107(32.3125/0.375)2)/((32.8125/0.375)(1 + 0.004(1350)) = 29,257 psi 

The buckling evaluation produces a minimum margin of safety as follows: 

MS = (38,295/17,516) - I = + 1.19 

The base disk of the canister spacer is evaluated to determine its ability to carry the loading of the 

canister. ANSYS Version 5.2 is used to construct a finite element model of the canister spacer.  

Plane 42 elements are used to represent the spacer. The model includes the bottom of the 

canister to minimize the bending experienced by the base disk. Link 1 elements are used to 

transmit the load from the canister bottom to the base disk.  

A maximum stress intensity of 11,103 psi is calculated by ANSYS. Based on the maximum 

stress intensity a margin of safety is calculated as follows: 

Allowable stress at 300'F = 0.7Su= 46,200 psi.
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MS = (46,200/11,103) - 1 = +3.2 

PWR Cask Cavity Spacers Normal Condition 

The normal condition cask cavity spacer evaluation was performed by ratioing stresses based on 
the linear accident condition analysis results.  

The compressive buckling load is calculated as 

SI-ft = (S30-ft )(20 g/60 g) = (17,106)(20 g/60 g) = 5,702 psi 

The critical buckling allowable stress calculated earlier is 38,295 psi.  

The minimum margin of safety for critical buckling is: 

MS = K35.79016 --1= +5.71 

The maximum stress intensity in the canister spacer was calculated to be: 

(SI~~ft (SI3_l20g'] (20) 

(SI)I ft = (SI)3 0 ft 6-g) = 11,000 = 3,667 psi 

The allowable stress (Sm) for the PWR spacer at 300'F is 20,000 psi. This results in the 
following margin of safety: 

MS = r 20,000 psif 1 +4.45 
M 3 ,667psi) 

2.6.16.2 BWR Cask Cavity Spacers 

Each canister containing Class 5 BWR fuel is located by one spacer. Canister containing Class 4 
BWR fuel is located by 4 spacers. The lengths of the canisters containing Class 4 and Class 5 
BWR fuel are 185.75 and 190.55 in., respectively. To maintain the centers of gravity of these 
canisters at the required distance from the bottom inner surface of the cask, spacers of 1.5 and 6
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inches in length are designed to be placed at the bottom of the cask cavity below the canister 

bottom.  

Each spacer used in the BWR cask consists of 1.5-in.-thick plate of ASTM B209 6061-T651 

aluminum alloy. A sketch of the BWR spacer is provided below.

The aluminum alloy material is selected as the spacer material because it has the low weight, 

good thermal conductivity, and strength needed to meet the design requirements. This material is 

evaluated below for normal conditions of transport.  

BWR Cask Cavity Spacers Accident Conditions

To apply a 1-ft end-drop load to the spacer, a total bounding load of 4,560,000 lbs 

(76,000 x 60 g) is applied.  

The area of the spacer is taken to be 3,318 in2. This results in a crushing pressure of 

Pcr = (4,560,000 lb)/(3,318 in 2) = 1,374 psi.  

The yield strength of 6061-T651 aluminum alloy at 300'F is 22,050 psi. Because the pressure 

load is less than the yield strength, the spacer will not permanently deform during the 1-ft drop.  

The margin of safety is 

MS = (22,050/1,374)- 1 = ±15.05
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BWR Cask Cavity Spacers Normal Condition 

The normal condition cask cavity evaluation was performed by rationing stresses based on the 
linear accident condition analysis results.  

The compressive stress was calculated to be: 

K20g) (20gb SS f I30ft 1 ,37 60g, 458psi 

The allowable stress (Sm) for the BWR spacer at 300'F is 8,400 psi. This results in the following 

margin for safety: 

MS= ý8400 I = +17.46
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