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Table 2.6.12.6-2

PWR Canister: Py, Stresses - 1 Foot Side Drop

P,, Stresses (ksi)
Angle of
Section |Peak Stress S1 Allowable Margin of

Location| Location | Sx Sy | Sz | Sxy | Syz | Sxz (ksi) Stress (ksi) Safety
1 0 21471 02 |52 -04 | -01 | -2 14.9 16 0.07

2 0 213 | 08 |-64|-08 | -04|-12 12.5 16 0.28

3 0 38| -061]-33|-03]-06]|-13 4.5 16 2.55

4 81 0 021 0|08 ]| 0l 0 1.5 16 9.39

5 9 07109 (02 0O 0 0.2 1.6 16 9.23

6 9 -0.7 1 02 0O 0 0.2 1.7 16 8.19

7 9 081 1.1 (03] O 0.1 | 02 2 16 7.18

8 0 07|25 {-1.1{-01] 05 | -0.1 37 16 3.34

9 9 04 | 26 |'21]1005| 13 |-10 5.8 16 1.76
10 9 15| 17 |-21]-03| 10 | -06 4.6 16 2.48

11 9 37 | 1.8 |-1.2] 07 | 1.2 | -1.6 6.4 16 1.5

| Dk 0 244 54 |67 45| 1.2 -1 21.7 24%** 0.11
12 9 05 |-011-35] 01| 06 |-19 4.9 16 2.27
13% 0-75 |-11.66| -3.42|4.02| 0.05 | 1.1 |-2.33 9.99 12.8** 0.28
14 0 09| -0.1]03 0 0 0 1.2 16 11.92
15 0 -0.3 0 |01 0 0 0 0.4 16 35.79
16 0 05101102 0 0 0 0.7 16 22.61

*  Stress evaluated over weld compression region

x%  Allowable stress includes a stress reduct’iqln_factbr for weld: 0.8 x}:é_l_lowablé]str@sfs‘,

*#% Stresses treated as a local membrané ‘strc:sqs. _:,Ai,ll'oiwablp lf‘or normalcond1t10n51s 155m=24
ksi for PL and PL = Pg

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.

2.6-151




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

November 2001
Revision UMST-01D

Table 2.6.12.6-3 PWR Canister Py, + Py, Stresses - 1-Foot Side Drop, Internal Pressure
P, + P, 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 09 | 7.6 | 06 0 -2 22.5 24 0.07

2 18 05 |-127) 3.1 | -02 | 02 | -1.5 | 13.7 24 0.74

3 27 0.6 | -125| 46 | 0.1 | 06| 2.3 13 24 0.85

4 9 -0.8 1.9 3.9 0 0.1 0.7 4.8 24 3.95

S 9 061 23 37 0 0 0.7 4.5 24 4.3

6 9 0.6 | 24 3.7 0 0.1 | 0.7 4.5 24 4.33

7 9 0.7 | 24 3.7 0 -0.1 | 0.7 4.7 24 4.12

8 0 04 | 27 24 |1 -02] 04 02 5.1 24 3.66

9 9 1.2 6.3 -04 | -0.1 1.5 0.1 7.4 24 2.24

10 0 -18.9| -2 4.5 | -5.3 1 1.1 | 203 24 0.18

11 9 4.0 0.9 -14 | 08 | 1.3 2.7 8.2 24 1.93

12% 0 -286| 66 | 82 | 43| 15| -07 | 245 25 0.02
[3%* 0-79  |-16.65| -6.26 | -6.48 [-0.11| 1.66 | -1.98 | 12.49 20k 0.60
14 90 -0.8 0 04 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) =2505 k51

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 304L stainless steel is 1.5 (16.7) = 25.05 ksi. Stressevaluatedf)veg
weld compressing region.
“#* 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 4{)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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2.6.12.7 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 S, 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 + Pn+Py+Q 9 2.6.12.7-2 +041
Thermal (cold)
Side Drop + Pn+Py+Q 9 2.6.12.7-3 +0.59
Thermal (hot)
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Table 2.6.12.7-2 PWR Canister P, + Py + Q Stresses - 1-Foot Side Drop, Thermal Cold

P, + Py + Q Stresses (ksi)
Angle of

Section |Peak Stress SI Allowable | Margin of

Location| Location | Sx | Sy | Sz | Sxy | Syz | Sxz (ksi) Stress (ksi) Safety
| 0 -153] 04 | -4 | 0.1 | 01 | -1.7 15.1 47.9 2.17
2 0 -11.7] 02 |22 -1.2 | 04 | -17 12.1 479 2.97
3 27 07152 |13 12| L6 1.2 6.4 47.9 6.46
4 0 04] 1.1 |29 0 |-01| 06 3.5 479 12.73
5 45 212 15 |-12) 04| 04} -L3 4.2 479 10.41
6 45 -1 12 |-1.1] 03 | 03 | -1.2 3.5 479 12.51
7 0 04| 1.1 26| O 0 0.5 3.1 479 14.33
3 0 0 (27 ]-15]-01} 06 | -0.1 4.3 479 10.04
9 0 2661 69 91|21 17 0.2 34 479 0.41
10 0 -18.8] 26| -5 | 451 09 | -1l 18.9 47.9 1.54
11 0 2630 33 1-87| 03| 1.8 | -0.1 29.9 47.9 0.6
12 0 264 48179 37| 1.7 | 0.6 23.5 47.9 1.04
13 0 32.5] -9.8 |-10.6] -1.2 | 2 -1.4 24.5 38.32% 0.56
14 180 93] 25|76 01 | 12§ -01 7 479 5.8
15 0 071 0 |01} O 0 0 0.7 47.9 69.76
16 0 Q6] 01 |01 0 0 0 0.7 479 63.87

* Allowable stress includes a stress reduction factor for weld: 0.8x 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 Py, + Py, + Q Stresses - 1-Foot Side Drop, Thermal Heat

P, + P, + 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 -1341 03 | 3.8 | -0.1 0.1 -1.4 13.2 479 2.62
2 0 -9.8 0 2 -1 03 | -14 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 -04 | 0.8 2.4 0 -0.1 0.5 3 47.9 15.13
5 45 -1 12 | -1.1 | 04 04 | -1.2 3.6 47.9 12.17
6 45 -09 | 1.1 | -09 0.3 0.3 -1 3.1 479 14.39
7 0 -0.4 1 2.1 0 0 0.4 2.7 479 16.98
8 0 0 26 | -1.2 | -0.1 05| -0.1 4 479 11.05
9 0 -233] 64 -8.2 -1.8 1.4 0.3 30.1 47.9 0.59
10 0 -16.5| 2.1 | 48 | -39 0.8 -0.8 16.6 47.9 1.88
11 0 228 32 | -7.8 | 02 1.5 0 26.1 47.9 0.83
12 0 233 41| 74 | <32 1.5 04 20.8 479 1.31
13 0 -282 | -85 | 9.6 -1 1.6 -1.1 21.1 38.32% 0.82
14 180 8.8 1 -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 reductibn féctigrvf(jkr l@el_d:w OSxalIQwablestress

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

2.6-156



SAR - UMS® Universal Transport Cask November 2001
Docket No. 71-9270 Revision UMST-01D

2.6.12.8 Stress Evaluation of PWR Canister for 1-Foot Corner Drop TLoad 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
I, 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 P, and P, + Py, 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)-1.
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Table 2.6.12.8-1

PWR Canister Critical Sections for the 1-Foot Corner Drop Load

Condition
Condition Stress Critical Section Table Margin of Safety*
Top Corner Drop Pn 9 2.6.12.8-2 + 0.08
+ Pressure
Top Corner Drop Pn+Py 2 2.6.12.8-3 +0.02
Inertia
Bottom Corner P 9 2.6.12.8-4 $0.02
Drop + Pressure
Bottom Comer P,+Py 11 2.6.12.8-5 +0.26

Drop + Inertia

* Note: These margins of safety are based on stresses calculated for corner drops with a 20 g
deceleration load. The actual deceleration load is 5.6 g; therefore, these margins of safety are

conservative.
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Table 2.6.12.8-2 PWR Canister P,, 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 | 02 | -0.1 | 0.8 6.4 16 1.5
2 0 -1.6 0.3 -1.5 | 01| -03 ]| -04 2.4 16 5.75
3 0 -0.5 0.5 09 | 02 |-03] -03 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 ] 02 1.4 0 0 0 2.6 16 5.14
6 0 -1.2 | 04 14 0 0 0 2.6 16 5.12
7 0 -1.2 | -0.8 1.5 0 -0.1 0 2.7 16 491
8 45 04 -0.8 03 | 04| -04| 04 1.9 16 7.39
9 0 -16.1 2 44 | -1.81 05| -04 14.7 16 0.08
10 0 11,1 | 431 33 |-19} 02 | 08 8.6 16 0.86
11 0 151 66 | 54 |07 04 | 04 9.9 16 0.61
12 0 -14.1] 62 | 3.3 |29 02 -1 12 16 0.33
13 0 -13.2 -8 -4 0.8 | 02 -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 04 16 40.38
16 0 02 | 04 0.1 0 0 0 0.5 16 34.04

% Allowable stress includes a stress reduction factor for weldOSxallowablestress

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 Pp,, + Py, Stresses - 1-Foot Top Corner Drop
P, + 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 -153| 65 | 45 39| 02 -1 12.4 24 0.93
2 0 -1941 39 44 | 071 12 -0.1 23.5 24 0.02
3 180 -0.5 1 99 53 0 0 -0.4 10.4 24 1.3

4 0 -1.4 0 25 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 ) 04 24 0 0 0.1 3.8 24 5.35
7 0 -1.4 |} -0.7 2.5 0 -0.1 0.1 39 24 5.09
8 36 0.1 -1.4 0.1 | 04| 0.7 0.1 22 24 0.92
9 0 -169| 0.2 54 | -13] 05 -0.2 17.3 24 0.38
10 0 -119) -57 | 29 | 34} 0.1 -1.1 10.9 24 1.21

11 0 -17 | 89 | 56 | -12 1 0.5 -0.7 11.8 24 1.03
12 0 -154| -6.1 3.7 1 -24 | 04 -0.9 12.6 24 0.91

13 0 -157 | -102 | 54 | -14 | 04 -1 10.8 19.2%* 0.78
14 90 -6.4 | -0.1 59 1 01 ] -0.1 0 6.3 24 2.78
15 81 0 -0.3 0.1 0 0 04 24 54.38
16 0 -02 | -03 0.1 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 Py, Stresses - 1-Foot Bottom Corner Drop

P, Stresses (ksi)
Angle of
Section |Peak Stress SI Allowable | Margin
Location| Location Sxz (ksi) | Stress (ksi) | of Safety
i 0 ']- 6 16 L@Z
2 18 05| 4 16 2,95
3 18 -0.4 3 16 3.84
4 0 -0.1 16 493
5 180 0 16 6.07
6 180 ] 16 634
7 180 0 16 127
8 45 0 16 10229
9 0 0.3 16 0,02
10 0 0.7 16
L1* 9 0.3 24
1l g B 16
12 0 0.8 16
13 0 -1.2 12.8%
14 0 0 16
15 0 0 16
16 0 0 16
* Allowable’
%% Stresses freated as local membrane stress. “Allowa
for P, and Pr. %P

Note: All of the allowable stress values presented in this table are based on SA240, Tyf)g 304L
stainless steel at a temperature of 380°F unless otherwise stated. Localized peak temperatures in
the central portion of the canister shell reach 4§§°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 P, + P, Stresses - 1-Foot Bottom Corner Drop
P, + Py, 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 1 08 | 251 03 | 0.1 -1 7 24 2.44
2 18 02 -69 | -14 | -0.1 0 -0.5 6.9 24 2.46
3 18 03¢ 6.1 | -1.3] 02 0 -0.5 6 24 3.02
4 0 -14 ] -1.9 | 25 0 0 0.1 4.4 24 4.39
5 0 -1.3 ) -14 | 24 0 0 0.1 39 24 5.21
6 0 -1.3 0 -11 | 24 0 0 0.1 3.7 24 5.4
7 0 -1.4 1 -08 | 24 0 0 0.1 3.8 24 5.27
8 18 03 | -1.1 }-09| 03 | 04 | -04 2 24 11.1
9 0 -15.2] 29 -5 -1.2 09 -0.1 18.3 24 0.31
10 0 19 1 08 | -15] 23 | 05 | 09 8.9 24 1.7
11 0 -1591 29 | 44| 0.1 1 0 18.9 24 0.26
12 0 -146| 37 | 39| -1.8 | 08 | -0.7 12.2 24 0.96
13 0 -18 | 68 | 59| -02 | 1.1 | -09 13 19.2% 048
14 0 04| -03 | 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 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, Typé 304L
stainless steel at a temperature of 380°F unless otherwise stated. Localized peak temperatures in

the central portion of the canister shell reach 4Qg°F—resu1ting 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.

2.6-162



SAR - UMS® Universal Transport Cask November 2001
Docket No. 71-9270 Revision UMST-01D

2.6.12.9 Stress Evaluation of PWR Canister for Combined Thermal and 1-Foot Corner
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 corner 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 S,, 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 Sy, is satisfied. The margins of safety are calculated as:

MS = (allowable stress/ST)-1.
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Table 2.6.12.9-1
Thermal Load Condition

PWR Canister Critical Sections for the Combined 1-Foot Corner Drop and

Critical Minimum Margin
Condition Stress Section Table of Safety
Top Corner Drop + Pn+Py+Q 2 2.6.12.9-2 +1.14
Thermal (cold)
Top Corner Drop + Pn+Py+Q 2 2.6.12.9-3 +1.24
Thermal (hot)
Bottom Corner Drop
+ Pressure + Thermal | Pn+ Py +Q 9 2.6.12.9-4 $1:96
(cold)
Bottom Corner Drop
+ Pressure Pn+P,+Q 9 2.6.12.9-5 +1.37
+ Thermal (hot)
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Table 2.6.12.9-2

PWR Canister P,, + Py + Q Stresses - 1-Foot Top Corner Drop, Thermal

Cold
P, + P, + 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 2195 | 7.0 | 44 ] 37| 02 -1 16.3 479 1.95
2 0 2199 | 23 | 33 -06| 1.2 | -03 22.4 479 1.14
3 126 04 |-1034}031(07] 01 | -05 11.2 479 33
4 0 -14 | 06 | 24 0 | -01 0 3.7 47.9 11.79
5 0 0.8 | 29 | 17 0 | 04 02 4.8 47.9 9.08
6 0 -1.1 -1.9 | 21 0 02§ -02 4.1 479 10.72
7 0 -1.3 ] 07 | 23 0 0 0 35 47.9 12.54
8 171 -02 | 36 | 04 0 0.2 0 35 479 12.78
9 0 1261 01 | -3.8]-1.1] 05§ 02 12.9 47.9 2.71
10 0 -10 4.8 | 24|25 0.1 -1 9 479 4.35
11 0 118 69 | -39 09| 04 | -06 8.2 479 4.85
12 0 118 42 | 28| -19 | 04 | 07 9.8 47.9 3.87
13 0 -11.8 | -69 | -3.91-09 | 04 | 06 8.2 38.32% 3.67
14 0 -153 | -1.8 |-144| O -1 0 13.6 479 2.52
15 81 0.1 -03 | 0.l 0 0 0 0.4 479 116.04
16 -0 -0.1 04 | 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 P, + Py + Q Stresses - 1-Foot Top Corner Drop, Thermal
Heat
P, + P, + 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 -183 | 67| 44| 34 | 02| -09 14.9 47.9 2.22
2 0 -187 | 25 | -3.1 | 0.7 1 -0.3 214 47.9 1.24
3 126 04 [-102] 0.2 0.7 0.1 | 04 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 05 | 24| 1.7 0 -03 1 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 2.9 479 15.69
8 171 -0.1 | -36 | -04 0 0.2 0 3.5 47.9 12.78
9 0 -128 1 04 | 38| -1.1 { 05 | -02 13.5 47.9 2.56
10 0 -102 | 48| 24 26 | 0.1 -1 9.1 47.9 4.27
11 0 12 | 69| 4 -1 04 | 0.6 8.4 47.9 4.73
12 0 -119 | 41| 28| 2.1 | 04 | -0.7 10 47.9 3.81
13 0 -12 169 4 -1 04 | 06 8.4 38.32%* 3.56
14 0 -145 | -1.6 |-13.6] 0.1 | 0.9 0 13 479 2.69
15 90 -0.1 | -0.3 ] 0.1 0 0 0 0.4 47.9 116.24
16 0 -0.1 | 04| 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—resu1ting 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 P, + P, + Q Stresses - 1-Foot Bottom Corner Drop, Internal

Pressure, Thermal Cold

P, + Py, + Q Stresses (ksi)
Angle of
Section |Peak Stress S Allowable | Margin
Location| Location | Sx Sy Sz | Sxy| Syz Sxz (ksi) Stress (ksi) | of Safety
l 0 63| -09 | -1.9 | 0.1 0 -0.8 5.6 479 7.53
2 27 -0.2 -5 -1.4 |-02| -0.1 | 0.8 5.2 479 8.15
3 27 02| 51 |-13] 0] -03 | 06 5.2 479 8.20
4 0 -1 15128 0 0 0.2 4.3 479 10.03
5 0 -1 -1.1 1 28 0 0 0.2 39 479 11.33
6 0 09| -0.8 | 2.8 0 0 0.2 3.8 479 1L.75
7 0 09| -06 | 28 |02 O 0.2 3.7 479 11.81
8 0 061 0.2 1.2 |-1.1| 04 0.1 2 479 22.63
9 0 -143| 22 | 45 (-1.1] 09 | 02 16.7 47.9 1.86
10 0 -9 -1.5 | -1.7 |22 05 -l 9.2 479 4.23
11 0 -142| 1.1 | 45 (-02) 19 -0.1 154 479 2:11
12 0 -13.6| 29 | -3.5 | -1.8 9 -0.7 11.9 479 3.02
13 0 -173] -5.6 | -55 |05 1 -0.8 12.9 38.32% 1.97
14 0 031 04 | 02| 0 0 0 0.6 47.9 85.16
15 81 0.7 0 09 | O 0 0 0.9 47.9 51.95
16 45 06| 01 |-04] 0 0 0 0.6 47.9 8275

« 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 Py, + Py, + Q Stresses - 1-Foot Bottom Corner Drop, Internal

Pressure, Thermal Heat

P, + Py + 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 1031 0.1 0 -0.1 5.4 47.9 7.87
3 162 0.1 49 104} O -0.1 -0.1 53 47.9 8.12
4 180 0 37 121 0 0 -0.1 4.9 479 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 | 35 0 0.1 0.2 5.1 479 8.34
7 0 09 | 06 |32 0 0.1 03 4.1 479 10.82
8 0 -0.6 0.8 2 |01 06 0.3 2.9 479 15.7
9 0 -17 29 |{-53] -13 ] 1.2 -0.3 20.2 479 1.37
10 0 115 | -19 |24 -2.7 | 0.6 -1.2 11.6 47.9 3.13
11 0 -16.7 | 14 (-55] 02| 1.1 -0.2 18.4 47.9 1.61
12 0 -16 32 | 4 |22 l -0.9 14.3 47.9 2.36
13 0 205 | 63 |-65] 07 I'3 -1 15.6 38.3* 1.46
14 0 -10 49 1971 0 0.1 0 5.1 47.9 8.33
15 90 0.8 0 1 0 0 0 1 479 - 47.69
16 27 06 | 0.1 1-03] O 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 Sy,
per the ASME Code, Section III, 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 = 0.6x158/09-1 = 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

1b. For contact of the canister wall

contents mass is for the BWR Class 5 w1th a welght of {{I

Bearing Stress = 33
Based on a yield strength of 17.5 ksi at 400°F, the margin of safety is
MS = (17.5/0.822) -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 92, (2) area between the structural lid weld and shield lid weld from
0° to 9°, and (3) area below shield lid weld between 0° and 9°.
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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 b PWR Side Drop with no Internal Pressure

Region 2: -43,935 1b PWR Side Drop With Internal Pressure

Region 3: -78,640 b BWR Side Drop with Internal Pressure
Gaps at both 0° and 9° are closed. Gaps at angular locations greater than 9° remain open in the
regions of interest. The projected width conservatively based on 9° contact is 5.27 for the three
regions. Region 1 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 -1 = 1.04
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Region 2: 19.950/3918 -1 = 4.09

Region 3 is allowed 1.5 S, since the width of application of the load is less than the distance to
the free edge (0.5 < 3.0) and

Region 3: 1.5x 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. Onlythese 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 carlister analysis “ 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 ¢, 6, or $6 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 interaction ratios for
the top- and bottom-end drop cases are provided in Table 2.6.12.12-2. The results of the
buckling analysis 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
PWR canister does not occur.
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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
(RO* 4.56
Overall Length (in) 191.95
Bottom Thickness (in) 1.75
Structural Lid Thickness (in) 3.0
Ly= Length used in evaluation (in)* 187.2
Lo = 27tR = circumference (in) 208.7
v = Poisson’s Ratio 0.275

L, = 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 1-Foot End Drop

Longitudinal |Circumferential
(Axial) Stress*| (Hoop) Stress*

In-plane
Shear Stress

Elastic Buckling
Interaction Equations

Plastic Buckling
Interaction Equations

Qs Q6 Q7 Q8

Load Condition S, (psi) Se (psi) Sw(psi) | Q1 | Q2 | Q3 | Q4
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 in-Figure 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 spht spacers and tie rods represents a classmal closed form structural

obllque ;drop‘:_. 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.

ST e

Y T A

R, AR -~-‘§-,»§ (SX.V,. T T NET S
s’section:: End-drop,:

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

\ Support Disk
Fuel Tube
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Figure 2.6.13-2 Support Disk Cross-Section Configuration

FIGURE WITHHELD UNDER 10 CFR 2.390

Note:
Engineering drawings provide appropriate tolerances for dimensions shown.
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Figure 2.6.13-3 PWR Fuel Tube Configuration

FIGURE WITHHELD UNDER 10 CFR 2.390
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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 III, 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 Sy, and 1.5S,, respectively. The value of S,, 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
the end-drop, the fuel basket

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

disks, from which they are transmitted to the canister shell. For i

but freestanding fuel assemblies. Vanouscaskdrop 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

based on the component stresses from t the end and side drop evaluatlon
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structure, dre tQ.be.¢ 6inpared*~agamst the. aIlowabl
and accident condific frc

& stresses: gThe A‘aliowable Siresses fornormal

Stress  Thermal

State Case!  Section ki G &) T’@s‘ﬁ {Ksi) Safety

P, B 120 96 98 80 252 45.0 029
PutPy B 21 25 570 BZ.3 15 H]
P+Q B 21 156 627 1350 i3

Py A 120 90.0 91 91 16 237 443 0.86
PPy A 21 90.0 450 428 D90 I 5277 645 022
P+Q A 4 85.0 %63  Hi3 436 149 574 1259 19

* Basket angle -(°n°mat10n), se¢ Figure 2.6.132%:
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Figure 2.6.132-2  Side Drop.Orientation
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Table 2.6.13.2:1 Listing of Cross-Sections foF Stress Evaluation of SUpport sk

Section  Point Point X
& Line# 2 ‘
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Table 2.6.13.2-1

5%

Listing of Cross-Sedtions for Sfréss Evaluation'of Support Disk (Continued)

e dgthodiord ebte b S et et ss

Section
& Line#

Point

y

Point

2

22
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
63
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

83
85
87
89
91
93

84
86
38
90
92
04
96
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Table 2.6.13.2:1

T e e T o ey Ty T ST
Listing of Cross-Sections for.Stress Evaluation: of:Support. Disk (Continued)

Section
& Line#

Point
1

Point
2

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

169
171
173
175
177
179
181
185
187
189
191
193
195
197
199
201
203
205
207
209
211
213
215
217
219
221
223
225
227
229
231

170
172
174
176
178
180
182
184
186
188

SO
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2.6.133 Theinil Conditions and Bxpansion Evaliation for PWR SupportDisks

R Eneges R L e T

the PWR support disk evaluation.

e mhpd

P r g CHTSELTR

Three thermal. cond1t1ons are con31dered ﬁhen evaluating |

Condition 1:  100°F ambient temperature with maximum’décay hat load Bnd. maximum solat

insolation.

Condition 2:‘
Condition 3:

Heat Trmax Tmm AT
Condition (°F (°F) Eg("F)
1 686 366 320

2 600 255 345

3 =40 240 0

€ X YRR e ARSI,

ture)- an heat condmon 2

Thermal Heat T
Case Condition P
A 1&2 686

The allowable stresses. are calculated by. using the, temgeratme distribution based'c ‘on. the results, of

T L EG PRI

a steady-state conduction analy31s performed by usmg ‘temperature ‘boundary_conditions.

on-?across thegdlslz@e’emg;ggﬁre Atascin
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PR TR

the’ second run accoun

requlred for Level D.condi " I
both Level A and Level Das 1Mput to the bucklmg evaluatxons presented in Section 2. 6 13 14

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 pnmary m
and B are prov1ded m Tab]es 2 6 13 4 1 and 2‘“6*"1‘3
drop conditions is effectively zero.

2.6-192



SAR - UMS® Universal Transport Cask November 2001
Docket No. 71-9270 Revision UMST-01D

Figure 2.6.13.4-1
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ATy

-Foot End-Drop,:Thermal Cas¢:A

Section

Sy
(ksi)

Sxy
(ksi)

_Stress  Allowable
Intensity  Stress

(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

5.8
-5.8
5.8
5.8
2.0
2.0
2.0
2.0
3.7
3.7
2.6
2.6
5.1
5.1
5.1
5.1
1.6
1.6
1.6
1.6
-3.5
-3.5
2.2
2.2
32
32
32
3.2
34
34
3.4
34
5.1
5.1

0.2
0.2
-0.2
0.2
0.2
-0.2
-0.2
0.2
0.0
0.0
0.0
0.0
23
23
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
2.0
2.0
20
0.0

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
6.2
5.7
5.7
5.7
5.7
53
5.3

&&&&&

65.8
65.8
65.8
65.8
65.8

7.44
%44
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Table 2.6.1342  Pm Py Stresses for Support Disk:

“Foot End-Drop, Thermal Case B

| | _ Stress Allowable
) Sx Sy Sxy Intensity Stress Margin
Section  (Kksi) (ksi) (ksi) (ksi)
40 2.0 5.8 02 7.8
42 2.0 5.8 02 7.8
54 20 58 02 78
56 2.0 -5.8 0.2 7
12 -5.8 2.0 02
14 5.8 2.0 0.2
26 58 20 02
28 58 20 02
39 26 37 00
53 2.6 -3.7 0.0
11 3.7 2.6 0.0
25 -3.7 2.6 0.0
67 1.7 5.1 22
& 17 sl 22
99 1.7 5.1 2.2

115 1.7 5.1 22
74 5.0 1.5 2.3
106 5.0 15 23
90 5.0 1.5 2.3
122 5.0 LS 2.3
55 2.2 -3.5 0.0
41 22 -3.5 0.0
27 3.5 22 0.0
13 35 22 0.0
82 34 3.2 2.0
114 3.4 3.2 2.0
98 3.4 3.2 2.0
66 34 3.2 2.0
72 32 34 20
104 32 34 20
120 32 34 20
88 3.2 34 2.0
5 0.0 5.2 0.0
19 0. -5.2 0.0
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Stress Evaluation of PWR Support Disks for Combined:Thermal and 1-Foot End
Drop Conditions

2.6.13.5

maximum valuc,at, the surfa99 of ,thc,@zstr_e,mc.ﬁber

SYIETEIT

Thermal case A is used for th1s evaluatlon The top ten maximum, sectlonal stmss locan’ ns for
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Table 2.6.13.51

"‘;PN:'» a7y

Pu’
Case A

Parccvitedhtfive b

Section

(ksi)

(s

76
92
108
124
5
19
107
91
123
75
33
47
84
116
100
68
109
77
61
93

10
1.0
L0
1.0
0.0
0.0
8.3
8.3
8.3
8.3
','8.'9
8.9
0.0
0.0
0.0
0.0
9.1
9.1
9.1
9.1
4.9
-4.9
-8.7
-8.7
-8.3
-8.3
-8.3
83
3.9
3.9
.'3'9

9.0
9.0
9.0
9.0
-8.9
8.9
1.3
1.3
1.3
1.3
0.0
0.0
9.1
'91
9.1
9.1
0.0
0.0
0.0
0.0
8.7
-8.7
49
4.9
-3.9
73.'.9
3.9
3.9
-8.3
-8.3
83
-8.3
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2.6.13.6 Siress Evaliiation of PWR Support Disk for 1-Foot Side-DropLoad Conditions

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

26.13.62  Analysis Results for the 1-Foot Side-Drop

*1365

ch by A lI A

al’ cond1t10ns§ ofstransportath

St 8

oF primary; membf

membrane SIEsSH(Bails S
stress is 1.5Sm.
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g

The cross sections with. the 40, minimum marans of. ' presented. in Tables: 2:6:13,6-2

through 2.6.13.6:17.. The tables are identified below:

Basket Th
Table Number | Orientation (°) (
2.6.13.6-2 0
2.6.13.6-3
2.6.13.6-4
2.6.13.6-5 ]
2.6.13.6-6 18.22
2.6.13.6-7 18.22
2.6.13.6-8 18.22
2.6.13.6-9 18.22
2.6.13.6-10 26.28
2.6.13.6-11 26.28
2.6.13.6-12 26.28
2.6.13.6-13 26.28
2.6.13.6-14 45
2.6.13.6-15 45
2.6.13.6-16 45
2.6.13.6-17 45

o
7
el

¥

0T B i e O T e e e e T R s B

The minimum margin of safety of +0,19 for the side-dr
thermal-stresses., This margin of safety is produced by a primary membrane plus. bending. stress
of 56.9 ksi.
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s=—0% Side Drop.Orientation,

Figure 2.6.13.6-2

.
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[

23 21
25

28 26
27 _7/29

107 23
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Drop Orientation,

Thermal Case A
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Figure 2.6.13.6-4  Locations of Maximum PPy Stressesd6. 285 Side Drop Onentation.
Thermal Case A
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Table 2.6.13.6-2  Pn Stresses for Support Disk—1:Foot Side-Drop, 0° Orientation, Thermal

Case A

Sx
Section (ksi)

Sy
(ksi)

Sxy
(ksi)

Stress  Allowable
Intensxty Stress
(ksi) (ksi)

of Safety

25 11.0
107 -10.6
123 -10.6
20 8.7
29 0.0
28 4.8
26 4.8
27 4.4
2 6.1
24 0.0
22 -4.9
21 2.8
23 2.8
114 4.8
98 4.8
30 4.7
19 0.0
8 55
4 -6.4
31 6.7
32 -6.7
115 2.7
99 2.7
112 2.7
96 2.7
95 2.5
111 2.5
11 6.9
13 53
6 6.4
5 0.0
1 0.3
3 0.3
110 6.2
94 62
116 0 0

_9.'2
-13.2
-13.2
1.3
-13.7
f679
6.9
-12.5
52
-114
-104
5.9
-5.9
5.3
-5.3
9.6
9.1
3.1
7.9
6.2
6.2
"532
52
4.4
-'4'4
44
4.4
4.0

-13
-59
—63
-45

0.0
8.1
'8'1
0.0
0.0
3.2
32
0.0
0.0
0.0
0.0
2.6
2.6
0.5
0 5
0.0
0.0
0.0
0.0
1.7
-1.7
0.5
0.5
0.0
0.0
0.2
0.2
0.0
0.0

202 439
20.1 ‘
20.1
16.0
13.7
134

{7 SR N a2 PN T
A iad ki
) A : £

Al

S ow 0l e ¢

13
&
S
SFRT
olied)

1.17
1.21
121
‘1 70
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Ty

Table 2.6.13.6-3  Pu+ Py Stresses for Support Disk-ZizFoot SidezDrop, 0 Crientation,
Thermal Case A

wesws ey

Section  (ksi) (ksi)
107 23.6 -30.9
123 -23.6 -30.9
25 11.0 9.2
26 15.5 3.5
28 15.5 3.5
20 8.7 -73
23 12.0 -2.9
21 12.0 2.9
27 44 D25
29 0.0 -13.7
114 7.1 5.5
98 7.1 5.5
2 6.1 5.2
22 4.9 -104
30 47 96
1 8.9 -1.9
3 89 19
24 0.0 -11.4
14 9.6 :
12 9.6
4 -6.4
94 10.9
110 10.9
9 8.6
7 8.6
75 6.7
91 6.7
31 4.9
32 4.9
19 0.0
8 5.5
6 -6.4
17 '
18
115
99
37
51
113
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Table 2.6.13.6-4

Case B

Section

(ksi)

(ksi)

25
107
123
20
29
28
26
27
2
24
22
21
23
114
98
30
19
8
31
32
4
115
99
11
13
111
95
112
%
6
5
110
94

121
105

113
10.3
-10.3
9.0
0.0
4.9
4.9
4.6
6.7
0.0
-5.2
2.8
2.8
49
4.9
4.6
0.0
5.8
6.7
6.7
7.0
2.6
2.6
7.2
5.5
2.5
2.5
2.5
2.5
0.0
6.3
6.3
0.2
0.2
0.0
00

0.6

9.5
-13.3
_7 5
-14.1
7.2
1.2
»'12:.9
5.4
-11.8
-10.7
-6.1
-6.1
-5.2
"5 7.2
-9.8
94
32
-6.3
6.3
-8.2
5.1
-5.1
4.2
-1.3
4.3
43
4.3
4.3
6.0
6.4
0.1

of Safety
1.16
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P + Py Stressés f
Thermal Case B

Table 2.6.13.6-5

Section

Sx
(ksi)

(Kksi)

107
123
25
26
28
20
23
21
29
27
114
98
30
22
2
1
3
24
14
12

'24 . 1
24.1
11.3
15.9
15.9
9.0
124
12.4
0.0
4.6
75
1.5
4.6
5.2
6.7
9.7
9.7
0.0
9.9
77'.0
9.1
-9.1
11.0
11.0

107

-11.8
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Table 2.6.13.6-6

Thermal Case A

o ey

P Stresses for, Support Disk—1-Foot. ,.18:228 Orientation,

Section

Sx
(ksi)

Sy
(ks)

Sxy
(ksi)

of Safety

112
35
107
37
120
23
9
114
51
28
21
49
116
115
64
20
98
14
31
63
29
95
121
27
113
25
66
26
123
96
111
22
2
2
119
80
82
40

-

3

11.6
11.4
0.6

-12.4
6.7
2.6
-1.0
-3.8
11.8
34

-03

-11.0
0.0
34

-11.3
5.6
3.9
0.5
4.3
0.6
0.0
2.0
04
-8.1
5.6
2.9
-1.1
4.1
9.7
-1.9
04

-7.8
4.8
-6.7
-10.1
-6.9
1.8
-7.9
2.8
L8
2.9
-113
-1.2
-12.3
7.8
-6.4
5.8
-8.7
‘109
6.1
"11 !O
5.4
1038
9.9
-10.1
-7:4
4.3
-9.5
0.7
-0.1
-3.3
-8.2

3.0
3.1
7.3
3.3
3.4

1.
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Table 261367 P4y Stresses for Support Disk ZiFoot SEDrop, 18227 Orfentation,

Thermal Case'A

_(Gksi)
40.0

of Safety

y Sx Sy
Section  (ksi) (ksi)
17 285 379
23 36.6 213
4 282 340
3 -312 -30.3
9 -29.7 244
37 238 291
28 317 -173
20 32.7 18:8
51 25.2 239
21 21.1 26.4
49 242 216
2 -19.1 -28.3
34 253 . 257
6 -26.8 -25.2
48 21.7 22.6
111 27.1 -19.1
30 -15 215
98 -23:1 -16.5
95 233 21.1
22 '27;,6 .‘1676
9 238 201
27 268  -1638
63 225 <190
112 256 89
64 222 -19:1
91 14.5 20.3
14 24.1 109
35 22.6 12.5
1 -194 244

8 24.1 46
115 7.1 246
114 233 5.3
99 -19.8 -15.8
79 20.5 16.5
113 =16.0 -23.0
36 40 :
80
26
25

LR

30 25
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Table 2.6.13.6:8 Py, Stresses for Support Diske—1-Foot Sit
Thermal Case B

of Safety
1.11

Section (ksi) (ksi) (ksi)
112 12.3 -8.2 3.0
35 121 5.1 3.1
37 -13.2 -10.7 34
107 0.5 6.3 7.0
120 6.3 6.7 32
23 2.7 17 7.1
51 12.7 22 4.0

9 1.1 8.0 6.1
28 -3.3 -33 6.9
114 3.7 A 6.2
49 -11.9 3.8
115 3.8 24
116 0.0 0.0
21 0.3
64 -11.8
31 4.4
20 5.8
98 -3.9
14 0.4
121 0.4
& 06
29 0.0
113 -6.0
25 2.2
27 -8.0
96 -8.5
25 3.0
i1l 04
66 -1l
123 0.8
26 4.0
2 42

80 8.7

24 0.0

% 02

82 0.8

119 0.

79 00

30 -1.0
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e pead

Table 2.6.13.6-0 P 4Py Stresses for Support Disk-21-Foot Side:Drop, 18,22 Orientation,
Thermal Case B

Sx Sy

Section  (ksi) (ksi)
107 29.1 -37.1
23 318 220
9 308 251
3 -32.9 -31.8
28 -32.7 -18:2
37 247 297
20 33.8 19.3
51 263 248
21 -22.0 -27.1
49 252 219
0 27 290
111 -28.0 -20.0
34 -26.3 -26.3
2 -20.1 -29.7
48 29.0 233
6 27.8 -25.9
98 -23.9 -16.5
95 28.5 11.2
22 -28.6 -17.3
96 24.5 -19.8
27 -27.8 -17.7
91 15.0 20.9
63 231 191
112 263 8.3
64 -22.8 -19.3
14 24.8 112
35 23.4 123
1 205 256
114 239 -6.2
8 25.0 5.0
115 -7.0 -25.0
99 205  -136
9 168
113 \
36
80
25
26

50
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Table 2.6.13.6-10

Section

(ksi)

120
112
114
35
37
21
23
9
51
49
28
96
98
63
64
95
40
66
119
14
107
26
111
42
116
31
80
27
115
72
104
79
22
121
7
82
99
113
36

9.4
10.0
-6.7
126
-13.5
3.2
1.4
0.9
13.7
-12.7
6.1
-10.2
6.7
0.9
0.2
39
0.8
0.0
1.2
2.6
-7.1
2.4
=5.6
0.0
3.2
9.8
9.3
1.9
8.7
5.6
0.0
4.9
0.5
0.0

i

S

012

12,1
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Table 2.6.13.6-11 > Py Stre A 2628 Orientation,
Thermal ‘Casc A
| Sx Sy
Section  (Kksi) (ksi)
23 40.4 29.3
4 -34.3 413
37 -30.3 -37.2
3 -37.5 -36.8
107 24.6 313
21 310 -33.9
9 33.7 -29.3
51 311 31.8
20 -30.2 -38:1
28 -35.7 -17:1
49 29.7 27.0
34 -31.8 334
95 29.7 275
96 -30.1 -26.3
2 33.5 27.0
48 33.8 29.6
111 -33.9 -19.5
35 29.0 213
6 31.0 -30.7
22 -33.0 -14.1
112 9.6 332
98 2717 -18.8
63 -26.7 -24.4
1 27.8 30,1
120 31 27.1
27 -30.0 -15.8
79 24.9 219
30 6.3 -28.8
114 289 2.1
7 24.5 22 0
80 24.9
8 28.0
99 -23.9
26
14
42
115
91
36
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Table 2.6.13.6-12

R R
&)

for. “upbort D1sk—1-FooLSxde-m“g,ﬂ26 282 Onentatlon,

Section

Stress Allowable -

120
112
114
35
37
51
23
21
9
49
28
96
98
63
64
66
95
40
14
119
116
31
26
111
115
80
107
42
27
79
121
72
104
113
99
82
22
36
71
29

5.8

L9

¢ :i{ "’1

)
=00

S
(SN S

£

£

,gi
RO

(=
oo

g3

ONIONLOO Sy 3
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Table 2.6.13.6-13

P + P Stresses for Support Disk-

Thermal Case B

e

W

WL SRR
-Foot S

TR AR

28° Orientation,

Blrse A s R ity

Section

(ksi)

(ksi)

Sxy
(ksi)

 Stress
Intensity

(ksi)

23
37
4
3
21
9
51
107
28
20
49
34
95
111
48
96
2
35
98
6
22
112
63
64
1
30
27
114
120
79
7
26

419
315
-35.9
-39.2
-32.3
34.8
32.1
-24.4
369
-30.8
333
-30.3
-35.2
35.0
-30.7
35.1
30.1
286
-32.0
-33.9
30.9
-27.6
27.6
29.5
6.6
-31.1
-302
257
25.7
254
25.6
246
269

Sxns

30.1
-38.2
43.1
-38.5
-34.7
-30.1
326
-29.9

102
104
4.4

47.7
45.8
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Table 2.6.13.6-14 Py, Stresses fc
Thermal Case'A

Section (Kksi)
120 91
114 9.0
35 12.7
23 -1.4
37 -16.8
21 -77
49 -12.9

9 0.6
112 741
111 5.8
96 -10.7
63 1.5
51 12.0

7 31
28 8.3
40 0.9
98 8.9
72 -10.4
66 0.3
104 6.6
64 -11.7
95 -32

42

26

80

79

119

110

94

71

46

36

22

74

99

14

e

31
122
115
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Table 26136-15

Thermal Case A

; . _Stress Allowable
| Sx Sy Sxy Intensity Stress Margin

Section _ (ksi) (ksi) (ksi) __ of Safety
21 42.8 -39.0 0,22
37 -39.0 42.8 0.22
35 36.1 35.8 0.39
2 35.8 36.1 ).3
1 -41.9 -37.5
4 -37.5 -41.9
49 -34.1 -34.4
9 -34.4 -34.1
34 42.0 -39.6
20 -39.6 -42.0
3 -40.8 -38.0
2 -38.0 -40.8
7 34.8 32.0
51 32.0 34.8
12 176 412
95 -32.2 -32.1
64 -32.1 -32.1
96 324 313
63 313 -32.4
48 366 -32.9
6 329 -36.6
120 '03 -34.1

S 114 340 06
79 274 27.6
80 276 27.3
22. -33.6 -6.2
36 62 -33.6
4 30 328
26 3L1 195
42 -31.1
98 -18.5
8 3.6
56
30
44

99
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Table 2.6.13.6-16

Pu Stresses for Support Disk—I1-Foof.Side-Drop, 45° Orientation,
Thermal Case' B

Section

(Ksi)

(ksi)

(ksi)

of Safety

120
114
35
23
37
21
112
111
49
9
96
63
51
7
28
40
98
66
104
72
64
95
42
26
119
110
80
79
94
71
36
22
74
99
122
115
14
34
116
109

9.6
97
143
14
-17.7
8.2
7.6
6.2
0.6
108
1.7
12.7
3.3
-8.9
1.7
0.6
-0.1
. '7 0
-10.8
-12.3
-33
©9
0.1
-13.0
9.9
11
-12.0
0.1
2.1
3.7

9.8
9.6
-14
143
-8.2
-17.7
-6.2
7.5
0.6
-13.1
17
-10.8
3.3
12.7
L6
-8.9
-10.8
-7.0
0.0
9.4
=33
-12.3
-10.1
-6.9
-13.0
0.1
1.1
9.9
0.1
:12.0
3.7
-2.1
9.7

8.0
8.0
7.1
6.6
6.6
6.5
6.5
6.4
6.4
6.0
6.0
5.8
5.8
5.2
52
4.4
6.5
0:4

44 -

4.6
4.5
4.6
-0.5
-0.5
42
4.2
0.4
04
5.3
-5.3
2.1
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Table 2.6.13.6-17 452 Orientation,

Section
21
37
23
35
20
34
4

1
51
7
49

9

3
2

111
112
95
64
96
63
48
6
120
114
26
42
22
36
79
80
28
40

TONHONTONTOY, OV OV OOV

IO
|

PR 14 8k
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2.6.13.7 Stress Evaluation of PWR Support Disk for. Combined Thermal and.1-Foot Side-
Drop Load-Condition

The inertial loading for the 1-ft side-drop is combined with the therml loading for Thermal Case

Shwi i AS

A to produce the Jargest stress intensities. The allowable stress intensity 3 Siis evaluated at the
section temperat'ii",rfé.

The 40 sections with the smallest margins ofsﬁ?etyme?$sented3@ablesﬁl37-lthrough
2.6.13.7-4. The tables are identified hete:

Basket Thermal Stress  Minimum Margin
Table Number  Orientation (°) Case

2.6.13.7-1 0
2.6.13.7-2 18.22
2.6.13.7-3 26.28
2.6.13.7-4 45

S S s

The minimum margin of safety is +1.21.
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1 Q Sirésses for Support Disker L-Fo0t Side-DropL0? Orientation,

Table 2.6.13,7-1  Pu#
Thesnal Case A

Ther

Section _ (ksi) (ksi)
75 21.2 17.5
91 212 17.5
107 113 212
123 -11.3 212
17 25.3 2.9
18 25.3 2.9
26 12.7 -8.5
28 12.7 -8.5
25 127 -85

6 -16.8 -10.8
7 -16.8 -10.8

9 -16.8 -10.8

1

3

of Safety

-130 - -122

-13.0 -12.2
4 -13.0 -12.2
29 0.0 -183
12 148 89
14 -14.8 -8.9
11 -14.8 -8.9
24 !
23
21
22
27
34
35
48
49
32
30
31
16
20
19
76
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Table 2.6.13.7-2

Onentatlon Thermal Case'A

Sx Sy Sxy
Section (ksi) (ksi) (ksn)
3 -33.1 36.6
4 -35.1 -36.6
6 -36.3 29.0
9 -36.3 -29.0
34 253 -331
37 253 -33.1
48 294 297
49 29.4 29.7
91 26.4 28.5
21 248 312
20 -24.8 -31.2
2 29.2 17:4
23 -30.5 -18.9
22 -30.5 -18.9
1 -18.7 -27.9
107 -12.0 -27.8
96 243 -22.0
95 24.3 -22.0
11 263 -16.2
14 263 -16.2
28 -25.5 -18.5
27 -25:5 -18.5
111 271 -19.5
13 26.9
51 234
8 26.9
30 9.2
31 9.2
112 7.9
26 -154
25 154
79 24 8
80
115
39
42
64
63
16
18
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Table 2.6.13.7-3
&y s Marg
Section __ (ksi) (ksi) (kSI) of Safety
3 -41.1 43.0 1 1:21
4 41.1 -43.0 1.21
6 -39.8 -33.9
9 -39.8 -33.9
34 -31.1 -40.5
37 3Ll 405
20 -33.6 -39.0
21 -33.6 -39.0
48 346 350
49 -34.6 -35.0
2 34.6 234
1 25.9 -33.1
23 31.9 24.7
95 -30.1 284
96 -30.1 -28.4
22 -35.5 -15.9
91 25.7 28.8
112 154 349
51 287 251
42 -18.7 -29.6
39 -18.7 -29.6
111 -31.8 -17.4
28 '27?4 '185
27 -27.4 -18.5
8 30.2 35
80 25.3 22.8
79 25.3 22.8
107 28.3 169
14 265 -16.6
11 -26.5 -16.6
13 28.3 9.0
63 -23.0 -22.6
64 230 226
120 0.6 -28.7
24 197 291
31 83 258
0
26
35
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Table 2.6.13.7-4

TS e Ty
& Q

-Drop;:45:

Section

(isi)

Sy
(ksi)

1
2
6
9
48
49
3
4
34
37
20
21
63
64
95
96
111
112
79
80
35
23
36
22
91
8
50
44
46
30
31
7
51
26
25
42
39
14
13
54

35.6
-35.6
-40.2
-40.2
-37.4
-374
-40.2
402
-36.1
-36:1
-36.5
-36.5
-26.3
-26.3
-283
-334
-16.3
26.5
265
-12.4
-31.7
-124
2238
29.8
1.6
-27.8
-27.8
101
-10.1
20.5
24.4

-40.3
403
-37.4
374
-40.2
-40.2
-35.6
-35.6
365
-36.5
-36.1
-36.1
283
-28.3
-26.2
-262
-16.4
333
26.5
26.5
-31.7
-124
317
-12.4
25.3
1.6

29.8
105
-10.5
-27.6
-27.6
244
20.4

(ksi) (ksi)  of Safety
13.0 1.4
13.0
13.5
13.5
135
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2.6.13.8

A et A

As prev1ously dlscussed the evaluatl

Sx(@ , :.-;{' S x(end)Coscp + Sx(s;;e“)qu)

SY@) = Sy(eud) COS(l) + Sy(sxdc)81n¢

Sy = S, COS¢+S

xy| (end)

where,

based on the stress. components' The onentanons‘ wher the maximums OCCUL ¢
condition are then determined. A summary of the evaluation is presented.in Section 2.6.13:2.

2.6.13.9 Stress Evaluation of Support Disk for Combined Thermal and*1-Foot Off-Angle

Conditions

The stress evaluation for the cornbmed thcmgglwand obhque condltlon is p&}’gﬁ@gﬁ&;ﬁs&g he

same. methodology- ‘discussed:in:Section. 2.6.13: *PEQ stresses is
also presented S¢cfion 2,6:13.2..
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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 16,4891b Because the weights of the
bottom end weldment (527.1b) and the fuel tubes (3,676.1b) are transmitted directly into the end

86:1b. For the 1-ft

of the canister, the remaining load acting over the area of the spacers is 12,2

end-drop, the deceleration is 20 g, which results in a total end-drop load of 245.720:1b. The area

TR

in compression is 7(3.0% - 1.75%)/4 = 4.66 in®. The compressive stress, is 245720/(8 x 4.66) =

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

Based on the ASME Code, Section III, Subsection NG, the allowable membrane stress is 1.0 S;,..
Using a conservative material temperature for the outer edge of the support disk of 500°F,

Sm=17.5ksi. The corresponding margin of safety is

MS = (17,500/6,591)

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 ASME Code, Section III, 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 45° drop orientation at Case 1. Similarly, for the
end-drop, a maximum membrane stress across a section is O 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)Sn, /S]] - 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 1s demonstrated for shear stress criteria.
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2.6.13.12 Bearing Stress - Basket Contact with Canister Shell

For the bearing stress (Sy) 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
3275 in). The load considered to be acting on the support disks is the total contents weight
(55,810 Ib), 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.

Sor = (55,810)(20)/[(0.5)(30)(m)(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 = 898/S,-1 = +1141.

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 1.0-in.-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
SHELLG63 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 (P,) and the
primary membrane plus bending (Pn+Py) 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+Py)/ 158} -1
or
MS =[(Pmn+Pp+Q)/3Sy]-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 I, Division I,
Subsection NG.
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Finite Element Model of the Top Weldment Plate

SAR - UMS® Universal Transport Cask

Docket No. 71-9270
Figure 2.6.13.13-1
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" (Real Const. #10)
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Table 2.6.13.13;1  Minimum Margins of Safety Tor.the Top/BoHOm Weldments for1iEoot

I,

Allowable
Component/Condition Py (ksi) S (ksi)
Top Weldment/1-ft End-Drop 5.86 17.38
Bottom Weldment/1-ft End-Drop 6.13 17.56

Lerftdboittng

Allowable

Component/Condition
Top Weldment/1-ft End-Drop
Bottom Weldment/1-ft End-Drop

» 4 oy
[dcteerd [renih ot 4

Component/Condition
Top Weldment/1-ft End-Drop + Thermal
Bottom Weldment/1-ft End-Drop + Thermal
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2.6.13.14 Support Disk Buckling Evaluation

of-plane 1nert1al loads (basket end—lmpact component) produce out—o:f planew(weglg a_ms)

moments on the suppo_,r,t‘dxsk.

Buekling of the siipp'ort" diékfis”f:e‘vamzi'téd' in accor
of NUREG/CR-6322.. The support disk. Kbuckhng eval uati”'
conditions is presented in Sectlon ‘2‘.‘7.8.3.

2.6.13.14.1  Support Disk Buckling Evaluation Input Data

The support disk is constructed of SA-693, Type 630, 17-4
properties are evaluated at the actual temperature of the locations when

- buckling evaluations are

performed.
2.6.13.14.2  Detailed Support Disk Buckling Evaluation

Methodology
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. T e S T R R B S LR
moments fogthq,“cfaskﬂgff augglg)d‘rpp;cg“r_zdg,txp anc

T I R R r e R

( etenmggi from th; 3 nd and sxde drog gcsults

Rt SRR

Th”“methodolog ”‘and

equations used in the calculatlons are. those 1

factors used are 20 g for 1-ft end- drop, -t

buckling evaluation is performed for each of the sections identified in-Figures 2.6.13.2-3 an
2.6.13.2-4.

The buckling evaluation methodology/equations are summarized as follows:

Symbols and Units

P = applied compressive axial load, kips

M = moment, kips-in.

P, = allowable axial compressive load, kips

P, = critical axial compression load, kips

P. = Euler buckling loads, kips

P, = 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

M= critical moment that can be resisted by a plastically designed member in the
absence of axial load, kip-in.

=
I

plastic moment, kip-in.

f )
|

= axial compressive stress permitted, ksi
Euler stress for a prismatic member divided by factor of safety, ksi
= ratio of effective column length to actual unbraced length

— = T T
o
1

= unbraced length of member, in.

2.6-236



SAR - UMS® Universal Transport Cask November 2001
Docket No. 71-9270 Revision UMST-01D

r = radius of gyration, in.

S, = yield stress allowable, ksi

A = area of the ligament, in®

Z, = plastic section modulus with respect to the major axis, in’
3 = allowable reduction factor, dimensionless.

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

conditions:

>t

cr

where:
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loading condluon..,,the ~cor,rc8pondmgs, ,compr.,ess;vc f

determined as follows,

P=o_A,

T m

M= Gbs

where, o, is the membrane stress 0'1, is the strong :axxs yendin \ :
stress, A is the area (b xt), and S is the sect10n modulus (tb2/6 for .strong axis ;bendmg and f5t2/6
for weak axis bending).

Support disk buckling evaluation results

The equations used in the buckling analysis are:

ey s ]

The margins of ,,_afety are calculated as;
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and

Table 2.6.13.14-1 summarizes the worst buckhng margins of safety for each Stress category, and
f A€ the Fesults demonstrate, the PWR “support

thermal case for normal condmons 0 transport :
disks meet the requirements of NUREG/CR-6322.
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Table 2.6.13.14-1  Minimum Margins of Safety from Buckling Evaluation of PWR Support

Disk

Loading Stress  Thermal Section Drop  Basket P P, M M, M MS1 MS2
Condition  State*  Case  Number Angle Angle (kip) (ip) (Ginkip) (inkip) [(in-ap)
Strong Axis Buckling
21 9000 4500 38 393 2.9 10.9 107 197 218
4 90.00 2628 78 596 62 236 236 180 188
21 90.00 4500 4.1 467 32 13.1 127 226 2351
21 9000 4500 42 467 33 131 27 220 245
Weak Axis Buckling
29 8500 000 103 475 00 8.3
29 9000 000 137 45 00 8s
P 29 85.00 000 106 3534 0.0 9.8
P+Q 29 8500 000 106 3534 00 98
* P = Primary Stress, P+Q = Primary + Secondary Stresses.

Normal P
P+Q

P
P+Q

W > >

Normal P
P+Q
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D
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402 640
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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 1id, 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.
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Figure 2.6.14-1 BWR Transportable Storage Canister
BOTTOM PLATE
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Figure 2.6.14-2 BWR Transportable Storage Canister Shell and Lids
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2.6.14.1 Analvsis 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 HI, 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 ana]y51s presented in
Section 3.4.2. For the canister structural lid weld (Sectlon 13, F1gure1_2f”12 3-1), base metal
od tensile properties
are greater than the base metal. Also, the allowable stress 1s multlphed._by‘a ks‘tkress‘redu_c_thn
factor of 0.8 per ISG-4.

propertles are used to define the allowable stress limits since the weld filler

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 I-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 corner-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 Ib for all fuel assemblies (56 fuel assemblies), the fuel
tubes weight (4,034 Ib), the disk spacer weight (1,060 Ib), and the tie rods and nuts weights (586
+ 116 1b). The actual bounding fuel assembly weight is 38,976 Ib. The effect of the increased

contents weight is discussed below.

W +W o W+ W +W

fuel tubes nuts spicers %

sloz
N X N disks

)
XW

slot

slots

where,
TR

ot 'opcmngs in.each support/weldmentidisk.

freb-di iRy

% R A M Lo e
| each;support/weldment:d
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s e e

For basket onentatlons other‘;th Of, the components of th1 '*pressure load are"apphed 10 two

support/weldment disks (33 suppon dxsks and 2 weldment kdlSkS) the base. pressure load IS:

p 38920+ 4,034+586+116+1,060
sto! 56x6.278x35

xXg=3634xg

For the end drops, a uniform pressure. representmg‘y ¢ total’ welght of the fuel and fuel basket
(54,351 1b) is apphed to_the canister. shield _1'“ p).or. ‘plate;
bottom end-drop) For the corner-drops the cowk _

accounting for the drop angle is applied to the appropnate 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.

total fuel and fue] basket welght (54 35 1 lb) used in the BWR camster 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 comer-drops to account for the additional contents weight on the canister
shell. Sections | 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 corner. 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 45° Basket
orientation)
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Figure 2.6.14.2-3 Structural and Shield Lid Weld Regions Finite Element Mesh

Weld regions

® Gap elements between lids and canister shell

. =mmew Gap elements between shield lid and structural lid
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Table 2.6.14.2-1

Real Constant Sets Defined in Canister Model

Real Constant Set

Component

1

Canister Bottom Plate (SOLID45)

2-9 Canister Shell (SOLIDA45)
10-11 Shield Lid (SOLID45)
12-13 Structural Lid (SOLID45)
100 Axial Gaps from Canister Bottom Plate to Cask Shell (CONTACS52)
200 Radial Gaps from Canister Side to Cask Shell (CONTACS52)
300 Axial Gaps from Structural Lid Top to Cask Shell (CONTACS52)
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 (CONTACS2)
700 Axial Gaps Between Shield Lid and Canister Wall to Simulate Spacer-Ring
(COMBIN40)
800 Radial Gaps Between Basket and Canister Inner Surface (CONTACS52)
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

Material
Property Set

Component Material

1

1 Canister Shell and Structural | 304L Stainless Steel; ASME SA240

Lid

o

Top and Bottom End Basket | 304 Stainless Steel; ASME SA240
Disk

(98]

Shield Lid 304 Stainless Steel; ASME SA240

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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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
I 180 -0.5 0 231 -0.1 0 | -02 2.8 479 16.29
2 9 0 06113 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
S 0 0 0.5 103 0 0 0 0.8 47.9 59.35
6 0 0 -0.8 |1 0.5 0 0.1 0 1.3 479 36.13
7 0 0 -0.510.1 0 0 0 0.6 479 76.09
8 90 1.1 1.6 0 0 0 0 1.6 47.9 28.39
9 162 0 -141-041-011] O 0.1 1.5 479 30.75
10 90 0.3 15 1-01]1-02] 0O 0.1 1.6 479 28.3
11 81 041} -1 102]-011]-0.1] 0.1 1.3 47.9 36.48
12 162 021 07 0 ]-01]01]-02 1 47.9 46.99
13 81 031 04 |-06] O |-01] O L 38.32 37.32
14 0 9 1-1.11-89] 06 07} 07 8.6 479 4.54
15 180 0.3 0 0 }-08}] 0 2 4.2 47.9 10.33
16 180 -0.2 0 021061 0 }-12 2.7 47.9 1645

* 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 251011 0 | 02 3.1 47.9 14.55
2 45 131057113] 0 0 1 2.1 47.9 21.79
3 9 0 206|141 0 0 0.2 1.9 47.9 23.64
4 0 0 021011 0 0 0 0.3 47.9 159.33
5 0 0 06041 0 {01 O 0.9 47.9 49.66
6 0 0 -1 JOSsS| O 0Ol 0 1.5 479 30.31
7 0 0 071011 0 0 0 0.8 47.9 60.83
8 90 12 ] 1.8 0 0 0 0 1.8 47.9 25.66
9 162 0.1 |-141}1-04}-01} O 0.1 1.5 47.9 30.23
10 90 0.4 1.7 |-011-02] O 0.1 1.8 47.9 24.97
11 81 051]-1.11021]-01]-0.1}-02 1.4 47.9 32.93
12 162 021 07 0 |-01102]-02 1 47.9 44.7
13 81 04| 04 -07] 0 [-01] O 1.1 38.32% 33.84
14 0 -10.1] -1.3 199106108 | 0.7 9.5 47.9 4.04
15 180 0.3 0 |[-01f-07] O 1.7 3.7 47.9 11.83
16 180 -0.2 0 02]-061 0 | -11 24 47.9 18.7

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

2.6-257




SAR - UMS® Universal Transport Cask November 2001
Docket No. 71-9270 Revision UMST-01D

26.144 Stress Evaluation of BWR Canister for 1-Foot End-Drop 1.oad 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 ASME Code, Section III,
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 Jocations of the linearized stresses are shown in Figure 2.6.14.3-1. The maximum stresses
for Py and Py, + Py 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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Table 2.6.14.4-1

BWR Canister Critical Sections for the 1-Foot End-Drop Condition

Critical Minimum
Condition Stress Section Table Margin of Safety
Pressure (only) P 2 2.6.14.4-2 +4.04
Pressure (only) Pn+Py 3 2.6.14.4-3 +1.28
Top End-Drop Pn 2.6.14.4-4 +4.15
Inertia
Top End-Drop P, + P 2 2.6.14.4-5 + 1.65
Inertia
Bottom End-Drop P. 4 2.6.14.4-6 +4.18
+ Pressure
Bottom End-Drop P,+Py 2 2.6.14.4-7 +6.13
+ Pressure
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Table 2.6.14.4-2 BWR Canister Py, Stresses - Internal Pressure

P, 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 0 011 2 ]107]-04] 0 | 01 2.2 16 6.12
2 0 09 1-141-221-041 0 | -0.2 32 16 4.04
3 0 06 |-09]-26]-02] 0 | -02 32 16 3.94
4 180 0 [07]13] 0 0 | -0.1 1.3 16 10.95
5 0 0 [07]13} 0 0] 01 1.3 16 11.02
6 0 O 10713} 0 0 | 01 1.3 16 11.02
7 0 0 |07]L3] 0 0] 0.l 1.3 16 11.02
8 0 0 07]107] 0O 0101 0.7 16 22.62
9 0 0 051031011 0 0 0.5 16 33.49
10 0 03(03102]-01] 0O 0 0.6 16 25.64
11 18 03 (011021 O 0 ] -01 0.4 16 38.49
i2 0 -0.11-041 0 |01} O 0 0.5 16 34.2
13 180 0 [03}02] 010 0 0.3 12.8* 41,67
14 90 03] 0 }]03]-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 ‘allowable!stress:
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Table 2.6.14.4-3 BWR Canister P,, + Py, Stresses - Internal Pressure

P..+ P, 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 09 |45]-05]-02{ 0 |-0l1 5 24 377
2 0 08195 -46]-07( 0 | -04 10.5 24 1.28
3 0 071911 5 |04} 0 |-04 9.8 24 1.44
4 0 0 [07] L3 0 0 0.1 1.4 24 16.64
5 0 0 107 13 0 0 0.1 1.4 24 16.74
6 0 0 07| 13 0 0 0.1 1.3 24 16.77
7 180 0 1071 13 0 01]-01 1.4 24 16.76
8 0 0 |07 07 0 0 0.1 0.7 24 31.43
9 0 0.1 1]09] 051 0.1 0 0 0.9 24 26.1
10 180 011141} 06 0 01| -01 1.5 24 14.52
11 18 02 1-09{-01] 0.1 0 |-01 i.1 24 20.14
12 135 021-08f-021] 0.1 ]01]-01 0.7 24 34.23
13 0 04| 0 0 l01] 0 0 0.4 19.2% 47.00
14 90 81 01| 81 |-01¢}0.1 0 8.1 24 1.97
15 90 061 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 factor for the weld: 0.8 x-allowable stress:
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Table 2.6.14.4-4 BWR Canister Pp, Stresses - 1-Foot Top End-Drop

P, Stresses (ksi)
Angle of Stress Allowable
Section |Peak Stress Intensity Stress Margin of

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

l 0 0.1]-1.7]-06|03 0 -0.1 2 16 7.19

2 0 07112121 ]04 0 0.2 2.9 16 4.46

3 0 05] 08| 26 (02 0 0.2 31 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 14 16 10.52

9 135 011 -1 0171 0 0 0.1 1 16 14.79

10 144 0.1 -1 0.1 0 0 0.1 0.9 16 16.12
11 135 011-09]1-01] 0 0 0.1 0.9 16 16.62
12% 144 0 |-07|-01] 0 0 0 0.8 16 19.77
13%* 180 0 080110 0 0 0.8 12:8%* 15.00
14 90 -0.2 0 021011 -0.1 0 0.4 16 41.06
15% 144 0 {-03] 010 0"l 0 0.4 16 43.07
16* 0 0 |04} 0 0 0 0 0.4 16 38.68

*  Stresses at these locations are increased by 5% to account for the heavier BWR fuel
baskét/fuel asserflblies.
** Allowable stress includes a stress reduction factor for the weld: 0.8:x allowablé stress;
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Table 2.6.14.4-5 BWR Canister P,, + Py, Stresses - 1-Foot Top End-Drop

P, + Py, 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 07] 41106101 0 0.1 4.6 24 4.2
2 0 07182 421 06 0 0.4 9 24 1.65
3 0 06179 46 | 04 0 0.4 8.5 24 1.81
4 180 0 |-08] O 0 0 0 0.8 24 28.6
5 153 0 -1 0 0 0 0 1 24 22.64
6 162 0 |-1.2] O 0 0 0 1.2 24 18.58
7 180 0 |-14] O 0 0 0 1.4 24 15.68
8 180 01 ]-1.3] O -0.1 0 0 1.4 24 15.81
9 135 0.11]-1.21] -0.1 0 0 0.1 1.1 24 20.03
10 180 0 |-1.1]-02 0 0 0 1.1 24 20.69
11 45 01} -11]-01 0 0 -0.1 1 24 22.71
12% 180 0.1 1-07] 0.1 | -0.1 0 0 0.8 24 28.62
13* 180 0 -0.8] -0.1 0 0 0 0.8 ;g,zt* 23.00
14 90 -731-01|-731 0.1 -0.1 0 7.2 24 2.32
15% 81 0.1 1-0.31 0.1 0 0 0 04 24 53.27
16* 0 0 |04 O 0 0 0 04 24 57.08

*  Stresses at these locations are increased by 5% to‘account for the: ‘heavier BWR fuel

basket/fuel assembhes
** Allowable stress 1ncludes a stress reductlon factor for the weld 0 8 x allowable stness’
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Table 2.6.14.4-6

BWR Canister Py, Stresses - 1-Foot Bottom End-Drop, Internal Pressure

P, 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

2 180 021] -19 1-03] 0.1 0 0 22 16 6.41

3 180 0.1 2 -0.2 1 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 14 16 10.31

9 72 041 -05 | -0.1 0 0.1 -0.1 04 16 36.29

10 180 041 -03 | -021-0.1 0 0 0.7 16 2141

11 0 05| 0.1 -0.2 0 0 0 0.6 16 27.65

12 0 0.1 0.5 0.1 | 01 0 0 0.5 16 28.25
13 180 0| -05]-03] 0 0 0 0.4 12.8%* 31.00
14* 0 0.1 ] -04 ] 01 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 the heavier BWR fuel
basket/fuel assemblies.
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Table 2.6.14.4-7 BWR Canister P, + Py Stresses - 1-Foot Bottom End-Drop, Internal

Pressure
P+ P, 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 1{-321] -07 1] 0.1 0 0.1 34 24 6.13
3 180 0.1 -3 -0.5 | 0.1 0 0 31 24 6.68
4 0 0 -1.8 13 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 0.31-09] 03 0 0 0.3 1.5 24 14.93
9 72 051 -1.1] -0.1 0 0.1 | -0.1 1.1 24 21.24
10 90 07]-16] 0.1 0 0 0 1.8 24 12.59
11 0 021] 1.3 02 ] -01 0 0 1.5 24 14.87
12 90 0.1 1 08 0.5 0 0.2 0 0.8 24 29.83
13 180 051 0 0 0.1 0 0 0.5 19,23 37.4
14* 0 011]-04} 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 -04 0 -0.4 0 0 0 0.4 24 59.45

* Stresses at these locations are increased by 5% to account for the heavier BWR fuel
basket/fuel assemblies. '
=% Allowable stress includes a stress reduction factor for the Weld: 0:8°X allowabie 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 III, 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 Pn+Pp+Q 14 2.6.14.5-2 +2.27
+ Thermal (cold)
Top-End-Drop Pn+Pp+Q 14 2.6.14.5-3 +242
+ Thermal (hot)
Bottom-End-Drop | Pp + Py +Q 14 2.6.14.5-4 +6.04
+ Thermal (cold)
Bottom-End-Drop | Pm + Py + Q 14 2.6.14.5-5 + 7.85
+ Thermal (hot) '
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Table 2.6.14.5-2 BWR Canister P, + Py, + Q Stresses - 1-Foot Top End-Drop, Thermal Cold
P+ Py, + 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 7.1 479 5.78
2 171 -0.5 10 65 | 051 02} -1.1 10.7 479 35
3 171 -0.3 9.2 66 | 03] -02 | -1.1 9.7 479 3.94
4 0 0 -1.2 0 0 0 0 1.2 479 39.52
5 0 0 -1.9 02 0 -0.1 0 2.1 479 21.85
6 0 0 -2.6 0.4 0 0.1 0 3 47.9 14.95
7 0 0 2.7 1 -0.1 0 0 0 2.7 47.9 16.85
8 9 -0.1 -3.3 0 0 0.1 0 33 479 13.41
9 162 0.1 3.1 1 07 |]-0.11] -0.1 0.3 33 479 13.55
10 0 -0.1 2 05 1 01 0 0 1.9 479 23.64
11 171 0 32 1 08 0 0 0.1 3.2 479 13.85
12% 0 0.3 09 | 01 ] 02 0 0 1.4 479 33.21
13* 0 0.1 | -1.1 | -02 | 0.1 0 0 1.3 38.32%* 28.48
i4 0 -159 1 -1.3 | -15.1{ 0.1 | -0.8 0 14.7 479 2.27
15* 90 0.1 0.3 0.1 0 0 0 0.4 479 112.07
16% 0 0.1 | 05| 01 0 0 0 0.6 47.9 84.16

*  Stresses at these locations are increased by 5%.to account for the heavier BWR fuel
basket/fuel assemblies.

** Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable stress,
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Table 2.6.14.5-3 BWR Canister P, + Py + Q Stresses - 1-Foot Top End-Drop, Thermal Heat

P+ P, + 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 9 -1 -5.1 1.8 0 0 0.5 6.9 47.9 5.9
2 171 -0.5 9.9 63 | 05| -02 | -L.1 10.7 47.9 349
3 171 -0.4 9.2 64 | -03 1 -0.1 -1.1 9.7 47.9 392
4 0 0 -1.1 0 0 0 0 1.1 47.9 40.91
S 0 0 -1.8 | 0.2 0 -0.1 0 1.9 47.9 23.6
6 0 0 24 103 0 0.1 0 2.8 479 16.39
7 0 0 -2.5 0 0 0 0 2.5 479 18.26
8 9 -0.1 -3.1 0 0 0.1 0 3.1 47.9 14.54
9 162 0.1 -3 071 0.1 -0.1 0.3 32 47.9 13.92
10 162 03| 211-06] -02]-01 0.1 1.8 479 25
11 171 0 29 | 07 0 0 0.1 3 47.9 15.12
12* 0 0.3 09 | 01| 02 0 0 1.3 479 35.24
13* 0 0.1 -1} -0.1 0 0 0 1.2 38,32%* 30,93
14 0 -15.1 | -1.1 |-14.4] 0.1 0.7 0 14 47.9 2.42
15%* 90 0.1 -0.3 | 0.1 0 0 0 0.4 479 11218
16* 0 0.1 | 05 | 0.1 0 0 0 0.5 47.9 86.30

(ERASChueiet By

*  Stresses at these locations are increased by 5% to account for the ‘heavier BWR fuel
basket/fuel assemblies.
#* Allowable stress includes a stress reducnon factor for the weld O 8 X allowable stress
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Table 2.6.14.5-4 BWR Canister P, + P, + Q Stresses - 1-Foot Bottom End-Drop, Thermal

Cold
P+ P, + 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 38 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 34 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 0.2 0 2.6 47.9 17.59
9 162 -0.2 -3.3 -1.3 0.1 0.1 0.4 33 47.9 13.64

10 0 04 -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 33 479 13.37
12 18 1.2 1.7 0.4 0.5 0.1 -0.1 1.6 479 28.13
13 0 -14 2.1 -1 0.3 0 0 1.2 38.32%% 30.93

14* 0 -108 | 44 -10 0 0.2 0 6.7 47.9 6.15
15 72 1.7 0 14 0 0 0 1.7 47.9 27.57
16 81 -0.7 0 -0.6 0 0 0 0.7 479 67.25

*  Stresses at these locations are increased by 5%.to account for the heavier BWR fuel
basket/fuel assemblies.
** Allowable stress includes a stress reduction factor for the Weld: 0.8 X allowable strees.
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Table 2.6.14.5-5 BWR Canister P, + Py, + Q Stresses - 1-Foot Bottom End-Drop, Thermal

Heat
P+ Py, + 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 1.2 021 0 |-04 3.5 479 12.69

2 9 0 -3.5 0.9 01101101 44 47.9 9.89
3 9 0 -3.5 0.8 0 101}0.1 43 47.9 10.12
4 0 0 -3 0 0 0 0 3 47.9 15.16
5 0 0 -3 0.2 0 |-01] O 3.2 479 13.91
6 0 0 -3 04 0 (01} 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 1] -24 0 0 {02] 0 2.4 47.9 18.79
9 162 02 ] -32 -1.3 014101]04 3.1 47.9 14.42
10 162 0.1 -3.8 -14 |-017101]105 4.1 47.9 10.79
11 9 05| 26 0.6 01101102 3.2 47.9 14.15
12 162 0.7 1.9 0.2 041 0 {01 1.8 47.9 25.33
13 0 1 -0.2 0.2 -0.1] 0 [-0.1 1.2 38.32%x* 30.93
14* 0 971 -39 -9 0 02| O 6.1 479 6.87
15 81 1.7 0 1.4 0 0 0 1.7 479 28.04
16 72 0.8 1 -0.1 -0.6 0 0 0 0.7 47.9 67.46

% Stresses at these locations are increased by 5% to account for the heavier BWR fuel
basket/fuel assemblies. _
#+ Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable stress:
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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 45°.
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 0° 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 0° are treated as
local membrane stresses. According to the ASME 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 S, 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 S,. 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 9°) for Sections 12 and 13 are also included in the tables for
comparison. The critical sections stresses are reportéd in Table 2.6.14.6-1 for the P, and P, + P},

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

Critical Minimum
Condition Stress Section Table Margin of Safety
Side-Drop Pn 1 2.6.14.6-2 £0.11
Side-Drop Pn+Py 12 2.6.14.6-3 +0.02
+ Pressure
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Table 2.6.14.6-2

BWR Canister Pp, Stresses - 1-Foot Side-Drop

P., 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
K 0 -6.1 0.3 3.6 0.3 0.3 -1.3 6.75 16 1.37
4% 0 2.3 0.5 0.2 0 0 0.1 2.65 16 5.05
Sxk 0 23 | o1 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
Tk 0 24 | 03 0.1 0 0.1 0.1 2.96 16 4.40
g** 0 0.8 2.1 -1.1 0.2 0.5 0.1 3.56 16 3.50
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 54 -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 .10 | -2.23 9,96 | 12.8%%* 0.29
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 0 0 0 0.6 16 24.17
* Treated as a local membrane stress . Allowable for normal conditions is 1.5 Sx:= 24 ksi:for Pi and
PL+Pe.
#%  Stesses at these locations are increased by 5% to account for the heavier BWR fuel basket/fuel
assemblies.
*4%  Allowable stress includes a stress rédu,ctio‘ri;fac:;t{): for thcweldOSxallo}yvable(—stress“
t Stress evaluated over weld compression region,
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Table 2.6.14.6-3

BWR Canister Py, + Py, Stresses - 1-Foot Side-Drop, Internal Pressure

P, + Py, 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
3ok 0 -5.8 0.9 -1.5 -04 -0.3 -1.5 7.7 24 2.12
4*x 0 24 1 33 0 0 0.4 6.1 24 293
Stk 0 2.4 1.6 3.6 0 -0.1 0.4 6.4 24 2.75
o** 0 -2.5 1.8 3.7 0 -0.1 04 6.6 24 2.64
TE* 0 -2.5 1.7 3.7 0 -0.1 04 6.5 24 2.69
gx* 0 -0.6 25 2.4 -0.2 0.4 -0.2 52 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 1.1 20.3 24 0.18
11 9 4.3 0.9 -1.4 0.8 1.3 2.7 8.4 24 1.86
12F 0 -28.6 -6.6 -8.2 43 1.6 -0.7 24.5 25 0.02
131* 0-7.8 -16.57 | 623 | -642 | -0.09 | 1.68 2 12.49 20k % 0.60
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
i 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 k51) = 25.05 ksi based on this temperature.
* Stress evaluated over weld compresswn reglon
Hok

assembhes

*kok
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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 III, 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 Sy, is used as the stress criterion. The margins of safety

are calculated as:

MS = (allowable stress/SI) - 1.
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Table 2.6.14.7-1

BWR Canister Critical Sections for the Combined 1-Foot Side-Drop and
Thermal Load Condition

Critical Minimum Margin
Condition Stress Section Table of Safety
Side-Drop +H P+Q 9 2.6.14.7-2 +0.42
[Thermal (cold)
Side-Drop H P+Q 9 2.6.14.7-3 +0.60
Thermal (hot)
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Table 2.6.14.7-2 BWR Canister P, + Py, + Q - 1-Foot Side-Drop, Thermal Cold

P,, + Py + 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 2164 ] -13 1 3 0.3 0 -1.7 15.4 47.9 2.12
2 0 -6.4 1.5 | -04 0 02 | -1.6 8.3 47.9 4.77
Jxx 0 4.6 16 | 02 {011 -01 ]-13 6.8 47.9 6.04
4¥* 0 24 108 | 2.1 0 -0.1 ] 03 4.7 47.9 9.19
Sk 0 2.1 1041 24 0 03 | 04 4.8 47.9 8.98
6** 0 -1.9 | -14 ] 21 0 0.2 0.4 4.4 47.9 9.89
TH* 0 23103221 0 | -011]03 4.8 479 8.98
gx* 0 03 ]1221-17]-02| 06 |-0.1 43 47.9 10.1
9 0 266 | 6.7 9 1 -21 1.7 0.1 337 47.9 0.42
10 0 -1881 281 -5 | 451 09 |-L1 18.8 479 1.54
11 0 -26.3 3 -8.81-03 1.8 | -0.1 29.6 479 0.62
12 0 26349 1-79 | -37 1.7 | 0.7 234 479 1.05
13 0 3241 -99]-106]-12 ] 19 | -14 24.4 38.32* 0.57
14 0 -11.2]1 331 94 0 0 0 7.9 47.9 5.07

15 9 -0.7 0 -0.3 0 0 0 0.7 47.9 72.63

16 0 -0.6 0 0 0 0 0 0.7 47.9 69.59

*# Stresses at these locations are increased by 5% to account for the he
basket/fuel assembliés.

2.6-279




SAR - UMS® Universal Transport Cask

Docket No. 71-9270

November 2001
Revision UMST-01D

Table 2.6.14.7-3

BWR Canister P, + P, + Q Stresses - 1-Foot Side-Drop, Thermal Heat

P, + Py + 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
l 0 -145 ] -0.3 -3 0.2 0 -1.5 14.3 47.9 2.35

2 0 -6 09 |-06]-03]|-01] -14 7.3 47.9 5.59
Kok 0 4.3 1 0 03011} -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
Sx* 0 2.1 -0.5 | 2.1 0 021 04 4.4 47.9 9.89
Ex* 0 2 13 1171 0 |02 04 4.0 47.9 10.98
TH® 0 2.2 0.3 1.9 0 -0.1 0.3 43 47.9 10.14
** 0 -0.3 22 | -141-011 05 ] -0.1 4.0 479 10.98

9 0 2341 63 | 83| -19] 15 0.3 30 47.9 0.6

10 0 -166 | 22 149139 08 | -08 16.6 47.9 1.88

Il 0 228 28 | -79]1-02] 1.5 0 25.9 47.9 0.85

12 0 234 42 |74 132} 15| 04 20.7 47.9 1.31

13 0 2821 -86 | 9.7 | -1 1.6 | -1.1 21 38.32* 0.82

14 0 -9.7 -2.5 -8 0.1} -02 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

** Stresses at these ]ocatlons are mcreased by 5% to ac,oun,,,‘. ,

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
ITI, 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 1is
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 Py, + Py, 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
Critical Minimum Margin

Condition Stress Section Table of Safety
Top Corner- P. 9 2.6.14.8-2 +0.18
Drop + Pressure
Top Corner-{ Pn+Py 0 2.6.14.8-3 +0.52
Drop Inertia
Bottom Corner- P, 11 2.6.14.8-4 +0.12
Drop + Pressure
Bottom Comer-| Py + Py 11 2.6.14.8-5 +0.41
Drop +Inertia
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Table 2.6.14.8-2 BWR Canister P, Stresses - 1-Foot Top Corner-Drop, Internal Pressure

P,, 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 45101 |-121 03 }|-01]-06 4.8 16 2.32
2 0 -094]04 |-09] O -0.2 |03 1.7 16 8.54
3% 0 06|04 1-07) O 0.2 §1-0.2 14 16 10.37
4% 0 09| -03}141 O 0 |02 2.4 16 5.66
Sk 0 09}-03|14] O 0 102 24 16 5.70
6** 0 09]|05114] O 0 102 24 16 5.68
TEH 0 09| 09})14) O 0.1] 02 2.4 16 5.65
8x* 54 05 |-1.1]102|-03]-02([03 2.0 16 7.04
9 0 -148] -181 4 | -1.6 ] 05 |-04 13.6 16 0.18
10 0 -102] 4 3 1-171 02|07 8 16 1
11 0 -139] -6.1 | 49| -06] 04 [-04 9.2 16 0.74
12%* 0 129 -5.7 |29 271 02| -1 11.7 16 0.37
13%* 0 -122 73137107102 ] -1 9.3 12.8* 0.38
14 0 -0.2 0 (02] O 0 0 0.4 16 44.29
15%* 0 01]-03] 0 0 0 0 0.4 16 38.74
16** 0 0.2 | -04 ] 0.1 0 0 0 0.5 16 32.99
* 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 heayi
basket/fuel assemblies.
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Table 2.6.14.8-3 BWR Canister P, + Py, Stresses - 1-Foot Top Comer Drop

P, + P, Stresses (ksi)
Angle of Stress Allowable
Section |Peak Stress Intensity Stress Margin of
Location| Location | Sx Sy Sz | Sxy | Syz | Sxz (ksi) (ksi) Safety
t 0 92|44 | 22|-19]-01] -06 7.8 24 2.06
2 0 89| 49 |-1.1}1 09 | 0.8 0.2 14 24 0.72
3x* 0 6936 |06 051] 071 -02 11.1 24 1.16
4% 0 091 07| 05 0 0 0.1 1.5 24 15.00
S5** 0 091 -07] 07 0 0 0.1 1.7 24 13.12
6** 0 09109107 0 0 0.1 1.8 24 12.33
TE* 0 -091-13108 0 0.1 ] 0.1 2.2 24 9.9]
g* 54 0.1 | -14¢1 01 |-03]-03 0 1.8 24 12.27
9 0 -153]1 02 1 47 -12]1 05| -02 15.8 24 0.52
10 0 -108)| 52| 26| -3.1] 0.1 -1 9.9 24 1.42
11 0 -15.51] -8.1 S |-l 05} 0.7 10.8 24 1.23
12%* 0 -139) 55133122 04| -08 12.1 24 0.98
13%* 0 -1421 93| 48| -12{ 04 | 009 10.4 19.2* 0.85
14 90 69| -01-641] 01 | -0.1 0 6.8 24 2.52
15%* 90 0 -03 1 0.1 0 0 0 0.5 24 51.78
16** 0 -021-03] 0.1 0 0 0 0.5 24 51.61

*  Allowable stress includes a stress reduction factor for, the: weld: 0.8 X allowable sfress;
** Stresses at these locations are increased by 5%.to account for the heayier BWR fuel

basket/fuel assemblies.

2.6-284



SAR - UMS® Universal Transport Cask November 2001
Docket No. 71-9270 Revision UMST-01D

Table 2.6.14.8-4 BWR Canister P,, Stresses - 1-Foot Bottom Comer-Drop, Internal

Pressure
P, 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 51[08|-1.5]-01| 0 | 07 4.7 16 2.40
2 36 0 24| -03]-01]01]| 205 2.8 16 4.77
Jrx 36 0 {24]-03] 0 | 01| 04 2.8 16 4,71
4%* 0 091 2 1.3 0 0 0.2 3.6 16 3.44
S 0 09]|-16]| 14 0 0 0.2 3.2 16 4.00
Ox* 180 0 -1.6 | 1.2 0 0 0.1 2.9 16 4.52
7Hx 180 0 |-13]12| 0 | 0 |01 2.7 16 4.88
gx* 63 05 {07 02 1-02]-0I 0.3 1.6 16 9.02
9 0 <1341 04 | 3.7 -13} 08 | 03 14.2 16 0.12
10 0 73| -04)-211]-12106 | -06 7.6 16 1.09
11 0 -146| -09 | 43| -02 1 -0.3 14 16 0:15
12 0 -10.71 25} 24|-19] 06 | 0.8 9.7 16 0.65
13 0 1021 27261 0 |07 ] -1 8.4 12.8* 0.52
14%* 0 03041 02 0 0 0 0.6 16 27.64
15 0 0.1 0 0.1 0 0 0 0.1 16 111346
16 90 0.2 0 0 0 0 0 0.3 16 61,79

*  Allowable stress includes a stress reduction factor for the, weld: 0.8 x allowable stress,
** Stresses at these locations are increased by 5% to account for the heavier BWR fuel
basket/fuel assemblies.
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Table 2.6.14.8-5 BWR Canister Py, + Py, Stresses - 1-Foot Bottom Corner-Drop

P, + P, 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 63108 -2 0.2 0 -0.8 6.0 24 3.00
2 27 02142 -121-011}] -01 |-0.6 4.3 24 4.57
Jok 27 02 4 |-11]-01] 01 |-05 4.4 24 4.45
4x% 0 09 1-241 08 0 0 0.1 3.5 24 5.86
S** 0 091 -2 108 0 0 0.1 2.9 24 1:28
6** 0 09(-1.71 09| 0 0 |0l 2.6 24 823
THx 0 09 |-14} 09 0 -0.1 | 0.1 24 24 9.00
gk 18 03 |-1.1|-06| 03 | 05 |-02 1.9 24 1163
9 0 1351251 441 -1 0.8 |-0.1 16.2 24 0.48
10 0 691074 -13 ] -2 05 ]-0.8 7.8 24 2.07
11 0 -142126( 4 | -0.1 0.9 0 17 24 0.41
12 0 -1294§-331-35]-16} 07 |-0.6 10.8 24 1.22
13 0 -16.1)-6.11-53 1 -0.2 1 |[-08 11.6 19.2% 0,66
14+ 0 03 1-03| 0.1 0 0 0 0.5 24 47.00
15 45 1.3 0 1.5 0 0 10 1.5 24 15.49
16 9 091 0 {-07 0 0 0 0.9 24 26.14

*  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 -heavier..
basket/fuel assemblies.
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2.6.149 Stress Evaluation of BWR Canister for Combined Thermal and 1-Foot Corner-
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 corner impact
loading. The stress evaluation is performed according to the ASME Code, Section I,
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 Sy, 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

and Thermal Load Condition

BWR Canister Critical Sections for the Combined 1-Foot Comer-Drop

Critical Minimum

Condition Stress Section Table No. Margin of
Safety

Top Cormner-Drop +| Pph+Pp+Q 2 2.6.14.9-2 +2.02
Thermal (cold)
Top Comer-Drop +| Pn+Py+Q 2 2.6.14.9-3 +2.05
Thermal (hot)
Bottom Corner-Drop +| Py + Py +Q 9 2.6.14.9-4 +1.54
Pressure + Thermal
(cold), 45° Basket
Bottom Corner-Drop +| P+ P+ Q 11 2.6.14.9-5 +1.62
Thermal (hot)
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Table 2.6.14.9-2

BWR Canister P,, + Py, + Q Stresses - 1-Foot Top Corner-Drop, Thermal

Cold
P, + P, + 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
i 0 -14.1 1 4.7 -2 -2.5 0 -1.1 12.8 479 2.73
2 0 -143 ] 1.3 24 1 -0.1 1 -0.5 15.9 479 2.02
3 0 -10.7 1 0.6 -1.4 -0.3 0.8 -0.7 124 47.9 2.86
4% 0 -0.9 | -0.7 1.1 0 0.1 0.1 2.1 479 21.81
Sk 0 08 | -14 2.8 0 -0.2 0.4 4.4 479 9.89
6** 0 -0.6 | 23 2.2 0 0.3 0.1 4.8 479 8.98
7T** 180 0 2.9 0 0 0 0 3.1 479 14.45
gr* 171 0.1 ] 36 | -02 0 0.2 0 3.7 479 11.95
9 0 -1261 0.1 -3.8 -1 0.5 -0.2 13 479 2.68
10 0 -10 | 48 | 24 2.6 0.1 -1 9 479 4.35
11 0 -12 -7 -4 -1 04 -0.6 8.3 47.9 4.77
12%* 0 117 42 | 27 -2 0.4 -0.7 10.3 479 3.65
13%* 0 -12 -7 -4 -1 0.4 -0.6 8.7 38.32* 3.40
14 0 1561 -1.2 | -14.1} 0.1 0.8 0 144 479 2.34
15% 72 0.1 1 -03 0.1 0 0 0 04 479 110.66
16%* 0 0.1 | 04 0.1 0 0 0 0.6 479 80.29
*  Allowable stress includes a stress reduction factor for‘the weld: 0§ x allowable stress:
** Stresses: at_these locations are “increased by 5% to: account=forsthez heavic ;‘m RS fuel

hasketffusl assembhes
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Table 2.6.14.9-3 BWR Canister Py, + Py, + Q - 1-Foot Top Corner-Drop, Thermal Heat

P, + Py + 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 | 46 ] 2.1 2.4 0 -1.1 12.4 47.9 2.88

2 0 -139 | 16 | 23 -0.2 0.9 -0.6 15.7 47.9 2.05

Kk 0 -104 | 09 | -1.3 -04 0.7 -0.7 12.2 47.9 2.93
4x* 0 0.8 | 081 0.8 0 0 0.1 1.8 47.9 25.61
Sk 0 09 | -1.5 2 0 0.2 0.1 3.6 47.9 12.31
G** 0 0.7 | 2.1 1.8 0 0.2 0.2 4.2 47.9 10.40
TE* 180 0 -3 0 0 0 0 32 47.9 13.97
g+ 171 01 |36 02 0 0.2 0 3.7 479 11.95

9 0 -12.1 | 04 | 35 -1 0.5 -0.2 12.7 47.9 2.78

10 0 -9.5 451 2.2 -2.5 0.1 -0.9 8.6 479 4.59

11 0 -11.4 | 65} -37 -0.9 0.4 -0.6 8 47.9 5.03

12%* 0 A1 -39 26 | <19 0.4 -0.7 9.9 47.9 3:84

13 0 ‘114 | 65| 3.7 | -09 0.4 0.6 8.4 38.32* 3.56

14 0 -148 | -1.1 | -13.5 0.1 -0.7 0 144 47.9 2.50
15%* 90 0 03] 0.1 0 0 0 0.4 47.9 111.90
16%* 0 -0.1 041 0.1 0 0 0 0.5 47.9 82.69

*  Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable stress:
** Stresses at these locatlons “are increased by 5% to accoundg,bor,ghe\ heav1eg,ﬁm ~ fuel
basket/fuel assemblies.
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Table 2.6.14.9-4

BWR Canister P,, + Py, + Q Stresses - 1 Foot Bottom Comer-Drop,
Internal Pressure, Thermal Cold

P, + P, + 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 -2 0.1 1.7 0.2 0 -0.2 4.0 47.9 10.98
2 162 0.1 4.5 0.8 0 0 -0.3 54 479 7.93
Jkx 162 0.1 4.4 0.8 0 0 0.3 5.6 47.9 7.55
4% 180 0 3.7 1.3 0 0 0.1 53 479 8.04
5k 0 06 | -14 | 39 o [ 03] 02 5.6 47.9 7.55
O * 0 -0.7 2.4 34 0 0.2 0.1 6.2 479 6.73
TH* 0 -1 -0.6 35 0 0.1 0.3 4.7 479 9.19
gk 0 -0.6 06 | 2 -0.1 0.6 0.3 3.0 47.9 14.97
9 0 156 27 49 | -1.2 1.1 -0.2 18.7 479 1.57
10 0 -104 ] -1.7 | 21 ] 25 0.6 -1.1 10.6 479 3.54
11 0 -15.5 14 5.1 ) 0.2 1 -0.1 17.1 479 1.81
12 0 -14.8 -3 -3.8 2 1 -0.8 13.1 479 2.65
13 0 -19 -5.9 -6 -0.6 1.2 -0.9 14.4 38.32* 1.66
14%* 0 -109 | 44 | 99 0 0.2 0 6.8 47.9 6.04
15 90 0.9 0 0.9 0 0 0 1 47.9 49.23
16 18 -0.6 0 0.3 0 0 0 0.6 47.9 78.82
* Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable stress;
++ Stresses at these locations are increased by 5% 0 /accountiior. thefheavier: BWR. fucl

basket/fuel assemblies.
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Table 2.6.14.9-5

BWR Canister Py, + P, + Q Stresses — 1-Foot Bottom Corner-Drop,
Thermal Heat

P, + P, + 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

I** 162 04 -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 5 479 8.57
3*x 162 0 4.3 0.6 0 0 -0.3 53 47.9 8.04
4xk 180 0 -4.4 0 0 0 0 4.6 47.9 9.41
Sk* 180 0 -4 0 0 0 0 4.2 479 10.40
G** 0 07 | 29| 18 0 0.2 0.2 5.0 47.9 8.58
Tr* 0 -09 | -14 1.5 0 0 0.2 32 47.9 13.97
g+ 171 0.1 | 24 -0.1 0 0.2 0 2.5 47.9 18.16
9 0 -154 | 23 -5.2 -1.2 I -0.3 18 47.9 1.66
10 0 9.6 | -14 -2.1 2.3 0.5 -1 9.9 479 3.85
11 0 -166 | 1.6 -5.4 -0.2 1.1 -0.1 18.3 47.9 1.62
12 0 -146 | -3 -4 -1.8 1 -0.8 12.8 47.9 2.75
13 0 202 | 64 | 66 | -07 1.2 -1 15.1 38,32%* 1:54
14%x 0 98 | -39 -8.9 0 0.2 0 6.2 479 6.73
15 81 1.4 0 1.6 0 0 0 1.6 479 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 weld; 0.8 X-allowable sfress

** Stresses at these locations are increased by 5% to account for the. heav;

er. BWR fuel

basket/fuel assemblies.
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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 0.6S,, per
the ASME Code, Section ITI, 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 = 0.6x16.0/0.9-1 = 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.
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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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Table 2.6.14.12-1 Geometry Parameters for the BWR 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
(R)™ 4.56

Overall Length (in) 190.55
Bottom Thickness (in) 1.75

Structural Lid Thickness (in) 3.0

L, = Length used in evaluation (in)* 185.8
Lg = 27R = circumference (in) 218.7
v = Poisson’s Ratio 0.275

* L, = Overall canister length - Bottom thickness - Structural lid thickness.
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Table 2.6.14.12-2 Buckling Evaluation Results for the BWR Canister for 1-Foot End-Drop

Longitudinal |Circumferential] In-plane Elastic Buckling Plastic Buckling
Load (Axial) Stress*| (Hoop) Stress* | Shear Stress Interaction Equations Interaction Equations
Case Load Condition S (psi) Se (psi) Seo (psi) Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8
A I-Ft Top End-Drop 2100 200 400 0.0 068 | 043 | 0.0 067 .043 068 | .043
B 1-Ft Bottom End-Drop 3100 500 300 040 | 099 | .108 | .040 | .099 .108 099 | .108
Component stresses include 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 corner. 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 corner is still significantly controlled by the .8 inch ligament. Therefore,
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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
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Figure 2.6.15-2 Support Disk Cross-Section Configuration

FIGURE WITHHELD UNDER 10 CFR 2.390

Note:
Engineering drawings provide appropriate tolerances for dimensions shown.
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Figure 2.6.15-3 BWR Fuel Tube Configuration

FIGURE WITHHELD UNDER 10 CFR 2.390
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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 Sy, and 1.5S, respectively. The value of Sy, 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

joading 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 Ibs  (very conservative based on actual max fuel
assembly weight of 696 Ibs [GE BWR/2-3 & 4-6])

Max. fuel tube weight = 83
Number of loaded disks= 37
Load per disk = (821.3 lbs + 83 Ibs)/37 disks = 24.4 Ibs/disk

Therefore, the pressure loading applied to each slot opening is (24.4 1b$)(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.

2.6-303




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

November 2001

Revision UMST-01D

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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2.6.153 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
3 100°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. Trnax Trin No. o E* Eo*
1 -40°F -40°F 1 NC** NC**  NC**
3 616°F 296°F 3 7.598E-6  27.34E3 2077
5 524°F 349°F 2 7.433E-6 27.988E3  .2080

In the structural evaluation of the support disk, the table below shows the temperatures cases

employed.
Case Condition
No. Trmax Tmin No. ok E* Ec*
1 -40°F -40°F 1 NC** NC** NC**
2 600°F 150°F 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 Ty (¢ = thermal expansion coefficient, in/in/°F;
E = modulus of elasticity, ksi)
*E 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 Ec’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.

2.6.154 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+Py) = (45.0/32.5) - 1 (1.5 Sy at S00°F = 45.00 ksi for SAS533 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

2.6-308



SAR - UMS® Universal Transport Cask November 2001
Docket No. 71-9270 Revision UMST-01D

Table 2.6.15.4-1 P+ Py, Stresses for Support Disk 1-Foot End-Drop, Thermal Case 1

Node Principal Stresses (ksi) Stress Allowable | Margmof
S1 S2 S3 Intensity (ksi) | Stress (ksi)* | Safety

86 253 0.0 -1.0 26.3 45.0 0.71
474 322 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 45.0 071
2236 29.6 1.5 0.0 29.6 45.0 0.52
2558 32.2 2.1 0.0 322 0.40
2680 25.3 0.0 -1.0 26.3 071
3332 29.6 15 0.0 29.6 4 0.52
3647 322 2.1 0.0 32.2 4 0.40
3765 25.3 0.0 -1.0 26.3 0.71
4407 29.6 15 0.0 29.6 45.0 052

*1.5 Sm= 1.5 x 30.0 ksi at 500°F.
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Table 2.6.15.4-2 P+ Py Stresses for Support Disk 1-Foot End-Drop, Thermal Case 4

Principal Stresses (psi) Stress Intensity Marglan
Node S1 S2 S3 (psi) Safety
86 256 | 0.0 11 26.7 0.69
474 32.5 2.1 0.0 32.5 0.39
1129 29.9 1.5 0.0 29.9 45,
1444 32.5 2.1 0.0 32.5 _4
1564 25.6 0.0 -1.1 26.7 6
2236 | 29.9 1.5 0.0 29.9 45,
2558 32.5 2.1 0.0 32.5 039
2680 | 25.6 0.0 1.1 26.7 45.0 0.69
3332 29.9 1.5 0.0 29.9 45.0 0.51
3647 32.5 2.1 0.0 32.5 45.0 0.39
3765 25.6 0 1.1 26.7 450 0.69
4407 29.9 1.5 0.0 29.9 45.0 0.51

*1.5 Sip = 1.5 x 30.0 ksi at 500°F.
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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 3S,, allowable limit at S00°F 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.
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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 P.. + P, + Q Stresses for Support Disk 1-Foot End-Drop, Thermal Case 4

Principal Stresses (ksi) Stress Intensity Allowablé Margin of

Node S1 S2 S3 (ksi) Stress (ksi)* | Safety
474 52.7 72 0.0 527 90.0 0.71
481 35.0 0.0 3.1 38.1 90.0 1.36
1129 40.3 3.6 0.0 40.3 90.0 1.23
1444 52.7 7.2 0.0 52.7 90.0 0.71
1451 35.0 0.0 3.1 38.1 90.0 1.36
2236 403 3.6 0.0 40.3 90.0 1.23
2558 52.7 7.2 0.0 52.7 90.0 0.71
2565 35.0 0.0 3.1 38.1 90.0 1.36
3332 40.3 3.6 0.0 40.3 90.0 1.23
3647 52.7 7.2 0.0 52.7 90.0 0.71
3654 35.0 0.0 3.1 38.1 90.0 1.36
4407 40.3 3.6 0.0 403 90.0 1.23

#3.0 S = 3.0 x 30.0 ksi at 500°F.
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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
corner of the fuel assembly slot in the basket and the outer radius occurs at 31.82, 49.46, 77.92
and 90° 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 90° 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 | 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 I,
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 S,
and primary membrane plus bending stress intensity is compared with 1.5S, for the material at
temperature. A conservative temperature distribution is used to determine S 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 90°) 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 Sy, for the support disk
primary membrane stress (Pp,) and 1.5S, for primary membrane plus bending stress (Pp+ Py).
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 P +0.45
2.6.15.6-3 0 1 P,+ Py +0.84
2.6.15.6-4 0 2 Pu +0.47
2.6.15.6-5 0 2 P+ Py +0.88
2.6.15.6-6 31.82 1 Pu +0.54
2.6.15.6-7 31.82 1 P,+ Py +0.19
2.6.15.6-8 31.82 2 P +0.60
2.6.15.6-9 31.82 2 P, +P, +0.24
2.6.15.6-10 49.46 1 P +0.35
2.6.15.6-11 49.46 ] P+ Py +0.11
2.6.15.6-12 49.46 2 P +0.43
2.6.15.6-13 49.46 2 Pn+ Py +0.13
2.6.15.6-14 77.92 1 P +0.29
2.6.15.6-15 77.92 1 P, +P, +0.45
2.6.15.6-16 77.92 2 P, +0.32
2.6.15.6-17 77.92 2 P.+P, +0.47
2.6.15.6-18 90 1 P, +0.09
2.6.15.6-19 90 1 P,+P, +0.56
2.6.15.6-20 90 2 P, +0.12
2.6.15.6-21 90 2 P, +P, +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 90° basket orientation at

Thermal Case 2, no thermal stresses. This margin of safety is based on a primary membrane

stress of 27.4 Kksi.
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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<0, 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<0)
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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 - 49.46° 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

| 1 2 4724 4725 3274 033 3085 0.33

2 3 4 4726 4727 3274 -0.33 3085 -0.33
3 5 6 4728 4729 -32.74 033 -30.85 0.33

4 7 8 4730 4731 -32.74 -033 -30.85 -0.33
5 9 10 4732 4733 3207 6.6 30.85 6.6

6 11 12 4734 4735 3207 -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 2046 23.89 2046
10 19 20 4742 4743 25.57 -2046 23.89 -20.46
11 21 22 4744 4745 -25.57 2046 -23.89 2046
12 23 24 4746 4747 -25.57 -2046 -23.89 -20.46
13 25 26 4748 4749 17 27.99 17 27.39
14 27 28 4750 4751 -17 2799 -17 27.39
15 29 30 4752 4753 -17 -2799 -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 3.14 033 314 -033
19 37 38 4760 4761 379 033 379 -033
20 39 40 4762 4763 693 033 693 -0.33
21 41 42 4764 4765 10.07 033 10.07 -0.33
22 43 44 4766 4767 10.72 033 10.72 -0.33
23 45 46 4768 4769 13.86 033 13.86 -0.33
24 47 48 4770 4771 17 0.33 17 -0.33
25 49 50 4772 4773 17.65 033 17.65 -0.33
26 51 52 4774 4775 20.78 033 2078 -0.33
27 53 54 4776 4777 2392 033 2392 -0.33
28 55 56 4778 4779 2457 033 2457 -033
29 57 58 4780 4781 2771 033 2771 -0.33
30 59 60 4782 4783 30.85 033 3085 -0.33
31 61 62 4784 4785 -3.14 033 -3.14 -0.33
32 63 64 4786 4787 -3.79 033 -3.79 -0.33
33 65 66 4788 4789 -693 033 -693 -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 -13.86 033 -13.86 -0.33
37 73 74 4796 4797 -17 0.33 -17 -0.33
38 75 76 4798 4799 -17.65 033 -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 -2392 0.33 -23.92 -0.33
41 81 82 4804 4805 -24.57 0.33 -24.57 -0.33
42 83 84 4306 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 314 725 314 66
46 91 92 4814 4815 379 725 379 6.6
47 93 94 4816 4817 693 725 6.93 6.6
48 95 96 4818 4819 10.07 725 1007 6.6
49 97 98 4820 4821 1072 725 1072 6.6
50 99 100 4822 4823 1386 7.25 13.86 6.6
51 101 102 4824 4825 17 7.25 17 6.6
52 103 104 4826 4827 17.65 725 1765 6.6
53 105 106 4828 4829 2078 7.25 20.78 6.6
54 107 108 4830 4831 2392 725 2392 66
55 109 110 4832 4833 0 13.53 0 14.18
56 111 112 4834 4835 3.14 1353 3.14 14.18
57 113 114 4836 4837 3779 1353 379 14.18
58 115 116 4838 4839 693 1353 6.93 14.18
59 117 118 4840 4841 10.07 1353 10.07 14.18
60 119 120 4842 4843 1072 1353 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 2078 13.53 20.78 14.18
65 129 130 4852 4853 2392 1353 2392 14.18
66 131 132 4854 4855 0 21.11 0 20.46
67 133 134 4856 4857 3.14 21.11 3.14 2046
68 135 136 4858 4859 379 21.11 379 2046
69 137 138 4860 4861 693 21.11 693 2046
70 139 140 4862 4863 10.07 21.11 10.07 2046
71 141 142 4864 4865 10.72 21.11 10.72 20.46
72 143 144 4866 4867 13.86 21.11 13.86 2046
73 145 146 4868 4869 17 21.11 17 20.46
74 147 148 4870 4871 3.14 033 379 0.33
75 149 150 4872 4873 10.07 0.33 10.72 0.33
76 151 152 4874 4875 17 033 1765 033
77 153 154 4876 4877 2392 0.33 24.57 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 | 2 1 1 2 2

78 155 156 4878 4879 3.14 346 379  3.46
79 157 158 4880 4881 10.07 346 10.72 3.46
80 159 160 4882 4883 17 346 17.65 3.46
81 161 162 4884 4885 2392 346 2457 346
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 2392 6.6 2457 6.6
86 171 172 4894 4895 3.14 7.25 379  7.25
87 173 174 4896 4897 10.07 725 10.72 17.25
88 175 176 4898 4899 17 725 1765 7.25
89 177 178 4900 4901 3.14 1039 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 1353 379 1353
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 1007 14.18 10.72 14.18
97 193 194 4916 4917 17 14.18 17.65 14.18
98 195 196 4918 4919 314 1732 379 1732
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 2046 3.79 20.46
102 203 204 4926 4927 10.07 2046 10.72 20.46
103 205 206 4928 4929 17 2046 17.65 20.46
104 207 208 4930 4931 3.14 21.11 379 21.11
105 209 210 4932 4933 10.07 21.11 10.72 21.11
106 211 212 4934 4935 3.14 2425 3.79 24.25
107 213 214 4936 4937 10.07 24.25 10.72 24.25
108 215 216 4938 4939 314 2739 379 27.39
109 217 218 4940 4941 10.07 27.39 10.72 27.39
110 219 220 4942 4943 314 725 -3.14 6.6
111 221 222 4944 4945 379 7.25 -3.99 6.6
112 223 224 4946 4947 693 725 -6.93 6.6
113 225 226 4948 4949 -10.07 7.25 -10.07 6.6
114 227 228 4950 4951 -10.72 725 -10.72 6.6
115 229 230 4952 4953 -1386 725 -1386 6.6
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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 # I 2 1 2 1 1 2 2
116 231 232 4954 4955 -17 7.25 -17 6.6
117 233 234 4956 4957 -17.65 725 -17.65 6.6
118 235 236 4958 4959 -20.78 725 -20.78 6.6
119 237 238 4960 4961 -2392 7.25 -2392 6.6
120 239 240 4962 4963 -3.14 13.53 -3.14 14.18
121 241 242 4964 4965 -3.79 13.53 -3.79 14.18
122 243 244 4966 4967 -6.93 13.53 -6.93 14.18
123 245 246 4968 4969 -10.07 13.53 -10.07 14.18
124 247 248 4970 4971 -10.72 13.53 -10.72 14.18
125 249 250 4972 4973 -13.86 13.53 -13.86 14.18
126 251 252 4974 4975 -17 13,53 -17 14.18
127 253 254 4976 4977 -17.65 13.53 -17.65 14.18
128 255 256 4978 4979 -20.78 13.53 -20.78 14.18
129 257 258 4980 4981 -2392 13.53 -23.92 14.18
130 259 260 4982 4983 -3.14 21.11 -3.14 20.46
131 261 262 4984 4985 -3.79 21.11 -3.79 20.46
132 263 264 4986 4987 -6.93 21.11 -6.93 2046
133 265 266 4988 4989 -10.07 21.11 -10.07 20.46
134 267 268 4990 4991 -10.72 21.11 -10.72 20.46
135 269 270 4992 4993 -13.86 21.11 -13.86 20.46
136 271 272 4994 4995 -17 0 21.11 -17 2046
137 273 274 4996 4997 314 033  -3.79  0.33
138 275 276 4998 4999 -10.07 033 -10.72 033
139 277 278 5000 5001 -17 033 -1765 033
140 279 280 5002 5003 -2392 0.33 -2457 0.33
141 281 282 5004 5005 -3.14 346 -3.79 346
142 283 284 5006 5007 -10.07 3.46 -10.72 3.46
143 285 286 5008 5009 -17 346 -17.65 3.46
144 287 288 5010 5011 -23.92 346 -24.57 3.46
145 289 290 5012 5013  -3.14 6.6 -3.79 6.6
146 291 292 5014 5015 -10.07 6.6 -10.72 6.6
147 293 294 5016 5017 -17 6.6 -1765 6.6
148 295 296 5018 5019 -2392 6.6 -2457 6.6
149 297 208 5020 5021 -3.14 725 -3.79  7.25
150 299 300 5022 5023 -10.07 7.25 -10.72 7.25
151 301 302 5024 5025 -17 7.25 -17.65 7.25
152 303 304 5026 5027 -3.14 1039 -3.79 10.39
153 305 306 5028 5029 -10.07 1039 -10.72 10.39
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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

154 307 308 5030 5031 -17 1039 -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 1732 -379 1732
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 2046 -3.79 2046
165 329 330 5052 5053 -10.07 2046 -10.72 2046
166 331 332 5054 5055 -17 2046 -17.65 2046
167 333 334 5056 5057 -3.14 21.11 -3.79 2L.11
168 335 336 5058 5059 -10.07 21.11 -10.72 21.11
169 337 338 5060 5061 -3.14 2425 -3.779 24.25
170 339 340 5062 5063 -10.07 24.25 -10.72 24.25
171 341 342 5064 5065 -3.14 2739 379 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 -693 -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 2725 -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 -2392 -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

2.6-331




SAR - UMS® 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 | 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 -2046
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  -2046
200 399 400 5122 5123 -3.14 -033 -3.79 -0.33
201 401 402 5124 5125 -10.07 -0.33 -10.72 -0.33
202 403 404 5126 5127 -17 -033 -17.65 -0.33
203 405 406 5128 5129 -23.92 -0.33 -24.57 -0.33
204 407 408 5130 5131 -3.14 -346 -3.79 -3.46
205 409 410 5132 5133 -10.07 -346 -10.72 -3.46
206 411 412 5134 5135 -17 346 -17.65 -346
207 413 414 5136 5137 -23.92 -346 -24.57 -3.46
208 415 416 5138 5139 -3.14 -66 -3.79 -6.6

209 417 418 5140 5141 -10.07 -66 -10.72 -6.6

210 419 420 5142 5143 -17 -6.6 -17.65 -6.6

211 421 422 5144 5145 -2392 6.6 -2457 -6.6

212 423 424 5146 5147  -3.14 -725 -379 -7.25
213 425 426 5148 5149 -10.07 -7.25 -10.72 -7.25
214 427 428 5150 5151 -17 725 -17.65 -7.25
215 429 430 5152 5153  -3.14 -1039 -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 -2046 -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
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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

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 -2425 -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 314 -725 314 -66
238 475 476 5198 5199 379 -725 379 66
239 477 478 5200 5201 693 -7.25 693 -66
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 1386 -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 1765 -6.6
245 489 490 5212 5213  20.78 -7.25 20.78 -6.6
246 491 492 5214 5215 2392 -7.25 12392 -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 379 -1353 379 -14.18
250 499 500 5222 5223 693 -1353 693 -14.18

251 501 502 5224 5225 10.07 -13.53 10.07 -14.18
252 503 504 5226 5227 10.72 -13.53 1072 -14.18
253 505 506 5228 5229 13.86 -13.53 13.86 -14.18
254 507 508 5230 5231 17 -1353 17 -14.18
255 509 510 5232 5233 17.65 -13.53 17.65 -14.18
256 5t 512 5234 5235 20.78 -13.53 20.78 -14.18
257 513 514 5236 5237 2392 -13.53 2392 -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 379 -21.11 3.79 -2046
261 521 522 5244 5245 693 -21.11 6.93 -2046

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 314 -033 379 -0.33

267 533 534 5256 5257 1007 -033 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

268 535 536 5258 5259 17 -0.33  17.65 -0.33
269 537 538 5260 5261 2392 -033 24.57 -0.33
270 539 540 5262 5263 314 -346 379 -346

271 541 542 5264 5265 10.07 -346 10.72 -3.46
272 543 544 5266 5267 17 -346 17.65 -3.46
273 545 546 5268 5269 2392 -346 2457 -3.46
274 547 548 5270 5271 314 -66 379 -6.6

275 549 550 5272 5273 1007 -6.6 10.72 -6.6

276 551 552 5274 5275 17 -6.6 17.65 -6.6

277 553 554 5276 5277 2392 -6.6 2457 -6.6

278 555 556 5278 5279 314 -725 379 -7.25
279 557 558 5280 5281 1007 -7.25 1072 -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 314 -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 -1732 379 -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
- 203 585 586 5308 5309 314 -2046 3.79 -2046
254 587 588 5310 5311 10.07 -2046 10.72 -20.46
295 589 590 5312 5313 17 -2046 17.65 -20.46

296 591 592 5314 5315  3.14 -2L.11 379 -21.11
297 593 594 5316 5317 1007 -2L.11 10.72 -21.11

298 595 596 5318 5319  3.14 -2425 379 -24.25
299 597 598 5320 5321 10.07 -24.25 10.72 -24.25
300 599 600 5322 5323 314 -27.39 379 -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 P, Stresses for Support Disk—1-Foot Side-Drop, 0° Orientation, Thermal

Case 1
P 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 -114 .1 18.3 30.0 .64
227 6.5 -11.0 0 17.5 30.0 72
298 -1 -16.8 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 | -133 -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 57 -7.2 1 13.0 30.0 1.31
301 37 -7.6 -3.2 13.0 30.0 1.31
230 -1.3 ) 127 ) 12.8 30.0 1.35
235 29 -7.3 3.7 12.6 30.0 1.38
215 -1 -12.6 -1 12.6 30.0 1.38

2.6-335




SAR - UMS® Universal Transport Cask November 2001
Docket No. 71-9270 Revision UMST-01D

Table 2.6.15.6-3 Pm+ Py Stresses for Support Disk—1-Foot Side-Drop, 0° Orientation,

Thermal Case 1

P+ Py Stresses (ksi)
Stress Allowable Margin of
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety
234 8.2 -14.4 4.6 245 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 -5.3 223 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 83 -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
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Table 2.6.15.6-4 P.. Stresses for Support Disk—1-Foot Side-Drop, 0° Orientation, Thermal

Case 2
P, Stresses (ksi)
Stress Allowable Margin of
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety
300 10.5 -9.8 -8 204 30.0 47
234 8.5 -9.6 1.8 18.4 30.0 .63
293 6.8 -11.2 A 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 P + Py Stresses for Support Disk—1-Foot Side-Drop, 0° Orientation,
Thermal Case 2

P + Py, Stresses (ksi)
Stress Allowable Margin of

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety
234 7.9 -14.2 4.5 239 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 -5.3 223 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 45.0 143
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 A 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
294 114 -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 P,, Stresses for Support Disk—1-Foot Side-Drop, 31.82° Orientation,
Thermal Case 1

P, Stresses (ksi)
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 20 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 | 46 5.6 5.0 143 30.0 1.10
257 -2 2.2 6.7 13.7 30.0 1.20
273 -1 -13.3 -5 133 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 39 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
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Table 2.6.15.6-7

P + Py Stresses for Support Disks—1-Foot Side-Drop, 31.82°
Orientation, Thermal Case 1

Stress Allowable Margin of
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety
295 -69 | -359 | 7.8 37.8 45.0 .19
294 19.0 | 348 | 62 37.0 45.0 22
293 -22.7 | -33.6 | 5.7 36.1 45.0 25
267 257 | 319 | 59 354 45.0 27
266 -257 | -31.8 | 5.2 34.8 45.0 29
288 -263 | -31.0 | 5.2 34.4 45.0 31
274 -233 | 322 | 4.0 33.7 45.0 34
251 -289 | -27.0 | 5.3 334 45.0 35
275 -204 | 320 | 3.8 33.1 45.0 .36
227 -234 | 303 | 5.2 33.0 45.0 .36
287 -26.0 | -30.2 | 43 329 45.0 37
260 -249 | 287 | 5.0 32.1 45.0 40
284 -233 1 304 | 3.7 31.9 45.0 41
248 -28.2 | -26.8 | 4.3 31.9 45.0 41
74 -22.8 | -300 | 3.9 31.7 45.0 42
200 -247 | -28.8 | 44 31.6 45.0 42
254 -27.2 | 2233 | 6.0 31.5 45.0 43
301 2.1 -24.1 | 8.7 31.5 45.0 43
268 -242 | 257 | 6.3 31.3 45.0 44
289 -24.1 | -26.8 | 5.7 31.3 45.0 44
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Table 2.6.15.6-8

P, Stresses for Support Disk—1-Foot Side-Drop, 31.82° Orientation,

Thermal Case 2

Stress Intensity Allowable Margin of
Section Sx Sy Sxy (ks1) 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 59 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 | -33 -4.6 7.4 14.9 30.0 1.01
265 | 43 55 4.7 13.6 30.0 1.20
257 -3 -1.4 6.7 134 30.0 1.24
273 -1 | -129 -5 12.9 30.0 1.33
299 -1 ] -127 -9 12.7 30.0 1.36
294 A -8.2 4.5 12.3 30.0 1.44
263 | 6.6 | -122 .1 12.2 30.0 1.46
103 | -84 -1 39 11.5 30.0 1.62

73 -2 -6.0 4.9 I1.3 30.0 1.65
291 0 | -11.0 -1.3 11.3 30.0 1.66
269 -8.9 -10.2 1.4 [1.1 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
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Table 2.6.15.6-9 Pm + Py, Stresses for Support Disk—1-Foot Side-Drop, 31.82° 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 54 349 45.0 .29
267 -24.9 -30.9 5.7 34.3 45.0 31
266 -24.4 -30.5 5.0 333 45.0 35
288 -25.3 -29.6 5.0 329 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 5.0 322 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 94 31.0 45.0 45
284 -22.3 -29.5 3.6 310 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
741 -21.7 -28.8 3.7 304 45.0 48
301 23 -23.2 8.3 304 45.0 48
208 -22.8 -28.7 3.5 304 45.0 48
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Table 2.6.15.6-10 P.. Stresses for Support Disk—1-Foot Side-Drop, 49.46° Orientation,

Thermal Case 1

Stress Intensity Allowable Margin of
Section Sx Sy Sxy (ksi) Stress (ksi) Safety
277 9.4 -10.8 4.7 222 30.0 .35
265 -8.4 9.4 53 20.7 30.0 45
77 9.1 -9.4 1.6 18.8 30.0 .59
257 -3.7 29 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 33 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 23 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 23 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 P + Py Stresses for Support Disk—1-Foot Side-Drop, 49.46° Orientation,
Thermal Case 1

Stress Intensity Allowable Margin of
Section Sx Sy Sxy (ksi) Stress (ksi) Safety

275 -30.2 -36.7 6.3 40.6 45.0 A1
268 -31.7 -32.7 7.2 394 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 -354 -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 57 37.6 45.0 20
269 -26.3 -30.2 9.1 375 45.0 20

24 -35.6 -28.0 4.3 375 45.0 .20
266 -29.1 -33.1 5.1 36.6 45.0 23
208 -28.0 -32.8 54 36.3 45.0 24
173 -30.4 -30.2 5.0 35.3 45.0 28
254 -329 -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 4.4 349 45.0 .29
240 -34.1 -22.2 3.1 34.8 45.0 .29
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Table 2.6.15.6-12 P., Stresses for Support Disk—1-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 32 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 54 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 23 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 2.5 133 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

P + Py Stresses for Support Disk—1-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 59 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 -34.9 274 4.2 36.8 45.0 22
295 -10.1 -34.3 8.0 36.7 45.0 23
208 -27.2 -32.1 54 35.6 45.0 27
266 -27.7 -31.7 4.9 35.0 45.0 28

27 -30.5 -234 7.1 349 45.0 .29
173 -29.7 -29.4 5.0 345 45.0 .30
244 -28.4 -30.3 5.0 344 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 P, Stresses for Support Disk—1-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 1
240 -9.6 6.9 1.1 16.6 30.0 81
85 -7.6 54 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

P + Py, Stresses for Support Disk—1-Foot Side-Drop, 77.92° Orientation,
Thermal Case 1

Stress Allowable Margin of
Section Sx Sy Sxy | Intensity (ksi) Stress (ksi) Safety

S -23.1 -30.6 2.0 31.1 45.0 45
30 -27.1 -3.4 7.8 295 45.0 53
27 -28.4 -5.8 33 289 45.0 .56
246 -23.3 4.2 3.7 28.4 45.0 .57
24 -26.5 -10.2 23 26.8 45.0 .68
22 -25.6 -16.7 34 26.8 45.0 .68
25 -25.8 -16.1 3.1 26.7 45.0 .69
6 -8.2 -25.8 1.2 259 45.0 74
244 -23.3 -14.8 5.0 25.6 45.0 76
77 11.1 244 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 4.6 233 45.0 93
238 -20.3 -15.3 4.6 23.1 45.0 95
84 11.6 21.9 33 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 P 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 (ks1) Safety
246 -11.8 9.9 3.5 22.8 30.0 32
243 112 | 8.0 | 13 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 54 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 -1.7 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 -1.7 -3.7 5.7 12.0 30.0 1.50
24] -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 + Py, Stresses for Support Disk—1-Foot Side-Drop, 77.92° Orientation,
Thermal Case 2

Stress Intensity Allowable Margin of
Section Sx Sy Sxy (ksi) Stress (ksi) Safety

5 -23.0 | 299 | 22 30.5 45.0 47
30 -26.2 | -3.6 7.5 284 45.0 .58
27 279 | -5.6 33 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 33 259 45.0 73
25 -25.1 | -156 | 3.0 25.9 45.0 74
6 -8.1 | -25.6 1.2 25.7 45.0 5
244 -22.8 | -144 | 438 25.0 45.0 .80
77 109 | 238 4.1 25.0 45.0 .80
241 -22.0 | -15.1 4.9 24.5 45.0 .84
75 -205 | -179 | 4.9 243 45.0 .85
76 11.5 | 23.1 3.0 239 45.0 .89
85 0 22.8 3.1 23.6 45.0 91
19 -22. -15.1 2.9 23.1 45.0 94
21 -22. -10.6 1.6 22.8 45.0 97
238 -19 -147 | 44 223 45.0 1.02
74 - -17.0 | 4.4 22.2 45.0 1.03
243 -22. -1.8 1.2 22.2 45.0 1.03
84 11.1 21.2 3.1 22.1 45.0 1.04

2.6-350



SAR - UMS® Universal Transport Cask November 2001
Docket No. 71-9270 Revision UMST-01D

Table 2.6.15.6-18 P., Stresses for Support Disk—1-Foot Side-Drop, 90° Orientation,

Thermal Case 1

Stress Allowable Margin of

Section Sx Sy Sxy | Intensity (ksi) Stress (ksi) Safety
27 -13.3 | 142 0 274 30.0 .09
77 -8.3 13.5 3.1 22.7 30.0 32
269 -8.3 13.5 | -3.1 227 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 -113 | 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 | -103 | -59 16.5 30.0 81
5 -11.0 | -103 | 59 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 1 -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 + Py Stresses for Support Disk—1-Foot Side-Drop, 90° Orientation,
Thermal Case 1

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 -6.3 220 | -30 28.9 45.0 .56
27 -13.3 | 142 -4 274 45.0 .64
6 -179 | -184 | -5.8 24.0 45.0 .88
-17.9 | -184 | 5.8 24.0 45.0 .88
85 -54 16.4 24 223 45.0 1.02
277 -54 164 | 24 22.3 45.0 1.02
2 -39 | -194 -1 19.4 45.0 1.32
1 -39 | -194 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 P, Stresses for Support Disk—1-Foot Side-Drop, 90° Orientation,
Thermal Case 2

Stress "~ Allowable Margin of
Section Sx Sy Sxy | Intensity (ksi} Stress (ksi) Safety

27 -129 | 13.8 0 26.7 30.0 A2
77 -8.0 | 134 | 3.0 223 30.0 35
269 -8.0 | 134 | 3.0 223 30.0 35
85 -6.6 | 12.6 1.2 19.3 30.0 .56
277 -6.6 | 126 | -1.2 19.3 30.0 .56
29 -187 ¢ -1 0 18.7 30.0 .60
24 -109 | 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 -155 ) 1.2 0 16.7 30.0 .80
5 -10.7 | -104 | 5.7 16.2 30.0 .85
6 -10.7 | -104 | -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 -139 1 -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 + Py Stresses for Support Disk—1-Foot Side-Drop, 90° Orientation,

Thermal Case 2

Stress Allowable Margin of

Section Sx Sy Sxy | Intensity (ksi) Stress (ksi) Safety
77 -6.2 | 215 29 28.2 45.0 .59
269 -6.2 | 215 | 29 28.2 45.0 .59
27 -12.9 | 138 -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 -5.5 159 1 23 21.9 45.0 1.05
277 -5.5 159 | -23 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 -187 | -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 -109 | 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 Sp 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 Basket Thermal Stress Minimum Margin
Orientation (Deg) Case Evaluation of Safety
2.6.13.7-1 0 2 Pn+Pp+Q + 1.44
2.6.13.7-2 31.82 2 Pn+P,+Q +0.78
2.6.13.7-3 49.46 2 Pn+Pp+Q +0.59
2.6.13.7-4 77.92 2 Pn+Pp+Q +1.40
2.6.13.7-5 90 2 Pn+P,+Q +2.08
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Table 2.6.15.7-1 P + Py + 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

13 243 17.6 -14.0 35.3 90.0 1.55
234 6.5 -14.4 5.1 233 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 53 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 P,, + Py, + Q Stresses for Support Disk - 1-Foot Side-Drop, 31.82°

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 -354 16.0 50.3 90.0 79
238 -29.5 -36.1 13.4 46.6 90.0 93
274 -29.5 -36.1 134 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 -334 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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Table 2.6.15.7-3

Pr + Py + Q Stresses for Support Disk - 1-Foot Side-Drop, 49.46°
Orientation, Thermal Case 2

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 -334 -32.0 15.2 479 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 P, + Py + 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 -254 -25.2 12.2 37.5 90.0 1.40
24 -30.3 -18.4 11.5 373 90.0 1.42
268 -30.3 -18.4 115 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 10.8 355 90.0 1.54
244 -26.9 =227 10.5 35.5 90.0 1.54
276 -26.9 =227 10.5 355 90.0 1.54
74 -28.2 -18.9 10.8 353 90.0 1.55
19 -28.2 -18.9 10.8 353 90.0 1.55

2 -31.5 -5.7 10.5 352 90.0 1.55
30 -31.5 -5.7 10.5 352 90.0 1.55
75 -29.6 -15.6 10.6 352 90.0 1.56
22 -29.6 -15.6 10.6 352 90.0 1.56
37 -23.3 -24.0 1.5 35.1 90.0 1.56
139 =233 -24.0 115 351 90.0 1.56
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Table 2.6.15.7-5 Py + Py + Q Stresses for Support Disk - 1-Foot Side-Drop, 90°
Orientation, Thermal Case 2

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 28.1 950.0 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 -.1 243 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 22 5.1 234 90.0 2.84
16 14.5 94 8.1 20.5 90.0 3.40
13 14.5 94 -8.1 20.5 90.0 3.40
137 -13.7 -12.9 7.1 204 50.0 3.41
200 -13.7 -12.9 -7.1 204 90.0 341
31 -13.7 -12.9 7.1 204 90.0 3.41
33 -20.4 1 0 204 90.0 341
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 corner-
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 corner- and oblique-

drop conditions is performed.

2.6.159 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 corner-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 Ib. Because the weights of the bottom-end
weldment (623 1b) and the fuel tubes (4,665 1b) are transmitted directly into the end of the
canister, the remaining load acting over the area of the spacers is 12,911 Ib. For the 1-ft end-drop
the deceleration is 20 g, which results in a total end-drop load of 258,220 Ib. The area in
compression 1s n(3.0° - 1.752)/4 =4.66 in®. The compressive stress is 258,2*20/(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 III, Subsection NG
[15],1s 1.0 S, Using a conservative material temperature for the outer edge of the support disk

of 500°F, S, = 17.5 ksi. The corresponding margin of safety is
MS = (17,500/9,235)-1 =" +0.89;
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 III, Division 1, Subdivision NG [15], criteria define the Level A allowable
for shear stress to be 0.6 Sy, 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 0° 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)S,/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 (Sy) 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 1b) 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 18° contact area.

Str = (57,044)(20)/[(0.625)(40)()(65.5)/(360/18)]= 4446 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 = (63.2/Si)-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 fplat‘éé,f respectlvely, 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 SHELL63
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 (P) and the
primary membrane plus bending (Pm+Py) stress criteria. An analysis including the thermal
expansion stresses is also performed.
The margins of safety are calculated as

MS =[(Pn+Py)/1.58n]-1 or MS=[(Pn +P, +Q)/3Sn]-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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Finite Element Model of the Top Weldment Plate

Figure 2.6.15.13-1
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Finite Element Model of the Bottom Weldment Plate

Figure 2.6.15.13-2
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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 P (ksi) S (ksi) MS
Top Weldment/1-ft 8.41 17.38 ¥1.07
End-Drop
Bottom Weldment/1-ft 1114 +03§
End-Drop
Component/Condition P + Py (ksi) 1.58,, (ksi) MS
Top Weldment/1-ft 16.50 26.07 +0.58
End-Drop
Bottom Weldment/1-ft 18.98 26.34 +0.39
End-Drop
Component/Condition Pm+ Py + Q (ksi) 3Sn (ksi) MS
Top Weldment/1-ft 16.95 52.14 +2.08
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: 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)

Material modulus of elasticity for buckling: E =24.60 x 107 ksi at 750°F (conservative)
E = 29.90 x 107 ksi at -40°F (Thermal Case 1)

Impact load amplification factor: 20 g for the 1-ft side or end-drop.
E=25.56 x 107 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 I-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.
P, = allowable axial compressive load, kips
P, = critical axial compression load, kips
P. = Euler buckling loads, kips
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where,

P, = 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

Cn, = coefficient applied to bending term in interaction equation

M, = critical moment that can be resisted by a plastically designed member in the absence
of axial load, kip-in.

M, = plastic moment, kip-in.

F, = axial compressive stress permitted, ksi

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

k =ratio of effective column length to actual unbraced length

| =unbraced length of member, in.

r =radius of gyration, in.

Sy =yield stress allowable, ksi

A =area of the ligament, in’

Z, = plastic section modulus with respect to the major axis, in’

2 = allowable reduction factor, dimensionless.
P C M
BT P
8 Mm{l B _}
PC

p M

<1.0

+———<1.0
P, 0.18M,

Y

P.=17xAxF,

P. =192xAXF,

2.6-369




SAR - UMS® Universal Transport Cask November 2001

Docket No. 71-9270 Revision UMST-01D
F, = _ﬂE_l
1.92(—)2
T
P, =S5, x A

Cm = 0.85 for members with joint translational (sideways)

M, =Sy x Z,

Mp=M_|107-———|<M_.
P 3160 P

Load Conditions

The load conditions considered in the 1-ft drop normal condition buckling evaluation are as

follows:
1. 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):

Parameter Values Parameter Values
t 0.625 in. S, 60.5 ksi
b 0.66 in. P, A x S, =24.956 ksi
A 0.4125 in’ F. 32.456
L 6.278 in. C. 91.32
I bt’/12=0.0134 in* Pe: 22.76
r =0.180 F. 169.55
K 0.800 P. 134.289

KL/r 27.837 M, 3.899
Z bt* /4 = 0.064 M 3.838
E 25,560 ksi Crm 0.85

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:

C.M
Pr= PP M=Trp)m,
M
Pa = IRy T LISM
’ p

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
MSI1 = -1 and MS2 = —— -1

P, + M, P,+M

[ ]

For weak-axis buckling, the minimum margin of safety is +0.659 for the 90° 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:

Parameter Value Parameter Value
t 0.65 in. S, 59.3 ksi
b 0.625 in. Py A xS, =24.091 ksi
A 0.406 in’ F, 31.959
L 6.278 in. C. 90.491
i bt’/12=0.0143 in* Per 22.071
r =0.188 E. 176.51
K 0.800 P. 137.674

KL/r 26.766 M, 3.915

y4 bt’ /4 = 0.066 M 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

Disks (Weak Axis)

Minimum Margins of Safety from Buckling Evaluation of BWR Support

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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Table 2.6.15.14-2 Minimum Margins of Safety from Buckling Evaluation of BWR Support

Disk (Strong Axis)
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 | +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 1 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 1 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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—— Spacer
p

—— Base Disk

Q Individual

Cylinders

Spacer

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.
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The total load modeled is (73;00,0:1153) x 60 g (conservative PWR canister weight).

cL Fuel canister loading Top cover plate
4 g l e
Cylinders
N“ H l'x- Cylinder

r
m///ﬁéI

° o

4

The forces exerted on each cylinder were obtained from the finite element model:

F;=0.3561 (10)° Ib
F;=0.6028 (10)° Ib
F3=10.8372 (10)° Ib
F.=1.024 (10)°1b

Fs=0.8260 (10)°1b
Fe=0.7346 (10)° Ib

The membrane stress experienced by each member is as follows:

Gmembrane = F/A

61=0.3561 (10)°Ib/ 21(5.625 +0.1875)(0.375) in® = 25,993 psi
2= 0.6028 (10)°1b / 2m(11.625 + 0.1875)(0.375) in’= 21,660 psi
3= 0.8372 (10)°1b / 27m(15.625 + 0.1875)(0.375) in®= 22,469 psi
os=1.024 (10)°Ib/ 21(24.625 + 0.1875)(0.375) in® = 17,516 psi
05 =0.8260 (10)° Ib / 2m(27.625 + 0.1875)(0.375) in® = 12,605 psi
Go = 0.7346 (10)° Ib / 21(32.125 + 0.1875)(0.375) in® = 9,649 psi

Based on the membrane stress the lowest margin of safety is:

Allowable stress at 300°F = 0.7S,= 46,200 psi
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MS = (46,200 psi/25,993 psi) -1= + 0.78

To evaluate buckling the critical stress was determined and compared to the actual:
Geritical = E((0.605 - 107m)/(m(1 + 0.004¢))

where:

E = modulus of elasticity for 304 SS @ 300°F---27 10° psi
m = R/T = radius/thickness
o= E/S, for 304 SS = 27E6/20,000psi = 1,350 psi

Geriical - 1 = Critical stress for each individual cylinder

Guriical .1 = 2TE6((0.605 - 107(5.8125/0.375)2)/(( 5.8125/0.375)(1 + 0.004(1350)) = 164,602 psi
Gurieat .2 = 2TE6((0.605 - 107(11.8125/0.375)))/((11.8125/0.375)(1 + 0.004(1350)) = 80,894 psi
Geriiear .3 = 2TE6((0.605 - 107(15.8125/0.375)2)/((15.8125/0.375)(1 + 0.004(1350)) = 60,352 psi
Oriical .4 = 2TE6((0.605 - 10°7(24.8125/0.375)2)/((24.8125/0.375)(1 + 0.004(1350)) = 38,295 psi
Gusiieat . 5 = 27E6((0.605 - 107(27.8125/0.375)2)/((27.8125/0.375)(1 + 0.004(1350)) = 34,100 psi
Geriieal .6 = 2TE6((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) - | =+ 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 | 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 = 0.75,= 46,200 psi.

2.6-379




SAR - UMS® Universal Transport Cask November 2001
Docket No. 71-9270 Revision UMST-01D

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
S = (Sz0.x )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:

38.29516
=| ———|-1=+571
5.70216

The maximum stress intensity in the canister spacer was calculated to be:

- - s , S1
1-ft 30-ft 30 50

The allowable stress (S.,) for the PWR spacer at 300°F is 20,000 psi. This results in the

following margin of safety:

]—1=+4.45

S = 20,000 psi
3,667 psi

2.6.16.2 BWR Cask Cavity Spacers

Each canister containing Class 5 BWR fue] 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 Ibs
(76,000 x 60 g) is applied.

The area of the spacer is taken to be 3,318 in>. This results in a crushing pressure of

P = (4,560,000 1b)/(3,318 in®) = 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:

SIir = SLog | 228 | = 1374 | 228 458 i
4=Shop| —| =1, — | = si
1-ft | 30-ft 602 60g - P

The allowable stress (Sy) for the BWR spacer at 300°F is 8,400 psi. This results in the following

margin for safety:

8.4
MS = ’—00] —-1=+1746
455
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