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In the model 'fbr"si‘dé . drop, ‘campressive'maag are transmitted from ‘ﬁi’c:”ffé’él?é’f"éﬁifﬁéﬁ disks to_the

AT e

canister_shell, The_ interface. = between the. support "disk and_ canister. is_modeled_by" using’ the
AN SYS CONT AC52 element uwh1ch > rrmts the support dlsk rnodel nodes to mterface w1th the

VI R TN PR

; whrch act as a compressxon only

element The deformed shape of the transport cask inner shell is apphed t0_the outer nodes_of the
CONTACS5?2 elements as boundary conditions, . Contact_elements are_also. modeled_in the gap
created by the slit located at the support rod hole. . For all. CONTACS52 ¢lements the | gap stiffness

T P e

is set to 1 00E+06 lb/m Because all contact mterfaces are cxrcular addmonal rotatronal strffness

and between the canister and cask inner _shell.

The loads from the fuel assembly are modeled as_a pressure loadlng at the inner. surface of each
support_disk slot opemng The surface _pressure_loads_are "determined._ by performmg a
comparison analysis of all relevant PWR assemblies. For the,PWR&,supportudrskﬂthe.»worst‘ case
loading is (PWR Class #1):

Weight of single fuel assembly + fuel tube = 37608]1) 3285l _ ~1 705 lb
) - 24slots 24slots o

Pressure applied to web slot = (1705 1b/(9.272 in % 0.5 in))/30 = 12.26 psi,
where, the slot size is 9.272 in., the thickness of the disk is 0.5 in, and the number of disks' i$,30.
The weight of the tie-rods and split spacers is accounted for by multiplying the_ density of the
support disk ma‘terialmh"y_ a factor'o»f “1‘.373 as shQWn belol\'a‘/;
~ Disk Weight + Rods and Spacers _186.4+69.4 _
~ Disk Weight 1864 °

Ratio =

—1 373

' No credit is taken for the top and bottom weldments when _calculatingme:pressureN__load.-,Qrﬂj:the 30 support disks
are used.
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Den51ty ..=.0.291x 1373 = 0.3997 Ibfin’

nnnnnn

Inertial ‘1oads"‘§[351"i?d"'i5" ih??ﬁ”ﬁpbrt disk include 26"§*f6i"i‘f§§ﬁ§l' and_60_ g for_ accident

conditions. The" pressure load is also multiplied by the approgpate acceleration.

For the side drop, pressure loads are applied to the hgament based on the. 1mpact angle The

PWR fuel assembly basket with 24 slots exhibits one- elghth symmetry ' A rmmmum penmeter

radius at three locatlons 18 22° 26 28° and 45° measured counterclockwrse from the Y-axrs
(see Fig. 2.6.13.2-2). Therefore, to ensure that the boundrgg_b_gsket _onenqtgpon is evalugtqq,‘drop
orientations of 0°, 18.22°, 26.28°, and 45° are considered.. . To simulate_end drop loading,
pressure loads are set to zero and the acceleration is applieﬂc"l“}n theaxral :d'irecti'on”of the cask:

To evaluate obhque impacts, the stress components (i. e. Sl,w . SxyLme calculated based_ Qg_the
stress results of the side and end drop cases. These stress combinations are’ accomphshed with

)

the use of an ANSYS macro. The macro extracts the component stresses_based on the basket

PR I

e

drop orientation for the side and end drop cases. Once the stress. data is stored i 1rLan array. “the
macro cycles through the cask drop angles (0°, 23°, 302, 40%, 452,505, 60%,70°, 75°, 80°85°,
88°, and 90°), as well as the basket drop orientation (0°, 18.22%,26.28°, and 45°) and calculates
the stresses. Finally, the macro then sorts the data to determine the worst case stresses and the

drop orientations where the stress occurs.

To determine the most critical cross sections, a series of cross sections are considered, ;To aid aid in
the identification_of | these, sections, Frgures 2.6.13.2-3 and 2 6 j 2-4 shg}gﬁme ro“é"’m
support disk...Table 2.6.13.2-1 lists_the cross sections versus.F ’ )
cross section of the_web in_the plane of the support disk., _Points 1. anQ 2 for. eac_j;,_ggggs__sm
shown in Figures 2.6.13.2-3 and 2.6.13.2-4. For example, Section 3 from Table 2.6 ;3,271';;‘“1 ers
to Points 5 and 6 shown in Figure 2.6,13.2-3 (just to the left of the_ center-line of the support
disk). From the corresponding nodal coordinates given ] in_Table 2.6.13.2-1, point 5 (x=-0. 5,

y=0.75) and point 6 (x=-0. 75, y=-0.75), it is known that the section is taken across the. vertical
ligament.

The stress evaluation fg); the support - disk is perfomled according |
Subsection NG Y [15]. According to this subsection, linearized stresses,pﬁ c1oss._sections of the
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1n the model for S1de drop, compressxve oads’ :

2 PP g O i

ANSXS C_Q_I)LT AQ52 e]gfnnt 3 whxch;" ‘ Dport; 10de])
Canister elements. . The interface. between. the. CAMSter shelland R i thon

o g vy

cask mner”shell I.is also_modeled with CONTACS52 ‘elements., which act as. as 4. .compression-only

e W e

element. The “deformed shape of .the transport cask inner. er shell is apphedto the oute; inodes of the
CONTAC52 elements. as. boundary condition §;§Contact elemegts? y

created by, the siit located, atjhe support.rod hole.

TR

is.set 1o 1. OOE¢O )6:1b/in.. Because all. contact inte

is added to the model by Inclnding Weak beams, betwes g‘m & Sup
and between the s canister and cask inner shell

The loads from the > fuel assembly are n}gdeled as a pressure loadm a
support disk slot “opening. . The. surface . pressure. 110ads . are.. determined s Dy 2 Do ot s
companson analysis of all relevant PWR assembiies.. For the PWR-SUBD

load1ng is (PWR Class #1):

Pressure apphed to web s]ot = ( ;5“ E/(‘é 7 in, Qimﬁ@_di gﬁjﬁpg,'

where, the slot size is 9,272 in., the thickness.of the disk 1 0.5, i1, and fhe NOmber of diSkeTis

et o

Ty

nsity.of .the

The, weight of the tie-rods and_split. Spacers 1s accounted for by, multiplyin

support disk material | by a factor of 1.373 : as shown below.

PArtiagt A n AL S 0

fVRa“tié; “Disk \ Welght +Rodsand ¢ Spacem 186 4+ 69. 4 : 137
co o 2 Disk Wexght

! No _credit is taken for the : top_and. bottom weldments when, calculating the, s pressure | 10ad...Only the - 30 Support disks
are used.
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Density = ..0.291 x 1.373.=.0.3997 16/in}

Inertlal Ioa_ds aP-p.-»—-a@-Jh‘..xﬁ..Pe um °Sk 'lnclude 2 ﬁgyggo Tormalzand.;

(_ge Fxg 2, 6 13 2 225 Therefore to ensure th that the boundm“ 4
orlentatlons of 0° A;L,22° 26 28°:f*and 45° are cgj_l " ere

s e o

To, e{zél'hétét’c’itil'iﬁ“&é"iﬁipécts "the stress. components (.64
stress results of the sxde and end. drop. cases. These stre S GOII

drop onchtxons..wher.q the stress cours,

p Y e T

To deterrmne the most critical ¢ crogs SCCthﬂS
the 1dent1ﬁcat10n of these sections. s Fi gures 2 13 2-3.and; Z,Q,

3 =TT

SUPPO&(JASK“T.@MP 2.6.13:2-1 lists'the cross sections yersus Point 1 an
cross_section of the web in_the. plane of the, SUPPOrt diSKaF
shown in Figures 2.6.13.2-3 and 2.6.13.2-4.. For.example, Section
to Pomts 5 and_6_shown.in Figure,2.6.13.2-3_ (|ust to_the left of the centerzli the:
disk). From the corresponding_ nodal coordmates es_given.in Table 2.6.13.2-1..point. 3. (X:

y=0.75) and point_6 (x=-0.75, y==0.15),.1t.is.known that the. seclion.is. taken acros m

ligament,

AP Sl
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structurc“gx;e ngeAcgmpared ‘against the, » : ,
and accxdent conditions_are taken from Subsection NG as shown beIow=

Nprmalilﬁ.sl_é) Accxdew
P m:*.'Bh EESE E,O Su

P+Q 8.05m NA

L:Sacle

The. followmg table summarizes the side, end, and. d off-angle stresse;

e S e S

normal conditions (1-Foot drop). The. he minimum margin o

Swess  Bllowahis

Stress  Thermal Drop Basket 5 Sy Sy Density  SESS  MEwno
State Case'!  Section Angle? Angle &L G5 [ksd 53 55 Ry

P, B 129 90.0 450 926 98 BY 252 ) 039
PytP, B 5 85.0 850 HeE MLy 123 810 BZ3 1N}
P+Q B 21 B8.0 450 MBI M52 138 523 334 L K]

P, A 120 90.0 85.0 21 1 2.6 2312 843 .86
PP, A 21 900 850 H23 B0 1% 523 pas 17}
P+Q A 4 85.0 263 M3 @36 149 573 1259 L9

! See Section 2.6.13.3 for definition of thermal cases,
? Cask drop angle, see figure shown on previous page.
3 Basket angle (orientation), see Figure 2.6.13.2-2,
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Figure 2.6,13.2:1

PWR Basket Model for. Side-Drop
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Figure2.6.1323  Location'of the Section 16.C
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Table 2.6.13.2:1

T T e g R BT TN Y T TR,
Listing of Cross Sections. fOLStress.

Section
& Line

o
(=W
L i 8

i

WL LITLY U LRI TR BT B N BRI R RO B D St i i e ot Rt T Bk T, R
QRO R OOOTARREONN R OO 00 OV B 01— o OTOOTRITOVILA TR TITRD

!

HGENRV N Rpas S

TOATR A TR ETUI FUY 0D W TRITRY TR NI
e viivibtic AR v niedt RNy h

SO

o I PR oo
SO RGO

I CTOTOTOT
k1
it

ity

4y
.

OO OrOTD S or

PN I

~J

A O Uy - "’- iyl P

~)

.,

3

b7
0
0

Dnaliy

e X

£

s

=)
DL

PR
o ‘\’.
tth

2.6-208



SAR-UMS® Universal Transport Cask

Docket No. 71-9270

May 2000
Revision UMST-00A

Table 2.6.13.2:1

Section
& Line#

Eqint

1

2

Point %

42
43
"
45
46
47
48
49
50
o1
52
53
54
55
56
57
58
59
60
61
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63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
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80
81
82
83
84
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Table2.6.13.2-1  Listing of Cross Sections forStress Evaluat

Section  Point  Point
&Line#i 1
85 169 170
86 171 %7%
87 173 |
88 175 176
89 177 78
29 572 g
1 181 %82
P2 183
23 185 186
24 187 188
95 189 190
96 191 192
97 193 194
8 195 196
99 197 198
100 199 200
101 201 202
102 203 204
103 205 206
104 207 208
105 209 210
106 211 212
107 213 214
108 215 216
109 217 218
110 213 220
ur @l
112 223 224
113 225 226
114 227 228
115 229 230
116 231 232
117 233 234
118 235 236
119 237 238
120 239 240
i ul 20
122 243 A
123 2AS 246
124 247 248
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56133  Mhermal Conditions Td EXpamaion £

Three thermal conditions are considered when evaluating the P

Condition 1:._ 100°F ambient | temperature with- maximum decay heat'load.and.1 maximum, solar

A vaicin A
msolatlon

Condition 2; _-40°F ambient temperature, with maximum decay heal 1oad and no insolation:

Condition 3: _-40°F ambient temperature, no decay, heatioad, and ng Solar msolaton

[ e O]

Temperatures of the support disk for ach heat Condition are as followay

Condition (°B) [643)] (°F)
1 686 866 320
z 600 233

ijennal WMHeatm a"m ;I‘mm 5:%
_ Case  Condition (°F) CF) (°F
A 1&2 686 341 345

B 3 140 40 b

B TR pu———

a steady-state conductron analy51s performed by usmg temperature boungm ggdmons

Temperatures are. apphed to the PWR s __support_disk_model _to simulate Worst-case_ temperature
condmons The maxnnum temperature 1§ apphed to the center.of theggup D¢ ‘dx k’ "ode "and the

[P

the temperature dlstnbu 'o :

planar elementg _Lemporanly changmwme ,
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EN AT AT T T e T ST T ST
the second_.run_accounts’:

required for Level D conditions, combinations. ol impact.
both Level A and Tevel D as Tput 1o the buckling evaluatons. presented inSecton 2.6.1 5,14,

The thermal stress at the outer radius of the basket is tension, whereas the interior thermal stress
1s 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.

26.134 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 I-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 1in conjunction with a 20 ¢ deceleration.

BT EAER TR T LRI S G e e sy

The calculated values of maximum primary membrane and, bending stresses [or. thermal cases A
and B are provided in Tables 2.6.13.4-1 and 2.6.13.4-2." The membrane stresses for the. 1-ft end
drop conditions is effectively zero!

TR LT

results in a margin of safety of +7.44.1he location of the top. ten MAXimum pAmary membrane
plus bending stresses, Thermal Case A are presented in Figure 2.6.13.4-1.
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Figare 2.6.13.4°1
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Table2.6.13.4-1

Section

Sx
(ksi)

e

Sy_
(ksn)

Sxy
(ksi)

Stress Allowab le
Intensnty Stress
(ksi) {ksi)

[Margin
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
S
19
33
47
2
4
3
1

3.7

ST o
oo o O!

0.2
0.2
0.2
0.2
0.2
20.2
0.2
0.2
0.0
D.0
0.0
0.0
23
2.3
23
2.3
23
23
2.3
2.3
0.0
0.0
0.0
0.0
2.0
2.0
2.0
2.0
2.0
2 0

7.8 65.8
7.8 658
7.8 658
7.8 63.8
7.8 ’65‘8‘

S,

5.3 Es"zi'
5.1 63.6
63.6
.6_%;,9
3.6
630
63 0
63.0
630

"
- e

ANYIONS

,4‘4

e o gl
AOHND ! RD e ND it et T e

g1,

Frep

7.4
7.44
7.44

e
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Table 2.6.13.4-2

Pm th Stresséé for Support Disk-;i;—,Foot EQ@EDrop, Tbe]‘mal Case B

) ' . Stress Allowable
N Sx Sy Sxy  Intensity Stress Margin
Section  (ksi) (ksi) (ksi) (ksi) (ksi) __ of Safety
40 2.0 -5.8 0.2 7.8 67.5 7.67
42 2.0 -5.8 -0.2 7.8 67.5 7.67
54 2.0 -5.8 0.2 7.8 67.5 7.67
56 2.0 -5.8 0.2 7.8 67.5 7.67
12 -5.8 2.0 0.2 7.8 67.5 7.68
14 5.8 2.0 -0.2 7.8 67.5 7.68
26 -5.8 2.0 -0.2 7.8 67.5 7.68
28 -5.8 2.0 0.2 7.8 67.5 7.68
39 2.6 -3.7 0.0 6.3 67.5 9.69
53 2.6 -3.7 0.0 6.3 67.5 9.69
11 3.7 2.6 0.0 6.3 67.5 9.70
25 -3.7 2.6 0.0 6.3 67.5 9.70
67 1.7 5.1 2.2 6.2 67.5 9.89
83 1.7 5.1 2.2 6.2 67.5 9.89
99 1.7 5.1 2.2 6.2 67.5 9.89
115 1.7 5.1 2.2 6.2 67.5 9.89
74 5.0 1.5 2.3 6.1 67.5 10.00
106 5.0 1.5 2.3 6.1 67.5 10.00
90 5.0 L5 -2.3 6.1 67.5 10.00
122 5.0 L5 23 6.1 67.5 10.00
55 2.2 -3.5 0.0 5.7 67.5 10.86
41 2.2 -3.5 0.0 5.7 67.5 10.86
27 3.5 2.2 0.0 5.7 67.5 10.89
13 -3.5 2.2 0.0 5.7 67.5 10.89
82 3.4 3.2 -2.0 5.3 67.5 11.76
114 3.4 3.2 -2.0 53 67.5 11.76
98 3.4 3.2 2.0 5.3 67.5 11.76
66 3.4 3.2 2.0 5.3 67.5 11.76
72 3.2 3.4 2.0 5.3 67.5 11.82
104 3.2 3.4 2.0 53 67.5 11.82
120 3.2 34 2.0 5.3 67.5 11.82
88 3.2 34 -2.0 53 67.5 11.82
5 0.0 -5.2 0.0 5.2 67.5 11.95
19 0.0 -5.2 0.0 5.2 67.5 11.95
33 -5.2 0.0 0.0 5.2 67.5 11.96
47 -5.2 0.0 0.0 5.2 67.5 11.96
2 3.1 -5.0 0.0 5.0 67.5 12.50
4 -3.1 -5.0 0.0 5.0 67.5 12.50
3 -5.0 -3.1 0.0 5.0 67.5 12.50
1 -5.0 -3.1 0.0 5.0 67.5 12.50

to
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2.6.13.5 Stress Evaluation of PWR Support Disks for Combined Thermal and 1-Foot End
Drop Conditions

The thermal expansion loading described in_Section 2.6.13.3 are applied to the finite element
model simultaneously with the 20 g end-drop loads described in Sc?tlon26134 to produce, a
combined thermal expansion plus end-impact loéding. The stress evaluation is performed
according to the ASME Code, Section III, Subsection NG [15]. The stress intensity attains its
maximum value at the surface of the extreme fiber.

Thermal case A is used for this evaluation. The top ten maximum sectional stress locations for
the combined thermal and 1-ft end-drop condition are shown m _Figure 2.6;.13.5-1.‘V_M;'I‘he
maximum stress intensity is 9.5 ksi and the 3S allowable limit at terﬁperaturé for 17-4 PH [21]
is 133.5 ksi, which results in a margin of safety of +13.07. Results of the combined thermal and
1-ft end-drop condition are presented in Table 2.6.13.5-1.

2.6-216
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Figure 2.6.13.5-1 Locations of Maximum P+Q Stresses—1-Foot End Drop, Thermal Case A
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Table 2.6.13,5-1

Pa Pyt Q Stresses for Support Disk~1-Foot End-Drop, Thermal

Case A

] | . Stress Allowable

... Sx Sy Sty Intensity Stress Margin
Section  (ksi) (ksi) (ksi) (ksi) (ksi) _ of Safety
76 1.0 9.0 -2.0 9.5 1335 13.07
92 1.0 9.0 2.0 9.5 133.5  13.07
108 1.0 9.0 -2.0 9.5 1335 13.07
124 1.0 9.0 2.0 9.5 133.5  13.07
5 0.0 -8.9 0.0 8.9 127.3 13.23
19 0.0 -8.9 0.0 8.9 1273 13.23
107 8.3 1.3 -3.0 9.4 1335 13.25
91 8.3 1.3 3.0 9.4 133.5 13.25
123 8.3 1.3 3.0 9.4 1335 1325
75 8.3 13 -3.0 9.4 1335 13.25
33 -8.9 0.0 0.0 8.9 1273 1326
47 -8.9 0.0 0.0 8.9 1273 1326
84 0.0 9.1 0.1 9.1 130.1 13:30
116 0.0 9.1 -0.1 9.1 130.1  13.30
100 0.0 -9.1 0.1 9.1 1301 13.30
68 0.0 9.1 0.1 9.1 130.1 13.30
109 9.1 0.0 0.1 9.1 130.1 13.30
77 -9.1 0.0 -0.1 9.1 130.1  13.30
61 9.1 0.0 0.1 9.1 130.1 13.30
93 9.1 0.0 0.1 9.1 130.1  J3.30
2 4.9 -8.7 0.0 8.7 1259 1348
4 4.9 -8.7 0.0 8.7 1259 1348
3 -8.7 49 0.0 8.7 125.9 13.50
1 -8.7 4.9 0.0 8.7 125.9 13.50
21 -8.3 3.9 0.9 8.5 1200  14.12
23 -8.3 -39 0.9 8.5 129.0 14.12
9 -8.3 -3.9 0.9 8.5 129.0  14.12
7 -8.3 -3.9 -0.9 8.5 1290 1412
37 -3.9 -8.3 0.9 8.5 1200  14.12
35 3.9 -8.3 0.9 8.5 1290 1412
49 -39 -8.3 0.9 8.5 1200  14.12
51 -3.9 -8.3 -0.9 8.5 1290 1412
34 5.5 -8.0 0.0 8.0 1290  15.08
48 5.5 -8.0 0.0 8.0 129.0  15.08
6 -8.0 -5.6 0.0 8.0 1290  15.08
20 -8.0 -5.6 0.0 8.0 129.0  15.08
44 -1.7 -8.0 0.0 8.0 133.4 5.58
58 1.7 -8.0 0.0 8.0 1334 1558
16 -8.0 -1.9 0.0 8.0 1334 15.63
30 -8.0 -1.9 0.0 8.0 1334 15.63
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2.6.13.6 Stress Evaluation of PWR Support Disk for 1-Foot Side-Drop Load 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 ¢ 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
cvaluation. A finite element analysis 1s performed by using ANSYS and the finite element model

described in Section 2.6.13.2.

2.6.13.0.1 Drop Ornientations

For the side drop, pressure loads are applied to_the ligament based on the. 1mpact angle " The

PWR fuel assembly basket with 24 slots exhxblts one- elghth symmetry._“ A mtmmun{ penmeter
1 the basket and. the outer
radius at four locations: 0°, 18.22", 26.28°, and~45° theagﬁ}ed counterclock,wfs:é_:ﬁommthe“Y;axwls
(see Fig. 2.6.13.6-1). Therefore, to ensure that the bounding basket orientation is evaluated, drop
orientations of 0°, 18.22°, 26.28°, and 45° are considered. The material properties and stress
allowables are taken at tefriperotufo for both the;ﬁfal caseséx andB

radial thickness occurs between the comer of the fuel,ass_ombly slaqtﬁ

2.6.13.6.2 Analysis Results for the 1-Foot Side-Drop

Finite element analyses are performed for the 1-ft side-drop load Conditions for the four different
radial basket orientations (0°, 18.2°, 26.28°, and 45°) and for two thermal cases that would Tesult
in the use of dlfferent moduh of elastxcxty throughout the basket Locatlons of maxxmum nodal

s T s

SI stresses for the four orientations are shown in Elgures 2.6.13.6-2 through 2.6.11,615;

~~~~~~ SN AT TR YT A L

For normal conditions of transport the allowable stress. limit for the supp_grt “disk 'primary

e e AT

membrane stress (Py) is Sp.  For primary membrane + bending stress (Po+Pg); the allowable
stress is 1.5S,,.
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The cross sections. with_the 40 minimum margins. of safety are presented in Tables 2.6.13.6-2
through 2.6.13.6-17. The tables are identified below:

Basket Thermal Stress Minimum
Table Number | Orientation (°) Case Evaluation  Margin of Safety
2.6.13.6-2 0 A P +1.17
2.6.13.6-3 0 A Py +P, +0.53
2.6.13.6-4 0 B Pu +1.16
2.6.13.6-5 0 B P +Pp +0.50
2.6.13.6-6 18.22 A Pa +1.15
2.6.13.6-7 18.22 A P 4P, +0.27
2.6.13.6-8 18.22 B Pm +1.11
2.6.13.6-9 18.22 B P +Ps +0.31
2.6.13.6-10 26.28 A Pm +1.04
2.6.13.6-11 26.28 A P +Pp +0.40
2.6.13.6-12 26.28 B P +1.10
2.6.13.6-13 26.28 B Po +Py $0.41
2.6.13.6-14 45 A Pu +0.86
2.6.13.6-15 45 A Pm +Pp +0.22
2.6.13.6-16 45 B Pn +0.79
2.6.13.6-17 45 B P +P, +0.19

The minimum margin of safety of +019 for the si'de-drop oEcurs1nfhe4§°, T};ermalCasij:ﬁo-
thermal-stresses. This margin of safety is produced by a primary membrane pius bending stress
of 56.9 ksi.
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Figure 2.6.13.6-1  Support Disk Side-Drop Orientations
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Figure 2.6.13.6-2  Locations.of Maximum P.+Py Infensities>=0% Side Drop Orientation,
Thermal Case'A

L
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Figure 2.6.13.6-3 Locations of Maximum Py+P;, Stresses—18.22° Side Drop Orientation,
Thermal Case A
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Figure 2.6.13.6-4  Locations of Maximum P +P; Stresses—26.28° Side Drop Orientation,
Thermal Case A

13
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Figure 2.6.13.6-5 Locations of Maximum Py+P,, Stresses—45° Side Drop Orientation,
Thermal Case A
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Table 2.6.13.6-2

Pun Stresses for Support Disk—1 -Foot_Sjgg—,D‘pr,;Qf Qm’eﬁtation, Thermal

Case A
’ ~Stress  Allowable ‘
Sx Sy Sxy  Intensity Stress Margin
Section (ksi) (ksi) (ksi) (ksi) (ksi) of Safety
25 11.0 9.2 0.0 20.2 43.9 1.17
107 -10.6 -13.2 8.1 20.1 44.5 1.21
123 -10.6 -13.2 8.1 20.1 44.5 1.21
20 8.7 7.3 0.0 16.0 43.0 1.70
29 0.0 -13.7 0.0 13.7 44.2 2.22
28 4.8 6.9 3.2 134 43.9 2.28
26 4.8 -6.9 3.2 134 43.9 2.28
27 4.4 -12.5 0.0 12.5 43.9 2.51
2 6.1 5.2 0.0 114 42.0 2.70
24 0.0 -11.4 0.0 114 43.5 2.81
22 4.9 -10.4 0.0 10.4 43.1 3.16
21 2.8 -5.9 2.6 10.1 43.0 3.25
23 2.8 5.9 2.6 10.1 43.0 3.25
114 4.8 5.3 0.5 10.2 44.3 3.34
98 4.8 5.3 0.5 10.2 443 3.34
30 4.7 9.6 0.0 9.6 44.5 3.63
19 0.0 9.1 0.0 9.1 424 3.67
8 5.5 3.1 0.0 8.6 43.1 3.99
4 6.4 7.9 0.0 7.9 42.0 4.30
31 -6.7 6.2 1.7 8.2 44.5 4.45
32 6.7 -6.2 -1.7 8.2 44.5 4.45
115 2.7 5.2 0.5 7.9 44.3 4.60
99 2.7 5.2 0.5 7.9 44.3 4.60
112 2.7 4.4 0.0 7.1 43.7 5.13
96 2.7 4.4 0.0 7.1 43.7 5.13
95 2.5 4.4 0.2 6.9 43.7 5.32
111 2.5 4.4 0.2 6.9 43.7 5.32
11 6.9 4.0 0.0 6.9 43.9 5.32
13 5.3 -1.3 0.0 6.6 43.9 5.64
6 6.4 -5.9 0.0 6.4 43.0 5.74
5 0.0 6.3 0.0 6.3 42.4 5.77
1 0.3 4.5 -1.9 6.1 42.0 5.89
3 0.3 4.5 1.9 6.1 42.0 5.89
110 6.2 -0.1 0.1 6.3 44.1 5.96
94 6.2 0.1 0.1 6.3 44.1 5.96
116 0.0 -6.1 0.0 6.1 43.4 6.16
100 0.0 -6.1 0.0 6.1 43.4 616
121 0.0 -5.9 -0.1 5.9 44.0 6.47
105 0.0 -5.9 0.1 59 44.0 6.47
7 0.6 3.2 2.3 5.3 43.0 7.09
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Table 2.6.13.6-3

Pw + Py Stresses for Support Disk—I-Foot Side-Drop, 0° Orientation,

Thermal Case A
_ _ Stress Allowable
o Sx Sy Sxy Intensity Stréss Margin
Section  (ksi) (ksi) (ksi) (ksi) (ksi)  of Safety

107 -23.6 -30.9 15.9 43.6 66.8 0.53
123 -23.6 -30.9 -15.9 43.6 66.8 0.53
25 11.0 92 -1.1 20.3 65.8 2.24
26 15.5 3.5 2.4 19.6 65.8 2.36
28 15.5 3.5 2.4 19.6 65.8 2.36
20 8.7 21.3 0.7 16.0 64.5 3.03
23 12.0 2.9 1.7 152 64.5 3.23
21 12.0 2.9 -1.7 15.2 64.5 3.23
27 4.4 -12.5 -3.2 13.7 65.9 3.82
29 0.0 -13.7 0.0 13.7 66.3 3.83
114 7.1 5.5 -0.3 12.6 66.4 4.29
98 7.1 5.5 0.3 12.6 66.4 4.29
2 6.1 -5.2 0.8 11.5 63.0 4.50
22 49 -10.4 3.0 117 64.6 4.52
30 4.7 9.6 4.2 12.0 66.7 4.54

1 8.9 -19 -1.0 11.1 63.0 4.70
3 8.9 -1.9 1.0 11.1 63.0 4.70
24 0.0 -11.4 0.0 114 65.2 4.72
14 9.6 4.7 3.1 11.1 65.8 4.91
12 9.6 4.7 3.1 11.1 65.8 4.91
4 6.4 7.9 3.3 10.6 63.0 4.96
94 10.9 0.6 0.1 10.9 66.1 5.07
110 10.9 0.6 0.1 10.9 66.1 5.07
9 8.6 5.9 3.1 10.6 64.5 5.07
7 -8.6 -5.9 -3.1 10.6 64.5 5.07
75 6.7 6.8 3.6 104 66.8 5.44
91 6.7 6.8 3.6 10.4 66.8 5.44
31 4.9 7.9 3.3 10.0 66.7 5.65
32 4.9 7.9 3.3 10.0 66.7 5.65
19 0.0 9.1 0.0 9.1 63.6 6.01
8 5.5 3.1 0.9 8.8 64.6 6.35
6 6.4 5.9 2.5 8.7 64.5 6.44
17 8.9 14 0.7 9.0 66.7 6.45
18 8.9 1.4 0.7 9.0 66.7 6.45
115 2.2 -6.4 0.6 8.7 66.4 6.63
99 2.2 -6.4 0.6 8.7 66.4 6.63
11 6.9 4.0 2.4 8.3 65.8 6.96
37 1.7 -7.8 -1.2 8.1 64.5 6.99
51 1.7 7.8 1.2 8.1 64.5 6.99
113 2.6 7.1 -14 7.5 65.6 7.79
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Table 2.6.13.6-4 Py Stresses for Support Disk—1-Foot Side-Drop, 0° Orientation, Thermal

Case B

) .. .., . Stréss Allowable

. §x Sy Sxy  Intemsity Stress Margin
Section  (ksi) (ksi) (ksi) (ksi) (ksi)  of Safety

25 11.3 -9.5 0.0 20.8 45.0 1.16
107 -10.3 -13.3 83 20.2 45.0 1.22
123 -10.3 -13.3 -8.3 20.2 45.0 1.22
20 9.0 1.5 0.0 16.5 45.0 1.73
29 0.0 -14.1 0.0 14.1 45.0 2.18
28 4.9 -7.2 3.3 13.7 45.0 2.28
26 4.9 -7.2 -3.3 137 45.0 2.28
27 4.6 -12.9 0.0 12.9 45.0 2.49
2 6.7 -5.4 0.0 12.0 45.0 2.74
24 0.0 -11.8 0.0 11:8 45.0 2.83
22 -5.2 -10.7 0.0 10.7 45.0 3.20
21 2.8 -6.1 2.7 104 45.0 3.33
23 2.8 -6.1 2.7 104 45.0 3.33
114 4.9 -5.2 0.6 10.2 45.0 3.43
98 4.9 -5.2 0.6 10.2 45,0 3.43
30 4.6 -9.8 0.0 9.8 450 3.57
19 0.0 -9.4 0.0 9.4 45.0 3.79
8 5.8 3.2 0.0 9.0 45.0 4.01
31 6.7 -6.3 17 8.3 45.0 4.44
32 6.7 6.3 -1.7 8.3 45.0 4.44
4 -7.0 -8.2 0.0 8.2 45.0 4.48
115 2.6 -5.1 0.5 7.7 45.0 4.85
99 2.6 5.1 0.5 7.7 45.0 4.85
11 7.2 4.2 0.0 72 45.0 5.28
13 5.5 ‘1.3 0.0 6.8 45.0 5.57
111 2.5 4.3 0.2 6.8 45.0 5.61
95 2.5 43 -0.2 6.8 45.0 5.61
112 2.5 43 0.0 6.8 45.0 5.63
96 2.5 43 0.0 6.8 45.0 5.63
6 -6.7 -6.0 0.0 6.7 45.0 5.74
5 0.0 -6.4 0.0 6.4 45.0 5.98
110 6.3 -0.1 0.1 6.4 45.0 6.01
94 6.3 0.1 0.1 6.4 45.0 6.01
1 0.2 4.6 2.1 6.4 45.0 6.05
3 0.2 4.6 2.1 6.4 45.0 6.05
116 0.0 -5.9 0.0 5.9 45.0 6.66
100 0.0 -5.9 0.0 5.9 45.0 6.66
121 0.0 -5.7 -0.1 5.7 45.0 6.84
105 0.0 -5.7 0.1 5.7 45.0 6.84
7 0.6 -3.3 2.4 5.5 45.0 7.12
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Table 2.6.13.6-5

Py + Py Stresses for Support Disk—1-Foot Sidé-Drop, 0° Orientation,

Thermal Case B
~ Stress  Allowable
_ Sx Sy Sxy Intensity Stress  Margin
Section  (ksi) (ksi) (ksi) (ksi) (ksi)  of Safety
107 -24.1 -31.9 16.5 44.9 67.5 0.50
123 24.1 -31.9 -16.5 44.9 67.5 0.50
25 11.3 95 12 20.9 67.5 2.22
26 15.9 -3.6 2.5 20.2 67.5 2.34
28 15.9 3.6 2.5 20.2 67.5 2.34
20 9.0 7.5 0.8 16.6 67.5 3.07
23 12.4 3.0 1.8 15.8 67.5 3.27
21 12.4 3.0 -1.8 15.8 67.5 3.27
29 0.0 -14.1 0.0 14.1 67.5 3.78
27 4.6 -12.9 3.4 14.1 67.5 3.79
114 7.5 5.2 -0.5 12.7 67.5 4.30
98 7.5 5.2 0.5 12.7 67.5 4.30
30 4.6 9.8 4.3 12.3 67.5 4.50
22 5.2 -10.7 3.2 12.2 67.5 4.55
2 6.7 5.4 0.9 12.1 67.5 4.56
1 9.7 -1.9 -1.1 11.8 67.5 4.71
3 9.7 -1.9 1.1 11.8 67.5 4.71
24 0.0 -11.8 0.0 11.8 67.5 4.74
14 9.9 4.9 3.2 11.5 67.5 4.86
12 9.9 4.9 3.2 11.5 67.5 4.86
4 7.0 8.2 3.5 11.1 67.5 5.06
9 9.1 -6.1 3.2 11.1 67.5 5.07
7 9.1 6.1 3.2 11.1 67.5 5.07
94 11.0 0.6 0.1 11.0 67.5 5.14
110 11.0 0.6 0.1 11.0 67.5 5.14
75 7.1 7.2 3.8 11.0 67.5 5.16
9] 7.1 7.2 3.8 11.0 67.5 5.16
31 4.7 -8.1 3.4 10.2 67.5 5.62
32 4.7 -8.1 -3.4 10.2 67.5 5.62
18 9.4 1.5 0.8 9.4 67.5 6.15
17 9.4 1.5 0.8 9.4 67.5 6.15
19 0.0 9.4 0.0 9.4 67.5 6.19
8 5.8 -3.2 0.9 9.2 67.5 6.36
6 6.7 6.0 2.6 9.0 67.5 6.49
11 -1.2 4.2 -2.4 8.5 67.5 6.91
115 2.0 -6.3 -0.6 8.4 67.5 7.00
99 2.0 6.3 0.6 8.4 67.5 7.00
37 1.6 7.9 -1.2 8.1 67.5 7.31
51 -1.6 -7.9 1.2 8.1 67.5 7.31
113 2.5 7.0 -1.3 7.4 67.5 8.10
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Table 2.6.13.6-6

P, Stresses for Support Disk—1-Foot Side-Drop, 18.22° Orientation,

Thermal Case A
} 7 - Stress Allowable
Sx. Sy Sxy Intemsity Stress Margin
Section  (ksi) (ksi) (ksi) (ksi) (ksi) _of Safety

112 11.6 -7.8 3.0 20.3 43.7 1.15
35 11.4 4.8 3.1 173 43.0 1.48
107 0.6 6.7 7.3 16,4 4.5 1.72
37 -12.4 -10.1 3.3 14.8 43.0 1.92
120 6.7 6.9 34 1522 443 1.92
23 2.6 1.8 6.8 137 43.0 2.13
9 -1.0 -7.9 5.9 13:6 43.0 2.17
114 -3.8 2.8 6.0 1356 443 2.25
51 11.8 1.8 3.9 132 43.0 2.27
28 -3.4 2.9 6.6 13.3 43.9 2.30
21 0.3 -11.3 3.0 125 43.0 2.44
49 -11.0 -1.2 3.7 123 43.0 2.50
116 0.0 -12.3 0.0 12.3 43.4 2.53
115 3.4 -7.8 2.5 12.2 443 2.62
64 -11.3 -6.4 1.9 11.9 43.7 2.67
20 5.6 -5.8 0.7 11.5 43.0 2.73
08 -3.9 -8.7 4.9 11.8 443 2.76
14 0.5 -1.2 5.6 11.3 43.9 2.88
31 43 -10.9 1.8 113 445 2.92
63 0.6 -6.1 4.4 11.0 43.7 2.96
29 0.0 -11.0 0.7 11.0 442 3.00
95 2.0 5.4 4.0 10.9 43.7 3.03
121 0.4 -10.8 0.8 10.9 440 3.04
27 -8.1 9.9 -1.5 10.8 43.9 3.08
113 5.6 -10.1 1.4 10.5 43.8 3.17
25 2.9 -7.4 -0.1 104 43.9 3.24
66 -1.1 4.3 4.9 103 44.3 3.29
26 4.1 9.5 2.0 10.2 439 3.32
123 9.7 0.7 2.2 10.2 4.5 3.37
96 -7.9 -0.1 3.1 10.0 43.7 3.38
111 0.4 -3.3 4.8 10.0 43.7 3.39
22 4.1 -8.2 2.6 9.4 43.1 3.57
2 4.3 4.1 1.4 8.9 42.0 3.74
24 0.0 -9.1 0.6 9.1 43.5 3.77
119 0.0 9.0 0.2 9.0 44.1 3.91
36 0.2 4.7 -3.6 8.8 43.1 3.92
80 8.2 0.7 2.3 8.9 43.7 3.92
82 0.8 4.7 3.9 8.7 443 4.09
40 2.9 -5.0 1.6 8.5 43.9 4.18
3 0.3 4.6 3.1 7.9 42.0 4.33
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Table 2.6.13.6-7

Pu +.P» Stresses for Support Disk—1-Foot Side-Drop, 18,22° Orientation,

Thermal Case A
. . .. Stress Allowable
Sx Sy Sxy Intensity Stress Margin
Section _ (ksi) (ksi) (ksi) (ksi) (ksi) _of Safety
107 -28.5 -37.9 187 52.4 66.8 0.27
23 36.6 21.3 8.0 40.0 64.5 0.61
4 -28.2 -34.0 43 36.3 63.0 0.74
3 -31.2 -30.3 4.0 34.8 63.0 0.81
9 -29.7 244 8.0 354 64.5 0.82
37 -23.8 -29.1 8.2 35.0 64.5 0.84
28 -31.7 -17.3 7.6 35.0 65.8 0.88
20 32.7 18.8 11 32.8 64.5 0.97
51 25.2 23.9 7.3 31.9 64.5 1.02
21 221.1 26.4 5.9 30.2 64.5 1.14
49 -24.2 21.6 6.8 29.8 64.5 1.17
2 -19.1 -28.3 0.9 28.4 63.0 1.22
34 -25.3 -25.7 34 28.9 64.5 1.23
6 -26.8 -25.2 2.4 28.5 64.5 1.26
48 27.7 22.6 2.0 28.4 64.5 1:27
111 -27.1 -19.1 4.0 28.8 65.5 1.28
30 -7.5 -27.5 5.7 29.0 66.7 1.30
08 -23.1 -16.5 8.2 28.6 66.4 1.32
95 -23.3 -21.1 5.8 28.1 65.5 1.33
22 -27.6 -16.6 -0.1 27.6 64.6 1.34
96 -23.8 -20.1 5.6 27.8 65.5 1.36
27 26.8 -16.8 2.0 27.2 65.9 1.42
63 22.5 -19.0 6.0 27.0 65.5 1.43
112 25.6 8.9 5.0 26.9 65.5 1.43
64 222 -19.1 5.7 26.6 65.5 147
91 14.5 20.3 9.1 26.9 66.8 1.48
14 24.1 10.9 5.5 26.1 65.8 1.52
35 22.6 12.5 5.7 25.2 64.5 1.56
1 -19.4 -24.4 0.7 24.4 63.0 1.57
8 24.1 4.6 -1.3 24.2 64.6 1.67
115 -7.1 -24.6 -0.8 24.6 66.4 170
114 233 -5.3 4.7 24.4 66.4 1.72
99 -198  -15.8 6.2 24.4 66.4 172
79 20.5 16.5 4.8 23.7 65.5 1.76
113 -16.0 -23.0 1.6 23.4 65.6 1.81
36 4.0 -18.2 -2.7 229 64.6 1.82
80 20.3 15.8 4.6 232 65.5 1.83
26 -17.5 -18.9 4.7 23.0 65.8 1.87
25 -16.9 -22.8 0.2 22.8 65.8 1:88
50 2.5 -17.7 -3.3 21.3 64.6 2.03
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Table 2.6.13.6-8 P Stresses for.Support Disk—1-Fogt Side-Drap, 18.22% Orientation,
Thermal Case B

. . ) Stress Allowable

Sx Sy Sxy Intenmsity Stress Margin

Section  (ksi) (ksi) (ksi) (ksi) (ksi) __of Safety
112 123 -8.2 3.0 213 45.0 111
35 12.1 -5.1 3.1 18.3 45.0 1.46
37 -13.2 -10.7 3.4 15.5 45.0 1.90
107 0.5 -6.3 7.0 155 45.0 191
120 6.3 -6.7 3.2 143 45.0 2.09
23 2.7 1.7 7.1 142 45.0 2.18
51 12.7 2.2 4.0 14.1 45.0 2.20
9 -1.1 -8.0 6.1 139 45.0 2.23
28 -3.3 -33 6.9 137 45.0 2.28
114 3.7 2.2 6.2 137 45.0 2.29
49 -11.9 -1.1 3.8 1371 45.0 2.42
115 3.8 -8.2 2.4 13.0 45.0 2.47
116 0.0 -12.9 0.0 129 45.0 2.48
21 0.3 -11.4 3.1 12.8 45.0 2.52
64 -11.8 -6.8 18 12.4 45.0 2.64
31 -4.4 -11.4 1.8 1138 45.0 2.81
20 5.8 -5.9 0.7 11.8 45.0 2:81
98 3.9 -8.4 5.2 11.8 45.0 2.83
14 0.4 -1.2 5.7 11.6 45.0 2.88
121 0.4 -11.4 0.8 115 45.0 2.93
63 0.6 -6.1 4.6 113 45.0 2.98
29 0.0 -11.2 0.7 11.2 45.0 3.01
113 6.0 -10.7 1.4 11.1 45.0 3.07
95 2.2 4.9 4.2 11.0 45.0 3.11
27 -8.0 -10.1 -1.5 10.8 45.0 3.15
96 -8.5 0.1 3.1 10.6 45.0 3:24
25 3.0 -7.6 0.2 10.6 45.0 3.26
111 -0.4 -4.0 5.0 10.5 45.0 3.28
66 -1.1 4.3 5.0 10.5 45.0 3.29
123 9.8 -0.7 2.2 10.3 45.0 3.36
26 4.0 9.3 2.2 10.1 45.0 3.46
22 4.2 -8.3 2.6 9.6 45.0 3.69
80 8.7 0.9 2.3 9.3 45.0 3.82
24 0.0 -9.2 0.6 9.3 45.0 3,85
36 0.2 -5.0 -3.8 9.2 45.0 3.88
2 4.5 4.2 1.5 9.2 45.0 3.91
82 0.8 4.8 4.0 9.0 45.0 3.99
119 0.0 -8.7 0.2 8.7 45.0 4.17
79 0.6 4.0 3.5 8.4 45.0 4.36
30 -1.0 -7.4 2.6 8.3 45.0 4.39
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Table 2.6.13.6-9

——

Pm Py Stresses for Support Disk—1-Foot Side-Drop, 18.22° Orientation,

Thermal Case B

o o . Stress Allowable

N Sx Sy Sxy Intensity Stress Margin

Section  (ksi) (ksi) (ksi) (ksi) (ksi)  of Safety
107 29.1 -37.1 18.2 51.7 67.5 0.31
23 37.8 22.0 8.2 41.3 67.5 0.63
4 -29.7 -35.6 4.5 38.0 67.5 0.78
9 308 -25.1 8.2 36.7 67.5 0.84
3 329 -31.8 4.2 36.5 67.5 0.85
28 -32.7 -18.2 79 36.2 67.5 0.87
37 24.7 29.7 8.5 36.0 67.5 0.87
20 33.8 19.3 1.1 33.9 67.5 0.99
51 26.3 24.8 7.7 33.3 67.5 1.03
21 22.0 27.1 6.1 31.1 67.5 1.17
49 252 221.9 7.1 30.8 67.5 1.19
30 7.7 -29.0 5.9 30.5 67.5 121
111 -28.0 220.0 4.3 29.9 67.5 1.26
34 26.3 26.3 3.6 29.9 67.5 1.26
2 -20.1 29.7 0.9 29.8 67.5 1.26
48 29.0 23.3 22 29.8 67:5 1:27
6 27.8 -25.9 2.4 29.4 67.5 1.29
98 23.9 -16.5 8.4 29.3 67.5 1.30
95 28.5 11.2 2.4 28.8 67.5 1.34
22 28.6 -17.3 0.1 28.6 67.5 1.36
96 24.5 -19.8 5.7 28.3 67.5 1.39
27 27.8 -17.7 2.1 28.2 67.5 1.40
91 15.0 20.9 9.4 27.8 67.5 1.43
63 23.1 -19.1 6.2 27.6 67.5 1.45
112 26.3 8.3 5.0 27.6 67.5 145
64 22.8 -19.3 5.8 27.1 67.5 1.49
14 24.8 11.2 5.7 26.8 67.5 1.52
35 23.4 12.3 59 26.0 67.5 1.60
1 20.5 25.6 0.7 25.7 67.5 1.63
114 239 6.2 4.9 25.2 67.5 1.68
8 25.0 5.0 -1.4 25.1 67.5 1.69
115 7.0 -25.0 -1.0 25.0 67.5 1.70
99 -20.5 -15.6 6.3 24.9 67.5 1.72
79 21.2 16.8 5.0 24.5 67.5 1.76
113 -16.4 23.8 1.8 24.3 67.5 1.78
36 5.0 -18.4 2.8 24.1 67.5 1.81
80 21.1 16.0 4.7 23.9 67.5 1.83
25 23.7 8.0 0.5 23.7 67.5 1.85
26 :18.2 -19.2 4.8 23.6 67.5 1,86
50 3.4 -17.7 3.6 22.3 67.5 2.03
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Table 2.6.13.6-10 Pn ;S;;_rue'_sscs.fgkg};Support Dj,:s‘k-—,—l(-Eb(‘):‘t"&Side‘-D;’(:ﬁ)», 26.28° Oﬁentation,
Thermal Case A

g - Stress Allowable

S Sy Sxy Intensity Stréss Margin
Section  (ksi) (ksi) (ksi) (ksi) (ksi)  of Safety

120 94 -9.2 5.6 21.7 443 1.04
112 10.0 7.2 4.4 193 43.7 1.26
114 -6.7 6.9 6.8 193 4433 1.30
35 12.6 -3.5 4.5 18.5 43.0 1.33
37 -13.5 9.2 5.0 168 43.0 1.57
21 -3.2 -14.8 43 16.2 43.0 1.66
23 14 6.2 7.7 161 43.0 1.67
9 0.9 9.9 6.5 15.8 43.0 1.72
51 13.7 2.9 5.1 15.7 43.0 1.74
49 -12.7 0.8 4.7 152 43.0 1.83
28 -6.1 -1.6 6.8 14.4 439 2.06
96 -10.2 0.9 4.3 14.2 43.7 2.07
98 6.7 -9.9 5.4 13.9 44.3 2.19
63 0.9 -7.6 5.0 132 43.7 231
64 -11.8 -5.3 2.8 129 43.7 2.40
95 0.2 -8.0 4.7 12.6 43.7 248
40 39 -7.2 2.7 124 43.9 2.54
66 0.8 5.7 5.7 124 44.3 2.58
119 0.0 -12.1 -0.3 12.1 44.1 2.65
14 1.2 -0.9 5.8 11.8 43.9 2.72
107 2.6 4.4 4.9 12.0 44.5 2.72
26 -7.1 9.8 2.8 115 43.9 2.81
111 2.4 1.2 54 114 43.7 2.84
42 -5.6 -9.4 3.2 112 43.9 2.90
116 0.0 -11.1 0.0 1L1 43.4 2.91
31 3.2 -11.0 1.6 11.3 4.5 2.92
80 9.8 1.2 3.1 10.8 43.7 3.06
27 9.3 -8.6 -1.8 10.8 43.9 3.07
115 1.9 -6.5 3.4 10.9 44.3 3.08
72 -8.7 -7.6 2.4 10.6 44.3 3.16
104 -5.6 -0.1 4.5 10.6 44.3 3.18
79 0.0 6.4 4.0 10.2 43.7 3.28
22 4.9 -7.1 -3.8 9.9 43.1 3.36
121 0.5 -9.7 1.0 9.8 44.0 3.51
71 0.0 -9.7 -0.2 9.7 44.1 3.55
82 1.7 5.9 4.4 9.7 44.3 3.56
99 9.3 -0.7 1.9 9.7 44.3 3.56
29 0.1 -9.6 0.7 9.7 44.2 3.57
113 :5.8 -8.8 1.6 9.5 43.8 3.61
36 0.2 -3.5 4.2 9.1 43.1 3.71

2.6-234
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Table 2.6.13.6-11

Pr 1Py Stresses for Support Disk—1-Foot Side-Drop, 26.28° Orientation,

Thermal Case A
N . Stress Allowable
N Sx Sy Sxy  Intebsity Stress Margin
Section (ki) (ksi) (ksi) (ksi) (ksi) _ of Safety
23 40.4 29.3 9.9 46.2 64.5 0.40
4 -34.3 413 45 43.5 63.0 0.45
37 -303 -37.2 10.0 44.3 64.5 0.46
3 375 -36.8 43 41.4 63.0 p.52
107 246 313 14.6 429 66.8 0.56
21 -31.0 -33.9 8.6 412 64.5 0.57
9 -33.7 -29.3 9.2 41.0 64.5 0.57
51 31.1 31.8 9.2 40.6 64.5 0.59
20 -30.2 -38.1 1.4 38.3 64.5 0.68
28 -35.7 -17.1 7.8 38.6 65.8 0.71
49 -29.7 -27.0 8.2 36.7 64.5 0.76
34 -31.8 -33.4 3.3 36.0 64.5 0.79
95 -29.7 -27.5 7.6 36.2 65.5 0.81
96 -30.1 -26.3 7.4 35.9 65.5 0.83
2 335 27.0 2.2 34.2 63.0 0.84
48 33.8 29.6 2.3 34.8 64.5 0.85
111 -33.9 -19.5 3.8 34.8 65.5 0.88
35 29.0 21.3 7.6 33.6 64.5 0.92
6 310 -307 24 333 64.5 0.94
22 -33.0 -14.1 -1.4 33.1 64.6 0.95
112 -9.6 -33.2 2.1 334 65.5 0.96
98 -27.7 -18.8 9.5 33.8 66.4 0.97
63 -26.7 -24.4 7.2 32.8 65.5 1.00
64 -26.8 243 6.9 32.5 65.5 1.02
1 27.8 -30.1 1.1 30.5 63.0 1.06
120 3.1 -27.1 3.9 31.2 66.4 1.13
27 -30.0 -15.8 1.7 30.2 65.9 1.18
79 24.9 21.9 6.1 29.7 65.5 1.20
30 6.3 -28.8 5.5 30.0 66.7 1.22
114 -28.9 2.1 4.8 29.7 66.4 1.23
7 24.5 22.0 5.5 28.8 64.5 1.24
80 24.9 21.3 5.9 29.3 65.5 1.24
8 28.0 5.0 2.0 28.1 64.6 130
99 -23.9 -17.9 7.4 28.8 66.4 1.30
26 -23.8 -20.9 6.0 28.5 65.8 1.31
14 26.3 12.3 5.9 28.5 65.8 131
42 -14.3 25.3 6.0 28.0 65.8 1.35
115 -10.1 27.6 0.5 27.7 66.4 140
91 13.9 21.0 9.1 27.3 66.8 1.45
36 0.5 -24.4 -3.5 25.9 64.6 1.50
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Table 2.6.13.6-12 Py, Stresses for Support Disk—1-Fogt Side-Drop, 26.282 Orientation,
Thermal Case B
7 ) ) Stress Allowable
Sx Sy Sxy Intensity Stress Margin
Section  (ksi) (ksi) (ksi) (Ksi) (ksi)  of Safety

120 95 9.1 5.4 215 45.0 1.10
112 11.0 7.6 4.4 20.6 45.0 1.19
114 6.8 6.7 7.1 19,7 45.0 1.28
35 13.6 -3.8 4.5 19.7 45.0 1.29
37 -14.5 9.9 5.0 178 45.0 1.54
51 145 3.4 5.2 16.6 45.0 1.72
23 1.6 6.3 7.9 164 45.0 1.74
21 29 -14.7 4.6 16.3 45.0 1.77
9 -1.0 -10.0 6.7 16.1 45.0 1.79
49 -13.5 0.7 4.8 16.0 45.0 1.81
28 6.3 -1.6 7.0 14.7 45.0 2.05
96 -10.5 1.1 4.5 14.7 45.0 2.07
08 7.0 -9.8 5.5 14.1 45.0 2.19
63 1.0 7.6 52 13.6 45.0 2.32
64 -12.5 -5.7 2.8 13.5 45.0 2.34
66 0.8 -5.8 5.8 12.7 45.0 2.54
95 0.6 1.5 4.9 12.7 45.0 2.54
40 3.9 7.2 2.5 122 45.0 2.68
14 1.2 -0.9 5.9 12:0 45.0 2.74
119 0.0 -12.0 0.3 12.0 45.0 2.75
116 0.0 -11.9 0.0 11.9 45.0 2.78
31 3.2 -11.5 1.6 11.8 45.0 2.82
26 -7.2 9.7 3.1 11.8 45.0 2.83
111 2.3 0.3 5.6 11.6 45.0 2.88
115 2.2 7.0 3.5 11.6 45.0 2.89
80 10.2 1.5 3.0 11.2 45.0 3.02
107 2.5 3.9 4.5 11.0 45,0 3.08
42 -5.6 9.3 3.0 11.0 45.0 3.09
27 9.2 -8.5 -1.8 10.7 45.0 3.20
79 0.2 6.3 4.1 105 45.0 3.28
121 0.5 -10.3 1.0 104 45.0 3.31
72 -8.7 -7.6 2.2 10.4 45.0 3.32
104 -5.6 0.0 4.4 10.3 45.0 3.35
113 -6.2 9.5 1.7 10.2 45.0 3.40
99 -9.7 -0.4 1.9 10.0 45.0 3.48
82 1.7 6.0 4.5 10.0 45.0 3.50
22 4.6 -7.0 -3.8 9.8 45.0 3.60
36 0.2 -3.9 -4.4 9.8 45.0 3.61
71 0.0 -9.6 0.2 96 45,0 3.67
29 -0.1 9.5 0.8 9.6 45.0 3.68
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Table 2.6.13.6-13

Py, +.Py Stresses for Support Disk—i1:Foot Side-Drop, 26,28° Orientation,

Thermal Case B

) ‘ o ~Stress Allowable

B Sx Sy Sxy Intensity Stress Margin

Section  (ksi) (ksi) (ksi) (ksi) (ksi)  of Safety
23 41.9 30.1 10.2 47.7 67.5 0.41
37 -31.5 -38.2 10.4 45.8 67.5 0.47
4 -35.9 -43.1 4.6 45.4 67.5 0.49
3 -39.2 -38.5 4.4 43.2 67.5 0.56
21 323 347 8.9 42.4 67.5 0.59
9 -34.8 -30.1 9.4 42.2 67.5 0.60
51 32.1 32.6 9.5 41.9 67.5 0.61
107 24.4 29.9 13.9 41.3 67.5 0.63
28 -36.9 -17.7 8.0 39.8 67.5 0.70
20 -31.3 -38.8 1.3 39.0 67.5 0.73
49 -30.8 27.3 8.5 37.8 67.5 0.79
34 333 342 3.6 374 67.5 0.81
95 -30.3 273 7.7 36.6 67.5 0.84
111 -35.2 -20.9 4.1 36.3 67.5 0.86
48 35.0 30.4 2.6 36.1 67.5 0.87
96 -30.7 -25.9 1.5 36.1 67.5 0.87
2 35.1 28.7 2.2 35.8 67.5 0.89
35 30.1 21.4 7.9 34.8 67.5 0.94
98 28.6 -19.0 9.8 34.7 67.5 0.94
6 32.0 314 2.4 34.1 67.5 0.98
22 -33.9 -14.9 -1.5 34.0 67.5 0.98
112 30.9 18.1 6.8 33.9 67.5 0.99
63 276 -247 7.4 33.7 67.5 1.00
64 27.6 -24.6 7.1 334 67.5 1.02
1 29.5 31.6 1.1 32.1 67.5 1.10
30 6.6 -30.3 5.6 31.6 67.5 1.14
27 31.1 -16.4 1.7 31.3 67.5 1.16
114 -30.2 2.7 5.2 31.2 67.5 1.17
120 3.5 26.2 3.7 30.6 67.5 1.21
79 25.7 22.1 6.3 30.4 67.5 1.22
7 25.7 22.8 5.7 30.1 67.5 1.24
26 25.4 21.5 6.3 30.0 67.5 1.25
80 25.6 21.4 6.1 29.9 67.5 1.26
99 -24.6 -18.0 7.6 29.6 67.5 1.28
14 26.9 12.6 6.0 29.1 67.5 1.32
8 28.8 5.5 2.1 29.0 67.5 133
115 -10.4 -28.7 -0.6 28.7 67.5 1.35
91 14.2 21.4 9.3 27.8 67.5 1.43
36 1.7 -24.8 -3.7 27.5 67.5 1.46
42 -13.8 -24.3 5.8 26.9 67.5 151
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Table 2.6.13.6-14  Pw Stresses for Support Disk—1-Foot Side-Drop, 45° Orientation,
Thermal Case A

. - » Stress Allowable

Sx By Sxy Intemsity Siress Margin
Section (ki) (ksi) (ksi) (Ksi) (ksi) of Safety

120 9.1 9.1 7.6 237 44:3 0:86
114 9.0 9.1 7.6 537 443 0.87
35 12.7 -1.4 7.0 19.8 43.0 1.17
23 -1.4 12.7 7.0 19.8 43.0 1.17
37 -16.8 7.7 6.0 198 43.0 1.17
21 1.7 -16.8 6.0 19.8 43.0 1.18
49 -12.9 -0.6 6.4 Ell” 43.0 1.4
9 0.6 -12.9 6.4 17.6 43.0 1.44
112 7.1 5.8 6.1 17.7 43.7 1.47
111 -5.8 7.0 6.1 17.7 43.7 1.47
96 -10.7 L5 5.7 16.7 43.7 1.61
63 1.5 -10.6 5.7 16.7 43.7 1.61
51 12.0 3.1 5.4 145 43.0 1.96
7 3.1 12.0 5.4 14.5 43.0 1.96
28 -8.3 0.9 5.4 14.2 43.9 2.10
40 0.9 -8.3 5.4 142 43.9 2.10
08 -8.9 -10.3 4.6 143 44.3 2.1
72 -10.4 -8.8 4.5 14.1 44.3 2.14
66 0.3 -6.7 6.2 139 443 2.18
104 6.6 -0.1 6.1 139 443 2.19
64 117 3.2 4.5 13.6 43.7 221
95 3.2 -11.6 4.5 13.6 43.7 2.21
42 6.9 9.4 4.2 125 43.9 2.51
26 9.4 -6.9 4.2 12.5 43.9 2.51
80 9.8 1.1 4.1 12.0 43.7 2.63
79 1.1 9.8 4.1 12.0 43.7 2.64
119 0.1 -12.1 0.5 12.1 44.1 2.65
110 -12.1 0.1 -0.5 12.1 44.1 2.65
94 -11.1 -0.1 -0.4 112 44.1 2.95
71 0.1 -11.1 0.4 111 44.1 2.96
46 9.3 -1.0 2.0 103 44.5 3.33
36 2.8 4.1 4.9 9.9 43.1 3.34
22 4.1 2.8 4.9 99 43.1 3.34
74 0.2 -9.5 2.0 10.1 443 3.37
99 9.5 0.3 2.0 10.1 443 3.38
14 2.5 0.6 4.8 9.8 43.9 3.47
54 0.5 2.5 4.8 9.8 43.9 3.49
31 -1.0 9.4 1.9 9.8 44.5 3.53
122 4.9 1.1 3.7 9.6 443 3.62
115 1.1 4.7 3.8 9.5 443 3.65
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Table 2.6.13.6-15

Pn i;ij, Stressgé;for Support Diskff_l?i‘oot _S'f;ifé:ljrop, 4~5§Oﬁéntation,

Thermal Case A
- ‘ , Stress Allowable 4
‘ Sx Sy Sxy Intemsity Stress Margin
Section  (ksi) (ksi) (ksi) (ksi) (ksi)  of Safety

21 42.8 -39.0 11.6 52.7 64.5 0.22
37 -39.0 42.8 11.6 527 64.5 0.22
35 36.1 35.8 10.5 46.4 64.5 0.39
23 35.8 36.1 10.5 46.4 64.5 0.39

1 -41.9 -37.5 3.0 434 63.0 0.45
4 -375 41.9 3.0 434 63.0 0.45
49 -34.1 34.4 9.9 44.1 64.5 0.46
9 -34.4 -34.1 9.8 44.1 64.5 0.46
34 42.0 -39.6 3.0 44.1 64.5 0.46
20 -39.6 -42.0 3.0 44.1 64.5 0.46
3 40.8 -38.0 3.1 42.8 63.0 0.47
2 -38.0 -40.8 3.1 42.8 63.0 0.47
7 34.8 32.0 9.1 42.6 64.5 0.52
51 32.0 34.8 9.1 42.6 64.5 0.52
111 41.3 -17.6 3.7 41.8 65.5 0.57
112 -17.6 412 3.7 41.8 65.5 0.57
95 -32.2 -32.1 8.6 40.7 65.5 0.61
64 -32.1 32.1 8.6 40.7 65.5 0.61
96 32.4 -31.3 8.7 40.6 65.5 0.62
63 31.3 324 8.7 40.5 65.5 0.62
48 -36.6 32,9 2.1 37.5 64.5 0.72
6 -32.9 -36.6 2.1 37.5 64.5 0.72
120 0.3 -34.1 55 35.6 66.4 0.87
114 -34.0 0.6 55 35.2 66.4 0.89
79 27.4 27.6 7.2 34.7 65.5 0.89
80 27.6 27.3 7.2 34.6 65.5 0.89
22 -33.6 -6.2 -35 34.0 64.6 0.90
36 6.2 -33.6 3.5 34.0 64.6 0.90
28 -32.9 -13.1 6.2 34.7 65.8 0.90
40 -13.0 -32.8 6.1 34.6 65.8 0.91
26 -31.1 -19.5 7.2 345 65.8 0.91
42 -19.5 31.1 7.2 34.5 65.8 0.91
98 27.1 -18.5 9.3 33.0 66.4 1.01
72 -18.6 27.1 9.3 33.0 66.4 1.01

8 29.4 3.6 3.4 29.8 64.6 1.17
50 3.5 29.3 3.4 29.8 64.6 1.17
30 9.2 -28.4 4.8 29.5 66.7 1.26
44 -28.2 9.5 4.7 29.3 66.7 1.28
75 -162 213 9.7 28.8 66.8 132
99 -23.4 -17.7 7.4 28.5 66.4 1.33
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Table 2.6.13.6-16

P Stresses for Support Disk—1-Foot. Side-Drop, 45° Orientation,

Thermal Case B

o 4 Stress Allowable

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

120 9.6 9.8 8.0 25.2 45.0 0.79
114 9.7 9.6 8.0 25.1 45.0 0.79
35 14.3 -1.4 7.1 212 45.0 112
23 -1.4 14.3 7.1 212 45.0 1.12
37 -17.7 -8.2 6.6 211 45.0 1.13
21 -8.2 -17.7 6.6 211 45.0 1.13
112 7.6 -6.2 6.5 18.9 45.0 1.38
111 6.2 7.5 6.5 18.9 45.0 1.38
49 -13.1 -0.6 6.4 17.9 45.0 151
9 0.6 -13.1 6.4 179 45.0 1.51
96 -10.8 1.7 6.0 174 45.0 1.59
63 1.7 -10.8 6.0 174 45.0 1.59
51 12.7 3.3 5.8 15.4 45.0 1.92
7 3.3 12.7 5.8 15.4 45.0 1.92
28 -8.9 1.6 5.2 149 45.0 2.03
40 1.7 -8.9 52 1438 45.0 2.03
98 9.6 -10.8 4.4 147 45.0 2.06
66 0.1 -7.0 6.5 14.7 45.0 2.07
104 -7.0 0.0 6.4 14.6 45.0 2.08
72 -10.8 -9.4 44 14.6 45.0 2.09
64 -12.3 33 4.6 14.3 45.0 2.16
95 -3.3 -12.3 4.6 1422 45.0 2.16
42 6.9 -10.1 4.5 133 45.0 2.38
26 -10.1 6.9 4.6 133 45.0 2.38
119 -0.1 -13.0 0.5 13.0 45.0 2.46
110 -13.0 0.1 0.5 13.0 45.0 2.46
80 9.9 1.1 4.2 12.2 45.0 2.68
79 1.1 9.9 4.2 12.2 45.0 2.69
94 -12.0 0.1 0.4 12.0 45.0 2.75
71 0.1 -12.0 0.4 12.0 45.0 2.75
36 2.1 3.7 5.3 10.7 45.0 3.21
22 -3.7 2.1 -5.3 10.7 45.0 3.22
74 0.1 -9.7 2.1 10.5 45.0 3.30
99 -9.7 0.2 2.1 10.5 45.0 3.30
122 -5.2 1.0 4.0 10.0 45.0 3.48
115 1.0 5.0 4.0 10.0 45.0 3.51
14 2.7 0.6 4.8 9.8 45.0 3.61
54 0.6 2.7 4.7 9.7 45.0 3.63
116 0.1 9.6 0.0 9.6 45.0 3,70
109 -9.6 0.1 0.0 9.6 45.0 3.70
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Table 2.6.13.6-17

P +Pb Stresse::;s;for Supﬁaﬁ Diskgf;i:bbt Sf‘(ifé;j)wrdp::?}j’i()rientation,

Thermal Case B
i o . Stress Allowable B
4 Sx Sy Sxy Intéhsity Stress  Margin
Section  (ksi) (ksi) (ksi) (ksi) (ksi) __of Safety

21 -46.6 415 12.6 56.9 67.5 0.19
37 415 -46.5 12.6 56.9 67.5 0.19
23 37.2 38.8 11.1 49.1 67.5 0.38
35 38.8 37.1 11.1 49.1 67.5 0.38
20 42.8 -44.4 3.4 47.1 67.5 0.43
34 444 -42.8 3.4 47.1 67.5 0.43

4 395 455 3.1 46.8 67.5 0.44

1 45.5 -39.5 3.0 46.8 67.5 0.44
51 33.7 37.0 9.7 45.2 67.5 0.49

7 37.0 33.7 97 45.2 67.5 0.49
49 -35.0 -35.1 10.0 45.1 67.5 0.50

9 -35.1 -35.0 10.0 45.1 67.5 0.50

3 42.5 -41.0 3.1 44.9 67.5 0.50

2 41.0 425 3.1 44.9 67.5 0.50
111 -44.0 -18.8 3.9 44.6 67.5 0.51
112 -18.7 -44.0 3.9 4.5 67.5 0.52
95 -33.2 -33.5 8.9 423 67.5 0.60
64 -3355 -33.1 8.9 42.3 67.5 0.60
96 335 32.7 9.0 42.1 67.5 0.60
63 -32.7 -334 9.0 42.1 67.5 0.60
48 -37.6 -33.8 2.0 38.4 67.5 0.76

6 -33.8 -37.6 1.9 38.4 67.5 0.76
120 -0.3 -36.1 5.8 37.7 67.5 0.79
114 -36.1 -0.6 5.8 37.3 67.5 0.81
26 -33.4 -20.1 7.6 36.9 67.5 0.83
42 -20.1 -33.3 7.6 36.8 67.5 0.83
22 -34.9 -5.3 4.1 35.5 67.5 0.90
36 -5.3 -34.9 4.1 35.5 67.5 0.90
79 27.8 28.1 7.3 35.3 67.5 0.91
80 28.1 27.8 7.3 35.3 67.5 0.91
28 -33.1 -12.4 59 34.7 67.5 0.95
40 -12.4 -33.0 5.9 345 67.5 0.95
98 -27.5 -19.0 9.4 33.6 67.5 1.01
72 -19.0 27.4 9.4 33.5 67.5 1.01

8 30.1 4.1 3.6 30.6 67.5 121
75 -17.3 -22.6 10.3 30.6 67.5 1.21
50 4.0 30.1 -3.6 30.6 67.5 1.21
122 -29.2 -13.0 -0.5 29.2 67.5 1.31
30 -10.7 -28.1 4.5 29.2 67.5 1.31
99 -23.8 -18.2 7.6 29.1 67.5 1.32
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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 Wi?fjﬁgjhemoading}nghemdl Case

section temperature.

The 40 sections with the smallest margins of safety are presented in, Tables 2.6.13.7-1 through
2.6.13.7-4. The tables are identified here:

Basket Thermal Stress Minimum Margin
Table Number  Orientation (°) Case Evaluation of Safety
2.6.13.7-1 A Py+Po+Q ¥3.75
2.6.13.7-2 18.22 A Po+Py+Q +1.59
2.6.13.7-3 26.28 A Po+P,+Q +1.21
2.6.13.7-4 45 A Pu+Py+Q +1.46

The minimum margin of safety is +1.21.
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Table 2.6.13.7-1

Pu + Py + Q Stresses for Support Disk—1-Foot Side-Drop, 0°, Orientation,

Thermal Case A

N ‘ Stress Allowable .

) Sx Sy Sxy  Infensity Stress Margin
Section  (ksi) (ksi) (ksi) (ksi) (ksi) __of Safety

75 21.2 17.5 -8.5 281 133.5 3.75
91 21.2 17.5 8.5 28.1 133.5 3.75
107 -11.3 -21.2 9.3 26.7 1335 3.99
123 -11.3 -21.2 9.3 26.7 1335 3.99
17 25.3 2.9 2.0 25.4 1334 4.24
18 25.3 2.9 2.0 25.4 1334 4.24
26 12.7 -8.5 -1.3 21.3 131.6 5.17
28 12.7 8.5 1.3 21.3 131.6 5.17
25 12.7 -8.5 -1.3 21.3 131.6 5.17
6 -16.8 -10.8 -5.4 20.0 129.0 5.46
7 -16.8 -10.8 -5.4 20.0 129.0 5.46
9 -16.8 -10.8 5.4 20.0 129.0 5.46
1 -13.0 -12.2 4.9 17.5 125.9 6.19
3 -13.0 -12.2 4.9 17.5 125.9 6.19
4 -13.0 -12.2 4.9 175 125.9 6.19
29 0.0 -183 0.1 18.3 132.6 6.26
12 -14.8 -89 -5.0 17.6 1316 6.48
14 -14.8 -8.9 5.0 17.6 131.6 6.48
11 -14.8 -8.9 5.0 17.6 131.6 6.48
24 0.0 -16.1 0.1 16.1 130.4 7.09
23 -8.2 -13.4 4.2 15.7 129.0 7.22
21 -8.2 -13.4 4.2 15.7 129.0 7.22
22 -8.2 -13.4 4.2 15.7 129.2 7.23
27 43 -14.4 -3.9 15.8 131.8 7.36
34 7.4 -13.6 35 15.2 129.0 7.46
35 7.4 -13.6 3.5 15.2 129.0 7.46
48 -7.4 -13.6 3.5 15.2 129.0 7.46
49 -7.4 -13.6 35 15.2 129.0 7.46
32 7.4 -12.4 -5.1 15.6 133.4 7.54
30 7.4 -12.4 5.1 15.6 133.4 7.54
31 7.4 -12.4 5.1 15.6 133.4 7.54
16 -14.6 -10.2 -1.7 15.1 133.4 7.82
20 6.4 -7.9 0.0 143 129.0 8.00
19 0.0 -14.0 0.2 14.0 127.3 8.07
76 5.5 14.5 -1.3 14.7 1335 8.08
92 5.5 14.5 13 147 133.5 8.08
13 12.5 -0.7 -3.0 14.4 131.8 8.12
2 7.4 -5.8 -1.2 13.4 125.9 8.38
46 1.4 13.6 0.9 13.6 133.4 8.80
60 1.4 13.6 0.9 13.6 133.4 8.80
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Table 2.6.13.7-2

Pu + Py + Q Stresses for Support Diski—1-Fqot Side-Drop Orientation,

18.22°, Thermal Case A
. Stress Allowable ;
) Sx Sy Sxy Intensnty Stress Margm
Section  (ksi) (ksi) (ksi) (ksi) {(ksi)  of Safety

3 -35.1 -36.6 12.8 48.7 125.9 1.59
4 351 -36.6 12.8 48.7 125,9 1.59
6 -36.3 29.0 11.5 44.7 129.0 1.89
9 -36.3 -29.0 11.5 44.7 129.0 1.89
34 -25.3 -33.1 10.1 40.0 129.0 2.23
37 25.3 -33.1 10.1 40.0 129.0 2.23
48 -29.4 -29.7 10.2 39.6 129.0 2.25
49 -29.4 29.7 10.2 39.6 129.0 2.25
91 26.4 28.5 11.8 39.3 133.5 2.40
21 -24.8 31.2 9.1 37.6 129.0 2.43
20 -24.8 -31.2 9.1 37.6 129.0 2.43
2 29.2 17.4 8.9 34.0 125.9 2.71
23 -30.5 -18.9 7.7 34.4 129.0 2.75
22 -30.5 -18.9 7.7 34.4 129.2 2.76

1 -18.7 27.9 7.2 31.8 125.9 2.96
107 -12.0 27.8 10.4 32.9 133.5 3.06
96 24.3 22.0 7.3 30.5 131.0 3.29
95 -24.3 -22.0 7.3 30.5 1310 3.29
11 -26.3 -16.2 7.9 30.6 131.6 3.30
14 26.3 -16.2 7.9 30.6 131.6 3.30
28 -25.5 -18.5 1.7 30.5 131.6 3.32
27 25.5 -18.5 7.7 30.5 131.8 3.32
111 27.1 -19.5 53 29.8 131.0 3.39
13 26.9 7.9 6.8 29.1 131.8 352
51 23.4 18.1 6.8 28.0 129.0 3.60
8 26.9 3.6 5.1 28.0 129:2 3.61
30 9.2 24.8 7.8 28.0 1334 3.76
31 9.2 -24.8 7.8 28.0 1334 3.76
112 7.9 26.6 4.2 27.5 131.0 3.77
26 -15.4 22.6 6.1 26.1 131.6 4.05
25 -15.4 22.6 6.1 26.1 131.6 4.05
79 24.8 -11.3 3.9 25.8 131.0 4.07
80 21.3 17.6 6.0 25.7 131.0 4.11
115 4.8 -25.1 0.8 25.2 132.8 4.28
39 -13.9 -21.2 6.3 24.8 131.6 4.30
42 -13.9 -21.2 6.3 24.8 131.6 4.30
64 -19.5 -17.6 6.0 24.6 131.0 4.32
63 -19.5 -17.6 6.0 24.6 131.0 4.32
16 -17.6 22.2 4.5 25.0 133.4 4.33
18 -17.6 22.2 4.5 25.0 133.4 4.33
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Table 2.6.13.7-3

Py, + Py + Q Stresses for Support Disk—1-Foot Side-Drop, 26.28°,
Orientation, Thermal Case A

o o Stress Allowable _

Sx Sy Sxy  Intensity Stress Margin

Section  (ksi) (ksi) (ksi) (ksi) (ksi)  of Safety
3 41.1 -43.0 15.0 57.0 1259 1.21
4 41.1 -43.0 15.0 57.0 125.9 1.21
6 -39.8 -33.9 12.9 50.1 129.0 1.57
9 -39.8 -33.9 12.9 50.1 129.0 1.57
34 -31.1 -40.5 122 48.8 129.0 1.64
37 -31.1 40.5 122 48.8 129.0 1.64
20 -33.6 -39.0 12.0 48.6 129.0 1.66
21 -33.6 -39.0 12.0 48.6 129.0 1.66
48 -34.6 -35.0 11.9 46.7 129.0 1.76
49 -34.6 -35.0 119 46.7 129.0 1.76
2 34.6 23.4 10.9 41.3 125.9 2.05
1 -25.9 33.1 9.4 39.6 125.9 2.18
23 3L.9 24.7 9.8 38.8 129.0 2.32
95 -30.1 -28.4 9.3 38.7 131.0 2.39
96 -30.1 -28.4 9.3 38.7 131.0 2.39
22 -35.5 -15.9 7.6 38.1 129.2 2.39
91 25.7 28.8 11.7 39.0 133.5 2.43
112 -15.4 -34.9 5.9 36.6 131.0 2.58
51 28.7 25.1 8.8 35.8 129.0 2.60
42 -18.7 -29.6 8.5 34.2 131.6 2.85
39 -18.7 -29.6 8.5 34.2 131.6 2.85
111 -31.8 -17.4 56 33.7 131.0 2.88
28 274 -18.5 8.0 32.1 131.6 3.10
27 274 -18.5 8.0 32.1 131.8 3.10
8 30.2 35 5.3 31.2 129.2 3.14
80 25.3 22.8 7.4 316 131.0 3.15
79 25.3 22.8 74 31.6 131.0 3.15
107 28.3 16.9 -7.5 32.0 1335 3.17
14 -26.5 -16.6 7.9 30.9 1316 3.26
11 -26.5 -16.6 7.9 30.9 131.6 3.26
13 28.3 9.0 7.2 30.7 131.8 3.30
63 -23.0 -22.6 7.4 30.2 131.0 3.34
64 -23.0 -22.6 7.4 30.2 131.0 3.34
120 0.6 -28.7 5.5 30.2 132.8 3.40
124 19.7 29.1 -0.1 29.1 1335 3.59
31 8.3 -25.8 7.8 28.8 1334 3.64
30 -8.3 25.8 7.8 28.8 133.4 3.64
26 -18.7 -22.9 6.7 27.8 131.6 3.73
25 187 229 6.7 27.8 1316  3.73
35 22.7 14.9 6.4 26.3 129.0 3.91
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Table 2.6.13.7-4

P + Py + Q Stresses for Support Disk—1-Foot Side-Drop, 45°

Orientation, Thermal Case A

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

1 -35.6 -40.3 13.0 51.1 125.9 1.46
2 -35.6 -40.3 13.0 51.1 125.9 1.46
6 -40.2 374 13.5 52.4 129.0 1.46
9 -40.2 374 13.5 524 129.0 1.46
48 374 -40.2 13.5 52.4 129.0 1.46
49 374 40.2 13.5 52.4 129.0 1.46
3 40.2 -35.6 13.0 51.1 125.9 1.46
4 -40.2 -35.6 13.0 51.1 125.9 1.46
34 -36.1 -36.5 12.1 48.4 129.0 1.67
37 -36.1 -36.5 12.1 48.4 129.0 1.67
20 -36.5 -36.1 12.1 48.4 129.0 1.67
21 -36.5 -36.1 12.1 48.4 129.0 1.67
63 26.3 -28.3 8.8 36.1 131.0 2.63
64 -26.3 -28.3 8.8 36.1 131.0 2.63
95 -28.3 26.2 8.8 36.1 131.0 2.63
96 -28.3 -26.2 8.8 36.1 131.0 2.63
111 -33.4 -16.4 5.9 35.2 131.0 2.72
112 -16.3 -33.3 59 35.1 131.0 2.73
79 26.5 26.5 8.2 34.7 131.0 2.78
80 26.5 26.5 8.2 34.7 131.0 2.78
35 -12.4 31.7 6.2 33.5 129.0 2.85
23 -31.7 -12.4 6.2 33.5 129.0 2.85
36 -12.4 -31.7 6.2 33.5 129.2 2.85
22 31.7 -12.4 6.2 33.5 129.2 2.85
9] 22.8 25.3 10.2 34.3 133.5 2.90
8 29.8 1.6 4.6 30.5 129.2 3.23
50 1.6 29.8 4.6 30.5 129.2 3.23
44 -27.8 -10.5 8.4 31.2 133.4 3.28
46 -27.8 -10.5 8.4 31.2 1334 3.28
30 -10.1 -27.6 8.2 30.9 133.4 3.32
31 -10.1 -27.6 8.2 30.9 1334 3.32
7 20.5 24.4 7.0 29.7 129.0 3.34
51 24.4 20.4 7.0 29.7 129.0 3.35
26 -233 -20.6 7.3 29.4 131.6 3.48
25 233 -20.6 7.3 29.4 131.6 3.48
42 -20.6 -23.3 7.3 29.3 131.6 3.49
39 206 -233 7.3 29.3 131.6 3.49
14 26.0 9.6 6.8 28.4 131.6 3.64
13 26.0 9.6 6.8 28.4 131.8 3.64
54 9.5 25.9 6.8 28.3 131.6 3.65
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2.6.13.8 Stress Evaluation of PWR Support Disk for 1-Foot Off-Angle Load Conditions

As previously discussed, the evaluation of off-angle impacts is acgqmplishéd by using the stress
results from ,théw side and end-drop evaluations. Tq;';eyal,uate"oblique _impacts, the_ stress
components (i.e. Sx, Sy, Sxy) are combined from the side and end drop cases.  The evaluatation
considers various cask drop angles (¢ = 0°, 23°, 30°, 45°, 60°, 70°, 75°, 80°, 85?5, 88°, and 90°),
as well as the basket drop orientation (0°, 18.22°, 26.28°, and 45°), iNote':that‘ghcg end drop (¢ =
0°) and side drdp (¢ = 90°) are included in the evaluation so that the résultséhyélope all cask
drop angles. The normal stresses (Sx and S,.) and the shear stress (S,gy) for an off-angle (¢) drop

are calculated by the following equations,

Sx = SyeayCOSO+S, )5S0,

S)’(C’) = S COS¢+Sy(side)Sin¢’

y(end)

Sxyay = S Cos¢+Sxy(sidc)Sin¢,

xy(end)
where,

Sxisideys Syside), And Sxysidey are the section stresses calculated by AthcfAl}ISYS)aﬁélyﬁsisifbr;t})_‘grsjde
drop conditions. Sxend) Syead, a1 Syyengy are the sectional stresses._calculated by the ANSYS
analysis for the end drop. The principal stresses and the stress ;int'_é.nsity: arethenadeterrmned
based on the stress c_':ompone‘hts. The orientations where the maxiiﬁ(;}hs occur‘for éaéhjlqadivﬁg
condition are then determined. A summary of the evaluation is presentédi"n 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 combined thermal and oblique condition _is "pcrf}orméd\ ,usuifr;ig\\_t,he
same methodology discussed in Section 2.6.13.8. The summary of the maximum P+Q stresses is
also presented Section 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
cither the lid or bottom depending on the orientation of the drop. The weight of the fucl
assemblics is transmitted directly into the canister hd 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

conditon.

During an end-drop. the weight of the support disks, end weldment, aluminum heat transfer
disks, and spacers and end nuts 1s supported by the spacers on the § tie rods, thereby resulting in
compressive stress over the cross-sectional area ot the spacers. Taking the largest weight of all
three PWR tuel classes, the total weight of the basket is 16,489 Ib. Because the weights of the
bottom end weldment (527 1b) and the fuel tubes (3,676 1b) arc transmitted directly into the end
of the canister, the remaining load acting over the area of the spacers is 12,286 1b. For the I-ft
. end-drop, the deceleration 1s 20 ¢, which results 1o total end-drop load of 245,720 Ib. The arcu
in compression is m3.07 - 1.757)/4 = 4.66 in”. The compressive stress. is 245,720/(8 x 4.66) =

6,591 psi. and 15 considered to be a membrane stress,
Based on the ASME Code, Scction 111 Subscction NG. the allowable membrane stress 1s 1.0 S,
Using a conservative matertal temperature tor the outer edge of the support disk of 500°F,
S.. = 17.5 ks1. The corresponding margin of safetv s

MS = (17,500/6,591)-1 = + 1.66.

Theretore. structural adequacy of the ue rod/spucer assemblies 1s demonstrated.
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261311 Support Disk Shear Stresses for |-Foot Drops

The ASME Code, Section III. Division 1. Subsection NG, criteria define the Level A allowable
for shear stress to be 0.6 Sp,.  The extrapolated design stress intensity for 17-4 PH at a bounding
temperature of 750°F 1s 41.9 ksi. The maximum stress intensity across any section (membrane
stress) for the 1-ft side-drop 1s 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 anyv normal loading condition 1s 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)S,, /SI] - 1
[200.6)(41.9)/31.4] - 1

+0.60

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

conditions of transport. -1t side and end-drops is demonstrated for shear stress criteria.
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26.13.12 Bearing Stress - Basket Contact with Canister Shell

For the bearing stress (Sy) acting along the basket support disk-canister shell interface. un
angular contact of 187 is considered on the basis of ANSYS gap element status (at a radius of
32.75 in). The load considered to be acting on the support disks 1s the total contents weight
(55,810 Ib). times the deceleration value of 20 g. divided among 30 support disks in the basket.

The beuanng arca is considered to be the 0.5-1n. thick disk over an 18 contact arca.

Ser = (55,810)(20)/[(0.5)(30)m)(65.5/(360/18)] = 7,233 psi
The allowable bearing stress is the vield stress, which 1s 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/ Sn-1 = +1141

2.6.13.13 Basket Weldment Analvsis for |-Foot End-Drop

The responscs of the top and bottom weldment plates of the fuel assembly to a 1-1t end-drop 1n
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 fucl assembly
tubes. A finite element analysis 1s performed for both plates, because the support tor 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 1s 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 (Py,) and the
primary membrane plus bending (Py,+Py) stress criterta. 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 = [(Py + Py) / 1.5 S,] - 1
or
MS = [(Pp + Pp+ Q) /3 Sn] -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 III. Division 1.
Subsection NG.
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Figure 2.6.13.13-1  Finite Element Model of the Top Weldment Plate
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Figure 2.6.13.13-2

Finite Element Model of the‘Bo;t_t'om Weldment Plate
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Table 2.6.13.13-1  Minimum Margins of Safety for the Top/Bottom Weldments for 1-Foot

End-Drop

Allowable
Component/Condition Pp (ksi) Sm(ksi)  MS
Top Weldment/1-ft End-Drop 5.86 17.38 +1.97
Bottom Weldment/1-ft End-Drop 6.13 17.56  #1.86

Allowable
Component/Condition Po + Py (ksi) 1.5Sa(ksi) MS
Top Weldment/1-ft End-Drop 2.54 26.07 +9.26
Bottom Weldment/1-ft End-Drop 4.33 26.34 +5.08

Allowable
Component/Condition Pn+Py+Qks))  3Sm(ksi) MS
Top Weldment/1-ft End-Drop + Thermal 35.41 52.14 +0.47
Bottom Weldment/1-ft End-Drop + Thermal 35.27 52.68 +0.49
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2.6.13.14 Support Disk Buckling Evaluation

The PWR fugl basket support disks are subjected to compressive and inertial loads during impact
conditions.. Depending on the cask orientation. for,the impact, both in-plane_and._ out-of-plane
loads are applied to the support disk. The in-plane loads (basket side impact component) apply
compressive forces and in-plane (strong axis) bending moments on the support disk and the out-
of-plane inertial loads@(basket end-impact compdxiént) prddlic_é, 'ou’t-of-plagé;(\}/féék' axis),‘bépding
moments on the support disk.

Buckling of the support disk is evaluated in accordance with the methods andacceptance jc_t_i_fé_ria
of NUREG/CR-6322. The support disk buckling evaluation for the hypothetical accident

conditions is presented in Section 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 PH stainless steel plate " The
properties are evaluated at the actual temperature of the locations where buckhng eyaluauqng are
performed.

2.6.13.14.2  Detailed Support Disk Buckling Evaluation

Methodology

The buckling evaluation of the support disk web is based on the Interaction Equations 31 and 32
in NUREG/CR-6322. These two equations adopt the “Limit AnalymsDemgn”approchhfor
structural members_subjected to stresses beyond the yield limit of the material, i.e., for members
deformed elastically as a result of both axial load and bendmgmomentOtherEquatlons
applicable to the calculations are listed later in this section.

The maximum forces and moments are determined for the end-drop condition and for four

different radial orientations of the support disk_for_the_side- dropbcondmon based on_the’stress
results of the finite element analysis (Sections 2.6.13.4 through '2.6.13.7). _ The_ forces. anc
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moments for the. “cask off-angle drop conditions are. > determined from | the end and side drop results

SO U

based on the drop angle " The buckling ex evaluatnons account for both in-plane (about the strong
axis of the web) and out-of-plane (about the we: ak axis’of-the &.web) bucklmg ‘modes.: Evaluathp

ey e s e e

for strong axis “buckling is performed only for the side. &mconmuon since it is_the governing

et Nrerg

»»»»»

case. Evaluation for weak axis buckhng is performed for all cnd drops and off—angle drops (0°
23°, 30°, 40°, 45°, 50°, 60°, 70°, 75°, 80°, 85°, and 88°).

Detailed buckling calculations are perforrned using’ 'ANSYS macrosiiz.The.n ‘methodology-an

o e PN 2 Aty A

equations used in the calculations are those_from NUREG/CR-6322"- The Joad_ amphﬁcatlon
factors used are 20 g for 1-ft end-drop, 1-ft side-drop, and oOff- ﬁe drop. conditions. - The
buckling evaluation is performed for each of the sections identified in Figures 2.6.13.2-3° and

2.6.13.24.

The buckling evaluation methodology/equations are summarized as follows:

Svmbols and Units

P = applied compressive axial load. kips

M = moment, kips-in.

P, = allowable axial compressive load. kips

P.. = criucal 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

C,, = coefficient applied to bending term 1n 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 = rauo of effective column length to actual unbraced length

I = unbraced length of member, in.
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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’
X = allowable reduction factor, dimensionless.

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

conditions:

Ik
i
—-
.

N

X

>

X




SAR-UMS® Universal Transport Cask May 2000
Docket No. 71-9270 Revision UMST-00A

Ca =.0.85 for members with joint transiation (sideways);

............

Bucklmg “evaluation 18, performed at: all.sections. defined:in; !Fx

e g ppering. ot o

Using the cross-sectional stresses:calculated af each of.

e e

B IR IR e TP P TN | T I I o A I e S ey

Ioa&mg condition__ theAcorrespondlng#compressme " forces. (P)_and. bengg ngemomen __L‘;ML_@IQ

B e e e

determined as follows,

N T

P c A |
M=o,S,
where, O is the rncmbrané ‘éft’r?svg,f“dbﬁlé the strorfgwaﬁg%t;gﬁafwn"gisgggg .OL: ﬂg@k_a)g_‘ Si ‘bending dmg

s e

stress, A is the area (b X t), and S is the sectxon modulus (tb%/6 for. stroﬁg axis bendlng_g‘nd 12 and bt/6

for weak axis bending).

Support disk buckling evaluation resuits

The equations used in the buckling ana1y51s are;

SRR MOl £ A 4 e et e b gt Bt Rl .1

v(%Eq3w1 NUREG/CR-6322)4

e 1] SME" i R

NP

The margins of safety are calculated as;
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Table 2.6.13.14-1  Minimum Margins of Safety.from Buckling.Evaiuation of -

Disk

Loading  Stress Thermal Section Drop Basket B B M M; Ma MSI MS2
Condition State* Case Numbét Angle Apnge [kp ki kD EXE ok

Strong Axis Biickling ‘
21 90,00 4500 38 323
4 9000 2628 7.8 598
21 9000 4300 41 462
21 9000 4500 42 14837

Weak Axis Buckling
29 85.00 000 J03 475 D0 85 359
29 %000 000 137 %75 DD 83 R

P 29 85.00 000 106 3534 Ba

P+Q ] 29 8500 0.00 106 3534 .0 9% BS  B9§
* P = Primary Stress, P+Q = Primary + Secondary Stresses.

Normal P
P+Q
P

-

P+Q

97 1ot | Tl F

GRIRE

FEE
EIEE

Normal P
P+Q

W B
=
(>4
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2614 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 hd, 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 1n Section 1.2.1.2.
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Figure 2.6.14-1 BWR Transportable Storage Canister
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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 1s the case for the PWR canister. the structural design criteria for the BWR canister 1s the
ASME Code, Section IIl. Subsecton NB. Consistent with this criterion, the structural
components of the cuanister are shown to satisty the allowable stress limits presented in Tables
2.1.2-3 and 2.1.2-4 as appheable. The allowable stresses used 1n this analysis are based on a
maximum material temperature of 380°'F for all locations in the canister, unless otherwise
indicated. These allowables ure conservauve tor all sections because the maximum temperature
in the cunister shell central region is determined to be 372°F in the thermal analysis presented in
Section 3.4.2. For the canister structural lid weld (Section 13, Figure 2.6.12.3-1), base metal
properties are used to define the allowable stress limits since the weld filler rod tensile properties
are greater than the base metal. Also, the allowable stress is multiplied by a stress reduction
factor of 0.8 per ISG-4.

The ANSYS finite clement computer program s used to analyze the canister for the I-ft free-
drop condition 1n the top und bottom ¢nd. side. and top and bottom corner-impact orientations.
In addition. the eftects of normul operating internal pressure and thermal stresses resulting from
exposure of the cask 1o the hot (100 F ambient and solar insolance) and cold (-40°F ambient)
normal conditions are evaluated. The worst-case ~tresses from these analyses are presented in
Secuon 2.6.14.4.

2.6.14.2 Finite Element Model Descripion BWR Canister

To evaluate the BWR Transportable Storage Canmister tor normal conditions of transport, ANSY'S
15 used to construct and analvze u tinite element model of the camister and its contents. The
contents modeled consist of the fuel basket support disks and weldments. The fuel assemblies.,
tuel tubes. tie-rods. und reluted hardwure are not explicitly modeled but are accounted for by

applyving 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 1s 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
cnlarged view of the model in the structural lid and shield lid weld regions is shown in Figure

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

The loading for the normal operating condition is based on 1-ft drops in conjunction with the
internal pressure loading (to the canister). Drop orientations considered are the top and bottom
end. side. and top and bottom 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 1b for all fuel assemblies (56 fuel assemblies), the fuel
tubes weight (4.034 1b). 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 1s discussed below.,

For the side and corner-drops, the welghts of the fuel assemblies (meﬁ),a_fuel tubes (me“), tie

Dol -t

v e et grower - € P Shaasa L]

rods (Weqs), nuts/washers (ans), and spacers (Wspa‘m) are included i in the_model by ap lyi ng.a

pressure load (Fyi) to the slot openings of the support/weidment disks, This press dis:
quel + Wtubes +W + Wnuu +Wspaccrs X g’
Fslot T
T \ P X W ot XNduks S

where,

o v 3

..number of slot « opemngs in each support/weldment.disk]
Wi w1dth of ;:ach slot opemng in each SUDPOIU weldment disk]
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For basket_ orientations other than 0°, the components of.this pressure_load are. applied to two

faces_of the slot opening... For.comer-drops, the component_resulting from accounting_for_the
drop angle is used as_the pressure load on the disk slot openings. For the BWR canister drop
analyses, with 56 _slot openings, a_slot. opening_width of 6.278 inches, and a total_of. 35
support/weldment disks (33 support disks and 2 weldment disks), the base pressure load is:

Fia

38,920+ 4,034+586+116+1,060 "~ F"3
_ ‘ xXg=3634xg

SRS S SR IR 1423

For the end drops, a uniform pressure representing the total weight of the_fuel*and fuel basket
(54,351 Ib) is applied to the canister shield lid (for top end-drop) ofcanisfer botom. plate’ (for

bottom end-drop).._For. the corner-drops, the component_of this uniform pressure reswiting from

accounting for the drop angle is applied to the appropriate elements

Design changes were made to the BWR basket after the finite element analyses of the canister
were performed. The effects of the design changes are evaluated as follows. The support disks
were changed from thirty-three (33) 0.75-inch thick disks to forty (40) 0.625-inch thick disks.

Reducing the thickness of the support disks makes them more similar to the PWR support disks
(0.5-inch thick). Increasing the number of disks distributes the internal load more uniformly on
the canister shell. Also. seventeen (17) aluminum heat transfer disks were added to the BWR
basket design. The heat transfer disks do not provide structural support. but their addition along
with the assoctated spacers does add weight that must be considered.

e s

The increase in the number of support disks has_a minimal effect on_the stress results presented

in this section since this change helps to distribute the Ioad to the canister sheil more evenly. In

addition, the design changes and bounding fuel assembly weight Tesults in a total fuel and fue]

basket weight of 56,821 1b,  This is.an increase in weight of 2,471 1b (a 4.3% increase) over the
total fuel and fuel basket weight (54,351 1b) used in the BWR canister analysgs, Therefore, the
stress intensities presented 1n the following tables for the BWR canister are conservatively
ratioed up according to the following: Sections 3 through 8 (see Figure 2.6.14.3-1) are increased
by 5% for the side and corner-drops to account for the additional contents weight on the canister
shell. Sections | 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

imner 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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Canister Structural and Shield Lid Finite Element Mesh

Figure 2.6.14.2-2
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Figure 2.6.14.2-3 Structural and Shield Lid Weld Regions Finite Element Mesh

Weld regions

P ®  Gap elements between lids and canister shell

«V/ - (Gap elements between shield lid and structural fid
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Figure 2.6.14.2-4 Canister Bottom Plate Finite Element Mesh
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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 (SOLID45)
10-11 Shield Lid (SOLID45)
12-13 Structural Lid (SOLID45)
100 Axial Gaps from Canister Bottom Plate to Cask Shell (CONTACS2)
200 Radial Gaps from Canister Side to Cask Shell (CONTACS2)
300 Axial Gaps from Structural Lid Top to Cask Shell (CONTACS2)
400 Axial Gaps Between Structural and Shield Lid (COMBIN40)
500 Radiul Gaps Between Shield Lid and Canister Inner Surface (CONTAC4H0)
600 Radial Gups Between Shield Lid and Canister Inner Radius (CONTACS2)
700 Axial Gaps Between Shield Lid and Canister Wall to Simulate Backing
Ring iCOMBIN40)
800 Radiul Gaps Between Basket and Canister Inner Surface (CONTACS2)
1000 Intermediate BasKet Thickness Real Constant
1100 End Basket Thickness Real Constant
1200 Weak Spring Real Constant

Table 2.6.14.2-2

Muaterial Sets Defined in Canister Model

Material Component Material
Property Set

[ Canister Shell and  Structural | 3041 Stainless Steel: ASME SA240
Lid

2 Top and Botom End Buasket | 304 Stainless Steel: ASME SA240
Disk

3 Shield Lid 304 Stainless Steel; ASME SA240

4 Support disk ASME SA-533, Type B Class 2

Carbon Steel
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2.6.143 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 analvsis are obtained by applyving temperatures
at 30 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 1s employed in the
thermal conduction analysis. The temperatures generated in this analysis are used in the thermal
stress analysis to cvaluate the properties at temperature as well as the stresses resulting from
thermul 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 becuuse the entire assembly would be at -40°F for the

conditions descnbed.

According to the ASME Code. Section I1I. Subscction 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 1s
considered as is the case in the analvsis of the PWR canister. The canister 1s considered 1o be al
380°F (the maximum shell temperature for Condition 1 1s 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 Identification of the Sections for Evaluating the Linearized Stresses in the
Canister
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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 | Svz | Sxz (ksi) (ksi) Safety
1 180 -(1.3 0 2.3 1 -0.1 0 ]-0.2 2.8 47.9 16.29

2 9 0 0.6 1 1.3 0 0 0.2 1.9 47.9 23.99

3 9 0 061 1.2 0 0 0.2 1.8 479 25.87
4 0 0 -0.210.1 0 0 0 0.2 47.9 193.56

5 0 0 05103 0 0 0 0.8 47.9 59.35

6 0 0 -0.8 1 0.5 0 0.1 0 1.3 47.9 36.13

0 0 -0.5 1 0.1 0 0 0 0.6 479 76.09

90 1.1 1.6 0 0 0 0 1.6 47.9 28.39

162 0 14 [ -04] -0.1 0 0.1 1.5 47.9 30.75

10 90 0.3 1.5 011 021 0 0.1 1.6 17.9 28.3

11 S1 -0.4 -1 02 -0.11-01] -0.1 1.3 47.9 36.48

12 162 -0.21 0.7 0 0.1 1011 -0.2 1 47.9 46.99

13 S 03] 04 1061 0O -0.1 0 1 3832 37,32

14 0 -9 -1 -89 06 0.7 0.7 8.6 179 4.54
L5 180 0.3 0 0 -0.8 0 2 4.2 47.9 10.33
16 180 -0.2 0 021-061 0 -1.2 2.7 47.9 16.45

* Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable Stress,
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Table 2.6.14.3-2

BWR Canister Linearized Q Stresses—Thermal Only (Cold 2)

Q Stresses (ksi)
Angle of Stress Allowable

Section |Peak Stress Intensity Stress Margin of

Location| Location | Sx Sy Sz | Sxy | Syz | Sxz (ksi) (ksi) Safety
| 180 -0.5 0 251-011 0 | -0.2 3.1 47.9 14.55
2 45 13105113 0 0 1 2.1 479 21.79
3 9 0 0611410 0 0.2 1.9 47.9 23.64
4 0 0 -0.2 1 0.1 0 0 0 0.3 47.9 159.33
5 0 0 061041 0 |-01 0 0.9 47.9 49.66
6 0 0 -1 051 0 0.1 0 1.5 47.9 30.31
7 0 0 -0.7 1 0.1 0 0 0 0.8 479 60.83
3 90 1.2 1.8 0 0 0 0 1.8 47.9 25.66
9 162 01 ] -14[-04]1-01] O 0.1 1.5 47.9 30.23
10 90 0.4 17 [-0.11-02] 0O 0.1 1.8 47.9 24.97
11 31 05 -1 102)1-011-011]-0.2 1.4 47.9 3293
12 162 0.2 1 0.9 0 [-0.1]102]-02 l 47.9 447
13 Sl 041 04 1-071 0 |-0.1 0 1.1 38.32% 33.84
14 0 101 -1.3 199106 0.8 0.7 9.5 47.9 4.04
15 180 0.3 0 1-011-07[ 0 1.7 3.7 47.9 11.83
16 180 -0.2 0 021061 0 | -L.1 2.4 479 18.7

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

A structural analysis is performed using ANSYS to evaluate the effect of a 1-ft end-drop impact
for both the bottom and top end orientations of the BWR canister. The 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 locations 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 arc 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 = tallowable stress/SIy -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) Pn 2 26.144-2 +4.04
Pressure (only) P, + Py 3 26.144-3 +1.28
Top End-Drop Pm 3 2.6.14.4-4 +4.15
Inertia
Top End-Drop Pm + Py, 2 2.6.14.4-5 + 1.65
Inertia
Bottom End-Drop Pn 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 O 21071041 0 0.1 22 16 6.12
2 0 09 {-14]1-221-041 0 | -02 3.2 16 4.04
3 0 0.6 1-091-261-021 0 | -02 3.2 16 3.94
4 180 0O 1071131 0 0 1-0.1 1.3 16 10.95
5 0 0 0711310 0 0.1 1.3 16 11.02
6 0 0 [07]13] 0 0 0.1 1.3 16 11.02
7 0 0 |07]113] 0 0 0.1 1.3 16 11.02
8 0 0 1071071 0 0 0.1 0.7 16 22.62
9 0 O 1051031011 0 0 0.5 16 33.49
10 0 -03]1031021-01}1 0 0 0.6 16 25.64
11 18 03 1011021 0 0 1-0.1 0.4 16 38.49
12 0 O -04] 0 -0 0 0 0.5 16 34.2
13 180 0O [(o3]o2] o | o 5 0.3 12.8* 41.67
14 90) 0.3 0 03 1-0.17 0.1 0 0.4 16 3512
15 180 0 0 0 0 0 0 0 16 1809.97
16 90) () 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.+ 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 09 14571 -05]-02{ 0| -01 5 24 3.77
2 0 08 1951 46|07 0 | 04 10.5 24 1.28
3 0 07 1-91] -5 041 0 | -04 9.8 24 1.44
4 0 0 107 13 0 0 0.1 14 24 16.64
3 0 0 107 13 0 0 0.1 1.4 24 16.74
6 0 0 1071 L3 0 0 0.1 1.3 24 16.77
7 180 0 071 1.3 0 0 | -0.1 1.4 24 16.76
8 0 0 1071 07 0 0 0.1 0.7 24 31.43
9 0 01 109] 05 [ 0.1 0 0 0.9 24 26.1
10 180 0.1 [ 14| 0.6 0 0 1 -0.1 1.5 24 14.52
11 18 02 1-09] -0.1 ] 0.1 0 | -0.1 1.1 24 20.14
12 135 021081 -021 01 011 -0.1 0.7 24 34.23
13 0 0410 0 0.1 0 0 04 19.2% 47,00
14 90 1 {01}f 81 1-011]0.1 0 8.1 24 1.97
15 90 061 0 | -06 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 Py, 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
1 0 0.1 | -1.7] -06 1 0.3 0 -0.1 2 16 7.19
2 0 071 1.2 ] 21 |04 0 0.2 2.9 16 4.46
3 0 051 08 ] 26102 0 0.2 3.1 16 4.15
4 171 0 -0.8 0 0 0 0 0.8 16 18.84
5 36 0 -1 0 0 0 0 1 16 14.77
6 144 0 -1.2 0 0 0 0 1.2 16 12.07
7 171 0 -1.4 0 0 0 0 1.4 16 10.13
8 180 0 -1.3 0 0 0 0 1.4 16 10.52
9 135 -0.1 -1 -0.1 0 0 0.1 1 16 14.79
10 144 -0.1 | -0.1 0 0 0.1 0.9 16 16.12
11 135 -0.11-09 1 -0.1 0 0 0.1 0.9 16 16.62
12* 144 0 -0.7 1 -0.1 0 0 0 0.8 16 19.77
13* 180 0 -0.8 ] -0.1 0 0 0 D.8 12.8%% 15.00
14 90) -0.2 0 02101 -0.1 0 0.4 10 41.06
15% 144 0 -0.3 0 0 0 0 0.4 16 43.07
16* 0 0 -0.4 0 0 0 0 0.4 16 38.68
*  Stresses at these locations are increased by 5% to account for the heavier BWR fuel

basket/fuel asse‘mbliés_.
** Allowable stress includes a stress fedhéiicjﬁ factor fStherel?iOS:x allé@ablgqusg
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Table 2.6.14.4-5 BWR Canister Py, + 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 | Sxv | Syz | Sxz (ksi) (ksi) Safety

l 0 071 41 061 01 0 0.1 4.6 24 42

2 0 07182 42 ] 0.6 0 0.4 9 24 1.65

3 0 06179 46 | 04 0 0.4 8.5 24 1.81

4 180 0 1-08] 0 0 0 0 0.8 24 28.6
5 153 0 -1 0 0 0 0 1 24 22.64

6 162 0O |-1.21 0 0 0 0 1.2 24 18.58

7 180 0O [-14] O 0 0 0 1.4 24 15.68

8 180 01 |-1.31 O -0.1 0 0 1.4 24 15.81

9 135 0.1 )-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 0.1} -1 -0.1 0 0 -0.1 I 24 2271
12* 180 0.1 1-071-0.1 ] -0.1 0 0 0.8 24 28.62
13* 180 0 1-081 -0.1 0 0 0.8 19,2%* 23.00
14 90 -7.31-011 -7.3 1 0.1 -0.1 0 7.2 24 2.32
15* Sl 0.1 1-031 0.1 0 0 0 0.4 24 53.27
16* 0 0 1-041 0 0 0 0 0.4 24 57.08

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

** Allowable stress includes 2 stress reduction factor for the weld: 0.8 x allowable stress;
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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 1 -0.1 1 0.1 0 0 0.7 16 21.2
2 180 021 -19 |1 -03] 0.1 0 0 2.2 16 6.41
3 180 0.1 -2 021 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 29 16 4.57
6 0 0 -1.3 1.3 0 0 0.1 27 16 5.01
7 180 0 -1.1 1.3 0 0 -0.1 2.5 16 5.52
8 180 0 -0.7 | 0.7 0 0 -0.1 1.4 16 10.31
9 72 041 -05 [ -0.1 0 0.1 0.1 0.4 16 36.29
10 180 04 -03 | -02] -01 0 0 0.7 16 21.41
11 0 0.5 1 0.1 -0.2 0 0 0 0.6 16 27.65
12 0 0.1 0.5 0.1} 0.1 0 0 0.5 16 28.25
13 180 0] -051-03[ 0 0 0 0.4 12.8%* 31.00
14%* 0 01 1] -04 | 0.1 0 0 0 0.5 16 33.31
15 180 0 0 0 0 0 0 0.1 16 271.79
16 90) 0 0 0 0 0 0 0 16 42344

* Stresses at these locations are increased by 5% to_account for the heayier BWR fuel

basket/fuel _'asseﬁibl‘iég.

** Allowable stress includes a stress reduction factor for the weld: 0.8 X aliowable stresé:
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Table 2.6.14.4-7 BWR Canister Py, + Py, Stresses - 1-Foot Bottom End-Drop, Internal

Pressure
Pn+ 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* 180 0.1 | -0.7 0 0.1 0 0 0.8 24 27.93
2 180 0.1 1-321 -07 0.1 0 0.1 3.4 24 6.13

3 180 0.1 -3 -0.5 0.1 0 0 3.1 24 6.68
4 0 0 -1.8 1.3 0 0 0.1 3.1 24 6.74

5 0 0 -1.6 1.3 0 0 0.1 29 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 25 24 8.74
8 45 03t -09 0.3 0 0 0.3 1.5 24 14.93
9 72 05 ) -1.1 | 0.1 0 0.1 -0.1 .1 24 21.24
10 90 -0.71-16| 0.1 0 0 0 1.8 24 12.59
Il 0 021 1.3 0.2 -0.1 0 0 1.5 24 14.87
12 90 0.1 0.8 0.5 0 -0.2 0 0.8 24 29.83
13 180 0.5 0 0 0.1 0 0 0.5 19.2%* 37.4
14* 0 0.1 | -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 -0.4 0 -0.4 0 0 0 0.4 24 59.45

*  Stresses at these locations are increased by 3% to account for the heayier BWR fuel
basket/fue] assemblies.

**_Allowable stress includes a stress reduction factor for the Weld: 0.8 x allowable stress.
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2.6.145 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 10
produce a combined thermal stress plus end-impact loading. The evaluation is in accordance
with the ASME Code. Section I, 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 Sio1s 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+Pu+Q 14 2.6.14.5-2 +2.27
+ Thermal (cold)
Top-End-Drop Pn+Py+Q 14 2.6.14.5-3 +2.42
+ Thermal (hot)
Bottom-End-Drop | Pn + Py +Q 14 2.6.14.5-4 +6.04
+ Thermal (cold)
Bottom-End-Drop | P, + P, +Q 14 2.6.14.5-5 + 7.85
+ Thermal (hot)
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| ** Allowable stress includes a stress reduction factor for the weld: 0.8 x ailowable stress.

Table 2.6.14.5-2 BWR Canister Py, + 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
l 162 0.8 -5.1 1.6 0 0 -0.9 7.1 47.9 5.78
2 171 -0.5 10 6.5 051 -02 -1.1 10.7 47.9 3.5
3 171 -0.3 9.2 6.6 031 -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 0.2 0 -0.1 0 2.1 479 21.85
6 0 0 2.6 04 0 0.1 0 3 47.9 14.95
7 0 0 -2.7 -0.1 0 0 0 2.7 47.9 16.85
8 9 -0.1 -3.3 0 0 0.1 0 3.3 47.9 13.41
9 162 0.1 3.1 -0.7 | 0.1 -0.1 0.3 3.3 479 13.55
10 0 (1.1 -2 0.3 0.1 0 0 1.9 47.9 23.64
11 171 0 -3.2 -0.8 0 0 0.1 3.2 479 13.85
12* 0 0.3 -0.9 -1 0.2 0 0 1.4 479 33.21
13* 0 0.1 -1.1 -0.2 ] 01 0 0 1.3 38.32%* 28.48
14 0 1591 -1.3 | -151 ] 0.1 -0.8 0] 14.7 47.9 2.27
15% 9() 0.1 | 03] o1 0 0 0 0.4 47.9 112.07
16* 0 0.1 05 | 0.l 0 0 0 0.6 479 84.16
*  Stresses at these locations are increased by 5% to account for the heavier BWR fuel
basket/fuel assemblies.
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Table 2.6.14.5-3 BWR Canister Py, + P, + Q Stresses - 1-Foot Top 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
l 9 -1 -5.1 1.8 0 0 0.5 6.9 479 5.9
2 171 -0.5 9.9 63 | -0.5 -0.2 -1.1 10.7 479 3.49
3 171 -0.4 9.2 64 | 03 -0.1 -1.1 9.7 47.9 3.92
4 0 0 -1.1 0 0 0 0 1.1 47.9 4091
5 0 0 -1.8 | 02 0 -0.1 0 1.9 479 23.6
6 0 0 241 03 0 0.1 0 2.8 47.9 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 -0.7 1 -0.1 -0.1 0.3 32 47.9 13.92
10 162 -0.3 20 ] -06] -0.2 -0.1 0.1 1.8 47.9 25
11 171 0 29 1 -0.7 0 0 0.1 3 479 15.12
12%* 0 .3 -09 | -0.1 0.2 0 0 1.3 47.9 35.24
13* 0 0.1 -1 -0.1 0 0 0 1.2 38.32** 30.93
14 0 1500 ) -1 | -144 ] 0.1 -0.7 0 14 479 2.42
15* 90 0.1 -0.3 0.1 0 0 0 0.4 47.9 112.18
16* 0 0.1 -0.5 0.1 0 0 0 0.5 47.9 86.30

*  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 2.6.14.5-4

BWR Canister P, + Py, + Q Stresses - 1-Foot Bottom 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 0.3 2201 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 4.6 479 9.48

3 9 0 -3.5 1 0 0.1 0.1 4.5 479 9.69
4 0 0 -3.1 0 0 0 0 3.1 479 14.61
5 0 0 -3.1 0.3 0 -0.1 0 34 479 13.21
6 0 0 -3.2 0.5 0 0.1 0 3.7 479 12.02
7 0 0 2.6 0 0 0 0 2.7 479 17.02
8 9 -0.1 26 0 0 0.2 0 2.6 47.9 17.59
9 162 -0.2 -3.3 1.3 0.1 0.1 0.4 33 479 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 33 47.9 13.37
12 s 1.2 1.7 0.4 5 0.1 -0.1 1.6 47.9 28.13
13 0 -14 2.1 -1 3 0 0 1.2 38.32% 80.93

14* 0 -los | -44 -10 0 0.2 0 6.7 479 6.15
L5 72 1.7 0 1.4 0 0 0 1.7 479 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 fue]

basket/fuel assemblies.
** Allowable stress includes a stress reduction factor for the weld; 0.8 X allowable stress:
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Table 2.6.14.5-5 BWR Canister Py, + 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 0.2 0 |-04 3.5 47.9 12.69
2 9 0 -3.5 0.9 0.1 101101 4.4 47.9 9.89
3 9 0 -3.5 0.8 0 0.110.1 4.3 47.9 10.12
4 0 0 -3 0 0 0 0 47.9 15.16
5 0 0 -3 0.2 0 |-01] O 3.2 47.9 13.91
6 0 0 -3 0.4 0 0.1 O 3.5 47.9 12.89
7 0 0 -2.5 0 0 0 2.5 479 17.93
kS 9 0.1 24 0 0 021 0 2.4 47.9 18.79
9 162 0.2 -3.2 -1.3 01101104 3.1 47.9 14.42
10 162 0.1 3.8 -1.4 0.1 01|05 4.1 47.9 10.79
11 9 -0.5 2.6 0.6 -0.1101]02 3.2 479 14.15
12 162 0.7 1.9 0.2 041 0 0.1 1.8 479 25.33
I3 0 1 -0.2 0.2 0.1 0 |-0.1 1.2 38.32%* 30.93
14* ¢ 071 -39 -9 0 021 0 6.1 47.9 6.87
15 81 1.7 0 1.4 0 0 0 1.7 47.9 28.04
16 72 0.8 | -0.1 -0.6 0 0 0 0.7 479 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 stmilar 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 1s 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 1s 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 1n 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 Sg, does not extend more than 1.0 times the square root of RT in the meridional
dircction. where R 1s the minimum mudsurface 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 1s 33.2175 in. The resulting distance is
4.56 1. A section located 4.56 in. from Section 13 in the mendional direction results in a
membrane stress intensity of 6.44 ksi. which is below S,. This section conservatively
encompasses Section 12 since it 1s located 1.56 1n. from this section. The stresses at adjacent
circumferential sections (i.c., at 9°) for Sections 12 and 13 are also included in the tables for
compuanson. The critical sections stresses are reported in Table 2.6.14.6-1 for the Py, and P, + P,

Stresses.

2.6-292



SAR - UMS® Universal Transport Cask May 2000
Docket No. 71-9270 Revision UMST-00A

Results are calculated for I-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 P, 1 2.6.14.6-2 50.11
Side-Drop P+ Py 12 2.6.14.6-3 +0.02
+ Pressure
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Table 2.6.14.6-2 BWR Canister Py, 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 Syvz 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
Ko 0 -6.1 0.3 -3.6 0.3 0.3 1.3 6.75 16 .37
4x* 0 2.3 -0.5 0.2 0 0 0.1 2.63 16 5.03
S 0 23 0.1 0.2 0 0 0.1 2.63 16 5.03
6+ 0 2.4 0.3 0.2 0 -0.1 0.1 2.88 16 4.56
Jxx 0 2.4 0.3 0.1 0 -0.1 0.1 2.96 16 4:40
gk 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 16 248
11 9 4.17 1.8 -1.1 0.7 1.2 -1.7 6.75 16 1.37
12 0 2243 5.4 -6.6 -4.5 1.2 -1 21.6 24 0.11
12 9 042 | -0.18 | -3.42 0.15 0.55 -1.9 4.97 16 2.22
137 0-7.4 ~11.61 | -340 { 4.00 | 0.05 1.10 -2.23 9.96 J12.8%%x* 0.29
14 0 -0.8 0 0.3 0 0 0 1.1 16 13.12
15 0 -0.3 () 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 locul membrane stress ;. Allowable_for normal conditions_is. 1.5, Sx = 24 ksi_for P; and
P, +Ps.
**  Stresses at these locations are increased by 5% lo account for the heavier BWR fuel basket/fuel
assemblies.

***  Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable stress:
Stress evaluated over weld compression region.

e
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Table 2.6.14.6-3 BWR Canister P, + Py, Stresses - 1-Foot Side-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
I 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 [.55
3k 0 -5.8 0.9 -15 | 04 | -03 -15 7.7 24 212
4xx% 0 24 | 33 0 0 0.4 6.1 24 2.93
S¥* 0 2.4 1.0 3.6 0 -0.1 0.4 6.4 24 2.75
6x* 0 225 1.8 3.7 0 -0.1 0.4 6.6 24 2.64
Tk () =25 1.7 3.7 0 -0.1 0.4 6.5 24 2.69
gx* 0 -0.6 2.5 2.4 -0.2 0.4 -0.2 5.2 24 3.61
9 9 [.1 6.4 -0.3 -0.08 1.6 0.1 7.44 24 222
10 0 189 | 21 | 45 | 53 1 Ll | 203 24 0.18
11 9 4.3 0.9 -1.4 0.8 1.3 2.7 8.4 24 1.86
12 0 -28.0 -6.6 -8.2 -4.3 1.6 -0.7 24.5 25 0.02
[3f* 0-7.8 [-1657 | -6.23 | ;642 | 0.09 | 1.68 2 12.49 AV b 0.60
14 0 -0.7 ) 0.3 0 0 0 1.1 24 21.32
15 90) -0.7 0] -0.1 0 0 0 0.7 24 34.37
16 0 -0.6 0 0.1 0 0 0 0.7 24 34.67
T The peak temperature as calculated in Section 3.4 is 265°F in the region of Sections 12 and 13.
The allowable stress is 1.5 (16.7 ksi) = 25.05 ksi1 based on this temperature.
*  Stress evaluated over weld compression region:
**  Stresses at these locations are increased by 5% to_account for the heavier BWR flel baskeufue]

assemblies.

.

***  Allowable stress includes a stress reduction factor for the weid: 0.8 % allowable stress,
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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 I-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 S, 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 -l6.4 | -1.3 -3 0.3 0 -1.7 154 47.9 2.12
2 0 -6.4 15 1 -04 0 0.2 | -1.6 8.3 47.9 4.77
3x* 0 4.6 1.6 | 02 1-011] 01 |-1.3 6.8 47.9 6.04
gxx 0 24 ] 0.8 ] 21 0 -0.1 0.3 4.7 479 9.19
S** 0 210041 24 0 -0.3 0.4 4.8 479 8.98
6** 0 -19 1 -14 ] 2.1 0 0.2 0.4 4.4 47.9 9.89
TE* 0 -2.3 03 | 2.2 0 -0.1 0.3 4.8 479 8,98
gx* 0 -0.3 22 ] -1.71-0.2 0.6 -0.1 43 47.9 10.1
9 0 266 | 6.7 -9 2.1 1.7 0.1 33.7 479 0.42
10 0 -188 1 -2.8 -5 -4.5 0.9 -1.1 18.8 47.9 1.54
11 0 -26.3 3 8.8 1 -0.3 1.8 -0.1 29.6 47.9 0.62
12 0 263 49 -79 | 3.7 1.7 -0.7 234 47.9 1.05
13 0 3241 -99 (-106] -1.2 1.9 -1.4 24.4 38.32* Q,j_'z
14 0 -11.2 1 -33 1 94 0 0 0 7.9 47.9 5.07
15 9 -0.7 0 -0.3 0 0 0 0.7 479 72.63
16 0 -0.6 {0 0 0 0 0 0.7 47.9 69.59

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

*k

basket/fuel assemblies.
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Table 2.6.14.7-3

BWR Canister P, + Py, + 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 | Syvz | Sxz (ksi) (ksi) Safety
| 0 -145 1 0.3 -3 0.2 0 -1.35 14.3 47.9 2.35

2 0 -6 0.9 06]-03]-011] -14 7.3 47.9 5.59
Jx* 0 -4.3 1 0 -0.31-01] -1.2 5.9 47.9 7.12
4x* 0 -2.3 0.2 1.5 0 0 0.3 4.1 47.9 10.68
Sk 0 -2 -0.5 2.1 0 021 04 4.4 47.9 9.89
6** 0 -2 -1.3 1.7 0 0.2 0.4 4.0 47.9 10.98
TH* 0 2.2 0.3 1.9 0 -0.1 0.3 43 47.9 10.14
g** 0 -0.3 22 141 -0.1] 0.5 -0.1 4.0 479 10.98

9 0 2341 6.3 83 -19| LS5 0.3 30 479 0.6

10 0 -l66 ] 22 1 491 -39 0.8 -0.8 16.6 47.9 1.88

11 0 228 28 791021 1.5 0 259 479 0.85

12 0 234 42 |74 32 15 -0.4 20.7 47.9 1.31

13 0 282 8.6 | 9.7 -1 Lo | -1.1 21 38.32* 0.82

14 0 -9.7 -2.5 -8 0.1 1] -0.2 0 7.2 47.9 5.63

15 27 -0.6 0 (1.3 0 0 0 0.6 47.9 75.57

6 0 -0.6 0 0.1 0 0 0 0.7 47.9 65.48

* Allowable stress includes a stress reduction factor for the wel
** Stresses at these_locations. are_increased by 5%
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 ortentations of the BWR canister. The ASME Code, Section
III, 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 comer-drop result from the
deceleration of the BWR canister and its contents and the 25-psig pressure load internal to the
canister. The applied deceleration is 20 g for both orientations. The inertial load of the canister is
addressed by the deceleration factor applied to the canister density. The contents weight is
represented by a pressure load on the inner end surface of the canister and a pressure applied to
the basket by means of pressure acting in the plane of the disks. Displacement constraints are
applied to the plane of symmetry and the gap elements attached at the canister end to represent

the top or bottom of the transport cask.

The locations of the linearized stresses are shown in Figure 2.6.14.3-1. The maximum stresses
tor P, 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 Comer-Drop Load
Condition
Critical Minimum Margin

Condition Stress Section Table of Safety

Top Corner- Pn 9 2.6.14.8-2 +0.18

Drop + Pressure

Top Comer-| Py + Py 9 2.6.14.8-3 +0.52

Drop Inertia

Bottom Corner- P 11 2.6.14.8-4 %0.12

Drop + Pressure

Bottom Comer- P.+ P 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
I 0 <45 01 [-1.21 03 | -0.1 }-0.6 4.8 16 232
2 0 091 04 1091 0 -0.2 1-0.3 1.7 16 8.54
Jx* 0 06 ] 04 1-07] 0 -0.2 1-0.2 1.4 16 10.37
gxx 0 091-03]14] 0 0 |02 2.4 16 5.66
Sk* 0 09103114 0 0 0.2 24 16 5.70
6x* 0 091 -05] 14 0 0 0.2 2.4 16 5.68
T** 0 0910914 0 -0.1 102 2.4 16 5.65
gx* 54 05 [-1.1102]1-03]-021]03 2.0 16 7.04
9 0 -148| -18 | 4 116 05 |-04 13.6 16 0.18
10 0 -10.21 4 3| -7 1 02 107 8 16 1
11 0 -1391 6.1 [49] 06 ] 04 |-04 92 16 0.74
12%* 0 1291 57129 271 02 | -1 11.7 16 0.37
13%* 0 1221731371 -07 | 02 | -1 9.3 12.8* 0.38
14 0 -0.2 0 0.2 0 0 0 0.4 16 44.29
15%* 0 0.1 1 03] 0 0 0 0 0.4 16 38.74
16** 0 021 -04 ] 0.1 0 0 0 0.5 16 32.99

* 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 heayier BWR filel
basket/fuel assemblies.
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Table 2.6.14.8-3 BWR Canister Py, + Py, Stresses - 1-Foot Top Corner 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 0 921 44| -22[-19]-01] -06 7.8 24 2.06

2 0 89 49 [ -1.1 ] 09 ] 08 0.2 14 24 0.72

K 0 69| 36 |-06]05]07] -02 111 24 1.16
4x* 0 091 -071 05 0 0 0.1 [.5 24 15.00
5% 0 091-07[071 0 0 | ol 1.7 24 1312
61* 0 09109071 0 0 0.1 1.8 24 12.33
T¥* 0 091 -1.3 1] 08 0 -0.1 0.1 22 24 D91
g** 54 01 1-141 01 1]-03]-03 0 1.8 24 12.27

9 0 1531 02 47 -1.2 ] 05 -0.2 15.8 24 0.52

10 0 108 52| 26| 3.1 01 -1 9.9 24 1.42

11 0 -13.5] -8.1 -5 1.1 05 -0.7 10.8 24 1.23

12%* 0 139 55 33122 04 1 08 12.1 24 0.98

13%x* 0 1421 93 48| -12 ] 04 | 209 10.4 19.2* D.83

14 90 0.9 1 -0.1 ] -64 ] 0.1 | -0.1 0 6.8 24 2.52
15%* 90 0 0.3 ] 0.1 0 0 0 0.5 24 51.78
16%* 0 -0.21 031 0.1 0 0 0 0.3 24 51.61

*  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 asserhblies,
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Table 2.6.14.8-4 BWR Canister Py, Stresses - 1-Foot Bottom Cormer-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 2.1 108]1:1.5]:011 0 | 3107 4.7 16 2.4Q
2 36 0 |24 2030101 ]| 205 2.8 16 4.77
3% 36 0 [R24]03[ 0 [01 ] 04 2.8 16 4.71
grx 0 0912 113 0 [ 0] 02 36 16 B4
S¥x 0 |09]:6]|14] 0] 0 [ D2 3.2 16 1.00
6** 180 0 136121 0 0 | 201 2.9 16 4.52
T** 180 0 [:13[12] 0 0 | 0.1 2.7 16 4.88
g¥* 63 05 :07102]-02]-01] p3 1,6 16 0.02
9 0 -134|1 04 [ 37| -13] 08 | 03 14.2 16 0:12
10 0 73104121 |-1.2] 06 -0.6 2.6 16 1.09
11 0 -146| 091 43 ] 02 l -0.3 14 16 Qjé
12 0 -10.7]:25 | 24 | -19 | 06 | -08 9.7 16 0.65
13 0 -1021 271261 0 |07 | i1 8.4 12.8* 0.52
14** 0 03104 02 0 0 0 0.6 16 27.64
15 0 01 o [or] o 0 0 0.1 16 111.46
16 9() 02| o 0 0 0 0 0.3 16 61.79

* _Allowable stress includes a stress s reduction factor for the weld: 0.8 x allowable stressi
** 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 P, + Py, Stresses - 1-Foot Bottom 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
1% 0 6.3 1-0.8| -2 0.2 0 -0.8 6.0 24 3.00
2 27 02 142(-121-011] -0.1 |-0.6 4.3 24 4.57
ok 27 021 4 |-1.1]-017] -01 }-05 44 24 4:45
4xx 0 09 |1-241 038 0 0 0.1 3.5 24 5.86
Sk 0 09 2108 0 0 o1 2.9 24 728
6x* 0 09 ]-17] 09 ] o 0 ol 26 24 8.23
TH* 0 09 1-141 09 0 -0.1 101 ﬂ 24 2.00
gk 18 03 |-1.1]-06] 03| 05 [-02 1.9 24 1163
9 0 135125 44| -1 0.8 ]-0.1 16.2 24 0.48
10 0 -6.9 |1-07)-1.3 1 -2 0.5 1-08 7.8 24 2.07
11 0 1421261 4 |01 0.9 0 17 24 0.41
12 0 -1291-33 35| -16 | 07 |-06 10.8 24 1.22
13 0 -l6l|-6.1 -53 | -02 I -0.8 11.6 19.2* D.64
14** 0 0.3 1-031 0.1 0 0 0 0.5 24 47.00
15 45 1.3 0 1.5 0 0 0 1.5 24 15.49
16 9 091 0 | -07 0 0 0 0.9 24 20.14

* Allowable stress includes a_ stress reduction factor for the weld: 0.8 x allowable stress!
** Stresses_at_these locations are_jncreased by 5%. to._account. for.. - "the. heavier. BWR . fuel

,basl\et/fu‘cli assembl;e§,
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2.6.14.9 Stress Evaluation of BWR Canister for Combined Thermal and 1-Foot Comner-

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 III,
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 S, 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

satety are calculated as:

MS = (allowable stress/SI) -1.
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Table 2.6.14.9-1 BWR Canister Critical Sections for the Combined 1-Foot Comer-Drop
and Thermal Load Condition

Critical Minimum
Condition Stress Section Table No. Margin of
Safety
Top Cormner-Drop +| Pn+Py+Q 2 2.6.14.9-2 +202
Thermal (cold)
Top Comer-Drop +| P, +P,+Q 2 2.6.14.9-3 +2.05

Thermal (hot)
Bottom Corner-Drop +| Py, + P, + Q 9 2.6.149-4 +1.54
Pressure + Thermal
(cold), 45" Basket

Bottom Comer-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 Comer-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
| 0 -l41 1 4.7 -2 -2.5 0 -1.1 12.8 47.9 2.73

2 0 -14.3 1.3 2.4 -0.1 1 -0.5 15.9 479 2.02
3k 0 1071 0.6 -1.4 -0.3 0.8 -0.7 12.4 479 2.86
4x* 0 -09 | 0.7 1.1 0 -0.1 0.1 2.1 479 21.81
Sx* 0 -0.8 -l.4 2.8 0 -0.2 0.4 44 47.9 9.89

6** 0 -0.6 2.3 2.2 0 0.3 0.1 4.3 47.9 8.98
TH* 180 0 29 0 0 0 0 3.1 47.9 14.45
gx* 171 -0.1 -3.6 -0.2 0 0.2 0 3.7 47.9 11.95

9 0 -12.6 | 0.1 -3.8 -1.1 0.5 -0.2 13 47.9 2.68

10 0 -10 -4.8 24 -2.6 0.1 -1 9 47.9 4.35

11 0 -12 -7 -4 -1 0.4 -0.6 8.3 47.9 4.77

12%* 0 117 4.2 -2.7 -2 0.4 -0.7 10.3 47.9 3.65

13%* 0 -12 -7 -4 -1 0.4 0.6 8.7 38.32* 3.40

14 0 15614 -1.2 ] -14.1 0.1 -0.8 0 14.4 47.9 2.34
15%* 72 -0.1 -0.3 0.1 0 0 0 04 47.9 110.66
16** 0 -0.1 -0.4 0.1 0 0 0 0.6 479 80.29

¥ Allowable stress, includes a stress reduction factor for the welq 0.8 x_allowable stress:

** Stresses at “these. locations_are 1ncreased by 5% “to account_for . the. “heavier BWR- fuel
b_aske_t/fuel assemblies.
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Table 2.6.14.9-3 BWR Canister Py, + P, + Q - 1-Foot Top Comner-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 -137 ) 46| -2.1 24 0 -1.1 12.4 47.9 2.88
2 0 -13.9 16 | 2.3 -0.2 0.9 -0.6 15.7 479 2.05
3** 0 -104 1 09 ] -1.3 -0.4 0.7 -0.7 12.2 47.9 2.93
4x* 0 -0.8 -0.8 | 0.8 0 0 0.1 1.8 479 25.61
Sk 0 -0.9 -1.5 2 0 -0.2 0.1 3.6 47.9 12.31
O** 0 -0.7 2201 1.8 0 0.2 0.2 4.2 47.9 10.40
b 180 0 -3 0 0 0 0 3.2 47.9 13.97
g*x* 171 01 36| 02 0 0.2 0 3.7 47.9 11.95
9 0 -12.1 04 1] -35 -1 0.5 -0.2 12.7 479 2.78
10 0 -9.5 45 ] 22 -2.5 0.1 -0.9 8.0 47.9 4.59
11 0 114 16571 -3.7 -0.9 0.4 -0.6 8 47.9 5.03
12%* 0 AL 39 260 | <109 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 | <135 0.1 -0.7 0 14.4 479 .50
15%* 90 0 0.3 1 0.1 0 0 0 0.4 479 111.90
16** 0 -0.1 041 0.1 0 0 0 0.5 479 82,69

*  Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable stress;
** Stresses at these locations, are increased by 5% fo account’ for thé heavier.BWR fue]
basket/fuel] asse:rnblicé,
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Table 2.6.14.9-4

BWR Canister P, + Py, + Q Stresses - 1 Foot Bottom Corner-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
] ** 0 2 0.1 1.7 0.2 0 -0.2 4.0 47.9 10.98
2 162 0.1 -5 0.8 0 0 -0.3 54 47.9 7.93
3 162 0.1 -4.4 0.8 0 0 -0.3 5.6 47.9 7.55
4x* 180 0 -3.7 1.3 0 0 -0.1 5.3 47.9 8.04
Sx* 0 -0.6 -14 39 0 -0.3 0.2 5.6 47.9 7.55
GF* 0 07 | 24 | 34 0 0.2 0.1 6.2 47.9 6.3
TH* 0 -1 0.6 | 3.5 0 0.1 0.3 4.7 47.9 8719
gHok 0 0.6 | 0.6 2 0.1 | 0.6 0.3 3.0 47.9 14.97
9 0 -156 1 27 491 -12 1.1 -0.2 18.7 47.9 1.57
10 0 -104 | -1.7 | 2.1 25 0.6 -1 10.6 479 3.54
11 0 -15.5 1.4 -5.1 -0.2 I -0.1 17.1 47.9 1.81
12 0 -14.8 -3 -3.8 -2 1 -0.8 13.1 47.9 2.65
13 0 -19 -5.9 -6 -0.6 1.2 -0.9 14.4 38,32% L.64
14%# 0 -109 1 44 | 99 0 0.2 0 6.8 47.9 6.04
13 90 0.9 0 0.9 0 0 0 | 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% to. account for the_ heavier BWR fue]

basket/fuel kassémb'lie's.
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Table 2.6.14.9-5

BWR Canister Py + Py, + 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 (kst) {(ksi) Safety
Location
Ik 162 0.4 2.7 1.2 0.2 0.1 -0.3 4.2 47.9 10.40
2 162 0 4.3 0.6 0 0 -0.3 S 479 8.57
K 162 0 4.3 0.6 0 0 -0.3 5.3 47.9 8.04
4x* 180 0 4.4 0 0 0 0 4.6 47.9 9.41
Sk* 180 0 -4 0 0 0 0 4.2 47.9 10.40
G** 0 07 1209 1.8 0 0.2 0.2 5.0 47.9 858
Whoks 0 09 | -14 1.5 0 0 0.2 3.2 47.9 13.97
8** 171 -0.1 2.4 -0.1 0 0.2 0 2.5 47.9 [8.16
9 0 -154 ) 23 5.2 -1. 1 0.3 18 479 1.66
10 0 9.6 | -14 2.1 2. 0.5 -1 9.9 47.9 3.85
11 0 -16.6 1.6 -54 -0.2 1.1 -0.1 18.3 47.9 1.62
12 0 -14.6 -3 -4 -1.8 | -0.8 12.8 479 275
13 0 2021 <64 | -60.0 (1.7 1.2 -1 15.1 38.32* 1.54
14%* () 98 | -39 | -89 0 0.2 () 6.2 17.9 6.73
L5 81 1.4 0 1.6 0 0 0 1.6 47.9 29.36
16 45 -1 -0.1 -0.6 0 0 0 0.9 47.9 5233

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

to

(S
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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 III, Subsection NB-3227.2 for pure shear loading. The maximum

canister shell temperature is 380°F and the margin of safety for pure shear is
MS = 0.6x16.0/09-1 = 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.

261412 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
caruster 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 ¢ 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.
Theretore. the buckling criteria of Code Cuse 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

Ly = Length used in evaluation (in)* 185.8
Ly = 2nR = circumference (in) 218.7
v = Poisson’s Ratio 0.275

* Lo = Overall canister length - Bottom thickness - Structural lid thickness.

12

(98]

L
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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
L.oad (Axial) Stress*| (Hoop) Stress* | Shear Stress Interaction Equations Interaction Equations
Case L.oad Condition Se (psi) So (psi) Soe (psi) Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8
A I-Ft Top End-Drop 2100 200 400 0.0 068 | 043 0.0 067 043 008 043
B 1-Ft Bottom End-Drop 3100 S00 300 040 1 .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 1s 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 1s 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
mnto 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 culculations, 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

—Tie Rods &
/ Spacer

— Fuel Tube

-~ Heat Transfer Disk

- Support Disk

2.6-319




SAR — UMS® Universal Transport Cask May 2000
Docket No. 71-9270 Revision UMST-00A

Figure 2.6.15-2 Support Disk Cross Section Configuration
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Figure 2.6.15-3 BWR Fuel Tube Configuration
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2.6.15.1 Analvsis 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 stainless 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 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
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.

26152 Finite Element Model Description - BWR Basket

As 1s the case for the analysis of the PWR buasket, 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 louds 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 i1s modeled for the side impact evaluation because planes of
svmmetry are not present when the impact can be at an arbitrary angle. The basket model for the
side-drop 1s 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

stde-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 1s provided in Section 2.6.13.2. Figure 2.6.15.2-2 shows the ligaments and the
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interface with the BWR canister shell and the cask inner shell. The loads from the fuel assembly
are modeled as a pressure loading at the inner surface of each support disk slot opening. The
surface pressure loads applied to the support disk slot opening to represent fuel assemblies are
determined by performing a comparison analysis of all relevant BWR assemblies. A comparison
is performed to determine the highest load per disk. The load is then divided by the fuel tube’s
width and the disk thickness to result in a worst case scenario pressure loading. The pressure

loading applied to each slot opening is calculated as follows.

Load per disk = (Max. fuel assembly weight + max. fuel tube weight) / No. of loaded
disk

Max. fuel assembly weight = 821.3 Ibs (very conservative based on actual max fuel
assembly weight of 696 lbs [GE BWR/2-3 & 4-6])

Max. fuel tube weight = 83
Number of loaded disks= 37
Load per disk = (821.3 Ibs + 83 1bs)/37 disks = 24 .4 1bs/disk

Therefore, the pressure loading applied to each slot opening is (24.4 1bs)(0.625)/ 6.278 = 6.2 psi).

The loading is multiplied by 4 ¢ load factor based on the drop condition being analyzed:

1. Normal condition - 20 ¢

2. Accident condition - 60 ¢

The PLANEA2 element used in the model corresponds to plane stress and the thickness of the
model is input as 0.625 in., which corresponds to the thickness of the support disk in the BWR
basket.
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Figure 2.6.15.2-1 ANSYS Model of BWR Basket for Side-Drop
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Figure 2.6.15.2-2

Close-up of the Ligaments and the Interface with the Canister Shell and

the Cask Inner Shell
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26153 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
] -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
cvaluation.  These temperatures were obtained from the thermal analysis of the BWR

configuration as contained in Section 3.4.2.

Case Condition

No. T s Tomin No. o* E* Eo*
l -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

cmploved.

Case Condition

No. T ax Tmn No. o* E* Ea*
1 -40'F -30°F 1 NC** NC** NC**
2 600"F 150°F 3 7.5425E-6  27.550E3 2078
4 S16°F 106°F 2 74465E-6  27.934E3 2080

* Evaluated at average of Tp,, and Thyy (0 = thermal cxpansion coefficient, in/in/°F

E = modulus of elasticity, ksi)
NC denotes Not Compared because of uniform temperature.

F
The thermul stress is dependent on the Ex 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 a thermal gradient are

ZET0.

26154 Stress Evaluation of BWR Support Disks for 1-Foot End-Drop Load Condition

The BWR basket support disks are located 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
cach 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 2.0.15.4-2. The membrane stresses for the [-ft end drop condition is effectively zero.

The minimum margin of safety corresponding to a maximum primary membrane plus bending

stress of 32.5 ksi is
MS (P,+Pp) = (45.0/32,.5) -1 (1.5 Sy at 5S00°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
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Table 2.6.15.4-1 P+ Py, Stresses for Support Disk 1-Foot End-Drop, Thermal Case 1

Node Principal Stresses (ksi) Stress Fél_!%ygaﬂlg‘?‘ Mﬁ{'g:% of
st , S22 | 83 Intensity (ksi) | Stress (ksi)* | Safety
86 | 253 0.0 Lo 26.3 45.0 0.71
474 32.2 2.1 0.0 322 45.0 0.40
1129 29.6 1.5 0.0 29.6 45.0 0.52
1444 32.2 2.1 0.0 32.2 450 0.40
1564 25.3 0.0 -1.0 26.3 45.0 0.71
2236 296 1.5 00 29.6 45.0 0.52
2558 | 322 2100 32.2 45.0 040
2680 25.3 0.0 -1.0 26.3 45.0 D71
3332 20.6 1.5 0.0 29.6 45.0 0.52
3647 32.2 2.1 0.0 322 450 0.4
3765 25.3 0.0 1.0 26.3 45.0 071
1407 29.6 1.5 0.0 29.6 45.0 D.52

#1.5 Sp = 1.5 x 30.0 kst at SO0°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 ’ Allowable I Margin of

Nede g s2 $3 (psi) Stress (psi)* | Safety

86 25.6 0.0 -1.1 26.7 45.0 - 0.69
474 32.5 2.1 0.0 32.5 45,0 0.39
1129 29.9 1.5 0.0 29.9 45.0 0.51
1444 32.5 2.1 0.0 32.5 450 0.39
1564 25.6 0.0 -1.1 26.7 450 069
2236 29.9 1.5 0.0 29.9 454 D.51
2558 325 2.1 0.0 32.5 | 45.0 0.39
2680 256 0.0 1.1 26.7 45.0 0.69
3332 29.9 15 0.0 29.9 45.0 051
3647 325 2.1 0.0 325 45.0 0:39
3765 256 0 1.1 26.7 454 0.69
1407 29.9 1.5 0.0 29.9 | 45.0 D51

*1.5 8 = 1.5 x 30.0 ksi at S00°F.
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26155 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 1s
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 3S,. The maximum
stress intensity is 52.7 ks1 and the 38, allowable limit at S00°F for SA533 Type B Class 2 carbon

steel 1s 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 + Py + Q Stresses for Support Disk 1-Foot End-Drop, Thermal Case 4

] Principal Stresses zkm) ' Stress Intensity Al!pﬁébl?; Ma}z";pﬁ
Node —o 52 5 o) Streled | Safey
474 527 7.2 0.0 52.7 90.0 0.71
481 35.0 0.0 3.1 38.1 90.0 .30
1129 40.3 36 00 40.3 90.0 ™3
1444 52.7 7.2 0.0 52.7 90.0 01
1451 35.0 0.0 -3.1 38.1 90.0 138
2236 40.3 3.6 0.0 40.3 00.0 23
2538 527 72 0.0 52.7 90.0 04T
2565 | 350 0.0 3.1 38.1 90.0 136
3332 40.3 36 00 40.3 90.0 153
3647 52.7 7.2 0.0 52.7 90.0 0.71
3654 35.0 0.0 3.1 38.1 90,0 136
4407 40.3 3.6 0.0 40.3 90,0 123

=3.0 Sy = 3.0 x 30.0 ksi at 500°F,
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26156 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 1s 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.

26.15.6.1 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 1s 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 1 and 3.

261562 Definition of Cross Sections for Linearized Stresses

The stress evaluation for the support disk 1s performed according to the ASME Code, Section III.
Subsection NG, which requires comparison of the linearized stresses of cross sections of the
structure against the allowable stresses. Primary membrane stress intensity is compared with Sy,
and primary membrane plus bending stress intensity is compared with 1.5S,, for the material at
lemperature. A conservative temperature distribution is used to determine S, at each of the cross
scctions. These temperatures are obtained through thermal conduction analysis by using Thermal
Case 3. where the minimum temperature of the circumterence and the maximum temperature 1s

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.

2.6.1563 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 (Py) and 1.5S;, for primary membrane plus bending stress (Pu+ 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 Ornientation (Deg) Thermal Stress Evaluation Minimum
Case Margin of Satety
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 P, +0.47
2.6.15.6-5 0 2 P.+ Py +0.88
2.6.15.6-6 31.82 I P., +0.54
2.6.15.6-7 31.82 1 P, + P +0.19
2.6.13.6-8 31.82 2 P, +0.60
2.6.15.6-9 31.82 2 P, + Py +0.24
2.6.15.6-10 49.46 1 P +0.35
2.6.15.6-11 49 46 1 P, + P +0.11
2615612 49.46 2 P, +0.43
2.6.15.6-13 49,46 2 P. + 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 I 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 kst
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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

Onentation
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Figure 2.6.15.6-10  Locations of Maximum Linearized Stress Intensities - 90° Drop
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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 # I 2 1 2 1 1 2 2

1 1 2 4724 4725 3274 033 30.85 0.33

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

4 7 8 4730 4731 -32.74 -0.33 -30.85 -0.33
5 9 10 4732 4733  32.07 6.6 30.85 6.6

6 11 12 4734 4735 3207 -66 30.85 -66

7 13 14 4736 4737 -32.07 6.6 -30.85 6.6

8 15 16 4738 4739 3207 -6.6 -30.85 -6.6

9 17 18 4740 4741 2557 2046 23.89 20.46
10 19 20 4742 4743 2557 -2046 23.89 -20.46
11 21 22 4744 4745 -2557 2046 -23.890 2046
12 23 24 4746 4747 -2557 -2046 -23.89 -2046
13 25 26 4748 4749 17 27.99 17 27.39
14 27 28 4750 4751 -17 27.99 -17 27.39
15 29 30 4752 4753 -17 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 0.33 314 -0.33
19 37 38 4760 4761 3.79 0.33 379  -0.33
20 39 40 4762 4763 6.93 0.33 6.93 -0.33
21 4] 42 4764 4765 10.07 033 10.07 -0.33
22 43 44 4766 4767 1072 033 1072 -0.33
23 45 46 4768 4769 1386 0.33  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 2078 033 20.78 -0.33
27 53 54 4776 4777 2392 033 2392 -0.33
28 55 56 4778 4779 2457 033 2457 -0.33
29 57 58 4780 4781 2771 033 2771 -0.33
30 59 60 4782 4783  30.85 033 30.85 -0.33
31 61 62 4784 4785 314 033  -3.14 -033
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 -10.07 033 -10.07 -0.33
35 69 70 4792 4793 -10.72 033 -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

2.6-347
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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
40 79 80 4802 4803 -2392 0.33 -2392 -0.33
41 81 82 4804 4805 -24.57 033 -2457 -0.33
42 83 84 4806 4807 -27.71 033 2771 -0.33
43 85 86 4808 4809 -30.85 033 -30.85 -0.33
44 87 88 4810 4811 0 7.25 0 6.6
45 89 90 4812 4813 3.14 7.25 3.14 6.6
46 9] 92 4814 4815 3.79 7.25 3.79 6.6
47 93 94 4816 4817 6.93 7.25 6.93 6.6
48 95 96 4818 4819 1007 7.25 10.07 6.6
49 97 98 4820 4821 1072 7.25  10.72 6.6
50 99 100 4822 4823 13.86 7.25 13.86 6.6
51 101 102 4824 4825 17 7.25 17 6.6
52 103 104 4826 4827 1765 725 17.65 6.6
53 105 106 4828 4829, 20.78 7.25 20.78 6.0
54 107 108 4830 4831 2392 725 2392 6.6
55 109 110 4832 4833 0 13.53 0 14.18
56 111 112 4834 4835 314 1353 314 14.18
57 113 114 4836 4837 379 1353 379 14.18
58 115 116 4838 4839 693 [353 693 14.18
59 117 118 4840 4841 10.07 1333 1007 14.18
60 119 120 4842 4843 1072 1353 1072 14.18
61 121 122 4844 4845 1386 1353 1386 14.18
62 123 124 4846 4847 17 13.53 17 14.18
63 125 126 4848 4849 1765 1353 17.65 14.18
04 127 128 4850 4851 20.78 1353 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 314 21011 314 2046
68 135 136 4858 1859 379 2111 379 2046
69 137 138 4860 4861 693 21.11 693 2046
70 139 140 4862 4863 10.07 21.11 10.07 20.46
71 141 142 1864 4865 1072 21.11 10.72 2046
72 143 144 4866 4867 1386 21.11 13.86 20.46
73 145 146 4868 4869 17 2111 17 20.46
74 147 148 4870 4871 3.14 0.33 3.79 0.33
75 149 150 4872 4873 10.07  0.33  10.72  0.33
70 151 152 4874 4875 17 0.33 17.65 0.33
77 133 154 4876 4877 2392 033 2457  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

78 155 156 4878 4879 3.14 3.46 3.79 3.46
79 157 158 4880 4881 10.07 346 10.72 346
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 24.57 6.6

86 171 172 4894 4895 3.14 7.25 3.79 7.25
87 173 174 4896 4897 10.07 725 1072 7.25
88 175 176 4898 4899 17 7.25 1765 7.25
89 177 178 4900 4901 3.14 1039 379 10.39
90 179 180 4902 4903 10.07 10.39 10.72 10.39
91 181 182 4904 4905 17 10.39 1765 10.39
92 183 184 4906 4907 314 1353 379 13.53
93 185 186 4908 4909 10.07 13.53 10.72 13.53
04 187 188 4910 4911 17 13.53 17.65 13.53
95 189 190 4912 4913 314 1418 379 14.18
96 191 192 4914 4915 10.07 14.18 10.72 14.18
97 193 194 4916 4917 17 14.18 17.65 14.18
98 195 196 4918 4919 314 1732 379 17.32
99 197 198 4920 4921 10.07 17.32 1072 17.32
100 199 200 4922 4923 17 1732 17.65 17.32
101 201 202 4924 4925 314 2046 379 2046
102 203 204 4926 4927  10.07 2046 10.72 2046
103 205 206 4928 4929 17 2046 17.65 2046
104 207 208 4930 4931 314 2111 379  21.11
105 209 210 4932 4933 1007 21.11 1072 21.11
106 RED 212 4934 4935 14 2425 379 24725
107 213 214 4936 4937  10.07 2425 1072 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 -379 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

113 229 230 4952 4953 -13.86 725 -13.86 6.6

2.6-349
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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
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 4659 -2078 725 -20.78 6.6
119 237 238 4960 4961 -2392 725 2392 6.6
120 239 240 4962 4963 -3.14 1353 -3.14 14.18
121 241 242 4964 4965 -3.79 13.53 -3.79 14.18
122 243 244 4966 4967 -693 13.53 -693 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 1353 -20.78 14.18
129 257 258 4980 4981 -2392 13.53 -2392 14.18
130 259 260 4982 4983 314  21.11 -3.14 2046
131 261 262 4984 4985 379 21.11 -3.79 2046
132 263 264 4986 4987 -693 21.11 -6.93 2046
133 265 266 4988 4989 -10.07 21.11 -10.07 2046
134 267 268 4990 4991 -10.72 21.11 -10.72 2046
135 269 270 4692 4993 -1386 21.11 -13.86 20.46
136 271 272 4994 4993 -17 21.11 -17 20.46
37 273 274 4996 4997 314 033 379 0.33
138 275 276 4998 4999  -10.07 0.33 -10.72 0.33
139 277 278 5000 5001 -17 0.33 -17.65 033
140 279 280 5002 5003 -2392  0.33  -2457 0.33
141 281 282 5004 5005 314 346 -379 346
142 283 284 5006 5007 -10.07 346 -10.72 346
143 283 286 5008 5009 -17 346 -17.65 346
144 287 288 5010 SO -2392 346 -2457 346
145 289 290 5012 SO013 0 -3.14 6.6 -3.79 6.6
146 291 292 5014 5015 -10.07 66 -10.72 6.6
147 293 204 5016 5017 -17 66 -17.65 6.6
148 295 296 5018 5019 -2392 0.6 2457 6.6
149 297 208 5020 5021 314 725 379 725
150 299 300 5022 5023 -10.07  7.25  -10.72  7.25
151 301 302 5024 5025 -17 725 -17.65 725
152 303 304 5026 5027 314 1039 379 10.39
153 305 306 5028 5029  -10.07 10.39 -10.72 10.39
2.6-350
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Table 2.6.15.6-1
Disk (Continued)

Listing of Cross Sections for Stress Evaluation of Support

Section & | Point Point Node Node X Y X Y
Line # 1 2 1 2 1 1 2 2

154 307 308 5030 5031 -17 10.39 -17.65 10.39
155 309 310 5032 5033 314 1353 -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 314 1418 -3.79 14.18
159 317 318 5040 5041 -10.07 1418 -10.72 1418
160 319 320 5042 5043 -17 14.18 -17.65 14.18
161 321 322 5044 5045 314 1732 379 17.32
162 323 324 5046 5047  -10.07 17.32 -10.72 17.32
163 325 326 5048 5049 -17 17.32 -17.65 17.32
164 327 328 5050 5051 314 2046 -3.79 2046
165 329 330 5052 5053 -10.07 2046 -10.72 20.46
166 331 332 5054 5055 -17 2046 -17.65 2046
167 333 334 5056 5057 314 2111 -379 21.11
168 335 336 5058 5059 -10.07 21I.11 -10.72 21.11
169 337 338 5060 5061 314 2425 379 2425
170 339 340 5062 5063 -10.07 2425 -10.72 24.25
171 341 342 5064 5065 -3.14 2739 -3.79 27.39
172 343 344 50066 5067 -10.07 2739 -10.72 27.39
173 345 346 5068 5069 -3.14 -7.25 314 -6.6

174 347 348 5070 5071 -3.79  -7.25  -3.79 -6.6

175 349 350 5072 5073 -693 -7.25 -6.93 -6.0

176 351 352 5074 5075 -10.07 -7.25 -10.07 -6.6

177 353 354 5076 5077 -10.72  -7.25 -10.72  -6.6

178 355 356 5078 5079  -13.86 -7.25 -13.86 -6.6

179 357 358 5080 5081 -17 -7.25 -17 -6.6

180 359 360 5082 5083 -17.65 -7.25 -17.65 -6.6

181 361 362 5084 5085 -20.78 -7.25 -20.78  -6.6

182 363 364 5086 5087 -2392 725 2392 6.6

183 365 366 5088 5089 314 -13.53 -3.14 -14.18
184 367 368 5090 5091 -3.79  -13.53 -379 -14.18
185 369 370 5092 5093 -693 -1353 -693 -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
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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 | 2 2

192 383 384 5106 5107 -2392 -13.53 -2302 -14.18
193 385 386 5108 5109 314 -21.11 -3.14 -2046
194 387 388 5110 5111 -3.79 2111 -3.79  -20406
195 389 390 5112 5113 -6.93 -21.11 -693 -2040
196 391 392 5114 5115 -10.07 -21.11 -10.07 -2046
197 393 394 5116 S1t7 0 -1072 2111 -10.72 -2046
198 395 396 5118 5119 -13.86 -21.11 -13.86 -2046
199 397 398 5120 5121 -17 0 -21.11 -17  -20.46
200 399 400 5122 5123 314 -0.33  -3.79  -0.33
201 401 402 5124 5125 -10.07 -0.33 -10.72  -(0.33
202 403 404 5126 5127 -17 -0.33  -17.65 -0.33
203 405 406 5128 5129 -2392  -033 -2457 -0.33
204 407 108 5130 S131 34 3460 3790 -346
205 409 410 5132 S133 0 -10.07 346 -10.72 -3.46
200 111 412 S134 S135 -17 346 -17.65 346
207 413 414 5136 5137 -2392 346 2457 -346
208 415 116 5138 5139 314 -6.6 -3.79 -6.6

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

210 419 420 5142 S143 -17 6.6 -17.65 66

211 421 422 5144 5145 -2392 6.6  -2457 66

212 423 424 5146 S147 0 2314 2725 379 725
213 425 426 5148 5149 -10.07 -7.25 -10.772 -7.25
214 427 428 5150 S151 -17 -7.25  -17.65 -7.25
215 429 430 S132 S153 0 3014 -10.39 -3.79 -10.39
216 431 432 5154 S185 0 -10.07 -10.39 -10.72 -10.39
217 433 434 5156 5187 -17 0 -10.39 -17.65 -10.39
218 433 136 5158 5159 314 -13.53 -379 -13.53
219 437 138 5160 St61 0 -10.07 -13.53 -10.72 -13.53
220 1 439 140 5162 S163 17 <1353 -17.65 -13.53
221 441 142 5164 S16S 0 314 -14.18 379 -14.18
222 443 344 5166 5167 0 -10.07 -14.18 -10.72 -14.18
223 445 146 5168 5169 -17 0 -14.18 -17.65 -14.18
224 447 348 5170 5171 A4 -17.32 2379 -17.32
225 449 150 5172 S173 -10.07 -17.32 -10.72 -17.32
226 451 452 5174 5175 -17 0 -17.32 -17.65 -17.32
227 453 4354 3176 S177 0 314 20460 -3.79 0 2040
228 435 136 5178 5179 -10.07 -2046 -10.72 -20.40
229 157 438 5180 5181 -17 0 22046 -17.65 -2046
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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 2111 -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 -27.39 379 -27.39
235 469 470 3192 5193 -10.07 -27.39 -10.72 -27.39
236 471 472 5194 5195 0 -7.25 0 -0.6
237 473 474 5196 5197 314 725 314 66
238 475 176 5198 5199 379 725 379 -6.6
239 477 478 S200 5201 693 -725 693 -0.6
240 479 480 5202 5203 10.07  -7.25 1007 -6.6
241 481 482 5204 5205 1072 -7.25 1072 6.6
242 483 484 5206 5207 1386 -7.25 13.86 -6.6
243 485 486 3208 5209 17 -7.25 17 -6.6
244 487 488 5210 5211 17.65  -7.25  17.65  -6.6
245 489 490 5212 5213 2078  -7.25 2078 -6.6
246 491 492 5214 521s 2392 725 2392 6.6
247 403 494 5216 5217 0 -13.53 0 -14.18
248 405 496 5218 5219 314 -13.53 314 -14.18
249 497 198 5220 822 379 -1353 379 -14.18
250 499 500 3222 5223 693 -1353 693 -14.18
251 501 502 S2240 82250 1007 -13.53 10.07 -14.18
252 503 504 3226 5227 1072 -13.53 1072 -14.18
253 505 506 228 322u 1386 -13.53 13.86 -14.18
254 507 508 S22 823y 17 -13.53 17 -14.18
255 509 510 32320 I3 1765 -13.53 17.65 -14.18
256 ST 512 S234 R23s 20078 -13.53 2078 -14.18
257 513 S14 3236 3237 2392 -13.53 2392 -14.18
258 515 S16 S238 0 Sy 0 21011 0 -20.46
259 517 518 S240 0 241 314 21011 314 2046
260 519 520 S242 sS4 379 2111 379 -20.46
261 521 S22 S244 S5 693 2111 693 -2046
262 523 S24 S2460 8247 1007 2111 10.07 -2046
263 525 526 S248 0 32490 1072 21110 1072 -20.46
264 527 328 3250 5251 1386 -21.11 13.86 -20.46
265 529 530 5252 328R 17 -21.11 17 -20.46
260 531 532 3254 5235 314 033 379 033
267 533 534 5256 3257 10.07 -0.33 1072 -0.33
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SAR — UMS® Universal Transport Cask May 2000

Docket No. 71-9270 Revision UMST-00A
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 2 2

268 535 536 5258 5259 17 -0.33  17.65  -0.33
269 537 538 5260 5261 2392 -033 2457 -033
270 539 540 5262 5263 314 346 379 346
271 541 542 5264 5265 10,07 -346 1072 -340
272 543 544 3266 5267 17 346 17.65 -3.46
273 545 546 5268 5269 2392 346 2457 346
274 547 548 3270 5271 3.14 -6.6 3.79 -0.6
275 549 550 5272 5273 1007 -6.6 1072  -6.6
276 551 552 5274 5275 17 6.6 1765 -66
277 553 554 S276 0 5277 2392 66 2457 6.6
278 555 556 S278 5279 314 7250 379 -T.28
279 557 558 5280 5281 10,07 -7.25 1072 -T7.25
280 559 560 5282 5283 17 -7.25  17.65  -7.25
281 561 562 5284 5285 314 -10.39 379 -10.39
282 563 564 5286 3287 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 3.4 21353 379 -13.53
285 569 570 5292 5293 10.07 -13.53 10.72 -13.53
286 571 572 5294 5295 17 -1353 17.65 -13.53
287 573 574 5296 5297 314 -14.18 379 -14.18
288 575 376 5298 5299 10.07 -14.18 10.72 -14.18
289 577 578 5300 3301 17 -14.18 17.65 -14.18
290 379 580 5302 5303 314 -17.32 379 -17.32
291 581 582 S304 0 5305 1007 -17.32 1072 -17.32
292 583 584 S306 5307 17 -17.32 17.65 -17.32
293 585 586 3308 5309 314 2046 379 -20406
294 587 588 S310 SR 1007 -2046 1072 -20.40
295 589 590 S312 0 5313 17 -2046 17.65 -2046
296 591 592 S314 SR1s 0 314 2111 3790 21011
297 593 594 S316 5317 0 1007 -21.11 1072 -21.11
298 595 596 S8 3319 314 24250 3790 22425
299 597 598 S3200 5321 10.07 -2425 1072 -24.25
300 599 600 5322 5323 314 -27.39 379 -27.39
301 601 602 S324 0 5325 10.07 -27.39 1072 -27.39




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

May 2000

Revision UMST-00A

Table 2.6.15.6-2

Case |

P, Stresses for Support Disk—I-Foot Side-Drop. 0° Orientation, Thermal

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
203 6.9 -11.4 N 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 9.0 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 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 B 13.1 30.0 1.29
228 5.7 7.2 N 13.0 30.0 1.31
301 3.7 -7.0 -3.2 13.0 30.0 1.31
230 -1.3 -12.7 7 12.8 30.0 1.35
235 29 -7.3 3.7 126 30.0 1.38
215 -1 -12.6 -1 12.6 30.0 1.38




SAR — UMS® Universal Transport Cask

Docket No. 71-9270

May 2000

Revision UMST-00A

Table 2.6.15.6-3

P + Py, Stresses for Support Disk—1-Foot Side-Drop, 07 Oricentation,

Thermal Case 1

P.. + Py, Stresses (ksi)
Stress Allowable Margin of
Section Sx Sy Sxy Intensity (ksi) Stress (ks1) 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 5.7 226 45.0 .99
301 23 -17.3 -5.3 223 45.0 1.02
15 13.0 -10.6 8.0 19.9 45.0 [.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 §.3 -10.5 4 18.8 45.0 1.40
297 -7.2 -17.3 =35 18.4 45.0 1.45
227 9.5 -8.7 -3 18.2 45.0 .48
230 -1.7 -16.9 3.0 17.9 45.0 1.51
298 2 -17.5 N 17.5 45.0 1.57
232 -3 -17.5 -2 17.5 45.0 1.57
260 114 -S4 -9 16.8 45.0 1.67
194 125 -3.8 9 16.5 45.0 1.73
296 -3.3 154 -3.5 16.4 45.0 175
259 g4 -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 B! 15.0 45.0 2.00
294 14 -3.5 -2 149 45.0 2.01
2.6-356
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Revision UMST-00A

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 Sxv 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 1 18.1 30.0 .06
227 6.4 -10.8 0 17.2 30.0 74
298 -1 -16.6 .1 16.6 30.0 8l
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. -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 | -124 -1 124 30.0 1.43
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Docket No. 71-9270

May 2000
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Table 2.6.15.6-5

Thermal Case 2

P., + Py, Stresses for Support Disk—1-Foot Side-Drop. 07 Orientation,

P., + Pi. Stresses (ksi)

Stress Allowable Margin of
Section Sx Sy Sxv Intensity (ksi) Stress (kst) Safety
234 7.9 -14.2 4.5 239 45.0 88
300 10.4 -11.9 35 233 45.0 93
235 1.4 -18.2 5.6 226 45.0 1.00
301 24 -17.2 -5.3 223 45.0 1.01
15 -13.0 -10.7 8.1 20.0 45.0 1.25
16 12,6 108 -8.0 19.7 45.0 1.29
231 -7.9 177 3.5 18.8 45.0 1.40
293 8.1 -10.4 2 18.5 45.0 1.43
297 -7.2 -17.2 -3.5 18.3 45.0 .45
227 9.3 -8.0 -3 17.9 45.0 .52
230 -4.5 -10.6 3.5 17.6 45.0 1.56
298 -2 -17.3 | 17.3 45.0 .ol
232 -3 -17.2 -2 17.2 45.0 1.61
260 1.2 5.3 -9 16.6 45.0 1.70
104 12.3 P38 9 16.2 45.0 1.78
296 -3.1 -15.1 S35 16.1 45.0 1.80
259 8.4 7.1 9 15.6 45.0 1.88
197 -0.9 -14.1 2 ‘ 15.2 45.0 1.96
294 114 -3.0 2 15.0 45.0 2.00
290 -1 -14.8 l 14.8 45.0 2.04
2.6-35
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Table 2.6.15.6-6

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

Thermal Case 1

P Stresses (ksi)

Stress Allowable Margin of

Section Sx Sv Sxy Intensity (kst) Stress (ksi) Safety
295 3.6 -10.4 6.7 19.4 30.0 54
277 9.6 -9.2 2.0 19.3 30.0 .56
229 -11.0 4.3 3.0 18.2 30.0 65
301 6.0 -0.6 6.2 17.7 30.0 69
300 6 3.5 7.7 16.6 30.0 81
77 7.8 -8.1 9 16.1 30.0 87
235 -4.9 2.0 7.5 15.2 30.0 97
234 -3.7 4.4 7.5 15.0 30.0 1.00
265 -1.6 5.0 5.0 [4.3 30.0 1.10
257 -2 22 6.7 13.7 30.0 1.20
273 -1 13.3 -5 13.3 30.0 1.25
299 -1 129 -9 12.0 30.0 1.31
63 | 71 2.6 > 120 30.0 138
294 -4 b 47 125 30.0 1.40
73 -1 -0.1 S0 1.7 30.0 1.57
291 0 -2 14 116 30.0 1.59
70 6.2 -2 20 116 30.0 1.59
103 -8.7 2 9 s 30.0 1.60
292 -.1 113 12 IS 30.0 1.61
276 4.3 S0 28 13 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 Cuse 1

Stress Allowable Margin of
Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety
295 -6.9 | -359 | 7.8 37.8 45.0 19
294 -19.0 | -34.8 | 6.2 37.0 45.0 22
293 -22.7 | <336 | 57 36.1 45.0 25
267 257 ) 2319 | 59 354 45.0 27
266 257 4 -31.8 | 5.2 34.8 45.0 29
288 -26.3 | -31.0 | 52 344 45.0 31
274 -233 0 2322 1 4.0 337 45.0 34
251 -289 | 270 | 53 334 45.0 35
275 -204 | <320 | 38 33.1 45.0 36
227 2234 ] 2303 1 582 33.0 45.0 36
287 2260 | 2302 0 43 329 45.0 37
260 -249 | 22807 0 5.0 3201 45.0 40
284 233 [ 304 37 319 45.0 A1
248 -28.2 | -20.8 | 4.3 319 45.0 41
74 228 | 230,01 39 317 45.0 42
200 247 288 ) 44 RIN¢ 45.0 42
254 -27.2 J -233 ) 0.0 3.5 45.0 43
301 21 241 ] 87 315 45.0 43
268 242 ] 2257 ) 6.3 3.3 45.0 44
289 21| 2268 | 5T 313 45.0 44

2.6-360
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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 (ks1) Safety
277 | 9.3 -8.9 2.2 18.7 30.0 60
295 | 35 9.8 6.5 18.6 30.0 61
229 | -10.8 4.1 4.9 17.8 30.0 69
301 6.1 -6.3 5.9 17.2 30.0 74
300 1.4 5.5 7.6 16.6 30.0 81
77 | 7.6 7.8 1.0 15.6 30.0 93
235 | 4.8 28 7.5 15.1 30.0 98
234 | -3 4.6 7.4 14.9 30.0 1.01
265 | 43 3.3 4.7 | 13.6 30.0 1.20
357 | -3 | 14 67 | 134 30.0 124
273 0 -1 | -129 ] 5 12.9 30.0 1.33
299 -1 | -12.7 -9 12.7 30.0 1.36
204 | 8.2 4.3 12.3 30.0 1.44
263 | <66 | -122 1 12.2 30.0 1.46
103 | 84 | 1 39 113 30.0 162
7300220 60 | 49 1.3 30.0 1.65
291 .0 (-1L0 | -13 11.3 30.0 1.66
269 | -89 | -102 | 14 1.1 30.0 1.70
76 | 5.8 -3.9 25 10.9 30.0 1.76
292 -1 | -106 -1 10.8 30.0 1.78




SAR - UMS® Universal Transport Cask May 2000
Docket No. 71-9270 Revision UMST-00A

Table 2.6.15.6-9 Pn, + Py, Stresses for Support Disk—1-Foot Side-Drop, 31.82" Ornentation.

Thermal Case 2

Stress Intensity Allowuble Margin of

Section Sx Sy Sxy (ksi) Stress (ksi) Safety
295 -0.6 -34.3 7.5 36.2 45.0 24
294 -17.9 -33.5 5 35.5 45.0 27
293 -21.6 -32.6 54 349 45.0 29
267 -24.9 -30.9 5.7 343 45.0 31
266 -24.4 -30.5 5.0 333 45.0 35
288 -253 -29.6 5.0 329 45.0 37
274 224 -31.3 3.9 328 45.0 37
275 19.9 -31.3 3.8 325 45.0 .39
227 2225 -29.7 5.0 322 45.0 40
251 -27.9 -25.8 5.2 321 45.0 40
287 -25.2 -29.2 4.2 31.9 45.0 41
248 -27.4 =259 4.3 31.0 45.0 45
234 -8.1 -27.2 9.4 31.0 45.0 45
284 -22.3 -29.5 3.6 31.0 45.0 45
260 -235 -27.8 4.7 30.8 45.0 46
268 2237 -25.1 0.1 30.6 45.0 47
200 -23.8 -27.7 4.3 30.5 45.0 48
74 217 -28.8 3.7 30.4 45.0 A48
301 2.3 =232 8.3 30.4 45.0 A8
208 228 -28.7 RIN 30.4 45.0 A8

2.6-362
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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 (ks1) Stress (ksi) Safety
277 9.4 -10.8 4.7 222 30.0 35
265 -8.4 94 5.3 20.7 30.0 45
77 9.1 9.4 1.6 18.8 30.0 .59
257 -3.7 2.9 8.6 18.4 30.0 .63
295 8 -7.4 7.4 16.9 30.0 78
246 -7.5 2 7.5 16.8 30.0 .79
229 -8.3 3.3 5.5 16.1 30.0 .87
54 -2 -9.4 6.4 15.7 30.0 91
273 -1 -15.2 -1.1 15.3 30.0 .97
262 -8.6 5.7 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 2.3 13.5 30.0 1.22
73 1.2 -7.8 5.1 13.5 30.0 1.22
259 -7.0 5.6 2.1 13.2 30.0 1.27
63 -3.3 -4.1 6.3 12.7 30.0 1.37
211 -7.9 22 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 Py, + P, Stresses for Support Disk—1-Foot Side-Drop. 49.46° Orientation.

Thermal Case |

Stress Intensity Allowable Margin of
Section Sx Sy Sxv (ks1) 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 A7
238 =327 -32.0 5.5 37.9 45.0 19
246 -35.4 -11.8 7.9 37.7 45.0 19
243 -36.6 -20.6 4.4 37.7 45.0 19
276 -25.6 348 5.7 37.6 45.0 20
269 -26.3 -30.2 9.1 37.5 45.0 .20

24 -35.6 -28.0 4.3 37.5 45.0 20
266 -29.1 -33.1 S/l 30.6 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 5.0 353 45.0 28

27 -30.0 =235 7.3 352 45.0 28
204 23.0 -30.8 7.2 351 45.0 28

75 28.2 -32.0 4.4 349 45.0 29
240 -34.1 -22.2 RN 348 45.0 29

2.6-364
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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 3.2 8.2 17.8 30.0 .68
77 8.0 -8.7 1.6 17.6 30.0 71
246 -7.8 14 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 0.4 6.2 153 30.0 .93
243 -7.4 4.3 4.1 14.2 30.0 [.11
269 -11.1 -11.2 3.1 14.2 30.0 1.11
273 -1 -1401 -1 14.2 30.0 1.12
262 -8.0 5.3 23 14.0 30.0 1.14
103 -7.1 1.9 S 13.7 30.0 1.20
264 -13.4 ! -1.0 135 30.0 1.23

85 -11.8 -89 2.5 13.3 30.0 1.26
73 1.0 70 1.9 131 30.0 1.29
245 -12.3 0 -4 [26 30.0 1.39
65 34 40 6.2 12 30.0 1.40
211 -7. 20 38 12 30.0 1.41
259 -0.5 S0 21 122 30.0 1.46
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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
208 -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 -295 -34.0 5.0 37.8 45.0 19
276 2255 -34.4 5.9 37.3 45.0 21
269 -26.3 -29.9 8.9 37.1 45.0 21
246 -35.0 -10.6 7.5 37.1 45.0 21
238 -31.8 311 5.5 37.0 45.0 22
243 -35.9 -19.3 4.2 36.9 45.0 22

24 -34.9 -27.4 4.2 36.8 45.0 22
295 -10.1 -34.3 8.0 36.7 45.0 23
208 -27.2 -32.1 54 35.6 43.0 27
266 | 277 | 317 19 350 450 28

27 -30.5 -23.4 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 22101 3.0 3401 45.0 R

75 -27.6 RE 4.3 340 45.0 A2
254 -31.7 -20.7 5.3 339 45.0 A3

2.6-360
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Table 2.6.15.6-14

P, Stresses for Support Disk—I-Foot Side-Drop. 77.92° Orientation,

Thermal Case 1

Stress Allowable Stress Margin of
Section Sx Sy Sxy Intensity (ksi) (ks1) Safety
246 -12.1 10.0 3.6 233 30.0 .29
243 -11.4 8.2 1.3 19.8 30.0 52
245 -17.6 -1 -7 17.7 30.0 .70
27 -10.1 6.9 2.2 17.5 30.0 71
240 -9.6 6.9 1.1 16.6 30.0 81
85 -7.6 54 4.3 15.6 30.0 93
242 15.2 -1 -.0 15.2 30.0 97
269 -10.1 5.0 Nl 15.1 30.0 .99
29 -14.6 -1 -7 14.6 30.0 1.05
RENY -14.0 5.2 7 14.1 30.0 1.13
237 -7.9 0.0 1.1 14.1 30.0 1.13
24 -8.7 +.8 [.1 13.6 30.0 1.21
276 -7.1 3.1 4.0 12.9 30.0 1.33
239 -12.8 -1 -.0 12.9 30.0 1.33
254 -8.5 4.1 1.0 12.8 30.0 1.35
26 -12.7 -1 -1.0 127 30.0 1.35
256 -12.6 -1 -3 12.6 30.0 1.39
241 -12.1 -57 1.0 12.2 30.0 1.45
28 -11.9 -9 -1.2 12.0 30.0 1.49
280 -8.5 8 -1.9 [2.0 30.0 1.51
2.6-367
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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

5 -23.1 -30.6 2.0 31.1 45.0 45
30 -27.1 -3.4 7.8 29.5 45.0 53
27 -28.4 -5.8 33 28.9 45.0 56
246 =233 4.2 3.7 284 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 2258 1.2 259 45.0 74
244 2233 -14.8 5.0 256 45.0 76
77 [1.1 244 4.2 25.6 45.0 76
241 -22.6 5.0 5.0 252 45.0 79
75 212 -187 5.1 25.1 45.0 79
76 1.8 | 238 3.1 245 45.0 84
19 230 | -160 3.0 242 45.0 .86
85 S 233 33 240 45.0 88
21 -23.4 -11.0 1.7 237 45.0 90
74 -19.3 -18.0 233 45.0 93
238 -20.3 -15.3 4.6 23.1 45.0 95
84 1.6 21.9 3 228 45.0 97
275 -18.3 -16.7 5.1 226 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 (ksi) Safety
246 -11.8 9.9 35 228 30.0 32
243 -11.2 8.0 1.3 19.3 30.0 55
245 -17.2 -01 -06 17.2 30.0 74
27 -9.8 6.8 22 17.2 30.0 5
240 -9.4 6.6 1.0 16.1 30.0 .86
g5 -7.8 54 4.1 15.5 30.0 93
209 -10.0 5.0 B 15.0 30.0 1.00
242 -14.8 -1 -.6 14.9 30.0 1.02
29 -14.3 -1 -7 14.3 30.0 1.10
244 -13.7 -4.9 7 13.7 30.0 1.18
237 -7.7 5.7 1.0 13.6 30.0 1.21
24 -805 4.7 1.0 13.3 30.0 1.26
254 -84 4.1 1.0 12.7 30.0 1.36
276 -0.9 3.1 3.8 12.6 30.0 1.38
239 -12.5 -1 -.0 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
3 -7.7 -3.7 5.7 12.0 30.0 1.50
241 -11.8 -5.4 1.0 11.9 30.0 1.51
257 -7.1 4.1 2.0 11.9 30.0 1.53
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Table 2.6.15.6-17

P, + Py Stresses for Support Disk—1-Foot Side-Drop. 77.92" Orientation.

Thermal Case 2

i Stress Intensity Allowable Margin of

Section Sx Sy Sxy (ks1) Stress (ksi) Satety
5 -23.0 | -299 | 22 305 45.0 47
30 -26.2 1 -3.6 7.5 28.4 45.0 58
27 279 | 5.6 33 28.4 45.0 59
246 -229 4.1 3.7 279 45.0 61
24 258 | -9.9 2.2 20.1 45.0 72
22 -24.8 | -16.1 3.3 259 43.0 73
25 2500 | -15.6 3.0 259 45.0 T4
6 -8.1 -25.6 1.2 25.7 45.0 75
244 228 | -144 | 48 25.0 45.0 .80
77 10.9 23.8 4.1 25.0 45.0 .80
241 -22.0 | 151 4.9 245 45.0 84
75 -20.3 179 | 4.9 243 45.0 83
70 IS 231 3.0 239 45.0 .89
85 0 228 3.1 23.6 45.0 91
19 -22.00 ) -150 2.9 23.1 45.0 94
21 2226 | 2106 0 1.6 228 45.0 97
238 -197 ) 147 0 44 223 45.0 1.02
74 -84 170 0 44 222 45.0 1.03
243 =221 -1.8 1.2 222 45.0 1.03
84 1.1 212 31 221 45.0 1.04
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Table 2.6.15.6-18 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
27 -13.3 | 142 0 274 30.0 .09
77 -8.3 13.5 3.1 227 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 - 0 19.3 3.0 55
24 -11.3 7.3 0 18.5 30.0 62
273 1 174 4 17.4 30.0 13
81 1 174 -4 17.4 30.0 73
28 -16.0 9 0 16.9 30.0 7
26 -16.0 | -2 0 16.6 30.0 81
6 110 103 ) =59 16.3 30.0 81
5 -11.0 - -10.3 5.9 16.5 30.0 81
21 -9.6 S22 0 I4.8 30.0 1.03
23 -14.3 -1 O 14.3 30.0 1.09
246 -7.5 6.5 -2 141 30.0 1.13
54 -7.5 6.3 2 141 30.0 1.13
25 -13.5 -3 0 13 30.0 1.23
18 -8.1 42 0 120 30.0 1.44
20 -12.2 - 0 (22 30.0 1.45
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Table 2.6.15.6-19

P., + 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 - 220 3. 289 45.0 .56
269 -6.3 220 -3.0 289 45.0 .56
27 -13.3 | 142 -4 274 45.0 64
6 -17.9 | <184 | 5.8 24.0 45.0 .88
5 -179 | -184 5.8 24.0 45.0 .88
85 -5.4 16.4 24 223 45.0 1.02
277 5.4 16.4 24 223 45.0 1.02
2 -39 | -19.4 -1 19.4 45.0 1.32

l -39 | -194 1 9.4 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
51 2 18.0 -4 18.6 45.0 142
28 -10.0 9 3.5 18.3 45.0 1.45
20 -16.06 -2 -1 16.6 45.0 1.71
208 -3.7 10.4 -9 16.2 45.0 1.78
70 -53.7 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 -9.0 5.2 .5 5.1 45.0 1.98
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Table 2.6.15.6-20 P, Stresses for Support Disk—I-Foot Side-Drop, 90° Orientation,

Thermal Case 2

Stress Allowable Margin of
Section Sx Sy Sxy | Intensity (ksi) Stress (ksi) Safety
27 -129 | 138 0 26.7 30.0 A2
77 -8.0 13.4 3.0 223 30.0 35
269 -8.0 134 | -3.0 223 30.0 35
85 -0.6 12.6 1.2 19.3 30.0 .50
277 -0.6 126 | -1.2 19.3 30.0 56
29 -18.7 -1 0 18.7 30.0 .60
24 -109 | 7.0 0 17.9 30.0 .67
273 D S I W 3 17.2 30.0 e
81 1 17.2 -3 17.2 30.0 74
28 -13.5 1.2 0 16.7 30.0 .80
5 107 0 -104 | 57 16.2 30.0 .85
6 -107 ) -104 ] 257 16.2 30.0 85
20 -16.1 -2 0 16.1 30.0 .86
21 -9.3 530 0 14.3 30.0 1.10
246 -7.6 6.7 -2 14.3 30.0 1.10
54 P-7.0 0.7 2 14.3 30.0 1.10
23 -13.9 -1 0 13.9 30.0 1.16
25 -13.1 ] =29 0 13.1 30.0 1.29
20 B UC TN S U Y 1.9 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

P, + Py, Stresses for Support Disk—I-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 2.9 28.2 45.0 .59
269 -6.2 | 215 | -29 28.2 45.0 59
27 -129 | 13.8 -4 26.7 45.0 .69
6 -17.0 ) =177 ) 5.7 23.1 45.0 95
5 -17.1 | =177 (57 23.1 45.0 95
85 -5.5 15.9 23 219 45.0 1.05
277 -5.5 159 | -23 21.9 45.0 1.05
2 3.8 | <190} - 19.0 45.0 1.37
l 3.8 | -19.0 Nl 19.0 45.0 1.37
29 -18.7 -1 0 18.7 45.0 1.40
273 2 18.5 3 18.5 45.0 1.44
81 2 18.5 -3 18.5 45.0 1.44
24 -109 | 7.0 -1.4 18.2 45.0 1.48
28 -15.3 1.2 34 18.0 45.0 1.50
26 -16.1 -2 -1 16.1 45.0 1.79
246 117 42 -9 16.0 45.0 [.81
54 1070 42 9 16.0 45.0 1.81
268 -5.5 10.1 -.8 15.7 45.0 1.87
70 -5.5 10.1 8 15.7 45.0 1.87
21 -9.3 5.0 -1.4 14.6 45.0 2.08
2.6-374
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2.6.15.7 Stress Evaluation of BWR Support Disk for Combined Thermal and -Foot
Side-Drop Load Conditions

The loading for the I-ft side-drop is combined with the thermal loading for Thermal Case 2 to
produce the largest stress intensities. The allowable stress intensity, 3 S, 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+Pu+Q + 1.44
26.13.7-2 31.82 2 Pn+Pn+0Q +0.78
2.6.137-3 49.46 2 P, +P,+Q +0.59
26.13.7-4 77.92 2 Pn+P,+0Q + 1.40
2.6.13.7-5 90 2 P,+P.+0Q +2.08
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Table 2.6.15.7-1

Pm + 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 (kst) Safety

14 255 18.4 14.5 36.9 90.0 1.44
13 243 17.6 -14.0 353 90.0 1.55
234 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 -1 223 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 N 19.8 90.0 3.55
145 -11.9 -14.9 0.0 19.6 90.0 3.60
[11 -11.9 -14.9 6.0 19.6 90.0 3.60
215 -1 -19.3 -3 9.3 90.0 3.65
18 -9.3 -15.0 6.2 19.0 90.0 374
266 -9.3 -15.0 6.2 19.0 90.0 374
230 -4.1 -17.4 4.7 (8.9 90.0 3.76
194 -4.1 -17.4 4.7 18.9 90.0 3.76
270 0 -18.5 -4 8.5 90.0 3.87
134 -15.2 9.7 5.3 184 90.0 3.89
165 -15.2 -9.7 53 184 90.0 3.89
140 -12.9 -12.7 5.4 18.2 90.0 3.93

2.6-376
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Table 2.6.15.7-2

Pm + 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 (ks1) Stress (ksi) Safety
18 314 -37.3 15.9 50.5 90.0 78
266 314 -37.3 [5.9 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 46.0 90.0 93
268 -31.0 -31.6 15.0 460.3 90.0 94
24 -31.0 31.6 15.0 46.3 90.0 .94
137 -28.6 =334 141 45.2 90.0 .99
31 -28.6 -33 4 14.1 452 90.0 .99
138 -30.0 229 13.7 433 90.0 1.08
34 -30.0 -29.1 13.7 33 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 3401 12.1 426 90.0 1.11
293 2255 -3401 12.1 420 90.0 1.11
275 -26.1 340 1.9 120 90.0 1.11
241 -26.1 -34.0 11.9 426 90.0 1.11
288 | 290 | 30~ 121 10 90.0 [.14
ST | 290 | 308 120 | ERNY 90.0 114
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Table 2.6.15.7-3 P, + Py + Q Stresses for Support Disk - 1-Foot Side-Drop. 49.460"

Orientation, Thermal Case 2

Stress Allowable | Margin of
Section Sx Sy Sxv Intensity (Kst) 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 01
238 -37.1 -39.8 16.1 54.6 90.0 .05
274 -37.1 -39.8 16.1 54.6 90.0 03
241 -37.1 -39.8 [5.8 543 90.0 .66
275 -37.1 -39.8 15.8 543 90.0 60
18 -34.8 -38.9 169 539 90.0 67
266 -34.8 -38.9 16.9 339 90.0 67
27 -35.5 354 17.3 528 90.0 71
209 -35.5 -354 17.3 328 90.0 71
244 -344 -39.3 15.1 521 90.0 73
276 -34.4 -39.3 151 52.1 90.0 73
31 -32.8 -35.2 15.5 49.6 90.0 82
137 -32.8 -35.2 15.5 49.6 90.0 82
34 -33.4 -32.0 15.2 47.9 90.0 .88
138 -334 -32.0 5.2 47.9 90.0 .88
32 -34.5 -29.8 14.0 46.4 90.0 94
200 -34.5 -29.8 EAVE. 46.4 90.0 94
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Table 2.6.15.7-4

Pm + 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 (ks1) Safety
31 -25.4 -25.2 12.2 37.5 50.0 1.40
137 254 2252 12.2 37.5 90.0 1.40
24 -30.3 -18.4 11.5 37.3 90.0 1.42
268 -30.3 -18.4 1.5 37.3 90.0 1.42
138 =251 -23.2 11.8 359 90.0 1.51
34 22501 -23.2 11.8 359 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 10.8 355 90.0 1.54
76 -29.1 -17.3 10.8 35.5 90.0 1.54
244 -20.9 -227 10.5 35.5 90.0 1.54
276 -26.9 -227 10.5 35.5 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
2 315 -5.7 10.5 352 90.0 1.55
30 315 -5.7 10.5 35.2 90.0 1.55
75 -29.6 -15.6 10.6 35.2 90.0 1.56
22 296 -15.0 10.6 35 90.0 1.56
37 -233 -24.0 1.5 351 90.0 1.56
139 -23.3 -24.0 [1.5 35.1 90.0 1.56

2.6-379
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Table 2.6.15.7-5 Pm + Pu + Q Stresses for Support Disk - 1-Foot Side-Drop. 90~

Orientation, Thermal Case 2

Stress Allowable | Margin of
Section Sx Sy Sxv Intensity (ksi) Stress (kst) Safety
29 -29.2 1 0 29.2 90.0 2.08
27 -15.5 13.0 -1.2 28.7 90.0 214
77 -15.5 13.0 -1.2 28.7 90.0 2.14
269 -15.5 13.0 1.2 28.7 90.0 2.14
17 -28.1 -4 -.1 28.1 90.0 2.20
26 -26.9 -1 -1 26.9 90.0 2.34
23 -25.5 0 -1 25.5 90.0 2.53
20 -24.3 0 -1 243 90.0 2.70
14 | 17.1 10.0 9.5 236 90.0 2.81
15 l‘ 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 C -189 2.2 5.1 234 90.0 2.84
16 145 9.4 8.1 205 90.0 3.40
13 (4.5 9.4 -8.1 20.5 90.0 3.40
137 -13.7 -12.9 7.1 20.4 90.0 341
200 -13. -12.9 -7.1 204 90.0 341
31 -13.7 -12.9 7.1 204 90.0 341
33 -20.4 N 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 Comer-Drop Load Conditions

As is the case in the PWR basket support disks (sec 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 1s performed.

2.6.15.9 Stress Evaluation of BWR Support Disk for Combined Thermal and 1-Foot
Comer-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 [-ft end- and side-drop
conditions. Therefore, no scparate evaluation of the combined thermal and I-ft corner-drop

condition and the combined thermal and 1-ft oblique-drop condition is performed.

2.0.15.10 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 1s 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 Ib) are transmitted directly into the end of the
canister. the remaining load acting over the area of the spacers 1s 12,911 Ib. For the 1-ft end-drop
the deceleration 1s 20 g. which results in a total end-drop load of 258,220 Ib. The area in
compression is m(3.07 - 1.757)/4 = 4.66 in". The compressive stress 1s ‘2"58'220/(6 x 4.606) = §,235

psi and 1s considered to be a membrane stress.

2.6-381
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The allowable membrane stress. on the basis of the ASME Code. Section IIl. 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 1s demonstrated.

2.0.15.11 Support Disk Shear Stresses tor 1-Foot Drops

ASME Code. Section 111, Division |, Subdivision NG [15]. criteria define the Level A allowable
for shear stress to be 0.6 S, The design stress intensity for SA 533 at a bounding temperature
of S00°F (where maximum stresses occur) 18 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. Similarlv. for the end-drop, a maximum membrane stress dacross a section 1s
reported at 0 ksi for the 1-ft drop. Therefore. the maximum shear stress for any normal loading

condition 1s 27.4/2 or 13.7 ksi.

Using the allowable stresses as stated previously. the minimum margin of safety for shear 1s:

MS = [2(0.0)S,/SI] -1 = [2(0.0030)/274]-1 = +.0.31

Therefore, structural adequuacy of the BWR fuel basket support disk design for the normal

conditions of transport. -t side and end-drops is demonstrated for shear stress criteria.

261512 Bearine Stress - Basket Contact with Inner Shell

For the bearing stress (Sy) acting along the basket support disk—canister shell interface, an
angular contact of 187 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 n the basket.

The bearing area is considered to be the 0.625-in. thick disk over an 18" contact arca.

S = (5704200625 400T065.5/(360/18)|= 4,446 psi.
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The allowable bearing stress is the vield stress. which for SA533 Type B, Class 2 carbon steel at
a temperature of 400°F, 1s 63.2 ksi. The margin of safety for the support disk (not the canister) is

computed as

MS = (63.2/Sy)-1 = +13.2.

2.6.15.13 Basket Weldment Analysis for 1-Foot End-Drop

The responses of the fuel assembly’s top and bottom weldment plates to a 1-ft end-drop is
evaluated in conjunction with the thermal expansion stress. The top and bottom weldment plates
are 1.25-in thick and 1.0-in.-thick plates, respectively, of Type 304 stainless steel. The
weldments support their own weight and the weight of 56 BWR fuel assembly tubes. A finite
element analysis is performed for both plates. because the support for each weldment is different
depending upon the location of the welded ribs for each. Both models use the SHELL63
clement. 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 torces apphed to the nodes at the periphery of the fuel assembly slots.
An average point force 1~ upplied. The apphcation of the nodal loads at the slot periphery is
accurate because the tube werght 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 satsfies the primary membrane (P,) and the
primary membrane plus bending (Py+Pn) stress oriteria. An analysis including the thermal
expansion stresses 1s also pertormed.
The margins of safety are calvuluted as

MS=[(Pn+Pu/1.55,]-1 or MS =[Py +Py +Q)/3S8,] -1
The margins of safety evuluated for the weldments are shown in Table 2.6.15.13-1. The

weldments are shown to satuisty the stress eriternia in the ASME Code, Section III Division 1.
Subsection NG [15].

2.6-383
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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

2.6.15.13-2

Fieure

&
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Table 2.6.15.13-1 Minimum Margins of Safety for the Top/Bottom Weldments tor a 1-Foot
End-Drop With and Without Thermal Stresses

Allowable
Component/Condition P (ksi) S (ksi) MS
Top Weldment/-ft 8.41 17.38 +1.07
End-Drop
Bottom Weldment/1-{t 11.14 17.56 +0.58
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/[-ft 18.98 26.34 :-}0.39
End-Drop
Component/Condition P+ Prn+ Q (ksi) 3S,, (ks1) MS
Top Weldment/1-ft 16.95 52.14 +2.08
End-Drop + Thermal
Bottom Weldment/1-ft 27.26 52.68 +0.93
End-Drop + Thermal |

2.6-386
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2.0.15.14 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 vield strength for buckling: S, =70.0 ksi at -40°F (Thermal Case 1)
S, =59.3 ksi at 750°F (conservative)

S, =60.5 ksi at 650°F (conservative)

Material modulus of elasticity for buckling: E =24.60 x 10~ 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.

2.0.15.14.2 Detailed Support Disk Buckline Evaluation

Conservative temperatures are used in the support disk buckling evaluation.
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Methodologv

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 vield 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 Scction 2.6.153. 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 matenal
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 I-ft side-
drop condition are considered. For the out-of-plane buckling evaluation. the compressive forces
for the 1-tt side-drop condition are combined with the moment resulting from the nertial weight

of the support disk in the [-tt 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 ¢ for both the
|-t end-drop and the 1-ft side-drop conditions. The buckling evaluation is performed for each of
the scctions shown in Frgures 2.6.15.6-2 through 2.6.15.6-5. The sections are hsted in Table
2.0.15.6-1.

The buckling evaluation methodology/equations are summarized as follows:
Symbols and Units:

P =upplied loads. Kips

M = moment. Kips-in.

e
|

= allowable axial compressive load. Kips

P = criucal axial compression load, Kips

P. = Euler buckling loads. kips
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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

Cuw = 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

Kk =ratio of effective column length to actual unbraced length

I =unbraced length of member. in.

r  =radius of gyration. in.

S, =yield stress allowable, ks

A =area of the hgument. in”

. = plastic section modulus with respect to the major axis, in”

Y =allowable reduction factor. dimensionless.
C M
P8
P P
; M, 1=
P
P h
—— -<1.0
P 0.18M
where. P, =17x A\E,
ok
B
- - . . B
F, = = : tor —<C_= 21" —
5 3, k-l ‘_71‘} k',,l,} T \} S,
38 1rC 0 §r.C |

)
i
[
N}
[
o
pe
P
s
o
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FL‘ = T[/,. . \
1gof K11
r |
P, =8, xA

Cw = 0.85 for members with joint translational (sideways)
M,=S,xZ,

il

1 — .
: \// Sy
\ | -

Mp=M - 1.07- <M

3160 P

Load Condittons

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

follows:

1. Primary loads. Thermal Case 1. (See Sectuion 2.6.15.3)

!J

Primary loads. Thermal Case 2. (See Section 2.6.15.3)

(S|

Primary plus secondary thermal loads. Thermal Case 4. (See Section 2.6.15.3)

For the buckling evaluation diftferent 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 assoctated with the load which would result
displacement perpendicular to the plane of the disk. The strong axis buckling would buckles the

support disk web 1n the plane of the support disk.

2.6-390
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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, = 24956 ksi
A 0.4125 in” F, 32.456
L 6.278 in. C. 91.32

I bt /12=0.0134in" P 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 Cun 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 [-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 1n the buckling analyvsis 1s defined as follows:

C M

P, = P/P.. M=
(l - [) / /? ’)11[”:

M

P: = P/P\ I\I: =
' LIS M,

The X and Y directions refer to those webs that are parallel to the global X and Y directions,
respectively, for the basket (X 1s the hornzontal axis and Y is the vertical axis for the model

shown 1n Figure 2.6.15.6-2). Section locations are identified in Figures 2.6.15.6-2 through

2.0.15.6-5 und Table 2.6.15.6-1.

2.6-391]
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The margins of safety are calculated as:

and MS2 = ——— 1

MSI = -1
P+ M, P, + M,

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

oricntation 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 Puarameter Value
t 0.65 in. S, 59.3 ksi
b 0.625 in. P, A xS, =24.091 ksi
A 0.406 in” F, 31.959
L 6.278 in. C. 90.491
| be'/12=0.0143 in* P 22.071
r =0.188 F. 176.51
K 0.800 P, 137.674

KL/r 26.766 M, 3.915
Z bt /4 = 0.066 Mu 3.87
E 24.600 ksi Chy 0.85

2.6-392
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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

arc 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

Disk (Strong Axis)

Minimum Margins of Safety from Buckling Evaluation of BWR Support

Section Disk Drop

No. G-Load Orientation Heat Case MS1 MS2

208 20 0 1 +2.95 +3.303

208 20 0 2 +3.0 +3.36

208 20 0 2 + thermal +1.97 +2.25
load

205 20 31.82 | +1.82 +1.99

295 20 31.82 2 +1.96 +2.14

205 20 31.82 2 + thermal +1.52 +1.69
load

243 20 49 40 1 +1.98 +2.13

243 20 49 46 2 +2.00 +2.16

246 20 49 460 2 + thermal +1.44 +1.60
loud

244 20 77.92 | +2.56 +2.85

244 20 7792 2 +2.64 +2.93

244 20 7702 2 + thermal +1.79 +2.03
load

53 20 00 | +5.56 +6.15

53 20 90 2 +5.49 +0.08

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 cunister so that the center of gravity of the cask

and contents is maimntained.

For impact loading conditions. the spacer is designed to meet the requircments of 10 CFR
71.43(f) for the 1-tt drop condition (10 CFR 71.71). 10 CFR 71.43(f) requires that no substantiul
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 Cusk Cavity Spacers

Each Trunsportable Storage Canister containing Class 1 or Class 2 PWR fuel is located by onc
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 1s 67 1n. in diameter with 6 raised cvlinders of different diameters welded to 1t. The six
different diameters are: 12, 24, 32, 50. 560, and 65 in. The lengths of the spacers used to locate
the Class | and Class 2 fuel canisters vary. The Class 1 spacer 1s 18.25 in. long and the Class 2

spacer is 11.25in. 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 cvlinder being number 1 and the outer most being

0 as shown in the following sketch.
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The total load modeled is (73,000 1bs) x 60 g (conservative PWR canister weight).

Fuel canister loading Top cover plate
iy l./-
Cvlinders '\‘“ U H H

|
//@/R}D

Y0 0

\——— Cvlinder

©

The forces exerted on euch cvlinder were obtained from the finite element model:

Fi=0.3561 (10)" Ib
F-=0.6028 (10)" Ib
F.=0.8372 (10)" Ib
F,=1.024 (10)°1b
Fs=0.8260 (10)" b
=0.7346 (10)" b

The membrane stress experienced by each member 1s as follows:

Omembrane = F/A

G1=0.3561 (10)°1b / 21(5.625  + 0.1875)(0.375) in” = 25,993 psi
G2=0.6028 (10)°1b 7 210 11.625 + 0.1875)(0.375) in” = 21,660 psi
6-=0.8372 (10)"1b / 21(15.625 + 0.1875)(0.375) in” = 22,469 psi
6= 1.024 (10)" Ih / 21(24.625 + 0.1875)(0.375) in” = 17,516 psi
= 0.8260 (10)" 16/ 21(27.625 + 0.1875)(0.375) in° = 12,605 psi
=0.7346 (10)" Ib / 2m(32.125 + 0.1875)(0.375) in” = 9,649 psi

Based on the membrane stress the lowest margin of safety 1s:

Allowuble stress at 300 F = 0.7S,= 46.200 psi

2.6-398
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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:
Genical = E((0.605 - 107°m™)/(m(1 + 0.0040))

where:

E = modulus of elasticity for 304 SS @ 300°F---27 10° psi
m = R/T = radius/thickness
0= E/S, for 304 S8 = 27E6/20.000psi = 1.350 psi

Ceritiea; - 1 = Critical stress for each individual cvlinder

Oenticai - 1 = 27TE6(10.603 - 107(5.8125/0.375) )/(( 5.8125/0.375)(1 + 0.004(1350)) = 164.602 psi
Ocrieat- 2 = 27TE6110.605 - 107(11.8125/0.375))/(( 11.8125/0.375)(1 + 0.004(1350)) = 80,894 psi
Oenueal -3 = 27TEG(10.605 - 107115.8125/0.375))/((15.8125/0.375)(1 + 0.004(1350)) = 60.352 psi
Ocrient -4 = 27E6(10.605 - 107(24.8125/0.375)7)/(124.8125/0.375)(1 + 0.004(1350)) = 38.295 psi
Orineal - < = 27E0010.603 - 107(27.8125/0.375)"1/((27.8125/0.375)(1 + 0.004(1350)) = 34,100 psi
Ourineal -0 = 27EO1{0.603 - 107132.3125/0.375)"1/((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 =+ 1.19

The base disk of the canister spacer is evaluated to determine its ability to carry the loading of the
canister. ANSY'S Version 5.2 1s used to construct a finite element model of the canister spacer.
Plane 42 clements are used to represent the spacer. The model includes the bottom of the
canister to minimize the bending expenenced by the base disk. Link 1 elements are used to

transmit the load from the canister bottom to the base disk.

A maximum stress intensity of 11,103 psi is calculated by ANSYS. Based on the maximum

stress intensity a margin of safety 1s calculated as follows:

Allowable stress at 300°F = 0.7S,=46.200 psi.
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MS = (46,200/11,103) - 1 = +3.2

PWR Cask Cavity Spacers Normal Condition

The normal condition cask cavity spacer evaluation was performed by ratioing stresses bused on

the lincar accident condition analvsis results.
The compressive buckling load is calculated as

St = (Saq H20 /60 gy = (17.106)(20 ¢/60 g) = 5.702 psi
The critical buckling allowable stress calculated earlier is 38.295 psi.

The minimum margin of safety for critical buckling 1s:

' 38.29516 | ]
MS = | = | —1=-571
570216

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

' 200

) 6()g

] F 20
(SDs= (SThu| === 11000 = =367 psi

The ullowable stress (Sy) tor the PWR spacer at 300°F is 20.000 psi.  This results in the

following margin of safety:

- 20.000 psi |
VS = ! AL L

— 1 =1 =~145
. 3,007 pst

26.16.2 BWR Cask Cavity Spacers

Each canister containing Class 5 BWR tuel 1s located by one spacer. Canister containing Class 4
BWR fuel is located by 4 spucers. The lengths of the canisters containing Class 4 and Class 5
BWR fuel are 183.75 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

2.0-400
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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.

Spacer

L

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 upply a 1-ft end-drop load to the spacer, a total bounding load of ?é&:@ 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—:TQSi aluminum alloy at 300°F is 2i,050 *pgl Because the pressure
load 15 less than the vield strength, the spacer will not permanently deform during the 1-ft drop.

The margin of safety is

MS = (22,050/L374) 21 ="¥75.05

2.6-401
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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:

; {_37“3 ,,»709\
Sl = SIzoﬂ 607

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

margin for safety:

2.6-402



SAR — UMS® Universal Transport Cask May 2000
Docket No. 71-9270 Revision UMST-00A

2.7 Hvpothetical Accident Conditions

The Universal Transport Cask meets the standards specified in 10 CFR 71.51 when subjected to
the conditions and tests specified in 10 CFR 71.73 for hypothetical accidents. In accordance with
10 CFR 71.73, the cask is structurally evaluated for hypothetical accident scenarios of free drop,
puncture, fire, crush, and water immersion. In the free-drop analyses, the cask impact orientation
evaluated is that which inflicts the maximum damage to the cask. The most unfavorable ambient
temperature condition during operation in the range from -40°F to 100°F is assumed. The
following sections contain the evaluation of the cask for structural integrity under the

hyvpothetical accident conditions.

2.7.1 Free Drop (30 ft) - Cask Body Analysis

The Universal Transport Cask is required by 10 CFR 71.73(c)(1) to demonstrate structural
adequacy for a free drop through a distance of 30 feet (9 meters) onto a flat, unyielding,
horizontal surface. The cask payload is oriented to strike the surface to inflict the maximum
damage.  In determining the orientation that produces the maximum damage, the cask is
evaluated for impact orientations in which the cask strikes the impact surface on its top end,
bottom end. side. top comner. bottom comer, top-end oblique, and bottom-end oblique.
Evaluation of each drop orientation is accomplished by using finite element analysis techniques.
A complete description of the 3-D model used to analyze the cask body is presented in Appendix
2.10.2. The results of each drop orientation listed above is presented in this section. The impact
limiters and the 1mpact limiter attachments are evaluated in Section 2.6.7.5 for all loading

conditions and orientations.

The mass of the contents is considered when evaluating impact. The environmental temperature
for the drop is between -40°F and 100°F. For the accident condition, stresses arising from
thermal expunsion are not considered for the stress reevaluation. However, for determination of
properties. the temperatures are considered.  Heat generation from the contents and solar

_ . F T RIS S e s s e s i | aaontin e inion Lo dome onl oh i)
insolance are also considered. An_internal pressure of 150 psig is applied n_the_ finite element

models to produce the bounding critical stress condition in conjunction with the other loads
prumusl\ dmusscd Exghty( !)Q)pmg 1ggsed in the cask closure analysis =As:shown in.Table
¥ aximum ;calculated cinternal

prcssures. Closure hid bolt preloud 1S con51dered und fabncallon stresses are discussed.

The following method and assumptions are adopted in all the drop analyses:
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The finite element method is utilized to do the impact analyses. The analyses are

performed using the ANSYS computer program.
The analyses assume linear elastic behavior of the cask.

The cask contents are applied to the cask as a pressure load. The pressure

simulates the actual contents by applying the pressure as a cosine distribution.

The finite element model of the cask includes. geometrically, only the components
of the cask body to be structurally analyzed; however, the weight of radial neutron
shield spacers (as appropriate), and impact limiters are modeled as non-
geometrical point mass elements. The payload and spacer (as appropriate) are
modeled as distributed loads to attain a total weight of 252,444 pounds. To bound
the loads produced during a 30-ft drop, an acceleration of 60 g was used for all
30-ft drop orientations presented in this section. The actual predicted
accelerations are less than 55 g (review impact limiter discussion presented in
Scction 2.7.1.6). Therefore, the weights presented for the cask body analysis are
conservative and envelop the actual values presented in Section 2.2, Additionally,
the stress results (worst case side and oblique drop stresses) were increased by a
factor of 2.7% producing an effective cask weight of 259.260 Ib (no credit taken

for bounding acceleration).

To account for the lead slump during the drops, and for the differential thermal
expuansion between the cask stainless steel shells and lead shell, gap elements are
used in the finite element model to simulate the multi-body contact between these

components.

As discussed 1in Appendix 2.10.2. the loads and boundary conditions considered in the finite

clement analyses are: (1) Closure lid bolt preload. (2) internal pressure, (3) thermal. and (4)

impact and inertial loads resulting from the impact event.

During fubrication of the Universal Transport Cask. thermal stresses can be introduced in the

inner and outer shells as a result of pouring molten lead between them. However, any residual

stresses in the containment vessel and the outer shell induced by shrinkage of the lead shielding

after the lead pounng operation are relieved early in the life of the cask because of the low creep

to
-1
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strength of lead. Therefore, the effects of stresses resulting from the processes used in
fabrication of the cask are considered to be negligible. Further discussion of fabrication stresses

in provided in Section 2.6.11.

The following sections contain the evaluation of the cask for impact orientations in which the
cask strikes the impact surface on its end (top and bottom), side, corner (top and bottom), and
end oblique (top and bottom). The impact conditions in accordance with Regulatory Guide 7.8
and the categories of load to be considered for the hypothetical accident conditions are similar to
those for the 1-foot free drops, under normal conditions of transport, discussed in Appendix
2.10.2. Therefore, the discussions in the following sections refer to Appendix 2.10.2 wherever

applicable.

Three categories of load—closure lid bolt preload, internal pressure, and inertial body loads—are
considered on the cask. The inertia loads imposed upon the cask by the impact limiter result
from the mass of the entire assembly being acted upon by a design deceleration value of 60 g for
the 30-ft end-drop case. The closure lid bolt preload. internal pressure load, and contents loads
considered for the 30-ft end-drop condition are similar to those considered for 1-ft end-drop
condition in Section 2.6.7.1. with the exception that thermal stresses are not considered for
accident conditions. The material properties of the components are considered to be temperature

dependent.

The allowable stress limit criteria is discussed in Section 2.1.2.3. These criteria are used to
determine the allowable stresses for each cask component. conservatively using the maximum
operating temperature within a given component to determine the allowable stress throughout
that component (refer to Tuble 2.10.2.2-1). For cask body analyses presented in this section, the
maximum heat conditions (thermal condition 1) is 100°F ambient temperature, maximum decay

heat load. and maximum solar insolation.

2711 30-Foot End Drop

In accordance with the requirements of 10 CFR 71.73(c)(1). the Universal Transport Cask is
structurally evaluated for the 30-foot end-drop condition. In this hypothetical accident, the cask,
with ats payload, spacer (if appropriate). and the impact limiters, falls 30 feet onto a flat,
unyielding, honzontal surface. The cask strikes the surface in a vertical position; consequently,

an end impact on the bottom or top end of the cask occurs. The types of loading involved in an
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end-drop accident are closure lid bolt preload, internal pressure, thermal, and inertial body load.

Appendix 2.10.2 describes the application of each loading condition.

Figures 2.10.2.2-1 through 2.10.2.2-4 depict the sections used in the post-processing of the cask
body results. Tables 2.7.1.1-1 through 2.7.1.1-4 present the results for the top-end drop. Tables
2.7.1.1-3 and 2.7.1.1-4 provide a summary of Py and P, + Py stresses for the top-end drop.
Tables 2.7.1.1-5 through 2.7.1.1-8 tabulate the results for the bottom-end drop. Tables 2.7.1.1-7
and 2.7.1.1-8 provide a summary of Py, and Py, + Py, stresses for the bottom end drop. For the top
end. combined impact loading case, the calculated minimum margin of safety is 1.74 in the top
forging (Table 2.7.1.1-3). The calculated minimum margin of safety is 0.87 (Table 2.7.1.1-4) for
primary membrane plus bending. For the bottom end combined impact loading case. the
minimum margin of safety is 053 (Table 2.7.1.1-7) in the ligaments. The minimum margin of
safety for primary membrane plus bending stress intensity is 6_:93 (Table 2.7.1.1-8) in the bottom

forging.
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Table 2.7.1.1-1 Py, Stresses—30-Foot Top End-Drop, Thermal Condition 1
Allowable
Cylindrical Stress Components (ksi) Stress

Section Angle S, S, S, So S.. S ST (ksi) (ksi) MS
1 180 0.2 0.2 -0.1 0 0 0 0.3 48 142.58
2 180 0.2 0.3 -0.1 0 0 0 0.3 48 149.23
3 180 0.2 0.3 0.2 0 -0.1 0.4 0.9 48 53.64
4 180 -0.1 0.4 0.7 0.1 0 0.3 1 48 48.74
5 0 0 0.1 -0.2 0] 0 -0.1 0.3 48 185.48
6 0 0 0.1 -0.1 0 0 0 0.2 48 216.79
7 180 0 -0.1 -0.4 0 0 0 0.4 48 112.23
8 180 -0.2 -0.5 -1.4 0.0 0.1 0.3 1.4 48 34.09
9 80 -1.3 -1 -1.9 -0.2 0.3 0.3 1.1 48 41.03
10 135 0.8 -0.3 -1.7 -0.2 0 1.6 4.1 459 10.14
11 120 -0.3 -1.4 -4 -0.3 0.2 1.1 4.4 459 9.41
12 90 0 0.3 0.8 -0.2 0 0 0.9 459 50.66
13 90 0.9 0.7 1.7 -0.3 -0.2 0.1 1.3 459 33.82
14 135 -0.5 0.2 09 -0.1 0 -0.3 1.4 47.3 31.98
13 80 09 0.5 0.8 -0.1 -0.2 0 0.7 473 70.41
16 0 -0.1 1.9 -0.2 -0.2 -0.1 0 2.1 47.3 21.52
7 0 -0.1 2.8 -0.7 -0.3 0 0 35 473 12.43
18 0 -0.1 3.4 -1.2 -0.4 0 0 4.7 473 9.11
19 0 -0.2 1.4 -1.7 -0.5 0 0 6.2 473 6.67
20 0 -0.2 6.4 23 -0.7 0 0 8.8 47.3 4.38
21 0 -0.3 9.3 -3 -1 0 0 12.6 47.3 2.75
22 0 -0.5 12.4 -1.5 1.2 0.1 0.2 17 473 1.79
23 120 -0.1 -0.3 St 0 0.3 0.2 2.7 45.9 16.21
24 120 -0.1 0.5 29 0 0.3 0 34 459 12.44
25 10 -0.1 -0.4 S35 0 0.1 0 3.1 45.9 13.58
206 10 -0.2 -1 -4 0.1 0.1 0 3.8 459 11.04
27 10 0.2 -1.6 -4.6 0.1 0.1 0 4.4 439 9.35
28 10 02 -3.3 -5.1 0.1 0 0 4.9 459 8.35
2 20 0.3 -39 5.4 0 0 0 5.6 45.9 7.19
30 20 -0.4 9.6 5.6 0 -0.2 0 9.2 459 3.97
3l 60 -0.8 -10.3 5.3 0 -0.9 0.4 9.7 459 375
32 0 -0.9 57 -5 0.9 0.1 0.8 14 48 2.44
33 0 34 5.3 -4.9 0.2 0 1.5 10.5 48 3.58
34 0 8.3 32 -8.3 0.1 0.3 27 17.5 48 1.74
35 180 1.2 2 -3.7 0.4 -0.6 0.3 7.9 48 5.1
36 0 2 1 -6.6 0.1 0.7 3 8.7 48 4.53
37 180 -0.6 -0.2 -24 0 -0.3 0.9 2.8 48 16.08
38 0] 0.5 -0.2 22 0 0.4 0.7 2.5 48 18.46
39 0 0.2 -0.8 -5.3 0 0.5 0.3 54 48 7.9
40 0] 29 -2 -8.7 0 0.2 1.6 7.1 48 5.73
41 |80 -0.3 -0.2 1S 0 -0.1 0.5 1.5 48 31.56
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Table 2.7.1.1-2

P, + Py, Stresses—30-Foot Top End-Drop, Thermal Condition 1

Allowable
Cylindrical Stress Components (ksi) Stress
Section Angle S, S, S, S« S Sw SI (ksi) (ksi) MS
1 90 0.4 0.2 -0.1 0 0 0.1 0.5 72 145.34
2 120 0.5 0.4 0 0 0] 0 0.5 72 130
3 180 -0.1 0.4 0.7 0.1 -0.1 0.6 1.5 72 47.1
4 180 -0.1 0.4 0.7 0.1 -0.1 0.6 1.4 72 49.31
5 0 0.1 0.6 -0.1 0 0 -0.1 0.7 65 90.88
6 135 0.7 0.3 -0.1 0 0 0 0.7 65 89.53
7 135 0.3 0.3 -0.2 0 0 0.3 0.7 65 88.4
8 135 0.2 -0.9 -2.9 -0.2 0.1 1.3 4.1 65 14.85
9 120 -3.4 2.8 -5.35 -0.3 0.3 0.9 32 65 19.56
10 135 27 0.7 -0.5 -0.1 0 1.6 4.5 68.8 14.26
11 135 2.6 -0.1 29 -0.2 0.1 1.5 6.3 68.8 9.99
12 120 -1 -0.3 0.2 -0.2 0.1 -0.2 1.7 68.8 40.17
13 120 -1.3 0 1.2 -0.2 -0.1 0.1 2.6 68.8 25.58
14 120 -1.2 -0.1 0.5 -0.1 0 -0.2 1.8 70.9 39.17
15 90 2.3 1.3 2.1 -0.3 -0.3 0.3 1.5 70.9 47.19
16 2 -0.1 2.1 -0.2 0 -0.1 0 23 70.9 29.86
17 2 -0.2 3.1 -0.6 0 -0.1 0 3.8 70.9 17.88
18 2 -0.2 4 -1 0 -0.1 0 5 70.9 13.23
19 0 0 4.9 -1.6 -0.5 0 0 6.6 70.9 9.82
20 20 -0.4 7.3 -2 0 0 0 9.3 70.9 6.60
21 0 -0.1 9.9 -3.1 -1 0 0.1 13.1 70.9 4.41
22 10 -0.8 11.1 -9.7 -0.1 0.3 0.1 20.8 70.9 241
23 120 -0.1 -0.3 2.8 0 0.3 0.2 2.7 68.8 2417
24 180 0.3 0.9 2.7 0.1 0 0 3.7 068.% 17.65
23 0 -0.3 0.3 -3 0 0.1 0 34 08.5 19.47
26 0 -0.3 2 -4.3 0.2 0 0 4.1 08.3 15.8
27 0 -0.3 -2.8 -5 0.3 0 0 4.7 08.3 13.68
28 0 -0.5 -4.7 5.7 0.5 0 0] 5.3 068.8 12.07
29 0 -0.0 74 -0.1 0.5 0 0 7 68.8 §.88
30 20 -0.1 -10.9 -6.3 0 -0.2 0 10.8 68.8 5.39
31 0 -1.4 -14.2 16.6 1.3 0.1 0.4 15.3 68.8 35
32 0 -1.3 St 7 -1 0.1 -0.7 153 62.7 311
33 0 -1.5 1.7 2 -0.2 0 -0.9 13.8 027 3.55
34 0 -0.5 4.9 339 04 -0.2 -0.0 335 027 0.87
35 180 -1.3 1.9 -74 0.4 -0.6 0.1 9.4 027 5.69
30 180 -0.8 0 10 0.1 -1.1 0.2 10.2 627 5.15
37 10 3l 6.6 1.5 0.1 0.1 1 §.3 63 6.57
38 180 R -1.7 2.6 -0.4 -0.6 07 0.6 63 8.58
39 0 7 0.7 54 0.2 0.6 -04 12.6 63 4.02
40 0 -7 5.7 -18 0.2 0.1 -0.4 12.3 03 4.12
11 180 0.5 -0.3 -25 -0.1 -0.1 0.6 32 72 21.51
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Table 2.7.1.1-3 Critical Py, Stress Summary—30-Foot Top End-Drop, Thermal
Condition 1
Allowable | Margin
Component | Section Angle SI (ksi) | Stress (ksi) bf S?ifety?
1 ! 4 180 1 48 48.74
2 8 180 1.4 48 34.09
3 11 120 4.4 45.9 9.41
4 14 135 1.4 47.3 31.98
S 21 0 12.6 47.3 2.75
6 22 0 17 473 1.79
7 23 120 2.7 459 16.21
8 30 20 9.2 459 3.97
9 31 60 97 45.9 3.75
10 34 0 17.5 48 1.74
11 40 0 7.1 48 5.73
12 | 41 180 1.5 48 31.56
Table 2.7.1.1-4 Critical Pr, + Py Stress Summary—30-Foot Top End Drop, Thermal
Condition 1
| Allowable Margin
Component ' Section Angle | SI (ksi) Stress (ksi)| of Safety
1 3 i 180 1.5 72 47.1
2 8 135 4.1 65 14.85
3 11 135 ! 6.3 68.8 9.99
4 14 120 1.8 709 39.17
5 21 0 1311 70.9 4.41
6 22 10 208 709 241
7 23 120 2.7 68.8 24.17
8 f 30 20 10.8 68.8 . 5.39
9 31 0 ! 153 68.8 3.5
10 34 | 0 33.5 ‘ 62.7 0.87
11 39 0 126 63 4.02
12 41 180 3.2 i 72 21.51

to
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Table 2.7.1.1-5

P, Stresses—30-Foot Bottom End-Drop, Thermal Condition 1

Section

Angle

Cylindrical Stress Components (ksi)
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Table 2.7.1.1-6

P + Py, Stresses—30-Foot Bottom End-Drop, Thermal Condition 1

Section

Angle

Cylindrical Stress Components (ksi)
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S, S, Sy Sy
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Table 2.7.1.1-7

Critical P, Stress Summary—30-Foot Bottom End-Drop, Thermal

Condition 1

SI Allowable |Margin of
Component | Section | Angle (ksi) Stress (ksi) | Safety
1 8 | 180 1451 48 24
2 9 180 17°0 48 1:82
3 10 180 30:1 45.9 0.53
4 15 180 2191 473 1124
5 16 0 16:5 473 187
6 22 0 31 47.3 1443
7 23 90 103 45.9 3744
8 D4 0 103 45.9 3144
9 1 0 4.6 45.9 9.06
10 34 0 4.8 48 9%
11 40 80 43 48 10.04
12 41 180 13:5 48 2.55

Table 2.7.1.1-8

Critical Py, + Py, Stress Summary—30-Foot Bottom End-Drop,

Thermal Condition 1

T 1 SI Allowable  Margin of
Component = Section - Angle | (ksi) Stress (ksi) = Safety
1 5 180 | 159 72 3.53
2 B 180 212 65 2.07
3 10 180 354 68.8 095
4 15 180 223 70.9 D18
5 16 20 174 70.9 3707
6 22 0 3.3 70.9 2041
7 23 180 164 68.8 B2
8 24 0 11.6 68.8 491
9 31 10 5.0 68.8 12:67
10 34 i 59 62.7 9.53
11 40 10 7.0 63 | 7196
12 A1 180 208 72 246
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2.7.1.2 30-Foot Side Drop

In accordance with the requirements of 10 CFR 71.73(c)(1), the Universal Transport Cask is
structurally evaluated for the hypothetical accident 30-foot side drop condition. In this event, the
cask, with its payload, spacer (if appropriate), and impact limiters, falls 30 feet onto a flat,
unyielding, horizontal surface. The package strikes the surface in a horizontal position;
consequently, a side impact occurs. The types of loading involved in a side drop accident are

closure lid bolt preload, internal pressure, and inertial body load.

As shown in Tables 2.7.1.2-1 through 2.7.1.2-4, the margins of safety are positive for the 30-ft
side-drop accident. The minimum margin of safety for the primary membrane condition is 0.47
in component 4, bottom portion of the outer shell (Table 2.7.1.2-3). The minimum margin of
safety for primary membrane plus bending is 0.04 in component 4, bottom section of the outer
shell (Table 2.7.1.2-4).
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Table 2.7.1.2-1

P, Stresses—30-Foot Side-Drop, Thermal Condition 1

Allowable Margin

Cylindrical Stress Components (ksi) Stress of
Section Angle S, S, S, S. Sz Sw SI (ksi) (ksi) Safety
1 180 -3.0 37 -0.1 0.2 0.0 0.1 6.8 48.0 6.08
2 135 -0.3 2.7 0.0 -3.2 -0.1 0.2 7.2 48.0 5.68
3 30 -5.3 -9.0 -0.5 0.4 0.7 -0.5 8.7 48.0 4.50
4 10 -12.1 -17.6 -0.5 0.2 04 -4.2 18.4 480 1.61
S 10 -8.3 -60.8 -0.1 0.6 0.0 -0.1 8.4 480 4.70
6 0 -10.2 -125 -0.1 0.2 0.1 0.2 12.4 480 2.86
7 0 -11.8 -18.1 7.2 03 -0.4 -1.3 255 480 0.88
8 0 -6.3 -24.4 0.6 1.1 -1.3 -3.8 27.0 480 0.78
9 0 -16.8 -28.6 1.5 1.2 -0.8 39 31.0 480 0.55
10 0 -14.1 -32.8 0.2 1.1 -1.0 2.2 335 480 0.43
11 0 -20.4 -40.8 -0.6 1.4 -0.7 4.6 41.3 480 0.16
12 0 -27.6 -239 0.2 -0.8 -1.1 2.0 28.3 480 0.69
13 0 17.2 -18.4 -0.6 -0.5 -1.2 2.8 18.5 48.0 1.60
14 0 239 -32.5 =27 0.6 -0.8 -6.8 31.8 473 0.49
15 0 -13.0 -30.2 -0.3 1.4 -0.4 5.6 321 47.3 0.47
16 60 0.0 3.0 1.5 0.0 -10.3 -0.2 20.6 473 1.29
17 0 -0.3 54 2101 -0.8 -0.8 0.2 21.6 473 1.19
18 0 -0.3 4.7 254 09 -0.4 0.1 259 473 0.83
19 0 -0.3 4.5 27.0 -09 -0.1 0.0 27.4 47.3 0.72
20 0 -0.3 5.0 26.2 -0.8 0.3 -0.1 26.6 47.3 0.78
21 0 -0.3 0.0 224 -0.8 0.8 -0.2 228 473 1.07
22 60 0.0 5.3 1.8 -0.1 10.0 0.6 203 47.3 1.33
23 50 -0.2 -4.2 2.8 0.0 -10.7 0.3 226 459 1.03
24 50 -0.1 4.9 3.1 -0.1 -10.8 -0.2 21.7 459 1.12
23 0 -0.8 74 182 -0.8 -0.9 0.1 19.1 459 1.40
26 0 -0.8 74 233 -0.8 -0.5 0.1 242 459 0.89
27 0 -0.8 77 253 -0.9 0.0 0.0 262 45.9 0.75
28 0 -0.8 7.3 24.0 -0.& 0.4 0.0 25.0 45.9 0.84
2 0 -0.8 74 19.6 -0.& 0.8 -0.1 20.5 459 1.23
30 60 0.0 3.9 1.3 0.1 9.9 0.1 19.9 459 1.30
3 50 -0.2 4.2 33 -0.1 13.6 0.3 27.2 459 0.69
32 70 0.3 52 -0.6 0.3 10.4 1.0 21.7 48.0 1.22
33 50 225 1.0 0.7 21 0.6 0.4 14.0 48.0 244
34 60 3.2 3.7 28 0.8 10.9 0.7 22.0 48.0 1.18
35 0 -3.5 17.5 0.6 1.2 0.1 -3.0 19.8 48.0 1.42
36 180 27 18.3 20 24 0.5 34 224 48.0 1.14
37 0 -9.7 0.9 -0.1 0.0 0.0 -03 9.6 48.0 4.03
38 0 -10.7 5.2 -0.3 0.1 0.0 -0.5 10.5 48.0 3.58
39 0 114 9.4 0.8 0.2 -0.2 -0.9 12.3 48.0 2.89
40 0 9.8 12.7 -3 0.5 -0.1 -0.4 8.5 48.0 4.63
41 0 -14.8 9.0 0.7 -0.4 0.1 0.4 4.2 48.0 2.39
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Table 2.7.1.2-2 P + Py, Stresses—30-Foot Side-Drop, Thermal Condition 1
Allowable Margin
Cylindrical Stress Components (ksi) Stress of
Section Angle S, S, S, S S. Se SI (ksi) (ksi) Safety

1 180 2.0 9.1 0.0 0.2 0.0 0.1 11.1 72.0 5.49
2 0 -10.5 -11.3 0.0 0.2 0.1 -0.2 11.3 72.0 5.37
3 0 -15.5 -18.7 2.3 0.6 -0.1 -3.2 17.4 72.0 3.15
4 10 -16.8 -18.3 0.0 0.5 0.6 -4.6 20.0 72.0 2.60
5 0 -11.1 -12.9 -0.1 0.1 -0.1 -0.1 12.8 69.7 443
6 0 -11.8 -18.6 -0.1 0.3 0.1 0.2 18.4 69.7 2.79
7 0 9.9 -19.8 17.6 0.1 -0.8 -0.9 375 69.7 0.86
8 0 1.1 -12.3 33.1 0.4 -1.5 -5.2 46.3 69.7 0.50
9 0 55 -5.0 58.8 1.0 -1.6 -0.6 64.2 69.7 0.09
10 0 -4.7 -27.6 4.9 1.4 -0.9 -6.6 354 68.8 0.94
11 0 2.6 -30.2 1.1 2.3 -1.1 1.3 42.0 68.8 0.64
12 0 -37.9 -27.0 2.0 -1.2 -1 0.0 40.1 68.8 0.72
13 0 -40.2 -27.3 0.4 -1.6 -1.5 2.6 50.0 68.8 0.38
14 0 34 -229 30.6 -0.9 -1.0 22 68.2 70.9 0.04
15 0 7.2 -7.1 58.0 0.7 -1.1 35 65.4 70.9 0.08
16 50 -0.1 10.2 5.0 -0.2 -13.8 -0.2 27.9 70.9 1.54
17 0 -0.2 206.6 29.9 2.7 -0.3 0.2 304 70.9 1.33
18 0 -0.2 30.2 357 231 -0.2 0.1 36.3 70.9 0.96
19 0 -0.4 2201 16.3 1.4 0.0 0.0 38.5 70.9 0.84
20 0 -0.2 29.7 36.5 -3.0 0.0 -0.1 37.0 70.9 0.92
21 0 -0.1 251 30.5 25 0.1 -0.2 309 70.9 1.29
22 40 -0.2 6.8 32 -0.3 14.8 0.4 29.8 70.9 1.38
23 40 -0.3 -5.3 4.0 -0.1 -16.5 0.8 345 68.8 0.99
24 S0 0.3 12.7 4.9 -0.1 -14.2 -0.2 205 68.8 1.33
25 0 -0.6 28.0 26.3 -2 -0.4 0.1 203 68.8 1.35
26 0 -0.7 33.0 332 -3 -0.2 0.1 344 68.8 .00
27 0 -0.0 354 36.0 34 0.0 0.0 37.0 68.8 0.86
28 0 -0.6 344 344 32 0.2 0.0 35.8 68.8 0.92
29 0 -0.6 31.0 28.8 2.9 04 -0.1 322 68.8 1.13
30 50 -0.3 15.6 7.2 -0.2 12.5 0.0 264 68.8 1.61
3t 40 -04 4.5 7 -0.2 20.0 0.1 40.5 68.8 0.70
iz S0 0.1 4.1 34 0.1 14.6 0.1 30.6 62.7 1.05
33 60 -4.3 24 -6.5 -6.2 111 0.5 25.7 62.7 1.44
34 30 -0.1 -23 -9.2 0.2 14.8 -11 30.5 62.7 1.06
33 40 -0.8 -4 0.5 0.2 11.2 0.1 254 62.7 1.47
30 0 2.9 215 1.7 2.1 04 1.7 240 62.7 1.61
37 0 -84 6.1 0.0 0.0 0.0 -0.2 14.5 63.0 3.35
38 0] -15.0 -0.6 -0.3 0.0 0.0 -0.3 14.7 63.0 3.29
39 0 -19.7 58 32 -0.3 -0.2 28 235 63.0 1.68
40 0 9.1 -6.3 8.1 0.7 0.1 1.3 16.4 63.0 2.83
41 0 S18.2 0.6 0.5 3 0.0 0.1 15.6 72.0 3.61
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Table 2.7.1.2-3 Critical Pp, Stress Summary—30-Foot Side-Drop, Thermal Condition |
| | Allowable | Margin
Component Section Angle | SI (ksi) ' Stress (ksi) | of Safety
1 4 | 10 18.4 48.0 1.61
2 9 0 31.0 48.0 0.55
3 13 0 18.5 48.0 1.60
4 15 0 32.1 473 0.47
5 19 0 274 473 0.72
6 22 60 20.3 47.3 1.33
7 23 50 22.6 45.9 1.03
8 27 0 26.2 45.9 0.75
9 31 S0 27.2 45.9 0.69
10 36 180 224 48.0 1.14
Il 39 0| 123 48.0 2.89
12 41 0 | 142 48.0 2.39
Tuble 2.7.1.2-4 Critical Py, + P Stress Summary—30-Foot Side-Drop, Thermal
Condrition |
~ Allowable ' Margin
Component  Section Angle SI (ksi) ' Stress (ksi) of Safety
I 1 10 20.0 72.0 2.60
2 9 0 64.2 69.7 0.09
3 13 0 50.0 68.8 0.38
4 14 0 68.2 70.9 0.04
5 19 0 38.5 70.9 0.84
O 22 40 298 70.9 1.38
7 23 40 345 68.8 0.99
8 27 0 37.0 68.8 0.86
Y 31 40 40.5 68.8 0.70
10 32 50 30.6 62.7 1.05
Ll 39 0 235 63.0 1.68
12 41 0 15.6 72.0 3.61
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27.1.3 30-Foot Comer Drop

In accordance with the requirements of 10 CFR 71.73(c)(1), the Universal Transport Cask is
structurally evaluated for the hypothetical accident 30-foot corner drop condition. In this event,
the cask, payload, spacer (if appropriate), and impact limiters, falls 30 feet onto a flat, unyielding,
horizontal surface. The cask strikes the surface on its top or bottom corner. The cask center of
gravity is directly above the initial impact point for the corner drop condition. For the cask, an
angle of 23° from vertical is calculated for the top corer drop orientation, and an angle of 23.5°

from vertical is calculated for the bottom corner drop orientation.

The results of the stress evaluation are provided in Tables 2.7.1.3-1 through 2.7.1.3-4 for the top
corner and Tables 2.7.1.3-5 through 2.7.1.3-8 for the bottom corner, respectively. For the top
corner combined impact loading case, the minimum margin of safety for primary membrane
stress intensity is 1.04 (Table 2.7.1.3-3) in the ligaments. The minimum margin of safety for

primary membrane plus bending stress intensity is 0.96 in the top forging (Table 2.7.1.3-4).

For the bottom corner, combined impact loading case, the minimum margin of safety for
membrane stress intensity is 0.78 in the ligaments (Table 2.7.1.3-7). The minimum margin of

safety for membrane plus bending stress intensity is 0.94 (Table 2.7.1.3-8).
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Table 2.7.1.3-1

P Stresses—30-Foot Top Comer-Drop, Thermal Condition 1

Allowable Margin
Cvlindrical Stress Components (ksi) Stress of
Section Angle S, S. S, Sev Se; S SI (ksi) (ksi) Safety
1 180 -1 1.4 -0.1 0.1 0 0.1 24 48 18.83
2 120 0.2 0.4 0 -1.3 0 0 2.6 48 17.78
3 %0 0.5 -0.2 0.2 -1.1 -1 0.4 3.1 48 14.32
4 0 -4.7 -6.4 0.2 0.2 0 -14 7 48 5.89
3 10 2.9 223 -0.1 0.2 0 -0.1 2.9 48 15.63
6 0 -3.6 -4 -0.1 0.1 0 0 4.3 48 10.24
7 0 -4.1 -6.5 2.4 0.1 -0.2 -0.5 9 48 4.36
8 0 29 -9.3 -1.1 0.4 -0.5 -1.2 8.9 48 4.38
9 0 -7.3 -11 -1.1 0.4 -0.3 1.8 10.5 48 3.58
10 0 -5.3 -12.8 -11.3 0.5 -0.5 0.1 7.7 459 4.94
11 0 -8.3 -15.9 -17.1 0.5 -0.3 23 10.1 459 355
12 0 -10.1 -8.6 11.1 -0.3 -0.4 0.8 21.3 45.9 1.16
13 0 -6.2 -6.4 15.8 -0.2 -0.5 1 224 459 1.04
14 0 -9.1 -11.6 -0.4 0.2 -0.3 -2.6 12 47.3 294
15 0 -4.3 -10.6 0.6 0.5 -0.2 2 11.9 47.3 2.97
16 60 0 25 0.3 0 -3 -0.1 8.1 47.3 4.86
17 0 -0.2 44 6.7 -0.6 -03 0.1 7 47.3 5.77
18 0 -0.2 4.8 7.6 -0.7 -0.1 0 7.9 47.3 4.98
19 105 -0.1 34 -5.4 0.1 -0.1 0 8.8 47.3 4.38
20 105 -0.2 5 5.3 0.1 0.8 0 10.5 47.3 3.49
21 50 -0.1 &4 -3.5 0.1 2.8 0.1 13.1 47.3 2.61
22 60 -04 12.5 -2.4 0 5 0.3 18 47.3 1.63
23 50 0.1 -1.3 -1 0 -3.8 0.2 7.6 459 5.04
24 30 -0.1 2 -1.4 0 -3.5 -0.1 7.9 459 4.83
25 SO -0.1 3 -4.5 0.1 -1.7 0 5.9 45.9 6.74
26 LOS -0.2 -0.6 -0.3 0 -0.4 0 6.1 45.9 6.47
27 103 -0.2 -1 -0.8 0 0.3 0 0.0 459 5.98
28 90 -0.2 2.2 -0.4 0.2 1.3 0 0.0 459 5.97
29 &0 -0.3 -4.3 -3.5 0.1 24 0 7.1 459 5.46
30 60 -0.4 7S -14 0 3.0 0.1 9.5 45.9 3.84
3 20 -0.9 94 -0.4 -0.1 4.5 0.1 1.8 459 291
RN 70 -0.6 8.8 -3 0.2 hl -0.5 137 48 2.05
a3 0 N 1.9 -5.2 0 04 2.2 1.2 48 33
34 0 38 2 -12.6 0.6 0.9 1.9 18.9 48 1.54
35 18O 1.2 4.0 -5.4 0.8 -0.4 0.5 10.3 48 3.08
30 180 23 7.5 -0.1 0.8 -0.0 1.7 14.1 48 24
37 0 4.2 -0.5 2.1 0 0.3 0.8 4.1 48 10.81
R 10 -4 22 -1.2 0.4 0.3 0.5 3.3 48 13.76
39 180 24 222 57 -0.1 -0.4 0.2 3.7 48 12.09
40 150 -5.2 -3.3 7.5 0.1 -0.1 -1.8 5.2 48 §.23
41 0 5.2 32 i1 -0.1 0.1 0.6 4.2 48 10.32
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Table 2.7.1.3-2

P, + Py Stresses—30-Foot Top Comer-Drop, Thermal Condition |

Allowable  Margin
Cylindrical Stress Components (Kksi) Stress of
Section Angle S, S, S, So S Se SI (ksi) (ksi) Safety
1 180 -1.2 27 0 0.1 0 0 39 72 17.36
2 180 -0.6 29 0 0.1 0 0 3.6 72 19.11
3 0 -6.1 -6.9 -0.9 0.1 0.1 -1 6.2 72 10.62
4 0 -6.7 -6.9 -0.1 0.1 0 -1.5 7.4 72 8.77
5 0 -3.1 -3.3 -0.1 0 0 -0.1 3.2 65 19.46
6 0 -4.4 -6.1 -0.1 0.1 0 0 6 65 9.9
7 0 -4.4 -7.3 6.1 0 -0.3 -0.6 135 65 3.8
8 0 -0.7 -4.5 124 0.1 -0.6 24 17.4 65 273
9 0 23 -1.3 22.1 0.3 -0.6 -0.2 235 65 1.76
10 0 -1.4 -10.8 -9.7 0.6 -0.4 -1.3 9.8 68.8 6
11 0 2.1 -11.3 -129 0.9 -0.5 1.1 15.3 68.8 3.49
12 0 -14.7 -10.1 10.1 -0.5 -0.4 0 248 68.8 1.77
13 0 -15.6 -10 12.5 -0.7 -0.6 1.1 28.3 68.8 1.43
14 0 -12.3 -8.6 13 -0.4 -0.4 -0.9 254 70.9 1.79
I 0 3.6 -2 21.7 03 -0.4 1.2 23.8 70.9 1.98
16 50 -0.1 53 1.4 -0.1 5.1 -0.1 10.8 70.9 5.56
17 0 -0.1 12.3 10 -1.2 -0.1 0.1 12.6 70.9 4.63
18 0 -0.1 14.2 11.4 -1.5 0 0.1 14.6 70.9 3.85
19 0 -0.1 15.5 113 -1.6 0 0 159 70.9 3.46
20 0 -0.1 16.8 9.7 -1.7 0.1 0 17.2 70.9 3.12
21 0 -0.1 17.7 5.8 -1.8 0.2 0 18.1 70.9 291
22 50 -0.8 12.6 -8.1 -0.1 6.3 03 243 70.9 1.92
23 40 -0.2 -1.8 -1.1 0 -6.1 0.4 122 68.8 4.65
24 50 -0.2 S -0.8 -0.1 -4.7 -0.1 11 68.8 5.24
25 0 -0.4 2 6.3 -0.8 -0.1 0 9.8 68.8 6.01
20 0 -0.5 10.1 7.8 -0.9 0 0 10.7 68.8 3.42
27 0 -0.5 10.1 7.8 -0.9 0 0 10.8 68.8 5.39
28 70 -0.3 -8.4 7.4 0 1.5 0 9.2 68.8 6.51
29 70 04 -9.7 -7 0 24 0 10.8 68.8 54
30 70 -0.6 -11.3 -54 0 32 0.1 12.1 68.8 4.67
R¥ 40 -0.5 -0.2 2.8 -0.1 7.3 04 17.2 68.8 3
32 60 -1.2 8.4 7.5 0 ) -0.6 20 62.7 213
33 180 -1.2 1.6 13.2 0.4 0.1 -0.8 149 62.7 3.22
34 50 -0.4 -6.3 312 0.1 5.3 -0.9 32 62.7 0.96
33 180 -1.3 4.6 -5.7 0.8 -0.6 0.8 10.6 62.7 493
36 130 -0.4 6.4 -8.2 1 -0.8 1.1 13 62.7 3.18
37 70 25 -8.3 [.8 1.1 0.2 1.1 7.8 63 7.05
38 70 4.7 25 -1.1 ] 0.1 06 7.5 63 7.39
39 180 3.5 2 4.2 04 -0.5 -0.2 9.8 63 5.4
40 0 -4.5 -0.5 -154 0.5 0.3 0.7 1.2 63 4.65
41 0 6.4 3.6 -0.1 0.2 0 0.1 6.3 72 10.42

2.7-17



SAR — UMS® Universal Transport Cask

Docket No. 71-9270

May 2000
Revision UMST-00A

Table 2.7.1.3-3 Critical Py Stress Summary—30-Foot Top Corner-Drop, Thermal
Condition 1
Allowable | Margin
Component | Section | Angle SI (ksi) .S'E'W&S?(kqm 5?5211’&;
1 4 0 7 48 5.89
2 9 0 10.5 48 3.58
3 13 0 224 459 1.04
4 14 0 12 47.3 2.94
5 21 80 13.1 47.3 2.61
6 22 60 18 47.3 1.63
7 23 S0 7.6 45.9 5.04
8 30 60 9.5 459 3.84
9 31 30 11.8 45.9 291
10 34 0 18.9 48 1.54
11 40 180 5.2 48 8.23
12 41 0 4.2 48 10.32
Table 2.7.1.3-4 Critical Py, + Py, Stress Summary—30-Foot Top Corner-Drop. Thermal
Condition 1
Allowable | Margin
Component: Section Angle SI (ksi) | Stress (ksi) :)fSiifety
| 4 i 0 7.4 72 8.77
2 9 ! 0 23.5 6S 1.76
3 13 0 28.3 68.8 1.43
4 14 0 254 70.9 1.79
3 21 0 18.1 70.9 291
6 22 50 243 70.9 1.92
7 23 40 12.2 68.8 4.65
8 30 70 12.1 68.8 4.67
9 3] 40 17.2 68.8 3
10 34 50 32 627 0.96
11 40 0 11.2 63 4.65
12 41 0 6.3 72 10.42
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Table 2.7.1.3-5 Py Stresses—30-Foot Bottom Corner-Drop, Thermal Condition 1
Allowable  Margin
Cylindrical Stress Components (ksi) Stress Of
Section Angle S, S, S, Sw S« Sa SI (ksi) (ksi) Safety
1 180 2.2 1.6 2.4 0.2 0 -0.3 4.1 48 10.59
2 180 -1.2 2.3 -1.5 0.2 0 0.2 3.9 48 11.2
3 0 -4 9.8 -19.5 0 -1.7 -0.9 15.9 48 2.03
4 180 2.6 25 -5.5 0.7 0.6 0.6 8.3 48 4.82
5 180 -1 1.8 -1.9 0.1 0.7 -1.5 5 48 8.52
6 180 -0.2 2.6 -1.4 0.2 0.2 0 4 48 11.1
7 80 0.8 -0.6 36 -1.4 -1 2.1 6.9 48 5.92
8 80 3. -0.3 -29 2.0 2.4 33 11.2 48 3.3
9 70 4.6 2201 -4.7 -0.4 -2.5 2.6 12 48 3.01
10 0 1.8 -9.3 -9.6 1 -0.3 11.3 25.4 459 0.81
11 0 8 -9.8 -15.5 1.6 -0.5 5.1 258 459 0.78
12 10 -2.9 -44 Il 0.1 -1.7 -3 16.5 459 1.78
13 10 9.2 1.7 19.8 -0.2 -1.8 2 18.8 459 1.44
14 0 -7.7 -12.9 -14.7 0.6 -1.8 -7.7 17.3 47.3 1.74
15 0 1.3 -10.1 -13.9 0.9 -0.8 4.8 18.2 47.3 1.6
16 50 -0.2 11.4 -4 0 -5.1 -0.2 18.5 47.3 1.56
17 70 0.1 6.8 -4.1 0.1 -34 0 12.8 47.3 2.68
L8 90 0.1 4.3 5.4 0 -1.6 0 10.2 47.3 3.62
19 90 -0.1 32 -5.5 0 -0.6 0 8.8 473 4.37
20 90 -0.1 2.8 4.9 0 0.5 0 7.8 47.3 5.09
2t 90 -0.1 2.1 38 0 1.5 0 6.6 47.3 6.19
22 70 0 25 -1 0 3.3 0.1 7.4 47.3 5.38
23 20 -0.9 -155 9.4 0 -2 0.6 15.8 459 1.9
24 60 04 §4 54 0 -4.2 0 10.9 459 3.2
25 70 -0.3 4.5 5.6 0 -3.2 0 8 45.9 4.72
26 S0 -0.2 2.2 -0.2 0.1 2.2 0 0.9 45.9 5.62
27 90 -0.2 l -6.7 2 -1 0 6.7 459 5.88
28 90 -0.2 0.6 0.4 0.1 -0.1 0 2 459 6.36
29 90 -0.2 -0.3 -5.5 0.1 0.8 0 5.6 459 7.22
30 60 -0.1 1.1 2.6 0 2.7 0 6.5 45.9 6.02
31 10 -0.2 23 -1.6 -0.1 46 0.1 9.9 459 3.64
32 70 0.1 27 -0.8 0.1 35 0.3 7 48 5.12
RR) 20 -0.9 1.3 -0.3 -0.7 23 0.2 5.1 48 8.37
e 60 09 2.3 -1 0.2 3.6 0.2 8 48 5.03
35 0 -1.3 -4.9 -0.4 03 0.1 -0.9 5.2 48 8.3
36 180 1.3 68 -0.9 08 0.1 1.1 8.2 48 4.82
37 10 -3 -0.5 -0.1 0.5 0 0.1 31 48 14.53
38 0 -3.0 -1.8 0.2 0 0 0 14 48 13.14
39 0 -38 -3.2 -0.3 0.1 -0.1 0.1 35 48 12.57
40 S0 -1.3 -1.8 -34 0.1 0 14 3.6 48 12.49
41 0 -5.6 29 -15 0.3 -0.2 1.9 12.5 48 2.83
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Table 2.7.1.3-6

P + Py Stresses—30-Foot Bottom Corner-Drop, Thermal Condition 1

Allowable Margin

Cvlindrical Stress Components (ksi) Stress Of
Section Angle S, S, S, Sa S« S SI (ksi) (ksi) Safety
1 180 2 39 24 0.3 -0.2 -0.2 6.4 72 10.24
2 10 -8.4 -6.4 -0.6 0.2 -0.2 0.3 7.8 72 8.23
3 0 5.9 -7.4 -13.9 0.3 -1.5 0.8 20.2 72 2.57
4 0 -15.1 -13.3 -24.6 -0.3 2.1 -3.1 13 72 4.533
5 180 4.3 7 -1 1 0.5 -1.3 12 63 4.42
6 120 113 6.7 -0.8 -0.9 -0.1 0 12.5 65 4.2
7 80 3 -1.7 -7 2.6 -1.9 1.3 12.9 63 4.04
8 0 4.5 94 -11.2 1.3 -0.3 10.1 237 65 1.53
9 0 -36 -15.7 -21.8 1.4 -0.8 0.6 18.5 65 251
10 0 4.1 -6.9 5.2 0.9 -0.2 12.3 26.4 68.8 1.61
Il 0 14.1 -6.5 -12 1.6 -0.7 9.6 326 68.8 L.11
12 0 -8.9 -7 7.8 0.1 -1.5 -60.6 21.4 68.8 2.21
13 10 249 8.1 257 -0.6 -1.9 5.5 23 68.8 1.99
14 0 7.6 -20.3 -40.6 1.1 -1.8 -7.7 36.7 70.9 0.94
15 0 -17.6 -26.9 -52.9 1 -0.4 38 36.3 70.9 0.96
16 40 -0.6 13.3 -4.8 -0.1 -6.2 -0.2 219 70.9 2.23
17 0 -0.1 16.4 4 -1.7 -0.2 0 16.9 70.9 321
18 0 -0.1 157 7.6 -1.6 -0.2 0 16.2 70.9 3.38
19 0 -0.1 14.9 9.5 -1.5 -0.1 0 154 70.9 3.61
20 0 -0.1 139 10.1 -l4 0 -0.1 142 70.9 3.98
21 0 -0 1.3 8.9 -1 0 -0.1 11.6 70.9 5.09
22 40 -0.1 3.5 0.5 0.1 5.1 0.1 10.6 70.9 5.67
23 0 -1.7 19.3 2235 1.8 0.7 0.7 222 68.8 2.1
o4 20 0.3 1.1 9.2 0.1 39 0 13.9 68.8 3.95
25 70 04 -9.5 -7.4 0 3 0 1.2 68.8 5.14
20 70 -0.3 8.3 7.9 0 2.1 0 10 68.8 591
27 0 -0.6 9.7 6.1 -0.9 0.1 0 10.4 68.8 5.61
28 0 -0.5 10.2 6.7 -0.9 0 0 10.9 68 8 5.33
29 0 -0.5 9.8 6.1 -0.9 | 0 104 68 § 5.59
20 S0 -0.2 3.0 -0.4 -0.1 3.7 0 9.4 68 8 6.29
R 40 -0.2 27 31 -0.1 7 0.1 15.2 68 8 3.54
R S0 0 2.0 22 0] 4.9 0.1 109 627 474
33 60 -1.9 0.1 -3 201 3.7 04 9.2 627 584
34 60 -0.1 0.8 5.9 0] 4.7 -04 11.6 627 4.39
33 S0 0.6 23 -1.9 0.1 4 1.1 8.5 627 6.41
36 180 27 7.2 -0.8 0.7 0.1 1.4 5.6 627 6.27
37 S0 04 { 0.1 2 0.1 0.2 1.4 63 13.46
3N 180 -55 4.2 0.2 0.1 0 0.1 5.2 63 11.02
29 S0 43 1.1 1.3 -0.1 0 -0.2 5.8 63 9.8
10 40 -1.7 5.0 854 -0.7 0.1 03 6.8 63 831
41 0 04 3 22 0 0 33 227 72 217
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Table 2.7.1.3-7

Critical Py, Stress Summary—30-Foot Bottom Comer-Drop, Thermal
Condition |
Allowable | Margin
Component | Section Angle SI (ksi) | Stress (ksi) | of Safety
1 3 0 15.9 48 2.03
2 9 70 12.0 48 3.01
3 11 0 25.8 459 0.78
4 15 0 18.2 473 1.6
S 16 50 18.5 47.3 1.56
6 22 70 7.4 473 5.38
7 23 20 15.8 459 1.9
8 24 60 10.9 45.9 3.2
9 31 40 9.9 459 3.64
10 36 180 8.2 48 4.82
11 40 80 3.6 48 12.49
12 1 41 0 12.5 48 2.85

Table 2.7.1.3-8

Crntical P, + Py, Stress Summary—30-Foot Bottom Comer-Drop, Thermal

Condition 1
- Allowable Margin
Component | Section Angle SI (ksi) Stress (ksi) | of Safet);
1 E 0 20.2 72 2.57
2 8 0 257 65 1.53
3 11 0 326 068.8 1.11
4 14 0 36.7 70.9 0.94
5 16 40 21.9 70.9 223
6 22 40 10.6 70.9 5.67
7 23 0 222 68.8 2.1
8 24 20 13.9 65.8 3.95
9 31 40 o152 68.8 3.54
- 10 34 60 i 11.6 62.7 4.39
11 40 40 6.8 63 8.31
12 41 0 227 72 2.17
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27.14 30-Foot Oblique Drop

In accordance with the requirements of 10 CFR 71.73, (c) (1) the Universal Transport Cask i1s
structurally evaluated for the hypothetical accident 30-foot oblique drop condition. In this event,
the cask, with its payload, spacer (if appropriate), and impact limiters, falls 30 feet onto a flat,
unyielding. horizontal surface. The cask strikes the surface obliquely on its top or bottom comner.

An oblique orientation angle of 75° from vertical is evaluated for the oblique drops.

In Section 2.6.7.5, an assessment is performed to determined the drop angle for which the
maximum energy absorption is required for the secondary impact. Table 2.6.7.5-4 identifies the
75° drop to be the most severe angle. The larger energy absorption is associated with the most
deformation of the impact limiter, which corresponds to the largest area of crush and the
maximum impact limiter force exerted on the cask body. Maximizing the impact limiter force

results in the largest deceleration of the cask body.

The results of the stress evaluation are provided in Tables 2.7.1.4-1 through 2.7.1.4-4 for the top
oblique and 2.7.1.4-5 through 2.7.1.4-8 for the bottom oblique drop orientations. For the top
oblique combined 1mpact loading case. the minimum margin of safety for membrane stress
intensity s 0.59 (Table 2.7.1.4-3) in the bottom portion of the outer shell. The minimum margin
of safety for membrane plus bending stress intensity is 0.11 (Table 2.7.1.4-4) in the bottom

forging.

For the bottom oblique, combined impact loading case, the minimum margin of safety for
membrane stress intensity 1s 0.79 (Table 2.7.1.4-7) in the top portion of the inner shell. The
minimum margin of safety for membrane plus bending stress intensity is 0.34 (Table 2.7.1.4-8) in

the bottom section of the outer shell.
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Table 2.7.1.4-1 Pr, Stresses—30-Foot Top 75° Oblique-Drop, Thermal Condition 1
Allowable Margin
Cylindrical Stress Components (ksi) Stress of

Section Angle S, S, S, S S, S ST (ksi) (ksi) Safety
1 180 29 33 -0.1 0.1 0.0 0.1 6.2 48.0 6.79
2 0 -6.6 -3.6 0.0 0.2 0.1 -0.3 6.7 48.0 6.19
3 30 -4.9 -8.6 -0.8 0.4 0.7 -0.4 8.0 48.0 4.99
4 0 -11.4 -16.4 -0.2 0.5 -0.1 -3.8 7.5 48.0 1.75
5 10 -7.7 -6.2 -0.1 0.5 0.0 -0.1 7.8 48.0 5.15
6 0 9.4 -11.6 -0.1 0.2 0.1 0.1 11.6 48.0 3.14
7 0 -10.9 -16.6 7.5 0.3 -0.4 -1.4 242 48.0 0.98
8 0 -0.2 228 0.4 1.0 -1.3 -3.8 252 48.0 0.91
9 0 -17.0 -26.9 1.2 1.0 -0.8 4.5 29.3 48.0 0.04
10 0 -14.1 -31.5 -2.6 1.1 -1.0 2.3 29.6 48.0 0.62
11 0 -21.6 -39.7 -0.9 1.3 -0.7 5.0 40.2 48.0 0.20
12 0 -26.5 -229 -2.6 -0.7 -0.9 2.0 244 48.0 0.96
13 0 -18.5 -18.6 -0.9 -0.5 -1.0 2.0 18.4 48.0 1.61
14 0 224 -30.0 2.1 0.6 -0.7 -6.1 29.7 47.3 0.59
15 0 -13.9 -28.4 -0.1 1.2 -0.3 4.6 29.8 473 0.59
16 60 0.1 2.0 0.6 0.0 9.4 -0.2 19.0 47.3 1.49
17 0 -0.3 5.0 18.4 -0.8 -0.8 0.2 18.8 473 1.52
18 0 -0.3 4.8 220 -0.8 -0.3 0.1 225 47.3 1.10
19 0 -0.3 4.9 229 -0.9 0.0 0.0 234 473 1.02
20 0 -0.3 6.0 212 -0.9 0.4 -0.1 21.6 47.3 1.19
21 0 -0.3 7.6 16.0 -1.0 1.0 -0.2 16.5 47.3 1.86
22 60 -0.1 0.9 1.6 -0.1 10.7 0.6 22.0 47.3 1.15
23 50 0.0 23 2.0 -0.1 -11.1 0.4 226 459 1.03
24 50 -0.1 6.2 2.3 -0.1 -10.2 -0.2 20.6 459 1.22
23 0 -0.7 7.8 16.3 -0.8 -0.8 0.1 17.2 45.9 1.68
26 0 -0.8 7.3 20.3 -0.8 -0.3 0.1 21.3 459 1.16
27 0 -0.8 7.3 214 -0.9 0.1 0.0 222 459 1.07
28 0 -0.8 6.8 19.3 -0.7 0.5 -0.1 20.2 459 1.27
29 0 -0.8 6.1 14.3 -0.6 0.9 -0.1 15.3 459 2.00
30 60 -0.1 1.7 0.0 0.1 9.9 0.1 19.7 45.9 1.33
3l 40 -04 0.2 -0.7 -0.1 13.5 0.2 27.0 459 0.70
32 70 0.1 59 0.1 0.3 10.7 0.7 222 48.0 1.16
33 80 -4 1.5 -0.2 20 6.6 0.0 13.9 48.0 246
34 50 3.3 0.4 0.2 0.9 10.7 0.9 21.6 48.0 1.23
35 10 -3.5 -16.8 4.1 0.0 1.4 29 16.1 48.0 1.98
36 180 3.0 16.9 2.6 22 0.1 3.7 217 48.0 1.22
37 10 9.0 -1.1 -0.5 1.5 0.1 0.3 8.9 48.0 4.37
38 10 -9.9 -5.0 -0.5 1.0 0.2 -0.2 9.4 48.0 4.08
39 10 -10.0 -9.1 0.0 04 0.0 -0.1 10.2 48.0 372
40 10 -9.9 -11.9 -6.1 0.3 -0.1 -0.3 59 48.0 7.20
41 0 -13.4 -§3 -0.8 -0.3 0.1 04 12.6 48.0 2.80
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Table 2.7.1.4-2

Pm + Py, Stresses—30-Foot Top 75° Oblique-Drop, Thermal Condition |

Allowable Margin

Cvlindrical Stress Components (ksi) Stress of
Section Angle S, S, S, Sev Sz S ST (ksi) (ksi) Safety

1 180 22 7.7 0.0 0.2 0.0 0.1 10.0 72.0 6.23
2 0 -9.3 -10.1 0.0 0.1 0.1 -0.3 10.1 72.0 6.15
3 0 -14.7 -17.5 2.1 0.5 0.1 -3.0 16.2 72.0 344
4 0 -159 -17.4 0.0 0.4 -0.1 -4.3 18.8 72.0 2.83
5 0 -9.7 -112 -0.1 0.1 -0.1 -0.1 11.1 69.7 5.28
6 0 -11.0 -16.8 -0.1 0.2 0.1 0.1 16.7 69.7 3.16
7 0 9.7 -18.1 18.1 0.0 -0.7 -1.0 36.2 69.7 0.93
8 0 1.6 -10.4 339 03 -1.5 -4.9 45.1 69.7 0.55
9 0 5.6 -3.0 59.5 0.8 -1.5 -0.3 62.6 69.7 0.11
10 0 -5.3 -26.8 2.0 1.4 -0.9 -6.6 32.8 69.4 1.12
11 0 1.2 -29.2 10.0 22 -1.0 1.1 39.4 69.4 0.76
12 0 353 2255 -1.1 -1.1 -0.9 0.3 34.4 69.4 1.02
13 0 -38.5 -26.2 6.5 -1.5 -1.3 23 455 69.4 0.53
14 0 -294 -21.9 319 -0.8 -0.9 -1.7 61.5 70.9 0.15
15 0 35 -8.4 50.8 0.6 -1.0 2.1 56.4 70.9 0.19
16 50 -0.1 5.8 3.8 -0.2 -12.79 -0.2 259 70.9 1.74
17 0 -0.2 24.6 26.6 225 -0.3 0.1 27.1 709 1.62
18 0 -0.2 28.2 313 -2.9 -0.1 0.1 32.0 709 1.21
19 0 -0.2 29.1 32.7 -3.0 0.0 0.0 332 709 1.14
20 0 0.2 279 303 2.8 0.1 -0.1 30.8 709 1.30
21 0 -0.1 242 229 24 0.3 -0.1 25.0 709 1.84
22 40 -0.4 7.7 -1.1 -0.3 15.1 0.4 315 709 1.25
23 40 -0.2 -4.0 0.7 -0.1 -16.5 1.0 334 68 8 1.06
24 40 -0.4 1.3 37 0.4 -13.5 -0.2 279 68 8 1.46
23 0 -0.6 272 239 2.5 -0.3 0.1 282 68 8 1.44
26 0 -0.6 3l 29.6 -2.9 -0.1 0.1 22 68 8 1.13
27 0 -0.0 329 il -3.2 0.1 0.0 3401 68 .8 1.02
28 0 -0.7 REIS 28.7 -2.0 0.3 0.0 324 68 § 1.13
29 0 0.7 27.0 224 225 0.5 -0.1 28.1 688 .44
30 50 -0.3 12.1 4.4 -0.1 12.2 0.1 257 68 8 1.68
R 40 -0.5 1.7 1.5 -0.2 19.4 0.2 29.0 68.8 0.76
a2 50 -0.2 4.2 -6.4 0.1 14.6 -0.1 311 627 1.01
33 S0 04 1.4 -0.8 -6.0 11.0 -0.8 2511 627 1.50
34 S0 0.2 4.4 -14.1 0.1 14.2 1.1 30.0 62.7 1.09
35 S0 -0.9 -9.0 -0.5 0.4 10.9 04 234 62.7 1.68
36 180 56 17.7 2.3 2.0 0.1 5.1 228 62.7 1.75
37 70 21 7.8 -0.5 2.7 0.1 0.7 14 63.0 4.53
38 10 12,8 1.9 -0.5 1.6 0.2 -0.2 127 63.0 3.93
39 10 -14.7 8.6 1.2 08 -0.2 29 17.0 63.0 2.70
40 10 233 -17.0 -11.0 0.6 -0.3 -1.5 12.8 63.0 391
41 0 -14.0 -8.7 0.4 -0.3 0.1 0.1 145 72.0 3.97
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Table 2.7.1.4-3 Critical Py, Stress Summary—30-Foot Top 75° Oblique-Drop, Thermal
Condition |

Allowable | Margin
Component | Section Angle SI (ksi) | Stress (ksi) | of Safety
1 4 0 17.5 \ 48.0 1.75
2 9 0 203 48.0 0.64
3 13 0 18.4 ‘ 48.0 1.61
4 15 | 0 29.8 47.3 0.59
5 19 0 234 473 1.02
6 22 60 22.0 473 1.15
7 23 50 226 459 1.03
8 27 0 22.2 459 1.07
9 31 40 27.0 45.9 0.70
10 32 ; 70 222 ; 48.0 1.16
11 39 : 10 10.2 48.0 3.72
12 ‘ 41 ! 0 12.6 48.0 2.80
Table 2.7.1.4-4 Critical Py, + Py, Stress Summary—30-Foot Top 75° Oblique-Drop,

Thermal Condition 1

i Allowable | Margin

Component | Section = Angle | SI(ksi) ' Stress (ksi) | of Safety
1 ! 0 18.8 72.0 2.83
2 9 0 62.6 69.7 0.11
3 13 0 455 69.4 0.53
1 14 0 61.5 70.9 0.15
5 19 0 332 1709 1.14
6 20 40 31.5 709 | 1.5
7 23 40 33.4 68.8 | 1.06
8 27 0 341 68.8 1.02
9 3 40 39.0 68.8 0.76
10 32 50 31.1 62.7 1.01
1 39 10 17.0 63.0 2.70
12 T 0 % 145 720 3.97
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Table 2.7.1.4-5 P Stresses—30-Foot Bottom 75° Oblique-Drop, Thermal Condition 1
Allowable Margin
Cylindrical Stress Components (ksi) Stress of

Section Angle S, S, S, Sy S, Sxz SI (ksi) (ksi) Safety
1 180 -3.2 3.7 -0.2 0.2 0.0 0.0 7.0 48.0 5.87
2 135 -0.4 2.9 0.0 -32 -0.1 0.2 7.3 48.0 5.58
3 0 -8.6 -16.5 -18.6 0.3 -1.5 25 1.8 48.0 3.06
4 10 -15.0 -19.8 9.4 -0.6 -1.4 -4.8 139 48.0 2.46
5 10 8.2 -6.0 -0.4 0.7 -0.1 -0.2 8.0 48.0 4.99
6 10 -9.8 -11.4 -0.3 0.2 -0.1 -0.1 11.2 48.0 3.29
7 10 -10.6 -18.1 23 -0.6 -0.8 -1.3 20.6 48.0 1.33
8 20 9.8 -223 -4.5 -1.2 -3.5 24 199 48.0 1.41
9 20 -12.6 -24.6 -6.1 0.5 -4.7 24 21.6 48.0 1.23
10 0 13.7 -32.0 -4.9 1.6 -0.9 6.0 30.4 48.0 0.58
11 0 -14.9 -37.8 -3.5 22 -0.9 7.8 272 48.0 0.76
12 10 2234 -21.0 -4.9 0.0 23 0.1 18.8 48.0 1.55
13 0 -11.9 -15.2 -3.5 0.0 -1.7 1.8 12.6 480 2.80
14 10 214 -30.9 -13.0 3 22 -8.2 234 473 1.02
) 10 -12.4 -28.6 -1 -0.2 -2.8 5.6 232 473 1.04
16 S0 -0.1 6.3 14 -0.1 114 -0.3 233 473 1.03
17 o0 0.0 3.6 -0.2 0.0 -7.5 -0.1 15.6 473 2.03
L8 0 -0.3 5.6 19.2 -0.9 -0.5 0.1 19.7 473 1.40
19 0 -0.3 5.1 219 -0.9 -0.2 0.0 224 473 1.11
20 0 -0.3 5.3 220 -0.8 0.2 -0.1 224 473 1.11
21 0 3 5.8 19.0 -0.8 0.7 -0.2 194 47.3 1.44
22 60 0.0 4.5 0.9 -0.1 8.6 0.5 17.7 473 1.68
23 50 -04 -7.5 0.7 0.0 11.1 0.3 236 459 0.94
24 50 -0.2 1.7 0.1 -0.1 -11.2 0.2 225 459 1.04
25 60 -0.1 26 -1.0 0.0 -7.8 -0.1 16.0 459 1.86
26 0 -08 6.3 1o.4 -0.7 -0.6 0.1 17.4 439 1.04
27 0 -0.8 0.9 19.5 -0.8 -0.2 0.0 204 459 1.25
28 ( -0.8 0.9 19.5 -0.8 0.2 0.0 204 459 1.25
29 0 -0.7 7.1 16.5 -0.7 0.6 -0.1 17.5 459 1.63
30 60) 0.0 39 0.1 0.1 8.4 0.1 17.2 459 1.68
3 50 -01 49 25 -0.1 27 04 257 459 0.79
A2 70 0.2 46 -1 0.2 5.9 0.9 18.8 48.0 1.55
33 S0 -23 1.0 -0.8 -1.7 5.6 0.3 12.1 48.0 2.90
34 60 2.6 RI 2.2 0.9 10.3 0.5 20.7 48.0 1.31
35 ( -3 [5.5 0.3 1.0 0.1 27 17.4 480 1.77
30 180 2A 16.0 -1.8 2.1 0.4 3.0 19.7 480 1.43
7 0 -8.7 -0.9 -0.1 0.0 0.0 -0.2 8.6 480 4.56
RN 0 9.7 4.8 -0.3 0.1 0.0 -0.4 9.4 480 4.08
29 0 -104 -8.6 0.5 0.1 -0.2 -0.6 10.9 480 341
40 L0 8.7 -11.6 -1.6 02 -0.5 -0.5 7.1 48.0 577
41 0 -1400 -7.0 -105 -0.6 -0.1 25 8.3 48.0 4.77
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Table 2.7.1.4-6

P + Py, Stresses—30-Foot Bottom 75° Oblique-Drop, Thermal Condition 1

Allowable Margin
Cylindrical Stress Components (ksi) Stress of
Section Angle S, S, S, Sw S. S ST (ksi) (psi) Safetu

1 180 1.1 9.0 -0.1 0.2 0.0 0.0 9.1 72.0 6.88
2 10 -11.9 -6.3 -0.3 1.0 -0.2 0.3 11.8 72.0 5.10
3 0 3.1 -10.1 -11.9 0.5 -1.2 0.8 15.7 72.0 3.58
4 10 -7.2 -15.5 -0.3 0.0 -1.3 2.6 16.2 72.0 3.44
5 120 -7.7 -5.3 -0.2 24 -0.1 -0.2 9.0 69.7 6.71
6 20 -10.0 -13.8 -0.3 -0.7 -0.1 -0.1 13.6 69.7 4.14
7 10 -13.2 -20.6 7.5 -1.3 -1.6 2.9 20.1 69.7 1.40
8 10 -8.8 -16.3 19.7 -1.5 2.8 -8.0 39.2 69.7 0.78
9 0 3.2 -8.1 40.6 1.1 2.2 22 49.1 69.7 0.42
10 0 -19.5 -36.2 -12.8 1.5 -1.1 8.3 29.3 69.4 1.37
11 0 4.4 -28.4 14.2 2.6 -1.2 7.2 46.7 69.4 0.49
12 10 -31.3 237 -2.4 0.4 2.1 -1.6 29.4 69.4 1.36
13 0 -33.3 -239 5.0 -0.7 2.0 0.2 38.5 69.4 0.80
14 10 -25.8 -20.7 249 0.6 2.4 -4.2 515 70.9 0.38
13 0 9.0 52 473 0.8 -1.6 3.8 53.1 70.9 0.34
16 50 -0.2 113 1.6 -0.2 -14.5 -0.3 30.5 70.9 1.32
17 0 -0.2 254 21.1 2.6 -0.5 0.1 26.1 70.9 1.72
18 0 0.2 283 28.4 2.9 -0.3 0.1 29.4 70.9 141
19 0 -0.2 293 ile6 -3.0 -0.2 0.0 32.1 70.9 1.21
20 0 -0.2 28.0 314 -2.9 -0.1 -0.1 31.9 70.9 1.22
21 0 -0.1 236 26.7 24 0.1 -0.2 27.1 70.9 1.62
22 40 -0.2 6.1 2.7 -0.3 13.1 0.3 26.6 70.9 1.67
23 40 -0.4 -8.3 1.8 -0.1 -16.6 0.8 349 68.8 0.97
24 40 -0.4 6.3 -0.4 -0.3 -14.4 -0.1 29.6 68.8 1.33
23 0 0.7 232 16.9 22 -0.5 0.1 243 68.8 1.83
26 0 -0.7 20.0 251 2.7 -0.3 0.1 30.2 68.8 1.28
27 0 -0.7 32.0 292 3.1 -0.1 0.0 33.3 68.8 1.07
28 0 -0.7 316 29.0 -3.0 0.1 0.0 329 68.8 1.09
29 0 -0.6 20.0 25.1 -2.7 0.3 -0.1 30.1 68.8 1.29
30 0 -0.5 242 15.2 23 0.6 -0.1 252 68.8 1.73
3 40 -0.4 54 22 0.2 19.0 0.1 38.7 68.8 0.78
32 50 0.2 37 -5.2 0.1 127 0.2 27.0 62.7 1.32
33 60 -4.4 22 -6.8 53 9.6 0.6 224 62.7 1.80
34 50 -0.1 -1.0 217 0.2 14.0 -0.9 28.8 62.7 1.18
35 40 -0.7 99 0.1 0.2 10.2 0.3 226 62.7 1.78
36 0 24 -19.0 1.0 1.8 0.4 1.6 211 62.7 1.98
37 0 54 4.4 -0.1 0.0 0.0 -0.1 12.8 63.0 391
R 0 -13.6 -1.0 -0.3 0.0 0.0 -0.4 13.2 63.0 3.76
39 0 -17.2 -53 25 -0.2 -0.2 2.6 203 63.0 2.10
40 0 0.8 -7.0 3.5 0.6 0.0 1.3 14.4 63.0 338
41 0 -19.7 -7.4 33 -0.8 -0.3 1.0 16.5 72.0 3.35
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Table 2.7.1.4-7 Critical Py, Stress Summary—230-Foot Bottom 75° Oblique-Drop, Thermal
Condition 1

Allowable | Margin

Component | Section Angle SI (ksi) | Stress (ksi) ' of SéféE
1 4 10 13.9 480 | 246
2 9 20 21.6 48.0 1.23
3 13 0 12.6 48.0 2.80
4 14 10 234 47.3 1.02
5 16 50 233 47.3 1.03
6 22 60 17.7 47.3 1.68
7 23 50 23.6 45.9 0.94
8 24 50 22.5 459 1.04
9 31 50 25.7 459 0.79
10 34 60 20.7 48.0 1.31
11 39 0 10.9 48.0 3.41
12 41 0 8.1 48.0 L 4.77

Table 2.7.1.4-8 Critical Py, + Py, Stress Summary—230-Foot Bottom 75° Oblique-Drop,
Thermal Condition |

J Allowable Margin

Component  Section Angle ~ SI (ksi) lStress(ksB of Saféty
! 4 10 162 720 | 3.58
) 2 9 0 49.1 69.7 0.42
3 13 0 385 69 .4 0.80
B 4 L5 0 53.1 70.9 0.34
5 19 0 32.1 70.9 1.21
6 22 40 26.6 70.9 1.67
7 23 40 349 688 ' 097
8 27 0 33.3 68.8 1.07
9 31 40 38.7 68.8 0.78
10 34 50 ‘ 28.8 627 1.18
11 39 0 C 203 63.0 2.10
12 41 0 16.5 72.0 3.35
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2.7.1.5 Lead Slump Resulting from a Cask Drop Accident

Following a drop accident, the shielding capability of the Universal Transport Cask may be
reduced as a result of lead slump. The effect of the lead slump due to a bottom end-drop and a
side-drop from a height of 30 feet on the dose rates is conservatively evaluated in Chapter 5.0 of
this report. The dose rate as a result of the cormer-drop is bounded by that for the bottom end-

drop accident. The results of the evaluation are summarized in this section.

In the event of an end-drop. the lead gamma shielding could slump and fill the annular gap (if

one exists) created by the cooling of the lead after fabrication. This accident could create a

maximum gap of 3.05 in. at the top of the lead annulus. This gap is determined by considering

the conservation of total lead volume:
LY N0 TG 1 YIS A R 3 VS
ales -5, =l e H,

wherc"subscnpt “a” indicates quantities after slump, B> befdi‘éﬁsyl'urnb. H iglhc : total lead height,

PR P4

r; and r, are the inner and outer lead Tadii, respectwely “Using the transport ort_cask. geometry

R Ry erhnht

dimensions, the computed slump he1ght is

H H —41800 17695 305mches

Note that the slumped lead is allowed to fill the gap between the before-drop. Jead outer radius
and the_outer_shell inner radius. _1hé parameters used in.the.calculation. are. shown. i Table
2.7.1.5-1. Dose rate calculations on the basis of this 3.05-in. axial lead slump show that the peak

I'm total dose rate 1s 47 mrem/hr for the cask loaded with design basis PWR fuel assemblies and

64 mrem/hr for the cask loaded with design basis BWR fuel assemblies.

For a 30-ft side-drop accident. the lead may slump into the lower portion of the annulus between

the inner and outer shells; thus, a reduction in the thickness of lead shielding may occur on the

upper side of the cask as_shown in Figure 2.7.1.5-1: An evaluation of the side- drop accident
shows that the lead may sag at the opposite side by a maximum of 0.91 inch. The slump_height

s gy

is computed by equating the before- and after-drop cross_sectional areas;
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mtegwfz{'l’t'éurﬁlﬂ Elmwthe area of ﬁhat part of EHE upper. seml-cucle bounded}) E wiumped lvc“é;i"

e g g
v

The integral is-evaluated. analylically .and.the Excel-Solver utility is. used. to.solve

transcendental equation-for. 0.~ Given: 0. ~the resulting slump,. Deight 18 737.599 inches.
2.7.1.5-1 provides the parameters and results of the lead slomp analysis. The rad;al.s_l_ump&;

Dose rate calculations on the basis of this 0.91-1n. radial lead slump show that the peak 1 meter
total dose rate is 27 mrem/hr for the cask loaded with design basis PWR fuel assemblies and 21

mrem/hr for the cask loaded with design basis BWR fuel assemblies.
The above dose rates resulting from a lead slump condition are significantly below the
hypothetical accident dose rate limit of 1,000 mrem/hr at 1 meter from the surface of the cask.

Thus, the hypothetical accident dose rate limits of 10 CFR 71.51 are satisfied.

2.7.1.6 Impact Limiter Analvsis - Hypothetical Accident Conditions

Removable upper and lower impact limiters are provided on the Universal Transport Cask to
ensure that the design impact loads on the cask are not exceeded for any of the defined impact
conditions. The defined conditions are that the cask falls 1 foot (normal conditions of transport)
or 30 feet (hypothetical accident conditions) and lands (a) on its side, so that both impact limiters
are impacted simultaneously: (b) flat on one impact limiter at either end: or (c) oblique on one

impact limiter at either end.

Detailed analysis of the mmpact limiters for normal conditions of transport and hypothetical
accident condittons 1s provided in Section 2.6.7.5. The analysis is based on the assumptions that
the cask impacts on an unvielding surface and that the tmpact limiter remains in position on the
cask during all impact events. A NAC International proprictary computer program. RBCUBED
[33] 1s used to analyze the impact limiters for an impact event to determine the dynamics of the
cvent, the forces generated during that event, and the depth of crush. Results of the analysis arc

provided in Section 2.6.7.5.

As demonstrated by the results. the deceleration g-loads predicted by the RBCUBED analysis for
the 30-ft cask drop conditions are lower than the g-loads for which the Universal Transport Cask

and the Transportable Storage Canister are designed.
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Figure 2.7.1,5:1  Radial Lead Siamp Mode]
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Table 2.7.1.5-1 Lead Slump Calculation Parameters

Parameter

B

Axial

Inner Radius

Outer Lead Radius (pre)

Outer Lead Radius (post)

Lead Gap

Pre Shield Height

Shield Volume

Post Shield Height

Axial Gap

Radial

Pre Slump Area

Slump Angle (rad, deg)

Slump Height

37.599

Slump Lower Area

3.21E+02°

Slump Upper Area

3.10E+02?

Total Slump Area

Difference

6.32E+02°

Radial Slump

0.911

Slump Width

17.061

1. Inches’
2. Inches?

to
~J
]
)
to

May 2000
Revision UMST-00A
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2717 Closure Analvsis

Section 2.6.7.6 provides a general description of the analysis approaches employed to
demonstrate the structural integrity of the Universal Transport Cask closure assembly for
hypothetical accident conditions. The materials of construction and the geometry of the

components of the closure assembly are also identified in Section 2.6.7.6.

The Universal Transport Cask closure lid and the bolts are required to satisfy two criteria: (1)
calculated maximum stresses must be less than the allowable stress limit (the material yield
strength 1s conservatively selected), and (2) lid deformation or rotation at the O-ring must be less
than the elastic rebound of the O-rings. Analysis of the cask closure system in accordance with
NUREG/CR-6007 is summarized below. Using consistently conservative assumptions, the
analysis demonstrates that the cask closure assembly satisfies the performance and structural

integrity requirements of 10 CFR 71.73(c)(1) for hypothetical accident conditions.

Accelerations for accident conditions are based on the impact limiter analysis for 30-ft drops.

Therefore, a design acceleration of 60 g bounds the calculated values. The following calculations

3 I

LY

Ib/bolt us presented tn Section 2.6.7.6.  Maximum stresses result during the top-end gomgg drop
(23.35° from axial plane of cask). Two load cases are considered for this evaluation. The first
cuse includes the accident conditions except puncture. which tends to counter the moment
produced by internal pressurization. The second case conservatively applies puncture without

internal pressurization (when considering prying).

2.7.1.7.1 Closure Bolt Stress Evaluation

Case I—Accident Conditions (no puncture)

The tensile bolt force per bolt, Fyy, ,due to prelozid and thermal is:
Fup= PL+Py= 134,877 pounds
where P = 111,680 pounds, preload

Py = 23,197 pounds resuiting from thermal expansion
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The fensilé force per bolt, Fua, from all other credible loads is:
Fua = Po + P; + Pgo = 147,231 pounds

where:
P, = 667 Ibs, load resulting from O-ring compression and operation

P, = 6,549 Ibs. load resulting from internal pressure 0f80 pSIg
Peo = 140,015 Ibs, load resulting from 60 g iop—en_d Corner impact.
Since Fu, is greater than Fa}l;[; the total tensile bolt load, F,, is equal to Farr:
F, = 147,231 pounds
The shear load 1s:
Fo= [P + Py +Py| = 38008Ib
where: Py = 15,245 Ib. load resulting from internal pressure (80 psi)

P, = -57,647 Ib, load resulting from temperature difference between the

cask lid and upper forging. and
P = 4,394 Ib, load resulting from 60 g top-end corner drop.
The bending moment 1s:

Mj = -675 inch-pounds, due’to thermal load (other lodds do not
contribute due to cask lid design).
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The resulting tensile stress in the bolt is

_12732F,

4 a

=53.138 psi,

where D = 1.8§878 in., minimum bolt diameter.
The shear stress is:

o) 2
SE L ST

where D =1.878 m, minimum bolt diameter.

For normal conditions, Table 6.3 of NUREG/CR-6007 requires that the average tensile stress is

the smaller of 0.7 S, or S,. For this case,
Cuaver = Gy = 53,138 pSl < 078,= 122,168 pSl

Table 6.3 also requires that the average shear. which is comprised of the average direct shear (1)

ts the smaller of 0.42 S, 0r 0.6 S,. This is expressed as
Gumer= T= 13,718 psi < 0.42'S, = 73,301 psi.
For the combined state of stress that includes tension plus shear, the computed average tensile

stress divided by the allowable tensile stress plus the average shear stress divided by the

allowable shear stress must be less than 1. This 1s expressed as

CS3138 V137U
AR ; +|1 LN
1220068 L 73301
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Case 2—Accident conditions (with puncture)

This case applies the puncture load to the center of the cask lid. For conservatism, internal
pressurization is ignored (farﬁrylng loads) to ensure that the closure bolts experience the
maximum prying effect. Using the equations presented in NUREG/CR-6007, the puncture load
is calculated to be

Ppun = -40.865 lbs

and the associated prying load (inbluding thé“effei:ts of thethem;alexpanmgrfé}'thg _l_;d) on the
bolt is:

Pyr. = 68,466 b

The tensile bolt force per bolt, F,_y, due to the preload and thermal expansion is;
Fupe= 134,877 1b

The tensile bolt force per bolt, Fy ., due to all other credible loads is:
Fya=Po+P;=7,2161b

Therefore, since Fuy is greater than Fuyu, the tensile bolt force, Fy. due to non-prying loads is
equal to Fyp:

Fuc = 134,877 1b

Theretore. the maximum axial force becomes
F. = Fuc + Ppry = 203,343 Ib

The shear load is:

F= [P+ Pyl =42,4021p

19
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The resulting tensile stress in the bolt is

7737
o, = ﬂ =73.390 psi,

a4

E
where D =1.878 in., minimum bolt diameter.
The shear stress is:

12732F,
T

= =15.304 psi
D p

where D = 1.878 in., minimum bolt diameter.

For normal conditions. Table 6.3 of NUREG/CR-6007 requires that the average tensile stress is

the smaller of 0.7 S, or S,. For this case,
Cuwe: = 6, = 73,390 psi < 0.7S,= 122,168 psi.

Table 6.3 also requires that the average shear, which is comprised of the average direct shear (1)

15 the smaller of 042 S, 0r 0.6 S.. This is expressed as
Cuner = T = 15304 psi < 042 S, = 73,301 psi.

For the combined state of stress that includes tension plus shear, the,squareof the computed
average tenstle stress divided by the allowable tensile stress plus thesquareof the average shear

stress divided by the allowable shear stress must be less than 1. This is expressed as:

15304
| =040<1
73301

“ 733()“ v\[: !/
Pt
L122168 0 |

[
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1
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Lid Edge Deflection

3rpves yazey

To ensure that t} the closure hd bolts'are not subjected to any force resulting ‘from the contact of the

gy, e mr

cask Iid and protectmg 1lip.of the cask top forgmg (flange), deflections of the ]
flange during the 30-foot drop impact are examined, _The. side and top. corner drops are

d edge and_the

considered bounding for the lid/flange interaction.” The deflection and stress results for the lid
edge and cask flange are obtained from the cask finite element_ analyses corresponding to these
drop conditions (Sections 2.7.1.2 and 2.7.1.3).

?R‘

The_nominal radial_gap that exists between the cask lid and flange s (18.36. —:718.20)/2 = 0.08

Ay

inch. To determine the amount of change in the nominal gap, the radial deflections at_each, ' node

on the top outer radius of the lid and the adjacent ﬂange node are. obtmvnEd | from_the. a?fiflym for

both the side and top-corner impacts. The change of radial” ‘gap. due. to‘the"drop events. 18
calculated as:

Radial gap change = UXpnge — UXiig

Where:
UX ftange is radial deflection of the flange node,
UX,yq is the radial deflection of the lid.

Radial gap change is the amount of gap closure (or opening). It is positive when the gap.is
opening and negative when the gap is closing.

For the side drop ‘the maximum gap ‘closure is, 0.0019 inch.” ’ For. the. top comer. drob: “the
maximum gap closure is 0.0005 inch. “Since these gap closures are much less than the nominal
radial gap of 0.08 inch, no contact results between the_hd and cask ﬂange.“ T_he_refo_re,v the,,,c,asklhg
closure bolt will not be subjected to forces due to thedefgjfrnéiiofi,:Q'f_,ihe:ee;k"'p“rotef:_iii;/:e:]i'a
(flange) during the 30-foot drops.

The stresses at the cé'sk-pretee'tiv‘el‘if)”(ﬂ'é(ric;e)mafe’ also evaluated_for, the’ 30-foot_side _and

top-corner drops (Sections 2.7.1.2 ‘and 2.7.1.3)... - The maximum stress at the. ‘cask: - flange (at

Section location 36, Figure 2.10.2.2-4) is 22.4 ksi for primary membrane stresses and 24.0 ksi for
the primary membrane plus_bending stresses.” The corresponding margins.of safety are_ 1,14 and
1.61 for membrane and ‘rr{ehibrfﬁife plﬁsbendl n g, feéijee_t‘ivg(elhy:
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empree. U

.7.1.7.2 Conclusion
Using consistently conservative assumptions, the Universal Transport Cask closure assembly is

shown to sausfy the performance and structural integrity requirements of 10 CFR 71.73(c)(1) for

hypothetical accident conditions.
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272 Puncture

In accordance with the requirements of 10 CFR 71 for puncture (hypothetical accident condition) (1],
the Universal Transport Cask 1s analyzed for structural adequacy. The puncture accident outlined in
10 CFR 71 Subpart F requires that the cask suffer no loss of containment as a result of a 40-inch free
fall onto an upright 6-inch-diam mild steel bar (puncture pin), which is supported on an unvielding
surface. The impact orientation of the cask is required to be such that maximum damage is inflicted

upon the cask.

The maximum cask damage will result from direct impacts of the puncture pin on the following
locations: (1) cask side—midpoint, (2) center of the cask lid, (3) center of the cask bottom, and (4)
cask port covers. Because an impact at any other location is less severe, the Universal Transport Cask
is analyzed for the puncture accident at these four locations. Results of the analyses demonstrate the
structural and shielding adequacy of the Universal Transport Cask for a puncture pin impact.
Therefore, the cask satisfies the structural and shielding requirements of 10 CFR 71 for the puncture

event.

The cask is expected to experience both local and global effects from the puncture. The local effects
will be limited to a surface close to and containing that of the bar impact. The global effects are
those affecting the whole cask body, which can be assumed to behave as a cylinder subjected to a
point force in the four conditions. The following conditions encompass the extreme initial

conditions under which the drop takes place:

Condition 1 Condition 2
Ambient temperature 100 °F -40 °F
Insolation Max. Zero
Decay heat Max. Zero
Internal pressure Max. Zero
Fabrication stress Yes Yes

For this analysis. the cavity internal pressure is not relevant, and the fabrication stresses are
negligible compared with the puncture effect. The following initial conditions are considered for

cuch load case:
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Condition 1: Puncture drop, thermal gradient resulting from maximum decay heat, maximum

insolation, and ambient temperature 100°F.

Condition 2:  Puncture drop, uniform temperature of -40°F. For the stress evaluation, only the most

unfavorable load case, condition 1, will be considered.

2.7.2.1 Puncture - Cask Side Midpoint

In accordance with the requirements of 10 CFR 71 for puncture (hypothetical accident condition), the
Universal Transport Cask is analyzed for structural adequacy, the cask is assumed to be in a
horizontal position and dropped a distance of 40 inches onto a 6-inch-diam, mild steel bar oriented

vertically on an unyielding surface.

To demonstrate the cask’s resistance to puncture, a structural evaluation of the cask using a

simplified model is performed.

27211 Finite Element Model Description

The focus of the analysis is to accurately characterize the impact zone such that realistic stress results

are obtained. For analysis purposes. global effects are assumed to be negligible.

Neglecting the contributions of the inner shell of the cask, and radial neutron shield shell to the
stiffness of the cask, the finite element model consists of the 304 stainless steel outer shell and cask
lid. Because of cask symmetry, only a 1/4 portion of the cask body is required for the analysis.

Figure 2.7.2.1-1 shows the model and the boundary conditions.

The ANSY'S program is used to analyze the cask. The ANSYS element type SOLID 45 is used for

the three-dimensional modeling of solid structures.

The puncture effect 1s represented by a local pressure acting on a surface equal to that of the bar

head. Strain rate and dynamic behavior of the bar material are considered.

The hmiting bar impact force is that imposed by the dynamic vield stress (flow stress), S,p, of the bar

material. which 1s related to the static yield stress by of the following expression:
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; \ e
S, =S| 1+=] =47.000 psi
LR Y

where: S, = static yield stress of bar material, SA-36, 36.000 psi
€ = strain rate of bar material during drop = 100 sec™’
p = material constant for mild steel =5
D = Matenal constant for mild steel = 40.

The impact force 1s
F=47.000x xR =47,000 x T x 3° = 1.329 x 10° Ib
where R = radius of bar.

The resultant impuact deceleration, a. 1s

SR (47.0000(7)(9)

a= =51y
W 260.000
where W= 260.000 Ib, conservative weight of UMS cask with impact limiters.

To attain the design weight of the cask for the model, the density of the Type 304 material 1s
mereased as required: the weight density assigned to the model material 1s 1.5 1b/in".  For the

material mechunical properties, a uniform temperature, 280°F, is used.

to
\IJ
4
o



SAR - UMS® Universal Transport Cask May 2000
Docket No. 71-9270 Revision UMST-00A

27212 Analvsis results

The ANSYS postprocessing capabilities are used to obtain a contour plot of the stresses. This plot
shows the negligible global effects of the puncture. The analysis of the results is then focused on the
impact and neighboring surfaces. The sections chosen for evaluation are depicted in Figure

2.7.2.1-2, where the contour of the impact footprint is also shown.

Stresses are categorized according to the ASME Code, Section III, Subsection NB. Assuming the
bar behaves as an integral attachment to the cask body, the bending stresses appear as a discontinuity
cffect and can be discarded because they are secondary in nature. Only the local membrane and
shear stresses then remain for evaluation. The local membrane stresses are shown in Table 2.7.2.1-1.
The results of the stress evaluation are shown in Table 2.7.2.1-2. The maximum stress intensity,
S.I.=56.750 psi in Section Y. coincides with the bar edge. The corresponding margin of safety is
+0.18. A simplified evaluation can be performed for shear stresses by using the lateral surface of the

outer shell corresponding to the punch cross section:

T=—=——"=250637 psi
A 2nRe

where: P, = Punch head pressure (dynamic flow stress) = 47.000 psi
Ap = Punch cross sectional area. in.”
R = Punch bar rudius = 3 in.
¢ = Outer shell thickness = 2.75 in.

The shear allowable 1s 0.5 S, = (0.5)(67.000) = 33,500 psi > 25.637 psi. Therefore, puncture of the

outer shell does not occur.
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Table 2.7.2.1-1 Local Membrane Stresses - Puncture Cask Side
Stress Components (psi) Principal Stresses (psi)
Section Sx Sy Sz Sxy Syz Sxz S1 S2 S3 SI (psi)
A 4953 -19510 -28680 1859 -892 17870 12740 -19430  -36340 49280
B 2828 -21040 -28680 3568 -1832 16130 9836 -20620  -30110 43940
C 971 -22810 -28110 6410 -3056 12740 6609  -21420  -35130 41740
D 18356 -22640 -26390 7851 -3852 9921 6419  -20280  -33320 39730
E 1232 -23140 -25630 8229 -4513 7240 4828 19850  -32530 37360
F -27520 -29390 -34140 6915 -773 19390 -9938  -29430  -51680 41740
G -13370 -28690 -30980 9511 -1649 17730 -467 -27830 -44740 44280
H 4487 -25460 -26480 11980 -2938 15320 13420 -22990 -37880 S1300
[ 1161 -27840 -27790 11700 -3826 10990 7709 -23990 -38180 43890
J 1750 -206910 -25720 11200 -4237 7497 6646 22100 35430 42080
K -27160 -31170 -35620 7371 -427 14860  -14020 -31680 -48260 34240
L 12150 230400 -20400 9716 -982 14480 -1838  -29530  -41650 29810
M -13600 -33170 -31460 15040 -2009 14060 -925 -30240 -47070 46140
N 4378 -29100 -25790 16540 -3159 11380 13710 -23900  -40120 S38Z0
O 980 -21040 -26200 14520 -3608 6637 7317 -24300 39280 46600
p -27990 -R1280 -35480 7726 -418 12320 -16340  -32040  -46380 30040
Q -16300 -342580 -32360 10710 -727 10480 -7759 0 232520 -42670 34910
R -11360 -23100 -29470 13690 -1166 0473 931 -29360 42640 42710
S -12320 -34820 -20450 190620 -1948 Q157 696 -28900 -48390 49090
T 2234 -33590 -24660 18550 22277 4059 10340 -24120 -42240 52580
l -65 100 -43370 -40950 12110 -416 12030 -33890 -41880 70710 42810
\ -30310 S38470 -29790 13220 -039 8134 -17270 21540 -49760 12490
W S2TRT0 -39160 -30440 16860 -822 T448 0 - 13480 -31180 SS2210 8530
X -26380 -38730 -30350 22050 -1233 6703 -8657 -30360 -30440 47790
Y 3803 -34540 -23140 20700 -1349 2079 12970 -22990 -43780 36750
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Table 2.7.2.1-2 Stress Evaluation - Puncture Cask Side
Temperature Allowable, S, S1
Section Nodel Nodel] (°F) (psi) (psi) MS
A 197 866 280 67000 49280 0.36
B 222 891 280 67000 45940 0.46
C 247 9106 280 67000 41740 0.61
D 272 041 280 67000 39730 0.69
E 297 966 280 67000 37360 0.79
F 196 867 280 67000 41740 0.61
G 221 §92 280 67000 44280 0.51
H 240 917 280 67000 51300 0.31
I 271 942 280 67000 45890 0.46
J 296 967 280 67000 42080 0.59
K 195 308 280 67000 34240 0.96
L 220 893 280 67000 39810 0.68
M 245 918 280 67000 46140 0.45
N 270 943 280 67000 53820 0.24
O 293 908 280 67000 46600 0.44
P 194 869 280 67000 30040 1.23
Q 219 894 280 67000 34910 0.92
R 244 919 280 67000 42710 0.57
S 2069 944 280 67000 49090 0.36
T 204 969 280 67000 52580 0.27
U 28 ] 280 67000 42810 0.57
\ 29 3 280 67000 32490 1.06
W 30 4 280 67000 38830 0.73
X 31 3 280 67000 47790 0.40
Y 32 0 280 67000 56750 0.18
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2722 Puncture - Lid Center

For this evaluation, the cask 1s assumed to be inverted lid downward when dropped through a
distance of 40 inches onto the 6-inch-diam mild steel bar. Qualification of the lid center is

accomplished by a finite element analysis and comparison with data derived from destructive testing.

The main closure of the Universal Transport Cask consists of a single bolted id. The Type 304
stainless steel lid is secured to the top forging by 48 bolts, (2-8 UN-2A bolts fabricated from
SB-637, grade NO7718 nickel alloy steel) and is sealed by two EPDM O-rings (only one O-ring
required for containment). For analysis purposes, metallic O-rings, which require a higher preload to

resist the puncture load are assumed.

27221 Lid Center Analvsis

The ANSYS finite element program is used to determine the performance of the cask lid during the
pin puncture. The pin puncture of the cask lid 1s assumed to occur at 275°F (maximum upper

forging temperature 1s 256°F, Section 3.4.2) with no other loading except bolt preload.

To adequately analyze the cask hid. 4 two-dimensional axisymmetric model of the lid and top forging
region was created. The geometry accounts for the bolt properties of the 48 closure bolts (2-8 UN).
PLANES2 (eight noded quadrilateral element) and PLANE42 2D (four noded quadrilateral element)
clements are used to model the hid and top forging. The lid is modeled by using material properties
for the SA336 Type 304 stainless steel. The top forging is also appropriately modeled with this same
material. BEAM4 elements are used to model the bolts and CONTACTS2 elements we used model
the contact surfaces between the lid and top forging. Beam properties are based on the critical cross
section of the thread form including shank, threads, and head. The bolt is modeled with the
propertics of the nickel-based bolting alloy, SB-637, Grade N07718. Bolt propertics are combined
into one pscudo-bolt on the basis of a full 360 degree model. Shear correction factors are applied to

the shank and thread regions to account for shear deflection of a cvlindrical shape.
The configuration analyzed includes 48 bolts (2-8 UN) on a 73.86-inch diameter bolt circle. The

bolt tensile arca is 2.77 in~. The sum net area is thus 132.96 in". The cross-sectional moment of

inertia and total moment of inertia for all bolts is:
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pD*

I, = =0.7854 in*,

[, =48x1, =37.699 in*.

ST

The pr_eload assumed for eachbolL 15 116,680 0.1b forcet for an assumed ed_ total prcl&_agl‘w;_ﬁéo 64_Q

TR e o T R AR ab S P MRS L ]

pounds force. The actual applied preload is 113,530 1b force . . This analysis is conservative because
the actual preload exerts a larger clamping force at the edge of the iid than the assumed preioad. The

shear deflection factor for a cylinder is taken to be 1.11. The stiffness of the head of the bolt is

conservatively taken to be 10 times that of the bolt shank region.

Counter bore depth in the top forging region of the cask body is 6.5 inches to maintain full recess and
protection of the lid and bolts. To negate prying action of the cask lid, a 0.125 inch undercut is
added. This 1s simulated by absence of gap elements in the cross sectional area between the lid and
top forging from the outer diameter of the lid to the centerline of the bolt. The ANSYS model and

geometry of the lid is shown in Figure 2.7.2.2-1.

The puncture load is applied to a 6.0-inch diameter region which corresponds to a 6-inch diameter
pin. The load 1s simulated with an evenly distributed pressure load equal to the dynamic flow stress
of the pin. which s taken to be 47,000 psi (Section 2.7.2.1). Preload torque 1s included as an initial
strain. The inital strain is determined by an iterative process involving application of strain and

checking the resulting forces against the desired bolt preload (Section 2.10.2.1).

Stresses are hinearized across critical sections to determine the membrane and bending stresses which

are compared with allowable stress intensities.

27222 Lid Center Analvsis Results

The maximum nodal stress is 59.193 psi.  For conservatism, this stress is compared with stress
allowables at 300°F. For Type 304 stainless steel. the allowable stress limit is 61.500 psi (3.6 S, or
Su. whichever is less) for primary membrane and bending. where the value of S, is 20.000 psi. The
primary membrune stresses are limited to 48.000 pst (2.4 S, or 0.7 S, whichever is less). Since
nodal stresses are the sum total of all stresses, stating that the design meets this criteria is
conservative. A table comparing some maximum stresses to allowable stresses and resulting

margims of safety 1s presented as follows
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P, and Pp+Py, Stresses (psi) for Lid Pin Puncture

P Allowable MS P.+Ps Allowable MS
18.830 43,050 1.55 56,810 61.500 0.08
19,480 43.050 1.46 55,500 61.500 0.11
21.230 43.050 1.26 52,220 61,500 0.18

The minimum margin of safety(MS)xs-ROSjocgqmnéa‘i the centerline of the lid.
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Fig. 2.7.2.2-1 ANSYS Model for Cask Lid
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2723 Puncture - Center of Cask Bottom

The cask is assumed to be vertical and upright when dropped through a distance of 40 inches
onto a 6-inch diameter, mild steel bar oriented vertically on an unyielding surface. The structural

evaluation of the cask bottom is performed by finite element analysis.

The cask bottom geometry is a 5-inch thick outer plate and a 4.25-inch thick inner plate
enclosing a I-inch thick layer of NS-4-FR neutron shield material. The plates are made from

Type 304 stainless steel. The diameter of the layer of neutron shield material 71.61 inch.

A finite element evaluation of the bottom is performed using the ANSYS computer program and
a two-dimensional axisymmetric model. During the impact, the puncture pin is considered to
apply a pressure of 47,000 psi (assumed dynamic flow stress of mild steel calculated in Section
2.7.2.1.1) on the cask bottom at the centerline of the exterior surface in the inward normal
direction. This is the critical load location on the bottom because the maximum bending stress
and edge rotation take place here. The presence of an impact limiter is conservatively ignored.

The bottom 15 evaluated at a temperature of 280°F.

27231 Finite Element Model Description—Center of Cask Bottom

An axisymmetric ANSYS model is used to characterize the behavior of the cask for the puncture
load acuing at the center of the cask bottom. Figure 2.7.2.3-1 shows the model and boundary

conditions.

The ANSYS model consists of PLANE42 elements. These elements are used for the two-

dimensional modeling of sohd structures.

The puncture effect 1s represented by a local pressure acting on a surface equal to that of the bar
head. During impact, the puncture pin applies a pressure of 47,000 psi (assumed dynamic flow
stress of mild steel) in the inward normal direction on the bottom over a 6-inch diameter region
at a centerline of the exterior surfaces. The limiting bar impact force 1s that imposed by the
dynamic vield stress (flow stress), Syp. of the bar material. which is related to the static yield

stress by the following expression:
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.

S, = S\L 1+ i]] 47,000 psi
; IRy
where: Sy = static yield stress of bar material, SA-36. 36,000 psi
€ = strain rate of bar material during drop = 100 sec*
p = material constant for mild steel = 5
D = matenal constant for mild steel = 40

The impact force is
F=47000 x n x R*=47.000 x Tt x 3*= 1.329 x 10° Ib
where R = radius of bar.

Using a design weight of 256,500 Ibm, the impact deceleration is calculated to be 5.18 g. Use of

this weight is considered to be conservative.
The effects of the cask contents and weight of the cask portion not represented in the model have
been incorporated by specifying pressures on the internal surface of the bottom and on the ends

of the shell stubs, respectively.

Internal Surface Pressure of the Bottom

p =

= T2 ] psi

Pa 76997 %518
A Tx 3381

where: P. = unalyzed contents weight, b
4 = mpact deceleration, g
.2
A. = bottom area, in
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Pressure Resultine from Lead Weight

po= P L[ PXhe XAw 4w s0x 5182383 0
AL Ay, in’
where: Py = lead weight. 47 434 Ibm
pr = lead weight density. Ibm/in’
hpr = lead height, in

. . ~ . A
Ap,= Internal cavity lead surface. in~
a = impact deceleration, g

Shell End Pressures

The shell end pressures depend upon the cask portion not represented in the model. The

computed weight of the model is 28,187 b then. the remaining weight. Pg, is therefore
P. =256.500 - P, - Py, - 28,187 = 103,882 Ibm.
The pressure P on the shells 1s

>, d
P = i— =483 psi = 490 psi

re \
where A. = 1.115 1", inner and outer shell area.

27232 Analvsis Results—Center of Cask Bottom

Stress 1s categorized in accordance with the ASME Code, Section I, Subsection NB. Muaximum

primary membrane and primary membrane plus bending stresses are obtained from the ANSYS
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postprocessed results. Cask bottom stresses are provided in Table 2.7.2.3-1. The comparison of
the maximum stress intensities and allowable stresses is provided in Table 2.7.2.3-2. In
reference to Figure 2.7.2.3-2, the maximum stress intensity is Sly,, = 49.960 psi in Section A

and the corresponding margin of safety is 0.341.

A simplified evaluation can be carried out for shear stresses by using the lateral surface of the

bottom shell corresponding to the punch cross section.

P xA
r:g=¥:l4.100 psi

A 2nRe
where: P, = punch head pressure = 47,000 psi
A, = punch cross section
R = punch bar radius = 3 in.

bottom shell thickness = 5 in.

o
!

The shear imitis 0.5 S, = 0.5 x 67.000 = 33.500 pst > 14,100 pst.

t9
~1
'
n
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Figure 2.7.2.3-1 Bottom Puncture Finite Element Model and Boundary Conditions
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Figure 2.7.2.3-2 Location of Sections for Evaluation
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Table 2.7.2.3-1 Cask Bottom Puncture Stresses
Membrane Stress Components (ps1) Principal Stresses (ps1
Section Node | Node J Sx Sy Sz Sxy S1 S2 S3 Si
A 204 167 -27260 -9534 -9534 0 -0534 -0334 -27260 17730
B 205 168 -27170 -9517 -9509 2242 -9237 -9509 -27450 18210
C 206 169 -26590 -9454 -9335 4333 -8420 -9355 -27630 19210
D 207 170 -25480 -9337 -9069 6380 -7120 -9069 -27700 20580
E 208 71 -23630 -9163 -8284 8472 -5257 -8284 -27540 22280
F 209 172 -20130 -8781 -7108 10600 -2437 -7108 -26480 24040
G 210 173 -12950 -8254 -5266 11510 1146 -5266 -22350 23490
H 211 174 -6428 -7619 -3889 10460 3454 -3889 -17500 20950
I 212 175 -3945 -7037 -3681 8823 3467 -3681 -14450 17920
J 213 176 -2470 -6551 -3597 7541 3302 -3597 -12220 15620
K 376 374 -712 -254 -1535 58 -247 -72 -1535 1289
Membrane + Bending (Node 1 Stress Components (psi) Principal Stresses (psi)
Section Node 1 Node J Sx Sy Sz Sxy S1 S2 S3 SI
A 204 167 -44970  -60650  -60650 0 -44970  -60650  -60650 15680
B 205 168 -43530 -60010  -60490 2242 -45190  -60350  -60490 15200
C 206 169 -45440 SE300 -59290 4333 -34120  -59290  -59620 15500
D 207 170 -45230 35560 -57500 6380 -12190 -537500 -58630 16440
k: 208 171 -46870  -51920  -53870 8472 -40550  -83870  -38240 17680
F 200 172 -41590  -4667 -48180 10600 -33230 48180 -35030 21790
G 210 173 -20910 -40570 -40800 11510 -13610 -40800 -45880 30270
H 211 174 -2206 -34380 -34500 10460 896 -34500 -37480 38370
l 212 |73 -1370 229070 31850 8823 1201 31640 -31830 33050
J 213 176 =265 -24830 -26480 7541 1866 -26960  -20480 31350
K 376 374 -58 2300 -1748 58 2302 -60 -1748 4030
Membrane - Bending «Node 1 Stress Components (pst! Principal Stresses (psii
Section Node |l Node J Sx Sy Sz Sxy Sl S2 53 S1
A 204 167 -8379 41580 41380 0 41580 41580 -8379 49960
B 20s 168 -7812 40980 41470 2242 41470 41080 -7918 49390
C 200 169 -7490 39290 40570 4333 40570 39790 -7887 48400
D 207 170 -0913 36920 29360 6380 39360 37820 -7323 47180
k 208 171 1674 13600 37300 85472 373200 33390 -6463 43770
F 209 172 -6046 29110 32060 10600 33060 22060 -8992 42050
G 210 [73 <5233 24060 30260 11510 30260 25040 -0214 30480
H 2H 174 -4594 19140 26720 10460 26720 23090 -8546 38270
| 212 175 -3020 14990 24490 8823 24490 18470 -7396 31880
J 213 176 -3326 11730 22290 7541 22290 14860 -6454 28740
K 276 374 -1853 2808 -1322 hh -1322 -1850 2812 1490
2.7-58
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Table 2.7.2.3-2

Puncture Stress Evaluation Results

Limits* (psi) Stress Intensity (psi) Evaluation
Section Node I Node } S (M) S S S (M) MS) MSJ) MS(M)
A 204 167 P, 15680 49960 17730 3.273 0.341 1.645
B 205 168 P 15300 49390 18210 3.379 0.357 1.576
C 206 169 P. 15500 48460 19210 3.323 0.383 1.441
D 207 170 P. 16440 47180 20580 3.075 0.420 1.279
E 208 171 P, 17680 43770 22280 2.790 0.531 1.105
F 209 172 P. 21790 42950 24040 2.075 0.560 0.951
G 210 173 P+ Py 30270 39480 23490 1.213 0.697 0.997
H 211 174 P. + Py 38370 35270 20950 0.746 0.900 1.239
1 212 175 P, + Py 33050 31880 17920 1.027 1.102 1.617
J 213 176 P, + Py 31350 28740 15620 1.137 1.331 2.003
K 376 374 P.+P, 4050 1490 1289 15.543 43.966 35.384
*P,,=46.900 pst (0.7 S
P+ P,=67.000 psi (S,
2.7-39
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2.7.2.4 Puncture - Port Cover

In accordance with the requirements of 10 CFR 71 for puncture (hypothetical accident condition), the
port cover of the Universal Transport Cask is analyzed for structural adequacy. The cask 1s assumed
to be in a horizontal position and dropped 40 inches onto a 6-inch diameter, mild steel bar, onented
vertically on an unyielding surface. The structural evaluation of the port cover 1s performed by

classical elastic analysis methods.

27241 Analvsis description

This evaluation considers a port cover geometry typical of port covers on the UMS Cask. The
primary difference between the port covers 1s location. For example, the vent cover, located in the
bottom forging, is not easily accessible by the puncture probe. Therefore, a port cover located in the

bottom plate 1s analyzed.

The cover centerline 1s located 9 inches axially from the cask end. In this region, the cask body 1s
SA 336, Type 304 stainless steel. The port cover material is SA 240, Type 304 plate stainless steel.
During the impact, the puncture pin is assumed to apply a pressure of 47,000 psi (assumed dynamic
flow stress of mild steel) on the port cover and the bottom forging exterior surface of the cask in the
mmward normal direction.  The port cover rotation at i1ts mating surface with the cask body is
restrained by the bolted flange configuration of the cover. The port cover is also restrained from
rotation at its flange region resulting from the puncture pin pressure acting beyond the cask bottom

forging.

27242 Detailed Analvsis

Local Impact Region—Port Cover

For the loading and displacement boundary conditions described. the deflection behavior of the port
cover is assessed by applying formulas from Roark Table 24, Cuse 6 [28] for a uniformly loaded

circular plate with fixed edges. The inward deflection of the port cover is

C3qat(l-vY)

- =15%x107"in
16 Et

y
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[ TT T T I TT]

where: q = 47,000 psi
a = lin
t = 125in
E = 27x10°psi at 300°F
v = Poisson’s ratio =0.31.

Because a principal stress is a shear on the edges. a simplified evaluation can be carried out for shear

stresses by using the lateral surface of the cover plate:

(at edge) Sy, = = 18.800 psi.
{

Because the maximum port cover temperature is less than 300°F, the ultimate strength of the port
cover (conservatively based on 300°F) is 66,000 psi. Therefore. the stress limit is 0.42 S, =
27.720 psi. the minimum margin of safety is +0.36. and the clearance between the port cover and the

- g .
valve exceeds 1.5 x 107 1n.

2725 Puncture Accident - Shielding Consequences

The puncture accident causes a localized reduction in the cask shielding. The resulting dose rates are
bounded by the loss of neutron shield accident dose rates, which do not exceed the limits of 10 CFR

71.51.

o

~J
|

(@)
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273 Thermal

In accordance with the requirements of 10 CFR 71.73(c)(4), “Thermal, Hypothetical Accident
Conditions,” the Universal Transport Cask is analyzed for structural adequacy. The cask is
assumed to be subjected to a fire, which produces a surrounding environment of 1,475°F for 30

minutes. The thermal evaluation of the hypothetical fire transient is presented in Section 3.5.

2731 Summary of Pressures and Temperatures

The maximum thermal accident condition temperatures are summarized in Tables 2.7.3.1-1 and
2.7.3.1-2 for the various PWR und BWR cask components. A summary of pressures for the
PWR and BWR canister configurations (both canister and cask pressures) are listed in tables
2.7.3.1-3 and 2.7.3.1-4. Cusk closure bolts are qualified for a maximum pressure of 80 psig.

which envelopes the maximum pressure developed during the fire.
The Universal Transport Cask inner and outer shells, lid, and lid bolts are demonstrated to be
structurally adequate against loss of containment following a Thermal (fire) accident. Therefore,

the cask sausties 10 CFR 71 structural requirements for the fire accident scenario.

2732 Ditferentual Thermal Expansion Stress

Ditterential thermal expansion stresses and through-thickness thermal gradient stresses arc
induced in the Universal Transport Cask as a result of the Thermal (fire) accident event. All of
these thermal stresses are classified as secondary. displacement-limited stresses according to the
ASME Boiler und Pressure Vessel Code. Limits on secondary stresses do not apply for acciden:

conditions: the secondary stresses. 1n themselves. do not compronuse the integrity of the cask.

2.7-62



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

May 2000
Revision UMST-00A

Table 2.7.3.1-1 Maximum Component Temperatures—Hypothetical Accident Conditions
Fire Accident (PWR Cask)
Component Temperature Time Temperature Limit
°F) (Hours) (°F)
Cask Lid Bolt' 306.10 5.8 —
Upper O-ring 286.45 13.0 375°
Cask Lid O-ring 304.45 5.5 375°
Cask Radial Outer Surface 1,376.49 0.5 —
Lead Gamma Shield 473.47 2.9 600
Maximum Fuel Rod Cladding® 918.75 — i‘bﬁs’j

Conditions: 30-min, 1475°F Fire, 20 kW decay heat

Notes:

1.

Cask lid bolt is not explicitly modeled—maximum temperature taken to be maximum

temperature of cask lid.

Estimated by adding maximum temperature gradient between cask inner shell and

component of interest from normal condition results to peak temperature of cask inner

shell during hypothetical accident analysis.

Accident temperature limit is 375°F for duration of 10 hours or less. [45]
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Table 2.7.3.1-2 Maximum Component Temperatures—Hypothetical Accident Conditions
Fire Accident (BWR Cask)

Temperature Time Temperature Limit
Component °F) (Hours) (°F)
Cask Lid Bolt' 287 5.8 —
Upper O-ring 266 13.0 375°
Cask Lid O-ring 286 5.0 375°
Cask Radial Outer Surface 1,§76 0.5 —
Lead Gamma Shield 457 2.9 600
Maximum Fuel Rod Cladding’ 796 — 1,058

Conditions: 30-min, 1475°F Fire, 16 kW decay heat

Notes:

l. Cask hd bolt is not explicitly modeled—maximum temperature taken to be
maximum temperature of cask lid.

2 Estimated by adding maximum temperature gradient between cask inner shell and
component of interest from normal condition results to peak temperature of cask
inner shell during hypothetical accident analysis.

3 Accident temperature limit 1s 375°F for duration of 10 hours or less.[43]
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Table 2.7.3.1-3

Conditions

Summary Ef Maximum Canister Pressures During Hypothetical Accident

s oo

Pressure Condition

Canister Internal
Pressure (PWR)

Canister Internal
Pressure (BWR)

Fire Accident and
100% Rod Failure

5.60 atm = 82.0 psia = 67.3psig

Pressure used for

Canister Analysis 70.84 psig 70,73 psig
Table 2.7.3.1-4 Summary of Maximum Cask Cavity Pressures During Hypothetical

Accident Conditions

Pressure Condition

Cask Cavity Internal
Pressure (PWR)

Cask Cavity Internal
Pressure (BWR)

Fire Accident and
100% Rod Failure

3.61 atm =.53.90 psia = 39.20 psig

Cask Lid Closure

Analysis ' 80 psig B0 psig
Cask Body Finite |

Element Analysis | 150 psig 150 psig
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274 Crush

According to the IAEA Safety Series No. 6 Paragraph 627(c), and 10 CFR 71.73(c)2), this test is
not applicable to the Universal Transport Cask because the mass of the cask and contents is
greater than 1,100 1b (500 kg) and the cask and contents have an overall density greater than 62.4
Ib/ft* (1,000 ke/m°).

275 Immersion - Fissile Material

According to the requirements of 10 CFR 71.73(c)(5). a package containing fissile material,
where water inleakage has not been assumed for criticality analysis, must be subjected to water
pressure equivalent to immersion under a head of water of at least 0.9 meters (3 feet) for 8 hours.
This immersion is the fourth test in the hypothetical accident sequence of tests for the package.
Paragraph No. 633 of IAEA Safety Series No. 6 specifies the same requirements for the
international shipment of radioactive materials. A head of water of 0.9 m (3 f1) is equivalent to

an external pressure of (3)(0.433) = 1.3 psig.

The analyses presented in Sections 2.7.6 evaluate the Universal Transport Cask for an external
pressure of 290 psig. Since the containment boundary is predicted not to be structurally reduced
following the hypothetical accident sequence. the external pressure analysis presented in Section

2.7.6 bounds this case.

2.7.6 Immersion - All Packages

According to the requirements of 10 CFR 71.73(¢c)(6), a package must be subjected to water
pressure equivalent to immersion under a head of water of at least 15 meters (50 ft) for 8 hours.
Paragraph 630 of IAEA Safety Series No. 6 requires that a package be immersed under a head of
water of at least 200 meters (656 ft) for not less than one hour. A head of water of 200 meters
(656 tU) 1s equivalent to an external pressure of (656)(0.433) = 284 psig. In addition, 10 CFR
71.01 requires that a package’s undamaged containment system be capable of withstanding an
external water pressure of 290 psi for not less than one hour without collapse. buckling. or

inleakage of water.
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The structural adequacy of the cask body when subjected to an external pressure of 290 psi is
demonstrated using classical closed-form solutions of stresses for simplified geometries.
Specifically, the formulas for the stresses in these calculations are obtained from Roark [28].

The stresses generated by the 290 psi external pressure are calculated at the following locations:

1) Cask Outer Shell (away from ends)
2) Cask Bottom Forging (at center)
3) Cask Lid (at center)

4) Cask Bottom Plate (at center)

5) Port Cover Plate (at center).

The locations of the stresses evaluated (in the numbered list above) are shown in Figure 2.7.6-1

with the exception of the port cover plate (Item 6).

The bending stresses at the center of the circular plates r,
(Items 3 through 6 in the above list) are evaluated using q
\:\
the formulas in Roark [28], Table 24, Case 10 for simply- el ’ /
\\1 ‘ / i

supported plates with uniform thickness under a uniformly

distributed pressure. The formulas are as follows:

For r, = 0. the bending moment at the center of the plate 1s

W (136+ v)
where M. = bending moment (in-1b/in)
q = pressure load (Ib/in?)
= outer radius (in.)
v = Poisson’s ratio.

The bending stress at the center of the plate is then calculated as,
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where O» = bending stress at center (Ib/in?)

M. = bending moment (in-1b/in)

t = thickness of the plate (in.).

The primary membrane stresses (Items 1 through 2) in a cylindrical shell with uniform external
pressure consist of axial and hoop (circumferential) stresses. Theses stresses are evaluated using
formulas in Roark [28], Table 28, Case lc for cvlindrical thin-walled shells with capped ends

under external pressure loading. The formulas are as follows:

R gR
O,=—5- and 0,=—"— .

RA t ; R

| ol |
where o, = axial stress (Ib/in?) i .

6> = hoop stress (1b/in?) '
q = external pressure (Ib/in?) T T
R = mean radius (in.)
t = thickness of the shell (in.).

From these equations the stresses in the cask body at the locations described above are calculated
tn the ensuing sections. In addition. a comparison to the allowable stress is made for each stress
culculated. Because this 1s considered to be an accident condition, the calculated stresses are

compared to stress allowables as follows (refer to Section 2.1.2):

P < the lesserof 2,45, and 0.7S,

P. + Py < the lesser of 3.6S,, and S,

The stress allowables for this evaluation are conservatively taken at 400°F since the maximum

temperature of the cask s 368°F.

The cask mner shell and port coverplate are constructed of SA240. Type 304 stainless steel. The

cask outer shell and bottom are constructed of A240. Type 304 stainless steel. At u temperature
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of 400°F, SA240, Type 304 stainless steel has an ultimate strength, S,, of 64.4 ksi and a design
stress intensity, Sy, of 18.7 ksi. Therefore, the stress allowables are:

Primary Membrane: 44 88 ksi (2.4S,)
Primary Membrane + Bending: 64.4 ksi (S,).

The cask bottom forging, top forging. and lid are constructed of SA336, Type 304 stainless steel.
At a temperature of 400°F, SA336, Type 304 stainless steel has an ultimate strength, Sy, of 60.0

ksi and a design stress intensity, Sy, of 18.7 ksi. Therefore. the stress allowables are:

Primary Membrane: 42.0 ks1 (0.7S8,)
Primary Membrane + Bending: 60.0 ksi (S,).
2.76.1 Membrane Stresses in Cask Outer Shell (away from ends)

The membrune stresses in the cask outer shell are calculated as follows:

(=290 psi)(39.93 in.)

o.= =-2105 psi
‘ 2(275 in)) P
44.880 psi
MS=————-1=+2032
2.105 psi

(=290 psi)(34.93 in.)

O.=- =—4.211 psi
275 in P
44 880 psi
MS = P 1= 4965
4211 psi
27062 Bending Stress in the Bottom Forging (at center)

Al d temperature of 400°F, SA336. Type 304 stainless steel has a Poison’s ratio, v, = 0.31. The

bending stress 1n the bottom forging at the center is calculated as follows:
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(-2901b/in*)(34.805in.) (3+031) | _
M = ' T - =-72.676in-1b/in

6(~72.676in~1Ib/in)

o, = > =—24142 psi
(4.25in.)
60.000 psi
MS= P48
24,142 psi
2.7.6.3 Bending Stress in the Cask Lid (at center)

At a temperature of 400°F, SA336. Type 304 stainless steel has a Poisgon's ratio, v, = 0.31. The
bending stress in the cask lid at the center is calculated as follows (note the outer radius is taken

to be half of the bolt circle):

(= 2901b/in*)(36.93in.) (3+0.31) | |
M. = 1‘16 -=-81821lin—-1lb/in

6(—81.821in—1b/in)

o, ; — =—-11L620psi
(6.50in.)
. 060.000 psi
MS=———-1=+416
11,620 psi
27064 Bending Stress in the Cask Bottom (at center)

At a temperature of 400°F, A240. Type 304 stainless steel has a Poisson’s ratio, v. = 0.31. The

bending stress in the cask id at the center 1s calculated as follows:

(- 2901b/in" )(41.305in) (3+031) | |
M = 6 =-102.35%in—-1b/in
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6(~102,356in—Ib/in)

G, = > =—24.565 psi
(5.00in.)
64,400 psi
MS=—TPT 60
24565 psi
2.7.6.5 Bending Stress in the Port Cover Plate (at center)

At a temperature of 400°F, SA240, Type 304 stainless steel has a Poisgon’s ratio, v = 0.31. The
bending stress in the cask lid at the center is calculated as follows (note that the outer radius is

taken to be half of the bolt circle):

(- 2901b/in*)(2.0625in.) (3+031) | _
M = ' T -=-255m-1b/in

6(-255in—1b/in)

c.= — =-979 psi
(1.25in.)"
64400 psi
MS=—r———-1=+6478
979 psi

The minimum margin of safety calculated in this evaluation is +1.48 (for the bottom forging).
Because the cask body maintains positive margins of safety when exposed to the 290 psi external

pressure. structural adequacy 1s demonstrated.

Theretore. the Universal Transport Cask satisfies all of the immersion requirements for a

puackage that is used for the domestic and international shipment of radioactive materials.
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Figure 2.7.6-1 Cross-Section of Cask Body
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2.7.7 PWR Transportable Storage Canister Analvsis — Accident Conditions

This section presents the evaluation of the PWR Transportable Storage Canister for the
hypothetical accident conditions. The evaluation of the canister for normal conditions of

transport 1s presented in Section 2.6.12.

The principal components of the canister are the canister shell, including the bottom plate, fuel
basket, shield lid, and structural lid. The geometry and materials of construction of the canister.
baskets. and spacers are described in Section 1.2.1.2. The general arrangement of the canister,
shown with the fuel basket, is shown in Figure 2.6.12-1. The individual components of the

canister are shown in Figure 2.6.12-2.

A drop accident stress evaluation s performed for the 30-ft side-drop, top and bottom-end drops,
and for the top and bottom-corner drop conditions by applying a 60 g deceleration load. The
loads developed in the basket are transferred through the canister wall into the inner shell (for the
side-drop and oblique drops). and any axial component is transferred into the ends of the cask
cavity. The axial loads are maximized for the end-drops and corner-drop conditions. The lateral
loads are maximized in the side-drop since an enveloping acceleration is employed in the
analysis. Regardless of the angle of the drop. the canister wall is uniformly supported along its
length by the trunsport cask inner shell. and the load path is not affected by drop orientations
close to the side-drop orientation.  The oblique orientation will not provide enveloping loading
above the side-drop conditions. Therefore, oblique orientations other than the corner drops are

not considered.

In addiion. the evaluations are performed with and without the 25 psig internal pressure. For the
side. top-comner. and bottom-corner drop orientations, basket orientations of 0° and 45° are
cvatuated.  The angles describe the orientation of the basket elements with respect to the
symmetry plane of the model. A value of 0% orients the ligaments in the basket elements parallel
and perpendicular to the symmetry plane. A value of 45° orients the basket ligaments at +/- 45°
from the symmetry plane. In the evaluations. the maximum temperatures present during the
normal condition evaluation with 100°F ambient: solur insolation, and maximum decay heat are

considered.
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2771 Analvsis Description

The Transportable Storage Canister 1s a right-circular shell fabricated from rolled 5/8-in. thick.
Type 304L stainless steel plate. The canister is closed on its bottom end with a Type 304L
stainless steel circular plate that is 1.75-in. thick. The canister is closed at the top end with a 7-
in. thick, Type 304 stainless steel shield lid. which is seal welded to the canister shell. The shield
lid 1s covered by a 3-in. thick, Type 304L, stainless steel structural lid welded to the canister shell
at its top inside edge. The loaded canister is lifted by using six swivel hoist rings threaded into
the top of the structural lid. The canister is the defined confinement boundary for spent fuel
contents during long term storage, but no credit is taken for containment in transport. The

Universal Transport Cask containment boundary is defined in Section 1.1.

The structural design criteria for the canister are contained in the ASME Code, Section III,
Subsection NB. "Class 1 Components.” Consistent with this criteria, the structural components
of the canister (shell, bottom plate, and structural lid) are shown to satisfy the allowable stress
intensity limits presented in Table 2.1.2-3

For the canister structural lid weld (Séctibri 13, Figure 2.6.12.3-1), base metal properties. aré. uged

baca s s il AF Sl abttus ai-ch on ]

to define the allowable stress limits since the weld filler rod tensile’ prépertxes arew,greater than,the

base metal.  Also, the allowable stress is ‘multlphed by a stress reduction fkact,QI;.Qf_Q,8"p,e_r,,1§g:f1_.j

The ANSYS finite element program is used to evaluate the canister for the 30-ft drop conditions
in the top and bottom end. top and bottom corner, and side impact orientations. The ANSYS
finite element model 1s the saume as that used for the evaluation of the 1-ft drop impacts evaluated

tor normal conditions of transport. The model is described in Section 2.6.12.2.

2.7.7.2 Analvsis Results - PWR Canister

The results of the analvsis for the 30-ft side. top and bottom corner, and top and bottom end-
drops arc presented in Tables 2.7.7.2-1 through 2.7.7.2-10. Only the load cases that result in the
worst case margins are presented for each of the drop onentations considered. For the side-drop,
the worst configuration 1s without pressure and the basket oriented at 457, For the bottom drop,
the worst case oceurs with the canister internal pressure. For the top-end drop. the most severe
condition occurs without pressure. For the bottom comer and top-corner drops. the worst case

stresses oceur without pressure and the basket oriented at 07,
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The section stresses presented in the tables are identified by a section number. The minimum
margin at each section is presented by denoting the circumferential angle where the minimum
margin of safety occurs. A cross section of the canister showing the section numbers is presented
in Figure 2.7.7.2-1. Stresses are evaluated at 9° increments around the circumference for each of
the locations shown in Figure 2.7.7.2-1. The minimum margin is denoted by an angular location
at each section. The canister minimum margins of safety for the evaluated drop conditions are

summarized in Table 2.7.7.2-11.

The methodology used to evaluate the stresses for the side-drop are identical to that used for the
normal conditions 1-ft side drop for the PWR canister (Section 2.6.12.6). Sections 9, 10, and 11
at the 07 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. An evaluation of these bearing stresses is not required for
accident conditions. Results for Sections 9, 10, and 11 at angular locations other than 0° are

included in the evaluation.

The allowable stresses presented in the tables are for Type 304L stainless steel. Because the
shield lid is constructed of Type 304 stainless steel. which possesses higher allowable stresses, a
conservative evaluation results.  These allowables are evaluated at 380°F, unless otherwise
indicated. Review of the thermal analyses shows that the maximum temperature of the canister
15 399°F (Section 3.4.2). which occurs in the center portion of the canister wall (Sections 5 and 6
described 1n Figure 2.7.7.2-1).  The impact of this temperature increase is addressed by
evaluating the margins presented at Sections 5 and 6 where the peak temperature occurs. The
minimum margin for all the accident cases considered at Sections 5 or 6 is 4.41, which occurs for
the 30-ft bottom-corner drop plus internal pressure. The allowable S,, for :l:ypjc 304L stainless
steel 15 reduced from 16.0 ksi to 15.8 ksi at 400°F. The margin of safety for this case would be
reduced to 4.34. Therefore, the increased peak temperature in the center of the canister will have

a negligible impact on the presented minimum margins of safety.
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SAR - UMS® Universal Transport Cask

Docket No. 71-9270

May 2000

Revision UMST-00A

Table 2.7.7.2-1

PWR Canister P, Stresses - 30-Foot Side-Drop :@;"ﬁﬁ&;ﬁn&ﬁ?ﬁéﬁ

P., Stresses (ksi)

Angle of Allow.

Section peak stress SI Stress Margin
Location location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi)  of Safety
1 0 -20.6 0.4 -126 0.2 -0.3 -1.6 21.3 38.4 0.8
2 0 -15.4 0.4 -12.8  -1.2 -0.9 -0.7 16.3 38.4 1.36
3 0 -4.2 -0.1 -8.9 04 -1.2 -0.9 9.3 38.4 3.11
4 108 -0.2 -2.2 0 2.1 -0.7 0.1 4.8 384 7.01
5 9 -2 2.1 0.3 0 0 0.4 4.2 38.4 8.03
6 9 -2.1 2.6 0.2 0 -0.1 04 4.7 384 7.1
7 9 2.3 24 1 0 -0.3 0.5 4.9 38.4 6.9
8 72 0 -0.8 0 -4.5 -1.5 -0.1 9.5 38.4 3.03
9 9 -24.1 6.1 -100  -29 34 1.1 31.5 384 0.22
10 9 25 27 35 53 21 08 299 384 D3R
11 9 -17.7 1.0 -95 0.9 23 0 19.3 38.4 1.0
12 0 -39.7 =81 -176 - -7.1 1.8 0.8 35 38.4 0.09
13 0 2309 95 <128 02 14 15 2 30.72*  0.40
14 0 -29 0 | 0 0 -0.1 3.8 38.4 8.98
15 0 -1 0 0.4 -0.1 0 0 1.3 38.4 27.49
10 0 -1.6 0 04 0 0 0 2 384 18.25

* Allowable stress includes a stress reduction factor for the weld: OSxﬂaHowablestressﬁ
Note:r All of the allowable stress values presented in this table are based on SA240, Iﬁe 304L

stamnless steel at a temperature of 380°F unless otherwise stated. Localized peak temperatures in

the central portion of the canister shell reuch 399°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 2.7.7.2.
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Table 2.7.7.2-2

PWR Canister Py, + Py Stresses - 30-Foot Side-Drop £ 45° Basket

Orientation
P, + P, Stresses (ksi)
Angle of Allow.
Section peak stress S1 Stress  Margin
Location location Sx Sy Sz Sxy Svyz Sxz (ksi) (ksi)  of Safety
1 0 -239 0.1 -14.1 0.8 0.1 -1.6 24.1 57.5 1.39
2 0 -17.1 1.1 -109  -1.7 -0.9 -1.3 18.8 57.5 2.06
3 45 35 -17.8 36 1.6 1.3 4.2 18.9 57.5 2.05
4 9 -23 0.9 3.6 0.1 0.4 0.9 6.3 57.5 §.19
5 9 -2 2.8 24 0 0 0.7 49 57.5 10.71
6 9 -2 3.3 24 0 -0.1 0.7 54 57.5 9.62
7 9 -2.3 3 3 0 -0.3 0.8 5.8 57.5 5.88
8 72 0.1 -0.8 0 -5.3 -1.9 -0.1 11.7 57.5 3.91
9 9 -21.8 15.8 -7.9 =27 3.9 3.0 39.2 57.5 0.47
10 9 269 0 119 74 16 05 309 575 088
1l 9 421 13 153 02 24 16 353 15 004
12 0 -49 1.5 2120 -7 2.5 1.1 40.6 57.5 0.42
13 0 491 -191 217 203 2] 08 312  460* D47
14 0 -2.9 0 1 0 0 -0.1 3.8 57.5 13.95
15 0 -1.9 0 -0.6 -0.1 0 0 1.9 57.5 209
16 0 -1.2 0 0.9 0 0 0 2 57.5 27.23

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

starnless steel at a temperature of 380°F unless otherwise stated. Localized peak temperatures in

the central portion of the canister shell reach 399°F—resulting in slightly lower ullowable stress

values and subscquently shghtly lower margins of safety for sections 5 and 6 than those

presented in the table. However. this difference is negligible as discussed in Section 2.7.7.2.
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Table 2.7.7.2-3

PWR Canister Py, Stresses - 30-Foot Bottom End-Drop E Internal Pressure

P, Stresses (ksi)

Angle of Allow.

Section peak stress SI Stress  Margin

Location location Sx Sy Sz Sxy Syz Sxz {ksi) (ksi)  of Safety
| 180 0 -2.6 -0.4 0.2 0.1 0 2.6 38.4 13.85
2 180 0.7 -6.3 -1.1 0.3 0.1 0.1 7.1 38.4 443
3 180 0.1 -6.9 -1.2 0 0.1 0.1 7 38.4 4.49
4 180 0 -6.3 1.3 0 0 -0.1 7.7 38.4 4.01
5 180 0 -5.8 1.3 0 0 -0.1 7.1 38.4 4.41
6 180 0 -5.2 1.3 0 0 -0.1 6.5 38.4 4.88
7 180 0 -4.6 1.3 0 0 -0.1 6 38.4 5.44
8 81 0.7 -3.1 0.1 0 -0.1 0.1 3.8 38.4 9.03
9 72 -1.7 -1.9 -0.7 -0.1 0.4 -0.4 1.6 38.4 22.94
10 180 1.7 -1.3 -1 -0.3 0 0.2 3.1 384 1.5
11 0 -2 0.5 -0.9 0 0 0.1 2.5 38.4 14.17
12 0 0.7 1.8 -0.4 0.2 0.1 -0.1 2.2 38.4 16.18
R 180 0 2 02 0 0 0.1 2 B0,72* 1436
14 0 0.1 -1.1 0.1 0 0 0 1.2 38.4 30.57
15 171 0.2 -0.1 0.2 0 0 0 0.2 384 186.72
16 90 -0.2 0 -0.2 0 0 0 0.2 38.4 223.94

e ey

* Allowable stress includes a stress reduction factor for the weld: 0.8x allowabie stress;
Note: Al of the allowable stress values presented in this table are based on SA240, I:;f)g 304L

stwinless steel at a temperature of 380°F unless otherwise stated. Localized peak temperatures in

the central portion of the canister shell reach 399°F—resulting in slightly lower allowable stress

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

presented in the tuble. However, this difference is negligible as discussed in Section 2.7.7.2.
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Table 2.7.7.2-4 PWR Canister Py, + Py, Stresses - 30-Foot Bottom End-Drop § Internal
Pressure

P.. + Py, Stresses (ksi)

Angle of Allow.

Section peak stress SI Stress  Margin

Location location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi)  of Safety
1 180 0.4 -29 -0.2 0.3 0.1 0 34 57.5 16.11
2 180 0.4 -9.5 -2.1 0.1 0.1 0.2 99 57.5 4.84
3 180 0.1 -8.9 -1.8 -0.1 0.1 0.1 9 57.5 5.39
4 180 0 -6.3 1.3 0 0 -0.1 7.7 57.5 6.49
5 0 0 -5.8 1.3 0 0 0.1 7.1 57.5 7.1
6 180 0 -5.2 1.3 0 0 -0.1 6.5 57.5 7.8
7 180 0 -4.6 1.3 0 0 -0.1 6 57.5 8.64
8 90 0.6 -34 0.3 0 -0.2 0 4.1 57.5 13.03
9 90 -24 -3.9 -0.4 0 0.7 0 3.7 57.5 14.53
10 90 -2.9 -6.6 0.6 0 0.2 0 7.3 57.5 691
11 0 -1.1 5.6 0.9 -0.4 0 0.1 6.8 57.5 7.52
12 0 2.6 3.6 0.7 0.7 0 -0.1 3.3 S7.5 16.27
13 180 2301 01 04 0l 0.2 24 46,0 1817
14 0 0.1 -1.2 0.1 0 0 0 1.3 57.5 43.49
15 81 3.0 0 3.6 0 0 0 3.6 57.5 14.82
16 81 -1.8 0 -1.8 0 0 0 1.8 57.5 3114

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

Note: All of the allowable stress values presented in this table are based on SA240, 'I_‘yi)-é 304L
stuinless steel at a temperature of 380°F unless otherwise stated. Localized peak temperatures in
the central portion of the canister shell reach 399 F—resulting in slightly lower allowable stress
values and subsequently shightly lower margins of safety for sections 5 and 6 than those

presented 1n the table. However, this difference is negligible as discussed in Section 2.7.7.2.
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Table 2.7.7.2-5

PWR Canister Py, Stresses - 30-Foot Top End-Drop

P., Stresses (ksi)

Angle of Allow,
Section peak stress SI Stress Margin
Location location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi)  of Safety
1 0 -0.4 -5.9 -2.2 0.8 0 -0.1 5.8 384 5.65
2 0 -3.8 3.7 5.5 0.9 -0.1 0.6 9.5 384 3.03
3 0 -0.8 0.1 7.6 -0.7 0.1 0.6 8.9 38.4 3.31
4 135 0 22 0 0 0 0 2.2 38.4 16.27
5 153 0 -2 0 0 0 0 2.8 384 12.75
6 153 0 -3.4 0 0 0 0 34 38.4 10.43
7 180 0 -3.9 0 0 0 0 39 38.4 8.77
& 180 0.1 -3.7 0.1 -0.1 0 0 3.8 384 9.07
9 180 0.1 -2.8 -0.5 -0.1 0 0 2.8 384 12.49
10 144 -0.2 =27 -0.3 0 0 0.2 2.6 38.4 13.53
11 135 -0.2 -2.6 -0.2 0 0 0.2 2.6 384 13.74
12 36 -0.1 2201 -0.2 0.1 -0.1 -0.1 2.1 38.4 17.05
13 180 0 22003 0 0 0 22 30.72* 1296
14 90 -0.7 0 -0.7 0.2 -0.4 0 1.1 38.4 35.05
15 153 0 -1 0 0 0 0 1.1 38.4 35.42
16 0 0 -1.1 0 0 0 0 1.2 38.4 31.89
* Allowable stress includes a stress reduction factor for the weld: 0.8 X allowable Stress.

Note: All of the allowable stress values presented in this table are based on SA240, f§p€ 304L

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

the central portion of the canister shell reach 399°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 2.7.7.2.
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Table 2.7.7.2-6 PWR Canister Pp, + Py, Stresses - 30-Foot Top End-Drop
P, + P, Stresses (ksi)
Angle of Allow.
Section  peak stress S1 Stress  Margin
Location location Sx Sy Sz Sxy Svz Sxz (ksi) {ksi)  of Safety
1 0 43 -142 0.2 0.1 -0.1 0.2 14.4 57.5 2.99
2 0 -1.9 271 13 2 -0.1 1.1 294 57.5 0.96
3 0 -1.6 325 169  -0.1 0 1.4 34.2 57.5 0.68
4 162 0 -2.3 0 0 0 0 23 57.5 2444
3 153 0 -2.8 0 0 0 0 2.8 37.5 19.63
6 171 0 -3.4 0 0 0 0 34 57.5 16.14
7 180 0 -39 0 0 0 0 39 57.5 13.64
8 180 0.3 -3.6 0.1 -0.2 0 0 39 37.5 13.71
9 135 -0.3 -3.2 -0.3 0 0 0.3 32 37.5 17.13
10 180 0 -3.1 -0.6 0 0 0 3.1 37.5 17.78
I 135 -0.3 -3 -0.3 0 0 0.2 29 57.5 18.74
12 180 0.1 -2 -0.2 -0.2 0 0 2.2 57.5 25.09
13 180 0.1 23 04 -0l 0 0 22 46.0* 19.91
14 90 204 03 204 02 -0.4 0 20.2 57. 1.85
13 51 0.3 -1 0.3 0 0 0 1.3 57.5 444
16 0 0.1 -1.1 0.1 0 0 0 1.2 57.5 47.14

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

stamnless steel at u temperature of 380°F unless otherwise stated. Localized peak temperatures in

the central portion of the canister shell reach 399"F—resulung in shightly lower allowable stress

values and subscquently shehtly lower margins of safety for sections 5 and 6 than those

presented in the tuble. However. this difterence 1s negligible as discussed in Section 2.7.7.2.
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Table 2.7.7.2-7

PWR Canister P, Stresses - 30-Foot Bottom Corner-Drop

P., Stresses (ksi)

Angle of Allow.

Section peak stress SI Stress  Margin

Location location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi)  of Safety
1 0 -15 -3.3 -6.1 -0.5 -0.1 -1.9 121 38.4 2.16
2 18 2.2 -8.7 -1.1 0.3 -0.8 -1.9 11.9 38.4 2.23
3 27 -0.2 -9.3 =27 0.6 -0.1 -1.1 9.6 384 2.99
4 0 -0.4 -6.9 0.3 0 0.1 0.4 7.4 38.4 4.19
5 180 0 -6.8 -0.2 0 0 0 6.8 384 4.68
6 180 0 -0.5 -0.2 0 0 0 6.5 38.4 4.92
7 180 0 -5.8 -0.2 0 0 0 5.8 384 5.62
8 54 0.1 -3.5 0.1 -0.8 -0.7 0 4.1 38.4 8.26
9 0 -30.6 1 -10.7 -3 1.9 -0.1 325 38.4 0.18
10 0 -14 -0.7 -6.2 -2.7 1.4 -0.9 14.8 38.4 1.59
11 0 -36.8 -4 -122 04 2 -0.3 35.8 38.4 0.07
12 0 -23.2 53 -7.5 -3.8 1.3 -1.2 20.1 38.4 0.9
13 0 236 74 7.7 03 14 21 178 3072 0.73
14 0 -1.1 -1 0.4 0 0 0 1.5 38.4 24.48
15 0 -0.2 0 0.3 0 0 0 0.5 38.4 81.71
16 0 -0.9 0 0 0 0 0 0.9 384 43.06

* Allowable stress includes a stress reduction factor for the weld: 0,8 x allowable siress:
Note: All of the allowable stress values presented in this table are based on SA240, Iype 304L

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

the central portion of the canister shell reach 399°F—resulting in slightly lower allowable stress

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

presented in the table. However. this difference is negligible as discussed in Section 2.7.7.2.
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Table 2.7.7.2-8

PWR Canister P, + Py, Stresses - 30-Foot Bottom Corner-Drop

P, + P, Stresses (ksi)

Angle of Allow.

Section peak stress S1 Stress  Margin

Location location Sx Sy Sz Sxy Syz Sxz (ksi) {ksi)  of Safety
] 0 -16.3 -2 -6.2 0.8 0.1 -2 14.8 57.5 2.89
2 18 0.4 -18.8  -3.5 -0.1 -0.1 -2 20 57.5 1.87
3 27 -0.8 -18 -4.6 0.1 -1.1 21 18.2 57.5 215
4 0 -0.4 -6.1 28 0 0.1 0.7 9 57.5 5.37
3 0 -0.4 -4.8 2.6 0 0 0.6 7.5 57.5 6.64
6 0 -0.5 -39 2.6 0 0 0.5 6.6 57.5 7.76
7 0 -0.4 -3.2 2.6 0 0 0.6 5.9 537.5 §.81
8 18 0.4 =27 -1.3 1 1.8 -0.7 5 57.5 10.54
9 0 -30.5 7.2 113 =25 1.8 0.4 38.2 57.5 0.51
10 0 -143 09 -4.2 -4.2 1 -1.4 16. 57.5 2.53
11 0 -32.9 3 -10.2 -0.2 2 0.5 41.2 537.5 0.4
12 0 -30.2 7.8 -10.2 3.7 1.7 -0.8 24.5 57.5 1.35
13 0 38 <15 143 -0l 1.9 <15 255 460  0.80
14 0 -1 -1 0.5 0 0 0 1.5 57.5 37.12
13 81 39 0 4.3 0 0 0 4.3 57.5 12.39
L6 0 -2.7 0 -1.9 0 0 0 27 37.5 20.31

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

Note: All of the allowable stress values presented in this table are based on SA240, '_I;yp? 304L

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

the central portion of the canster shell reach 399°F—resulting in slightly lower allowable stress

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

presented in the table. However. this difference 1s negligible as discussed in Section 2.7.7.2.
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Table 2.7.7.2-9

PWR Canister Py, Stresses - 30-Foot Top Corner-Drop

P, Stresses (ksi)

Angle of Allow,

Section peak stress SI Stress  Margin

Location location Sx Sy Sz Sxy Svyz Sxz (ksi) (ksi)  of Safety
I 9 -2.1 -7 -4.8 0.7 -1.1 -1 5.9 38.4 5.53
2 0 -38 -14  -104 -5.2 0.7 -0.2 38.1 38.4 0.01
3 0 -12.1 =25 -2.6 -5.3 0.5 -0.3 14.5 384 1.65
4 180 0 =27 -0.2 0 0 0 2.7 38.4 13.07
S 180 0 -3.5 -0.2 0 0 0 3.5 38.4 9.89
6 180 0 -3.9 -0.2 0 0 0 3.9 38.4 8.82
7 72 0.1 -3.5 0 -0.9 -0.3 0 4.1 38.4 §.39
§ 45 0.1 -3.9 0.1 -1.1 -1.2 0.1 5.2 384 6.31
9 0 -31.3 48 -108  -34 0.9 -0.1 27.5 384 0.39
10 0 2110 98 -8.9 -4 0.2 -0.7 14.2 384 1.7
11 0 -30.8  -149 -123  -1.5 0.7 -0.7 18.9 384 1.03
12 0 -27.7  -13.5 9.2 -5.6 0.4 -1.1 20.7 38.4 0.85
13 0 2269 -17.7 997 -16 04 -19 179 3G72% 072
14 90 -1.4 0 -0.3 0.1 -0.3 0 1.7 384 21.81
15 0 -0.4 -1 0.1 0 0 0 1.1 38.4 33.99
16 0 -0.6 -1.1 0.2 0 0 0 1.3 38.4 29.2

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

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

the central portion of the canister shell reach 399°F—resulting in slightly lower allowable stress

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

presented in the table. However. this difference 1s negligible as discussed in Section 2.7.7.2.
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Table 2.7.7.2-10

PWR Canister P, + Py, Stresses - 30-Foot Top Corner-Drop

P, + P, Stresses (ksi)

Angle of Allow.

Section peak stress SI Stress Margin
Location location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi)  of Safety
1 0 -28.1 -156 -10.7  -75 -0.1 -1.1 21.2 57.5 1.71
2 0 -379 176 -5.7 -2.1 1.6 0.5 55.8 57.5 0.03
3 180 -1.4 294 15.6 0.1 0 -1.3 30.9 57.5 0.86
4 27 0.3 -1.7 -2.1 0 -0.1 -1.4 3.7 57.5 14.66
5 0 -0.4 -0.9 26 0 0 0.6 3.6 57.5 15.02
6 0 -0.4 -1.6 2.6 0 -0.1 0.6 43 57.5 12.39
7 0 -0.4 -2.5 2.8 0 -0.1 0.7 5.4 57.5 9.58
8 45 0.4 -3.8 0.4 -1.3 -1.6 0.2 6 57.5 8.53
9 0 -31.6 0.8 -11.8 24 0.9 0.4 32.8 57.5 0.75
10 0 =231 -12.1 -8 -6.7 0 -1.3 18.7 57.5 2.08
11 0 -34 -189  -125 25 0.9 -1.3 221 57.5 1.6
12 0 -30.1 -13 -9.8 -4.6 0.9 -0.8 21.9 57.5 1.63
13 0 313 2160 -1220 27 07 .18 202 460% 128
14 72 -19.1 03 -173 0.1 -0.3 0 18.8 57.5 2.06
15 72 -0.2 -0.9 0.4 0 0 0 1.3 57.5 43.02
16 0 -0.6 -1 0.3 0 0 0 1.3 57.5 43.39

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

Note: All of the ullowable stress values presented in this table are based on SA240. T_'ypé 304L

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

the central portion of the canister shell reach 399°F—resulting in slightly lower allowable stress

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

presented in the table. However, this difference is negligible as discussed in Section 2.7.7.2.
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Table 2.7.7.2-11

Summary of Minimum Margins of Safety for PWR Canister - 30-Foot

Drops
Drop Stress Min. Margin | Section
Orientation | Loading Condition Evaluated of Safety No.*
Side 30-ft impact (45 degree basket) Pn 0.09 12
Side 30-ft impact (45 degree basket) P+ P 0.04 11
Bottom end | 30-ft impact + pressure (25 psi) P 4.01 4
Bottom end | 30-ft impact + pressure (25 psi) Pn + Py 4.84 2
Top end 30-ft impact P 3.03 2
Top end 30-ft impact P.+ Py 0.68 3
Bottom 30-ft impact P. 0.07 11
Corner
Bottom 30-ft impact Pon+ Py 0.4 11
Corner
Top Corner | 30-ft impact Pm 0.01 2
Top Corner | 30-ft impuct P, +P, 0.03 2

* See Figure 2.7.7.2-1 for section locations.
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2773 Canister Buckling Evaluation for 30-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 accident condition 30-foot end drop (both top and bottom end drops). The
cvaluation 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 Section 2.1.2.5.3.

The PWR canister for the 30-foot end drop is evaluated for buckling in the same manner as the
PWR canister for the 1-foot end drop (see Section 2.6.12.12). 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).

A 00 g deceleration load was used for all the 30-ft drop canister analyses that are presented in
Sectons 2.7.7.2. The 60 g-load bounds all 30-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,
arc 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 dynamic shell analvses (ANSYS) are screened for the maximum
values of the longitudimal compression, circumferential compression. or in-plane shear stresses
tor the 30-ft drop cases (top- and bottom-end drops) with and without pressure. For each loading
cuse. the largest of cuch of the three stress components anywhere regardless of location within
the PWR canister shell are combined. Combining the maximum stress components in this way
produces u conservative, bounding-case buckling evaluation of the PWR canister, one which
envelopes all 30-ft PWR canister drop cases including those presented in Tables 2.7.7.2-3 and
2.7.7.2-5

The geometry parameters used in the PWR canister evaluation are the same as those presented in
Tuble 2.6.12.12-1.
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The maximum stress components used in the evaluation and the resulting buckling interaction
equation ratios are provided in Table 2.7.7.3-1. The results 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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Tuable 2.7.7.3-1 Buckhng Evaluation Results for the PWR Cuanister for 30-Foot End Drop
Longitudinal |Circumferential] In-plane Elastic Buckling Plastic Buckling
(Axial) Stress*| (Hoop) Stress* | Shear Stress Interaction Equations Interaction Kquations
Load Condition S, (psi) S (psi) Seo (psi) Q1 Q2 Q3 Q4 Qs Qo Q7 Q8
[-Ft Top Lind Drop 3900 100 700 012 084 015 1 012 084 015 084 015
I-Ft Bottom End Drop 7400 1500 100 142 | 159 | 219 |42 | 159 | 219 |59 | 219

Component stresses include thermal stresses.

* Compressive stresses.
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278 PWR Basket Analysis - Accident Conditions

The PWR fuel basket in the Transportable Storage Canister is designed to contain up to 24 PWR
fuel assemblies. The basket structure has a right-circular cylinder configuration and consists of
24 square tubes supported by circular support disks and a circular top and bottom plate that are
retained by eight axial tie rods. The number of support disks provided in the basket varies,
depending upon the class (Class 1, 2, or 3) of PWR fuel the basket is designed to contain.

The support disks and top and bottom plates are separated and supported by split spacers at the
tie rods. The configuration of the basket is shown in Figure 2.6.13-1. Design of the basket and

its components is discussed in detail in Chapter 1.0.

The PWR fuel basket 1s evaluated for hypothetical accident loads in this section (evaluation of
the basket for loads under normal conditions of transport is presented in Section 2.6.13). Both
stress analyses and buckling evaluations are performed and documented in the subsequent
sections. The structural analysis of the basket components is in accordance with the ASME Code,
Section I, Division I, Subsection NG [15]. In addition, the stainless steel/BORAL composite

fuel tubc 1s evaluated for a postulated impact load.

The fuel tubes are not structural components and are not considered in the basket evaluation.
The ue rods and spacers locate and structurally assemble the circular support disks, heat transfer
disks. and top and bottom plates to form an integral assembly. The spacers carry the weight of the
support disks. heat transfer disks, and endplate and their own weight in the 30-ft end-drop
accident loading condition. The end-drop loading condition of the spacers is a classical, closed-
torm analysis. and the spacers are evaluated independently of the finite element basket model.
Two fintte element models of a single disk are used to perform the support disk structural
evaluation. Figure 2.6.13.2-1 shows the PWR support disk model_for_tﬂes;dg:dnrépipi/al‘ué}lop

For further details of the basket. refer to Section 2.6.13.

2781 Stress Evaluauon of Support Disk

evaluated for the ‘worst-case radlal onentatxons of the basket,_(0°,' 18 22° 26 28° and 45°) The
cask orientations consxdered are 51de dropkcnd drop, and obhque drops (0:‘,,1()_;“2{0;&23‘,&30°
40°, 50°, 60°, 70°, 75°, 80°, and 88°),
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A load equal to the weight of the fuel assembly and fuel tubes multiplied by a 60 g amplification
factor is applied to the support disk structure to simulate the 30-ft side-drop accident condition.
The 60 g amplification factor is the design value that envelopes the calculated deceleration
values in Section 2.6.7.5 for a 30-ft side-drop accident condition. The fuel assembly loads are
transmitted in direct compression through the tube wall to the web structure of each support disk.
These loads are transmitted to the canister and to the inner shell of the cask by the support disks.
top weldment, and bottom weldment. The support disk configuration is analyzed for foﬁf WOrst-
case radial orientations—0°, 18.22°, 5628§ and 45°—to bound the possible maximum stress

cases. The 18.22° orientation is located at the thinnest radial section of the disk perimeter.

For the end-drop condition. the support disk is loaded by the inertia of its own weight multiplied

by the 60 g end-drop amplification factor.

Two limiting boundary conditions (thermal cé'é‘é:X’éﬁ?ﬁﬁé’?@*’&ﬁ;ﬁ’d&?’d’ﬁ&?‘ﬁé‘al" uation (See
e’ mo el ’arg,hed ogly‘to

Sectlon 2 6 1? 3 for case deflmllon) Note that tcmp“_ratures int} thc

the bucklmg evaluatlon (Sectlon 2.7.8.3).

The stress evlal'uatioﬁ for the support disk is pérfonﬁéd ﬁcédrdin}'; to_the ASME Code; Section 11,
Subsection NG. - According to this_ subsection, hneanzed ‘stresses, of cross’ s'éc_ﬂdﬁrs-gfwﬂ'lg

Pt

structure are to be compared against the _allowable stresses. . The allowable strcsses “for jormal
and Accident conditions are taken from Subsection NG as shown below:

7 Ac01dent (Level D)
Pn 0.7S;
PutPy 1.0,

TR R U

The allowable: limit is 0.7.S, or 2.4 Su, whichever i s less”For dl 1€ SUPPOIt diSK 2.4 S >0.7S:

a,

therefore, 0.7 S, is Jimiting;
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2.7.8.1.1 Finite Element Mode] Description

Finite element analyses are performed for the basket support disk for hypothetical accident
conditionS' thc ?0 ft sidc drop impact condition (60 g) dnd 30 ft end drop impact condition

P Tepe T A T S T A ST PN R E  T TR YT

and end 1mpact _evaluations, respectively,“ These ‘models. are. the same. models used
evaluation for normal transport conditions... The, models are described in Section 2.6.13.2]

2.7.8.1.2 PWR"StmportDlgkImpdct Loading Conditions

The lateral impact load applied to the support disk for a side-drop accident includes the inertial
weights of the canister, fuel assemblies, stainless steel tubes, and weight of the support disk
itself. A detailed description of the loadings is provided in Section 2.6.13.2. The heat transfer
disks are considered to be self-supporting. A 60 g load factor is used to amplify the weight of the

basket components for the 30-ft side-drop condition.

2.7.8.1.3 PWR Support Disk Side-Drop Analvsis Results

Finite element stress analyses for the 60 g side impact load cases are performed for gu:r different
radial basket orientations—0°, 18.22°, 5216»28C and 45°. The analyzed section locations are
defined in Section 2.6.13.2 and in Figures 2.6.13.2-3 through 2.6.13.2:4,,

The calculated stresses for the. gec}ioag with_the 40 lov'x}'égf'}hé{rgiﬁs" 6f""é§fety are_presented in

Tables 2.7.8.1-2 through 2.7.8.1-17.. 7. The. minimum _margin_of _safety is_+0.28 for o - prmary
membrane plus pnmary bendmg stress at Section, 107 for ‘Thermal Case B side- de-drop_with the

basket orientation equa] 0. 18 22° (Table 2.7.8.1.9). The mimmum ‘marging of safety for all.side.
drop analysis results are summarized in Table 2.7.8.1-1,

27814 PWIigu&r‘)wt)_oi‘t'bi”s-kﬁEnd-Drop Analvsis Results

Finite element stress analyses of the PWR basket support disk are performed for a 60 g cnd

Ly ey a5 'W"ﬂzr"*-'-- e e
Y, > £

impact (30-ft end-drop) g ~and.B. The pnmagy&memb;ang stressesain. t

T TP S SRR (T e T e ey A TR TR

disk for the end drop_conditions, arewssenhallyg.ero, «The. maximuIm, primary -me _rgb__@_;plgg

i

bendmg stresses m“tl;igﬂsupport disk for the 30-ft.end- -drop_ accxdent “condition are summarized in
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O

Table 2.7.8.1-18. The.calculated stresses f¢ for or_the_sections- with
are presented in Tables 2,7.8.119 and 2.7.8.1:20.

R

LRI

2.1. 8.15 PWR Supgon Disk Obhgue Drop Analys1s Results

AT TR RS S TR T e HREIO TR TR :m,-rw} ’R"’@v‘ B L SRR, Frats Bt Tt e il
To. evaluate  oblique im 1mgacts :the stress’ components 1.€.5.9x Sy, Syy) are combined from the side

th Tt R i it

and end drop cases These stress combmatmns ng the same Methodolozy. as

cons1ders various cask drop ang]e w.(.‘l):. & 230 3Q 53"“60" | ’ e

and the Slde drop (cp 90°) condmons are 1ncluded m the evaluat;on sog that the. -results envelope

all cﬂask‘drop, angles,

summarized in Table 2.7.8.1;21,
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Table 2.7.8.1-1 Summary of Stress Evaluation of Support Disk—30-Foot Side-Drop
Basket Stress Minimum

Table Number Orientation (deg) Thermal Case Evaluation Margin of Safety
27812 0 A Pm +.0.86
2.7.8.1-3 0 A P +Pp i 0.49
2.7.8.1-4 0 B Pn & 0.87
2.7.8.1-5 0 B Pu 4P §047
2.7.8.1-6 18.22 A P ¥1.24
2.7.8.1-7 18.22 A P +Py & 0.30
2.7.8.1-8 18.22 B P 127
2.7.8.1-9 18.22 B P, +Py, £0.28
2.7.8.1-10 26.28 A Pa £13]
2.7.8.1-11 26.28 A Pu +Pp £0.3]
2.7.8.1-12 26.28 B Pa 5143
2.7.8.1-13 26.28 B P.. +P; %030
2.7.8.1-14 45 A Pa T 1.76
2.7.8.1-15 45 A P +Py F043
2.7.8.1-16 45 B P ¥1.76
2.7.8.1-17 45 B P.. 4P, ¥ 043
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Table 2.7.8.1-2

Pm Stresses for Support Disk-—30-Foot Side-Drop, 0° Onientation,
Thermal Case 2&

i} Stress
Sx Sy Sxy Intensity
Section {ksi) (ksi) (ksi) (ksi)

107 -35.5 27.7 183 50.3
123 :35.5 -27.7 :18.3 503

25 20.7 1223 0.0 42.8

20 18.4 -174 0.0 35.7

29 0.0 -32.4 0.0 32.4
112 13.6 “15.7 06 29.4

96 13.6 -15.7 0.6 29.4

27 8.5 -29.1 00 29:1

28 8.9 -16.6 63 284

26 8.9 -16.6 6.3 284
114 8.9 ‘19.4 1.6 284

98 8.9 -19.4 1.6 28.4
115 8.7 184 15 27.3

99 8.7 -18.4 15 273

24 0.0 -26.7 0.0 26.7

21 8.1 -13.7 5.2 24.1

23 8.1 -13.7 52 24.1

30 213 24.8 0.0 24.8

22 7.2 -23.9 0.0 23.9

2 10.4 -12.5 0.0 22.9

95 6.8 :16.2 27 23.6
111 6.8 -16.2 2.7 23.6
116 0.0 222.6 0.0 22.7
100 0.0 i22.6 0.0 22.7

19 0.0 211 0.0 21.1
121 0.1 21.5 -0.2 21.5
105 0.1 215 0.2 215

31 -18.1 -14.8 4.4 21.2

32 -18.1 -14.8 4.4 212
113 -4.9 -19.8 -0.4 19.8

97 -4.9 -19.8 0.4 98 91.9

4 -10.9 :18.2 0.0 18.2

8 11.1 7.1 0.0 182 |

37 5.6 :17.6 SR 177 90.4 4. 10
51 -5.6 17,6 1.1 177 90.4 4.10
101 6.9 9.9 2.0 17.2 91.9 4.33
117 6.9 :9.9 -2.0 17.2 91.9 4.33
49 42 2124 1,0 16.7 90.4 440
35 42 1124 170 i6.7 90.4 440
68 0.0 5.7 0.0 15.7 911 &2

2.7-96



SAR-UMS® Universal Transport Cask

Docket No. 71-9270

May 2000
Revision UMST-00A

Table 2.7.8.1-3

P + Py, Stresses for Support Disk—30-Foot Side-Drop, 0° Orientation,
Thermal Case E
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Table 2.7.8.1-4 Pn Stresses for Support Disk—30-Foot Side-Drop, 0° Orientation,
Thermal Case E
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Table 2.7.8.1-5 P + Py Stresses for Support Disk—30-Foot Side-Drop, 0° Orientation,
Thermal Case E

Stress  Allowable
® @ (e S
350
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Table 2.7.8.1-6 Pm Stresses for Support Disk—30-Foot Side-Drop. 18.2O Orientation,
Thermal Case A
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Table 2.7.8.1-8 P, Stresses for Support Disk—30-Foot Side-Drop, 18. Onentation,
Thermal Case B
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Table 2.7.8.1-9

Pm + Py Stresses for Support Disk—30-Foot Side-Drop, 18.[23

Orientation, Thermal Case B
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Table 2.7.8.1-10 Py, Stresses for Support Disk—30-Foot Side-Drop, 76,285 Orientation.
Thermal Case E

Sress  Allgwable
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Table 2.7.8.1-11 Pm + Py, Stresses for Support Disk—30-Foot Side-Drop, B61288
Orientation, Thermal Case a
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Table 2.7.8.1-12

Py Stresses for Support Disk—30-Foot Side-Drop, zéi'iﬁ Orientation,
Thermal Case E
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Table 2.7.8.1-13 P + Py, Stresses for Support Disk—30-Foot Side-Drop:'»ZEEZ“» §;§

Orientation, Thermal Case B
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Table 2.7.8.1-14

P, Stresses for Support Disk—30-Fo0t Side-Drop, 455.0nentation!
Thermal Case. A
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Table 2.7.8.1:13

P £.Pp Stresses for Support DlSk-—30-FOOt Side
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Table 2.7.8.1-16

P Stresses for Support Disk—30-FSot Side-Drop, 45-Onentation,
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T:Iablé 2781—18 Summary of Stress Evaluation of Support Disk—30-Ft End-Drop

Thermal Stress Minimum
Table Number ~ g-Load Casé EYaluation  Marginof Safety
2.7.8.119 60 A Batbs 4.63
2.7.8.1:20 60 B pIup, 5478
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Table 2.7.8.1-19

P, +Py, Stresses for Support Disk—30-Ft End-Drop, Thermal Case §
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Tab1627'§1-26 P..+Py Stresses for Support Disk—30-Foot End-Drop. Thermal Case :B:
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Summary of Stress Evaluation of Support Disk-=30-Ft Off-Angle Drop

Table 2.7.8.1-21

Thermal Section Drop Basket P Po M Mp M, MS1 MS2
Number Angle Angle (klp) (klp) {m—klp) (1n-k1p) (m-kxp)

Case
A 19 450 00 112 565 20 8.0 g1 Ll4 159
B 29 700 00 233 &12 05 %8 BS Qde 197
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2782 Stress Evaluation of Tie Rods and Spacers

The structural adequacy of the tie rods and spacers in the PWR basket is evaluated following
free drop of the Universal Transport Cask of 30 feet onto a flat, unyielding surface. The design

deceleration for the cask for the hypothetical accident 30-ft end-drop is 60 g.

The structural capacity of the spacers supporting the basket is evaluated by hand calculations
using classical analysis. In accordance with Section III, Subsection NG of the ASME Code [19].
accident loading resulting from the 30-ft drop of the fuel basket is compared to the stress limit of
0.7 S,.

The tie rods serve basket assembly purposes and are not part of the load path for the condition
cvaluated.  The tie rods are loaded during fabrication by a 190 ft-Ib preload. Under drop
conditions, the preload is reduced. The tie rod design is, therefore, acceptable by inspection, and

no detailed evaluation of the rods 1s required.

During the end drop. the spacers are loaded with the weight of support disks. the aluminum heat
transfer disks. one end plate, and their own weight. The load is resisted by the effective area of

cight spacers. The compressive stresses are calculated on the effective area of the spacer.

The material allowable stress is conservatively selected at a bounding temperature of S00°F. The

temperature near the outer edge of the support disks is below 300°F.

1o
-
o
)

Desien Critena

Stress hmits = 0.7 S, taccaident condition)

(more limiting than 2.4 S)

Loading critera () = 60 ¢ (accident condition)
Evaluation temperature = 500°F
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Basket Parameters

Fuel basket weight = igjg:é“g' b
Bottom weldment weight = SZZ 1b
Fuel tube weight (24 tubes) = 3,676 Ib
Rod diameter = 1.6251n.
Spacer OD = 3.0in.

Matenials [21]
Tie rod = SA 479 Type 304 Stainless Steel
Spacer = SA 479 Type 304 Stainless Steel

Material Allowables

Type 304 stainless steel [21] Sm = 17,500 psi (500°F)

= S, =63.500 psi (500°F)

27822 30-Foot End-Drop Condition - Results

The deceleration assumed for the PWR basket in the 30-ft end-drop 1s 60 g. The spacers are
loaded with the weight of the support disks, the aluminum heat transfer disks, one end plate and

therr own weight. These loads are calculated as follows:

Total weight of basket = 16,‘189 Ib
Less weight of bottom weldment = ‘-522 Ib
Less weight of fuel tubes = ;376]_6 b
I g-load on spacers = jj2;2-86 b
Applied g level = 060¢g
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Therefore,

Accident condition

%ﬁ

load on spacers = iﬁ% x 60 537,1

The effective arca of one spacer at each of eight locations supporting the weight of the suppon

disks 1s equal to the net area of the spacer and is calculated as

314 % (30° - 1.75°) .
A= 1 - = 4.661in".

The average compressive stress, S.. in the spacer is

737 160

¢ : 8x466 19774p81

The allowable stress tor SA479, Type 304 SS under accident conditions is 0.7 Sg:
Sy = 03.500 psi

0.7S, =0.7x63500 = 44450 psi.

-
/

The murgin of satety. which 1s defined as 5 “ — 1,15 calculated as
A 19774 -

Ll PRSP S VPPN P

Therefore. the spacers are structurally adequate for 4 60 ¢ end impact under accident conditions.
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27873 Buckling Evaluation of Support Disk

During the impact following a 30-ft side drop of the Universal Transport Cask onto an unyielding

surface, the support disk is subjected to compressive loading and_bending moments in the plane
of the disk. For cask impact orientations other than on the side, loads acting perpendicular to the
plane of the support disk (out-of-plane) may also be applied. The compressive in-plane loadings
in conjunction with the bending moments resulting from ;n—plggté ar out-of-plane loadings

require that buckling of the support disk be a design consideration.

R Pt et Tt

Buckling of the support disk is evaluated in accordance w}

of NUREG/CR-6322 [16]. - The_support disk is constructed of SA69341ype 630 2174 PH
stainless steel plate. The properties are evaluated at the actual temperature of 1he lineanzed cross

sections where buckling evaluations are performed.

2.7.83.1 _Support Disk Buckling Analvsis

The buckling evaluation of the support disk web is based on the Interaction Equations 31 and
321 NUREG/CR-6322. These two equations adopt the “Limit Analysis Design” approach for
structural members subjected to stresses 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, condifion and for four
different radial orientations of the support disk, for. the side-drop, condition. based. on. the finite
element analysis results. - The_forces and moments”for the cask obliqué drSp condiions.are

W amers ey vy o

determined from the end and side drop results based on the drop angle. The buckling evaldanons
account for both in-plane (about the strong axis, of the web) and out-of-plane (about the. weak
axis of the web) buckling modes.. Evaluation for strong axis buckling is perfotmed only Tor the

FT oy e ppa ey h -y

side drop condition_since_it_is, the govemning case..  Evaluation for weak. axis bUCKLng is

performed for all end drops and obliquedrops:(0°,723°, 3057 40¢, 4557507, 60° 770575 80°]

85°, and 88°).
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Défailed buckling Calculations e peddortied UsinELa

equations_used. in_the calculations are_those from:.
factors_used are 60,2 for 30:ft e -side-drop.
2.6.13.24;

DT TR L e e e e T R O T T A Y S YT RO T Ty
The buckling evaluation methodology/equations are summarized as:

Symbols and Units

S A e

P..= applied axial compressive 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 slendemess ratio separating elastic and inelastic buckling
Cy,, = coefficient applied to bending term in interaction equation

Mp= cntical moment that can be resisted by a plastically designed member in the

absence of axial load, kip-in.

M, = plastic moment, kip-in.
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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.

S, = vield stress allowable, ksi

A = area of the ligament, in"

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

~ = allowable reduction factor, dimensionless

From NUREG/CR-6322. the following equations are used to evaluate the support disk:

p Cc, M
— <10
0 P
N’1”1 l‘.;
P,
p M
— +
P, 1.I8M,

where:
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}\’2
F, = “fyp = p T d A 1[1\»1) >
. = — = = ‘ A =] — _—
T A T S0k v 017 —o2sn | ! .+ VE

P. = 1.92xAXF,

n -k L

F. = ——————— (non-austenitic)
f k-1
1.92 =

N

n-E .
F. = —1\1— {austenitic)

14 S

/

P, =S xA

Cin = 0.85 for members with joint trunslation (sideways).

M= S, xZ,
| Ly =
| [“;J'\/S,\ |
Mp= M - 1.07-————|<M
‘ 3160 "
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Load Conditions

; 2.6.13,145the corresponding. force (P) and th
bendmg moment_ (M) are. deterrmned ‘and applied to Equations 31 and 32 of NUREG/CR-632§’

e G MY S
maximum_out-o f-plane ‘moment re. sulgng from, e
the conservatxve maxunum 1interaction’ coefﬁcxents nts.” The equations.
are:

and
R v e g e
P, = PP, My = ———— 118M (P1+M1<1) (Eq 32 NUREG/CR 6322)

e B T

The margins of safety are calculated as.

SRR S TR
MSI———— -1 (based
f Pl +M1 i3 AR L v T ot S I W R .13 S
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N TR g I e 41 haregry 3 <

3

The following table summarizes the minimum buckling margins.c

and thermal case for the accident conditions,

Loading  Stress Thermal Section Drop Basket P P

Condiich  Siat  Case  Numbéi MGl Angk (ap) (6P [akd

M

M
fnckin)  fiackip)

Mo MSI MS2

Strong Axis Buckling

Accident P
P+Q

2 9000 4500 56 BL8
2 900 4500 92 BI3

110

23.6
238

BE 094 08
236 D93 [&3

107 %00 00 130 #3
107 %000 D00 330 308

P
P+Q

W oWl > D

11
8

.2
7.3

67 L3 L
67 112 13

Weak Axis Buckling

Accident P 107 80.00 0.00 129 296

P+Q 29 8500 000 272 596

0.0
00

317 156
74 Ti1 Y48

W >

p 107 8000 000 128 332
P+Q B 107 80.00 0.60 128 332

0.0
00

fnbite

K
AD.

42 151 196
42 151 196

* P = Primary Stress, P+Q = Primary + Secondary Stresses

As the results demonstrate, the PWR support disks méet the requirements, of NUREG/CR-6322.
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2784 Fuel Tube Analysis

The fuel tube provides a foundation and sealed cavity to mount BORAL poison plates within the
fuel basket structure. The fuel tube does not serve a structural function relative to the support of
the fuel assembly. The fuel tube design is presented in Figure 2.6.13-3. To ensure that the fuel
tube remains functional when the cask is subjected to design load conditions, a structural

evaluation of the tube is performed for both the end and side-impact load conditions.

2.7.8.4.1 Fuel Tube End Impact Analysis

During the postulated cask end impact. fuel assemblies are supported by the cask bottom for the
bottom-end drop and the lid for the top-end drop. The fuel tubes do not carry fuel assembly load.
Therefore, evaluation of the fuel tube for the end-impact load is performed by considering the
weight of the fuel tube subjected to the cask deceleration carried by the minimum tube cross
section. The minimum tube cross section is located at the contact point of the tube with the
bottom weldment. From the dimensions of the tube shown in Figure 2.6.13-3, the minimum

cross-sectional area is

Area = (thickness)(mean perimeter) (0.048)
= [(8.8+0.048)4] = 1.69 in".

The total bearing load on the tube and BORAL during the cask bottom-end impact is 9,180 Ib,
(60 ¢ x 153 1b). The maximum compressive and bearing stress in the fuel tube is 5432 psi
(9180/1.69). Limiting the compressive stress level in the tube to the material vield strength
ensures that the tube remains in position when the cask is subjected to the postulated end-drop.
Type 304 stainless steel yield strength is 5—9,400 psi at a conservatively high temperature of
S00°F for the axial location on the fuel tube that has the minimum cross-section area. Using this

criterion to evaluate the tube for the end-drop load. a margin of safety of +2.57 is achieved.

27842 Fuel Tube Side-Impact Analvsis

During the cask side-impuact load configuration, the fuel tube is supported by the fuel basket's
stainless steel support disks. The fuel basket support disks support the full length of the fuel
tube. and are spaced at 4.42 in. apart (which is aboy.t one half of the fuel tube width of
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8.8 in.). Considering the fuel tube subjected to the 60 g [1] side-impact deceleration and the 30
support locations provided by the basket support disks, the fuel tube shear stress is

Impact shear load = (60)(§@2)/30 _ 3;2:@ b

5 mory 5

Shear area of tube (0.048)(:82:8:)(2) = Qﬁ:_cjé n-

8.204/0.845 = 3,792 psi.

Shear stress of tube

The yield strength of Type 304 stainless steel at 75@;’& 1S I]j_@ psi. Using an allowable shear
stress equivalent to half the vield strength of the tube wall material, ﬁ@ psi, results in a large
positive margin of safety. The conservative evaluation of the tube loading resulting from its own
mass during the side-impact configuration indicates that the tube structure will maintain position

and will function.

o A A e~

The load transfer of a fuel assembly to the fuel basket support di
a side impact will be through dlreglubeanng and; compres?sm ‘of the dist
assembly through the fuel tube to the support disk web. “The analys1s'c;_gs1
load as a distributed pressure on the ms1dc*tube, _sgrfaq:‘.

The load transfer of the weight of the fuel és'kéiiiblﬁfia _the fuel \‘Sé“é}ié‘t'?ﬁmpﬁ& - disk_in.the side
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AT S e G omo g e

The analyms_“shows that the max1mum total stram 1s 0. 026 mch/mch "Defining t.he accemable

elastlc—plasti - response less steel as. one half of the material failure strain of 0. 40

in./in, at 750°F [24]; the Tesulting margin of safety is:

Similarly, the margin of safety for elastic- -plastic str ss becomes:

F:f B e

where the yield strength of Type 304 stainless steelis 17,3 ksi at 750°F:

A e g - o et o P Bt ea e ok 2

The second ﬁmte element model Bt used to evaluate the load condltxon with. the. fuel assegb,ly

TEITST R

model isa qizérter;mtry&p«gg&c section of. the fuel tube - _the ’ﬁmte element xnodel

,,,,,,,, e

used for the distributed ] _pressure. “case, “this mode] conservatxvely ‘considers a_fuel tube. ‘wall

thlckness of 0.048 inch. .The BORAL plate. (0.075. mch) and stainless steel“cover. “plate (0. 018

inch) are conservatlvely not_included in the model. The_‘tgbeﬁuwallwlv‘s mpdglg@ _,wlth;AN§XS
SHELIA43 elements.. The support disks are modeled with CONTACS2 elements’

Based’aﬁ”{ﬁ‘e“’iawrénée‘Liveﬁ‘noge' evaluation of the fuel rods for a side.impact. (L
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Bl s bl

“thickness” of the. "grid _spacer, the fuel rods w111 be.in contact w1th the inner. surf ace, of fhe fuel

tube and the ‘wei g’E“; of th fuel ;ods ik
_Therefore, a_bounding..joad fitio

T eme c aeprge s

dlsplacemeng_Aof 0,083
location_in the model.:. P
assumed that ‘the. Tuel . as assembly grid “spacer. 1_‘&;'1g;d:and the efore.a.cons

L g e e < ey

conservatwely applied.

stant_displacement s

2.7-128



May 2000

Revision UMST-00A

SAR-UMS® Universal Transport Cask

Docket No. 71-9270

x\;
OO R
O

i o a8 e i i oM B A S it i HA il i

T N 01

tw

nodel close:to,

t

SLeC

the

WINPT

o<

aximum stress in

‘“W IH

W,

ysis resu

L 3

—

The finite element anal

MLjSG WH G

ocation of the r
iz B
ess s

04 stainl

.3

id spacer. I
Type.-

OO,
e
trength for

ate s

T’

- of the tube at the g

At 750°F the ultim

iy
EO;;

LE

358
ke
oy
- Ol =
SRR
T s O
< O o
BRI
L .2 3

o A o

elastic-plastic

[es

Iy

oy

L5d

inJ/in..at 750°F [24],the

2.7-129



SAR-UMS® Universal Transport Cask May 2000
Docket No. 71-9270 Revision UMST-00A

Slmﬂarly,jbg'margln&f_éaiety for I. EIaSUCJ)_LaStl § E w

BT RE TSt r"u—«" yxﬁ‘fq@f—:&w;?ﬂv" !vg::q?:p R ST PP AT
where the yield strength of Type 304 5t4

ey 5 o1

Both the mammum total Strmfl~§nd::f ERUN——

T e e s

position within 4 the support. support. baskeu;_“;ggmtamgg

Assurance that the BORAL remains. attach :'i»»:{’f\é’ﬁuk 15z evaluate;
loads produced by the BORAL plats and s stamle§s "?t".’é; MENt PIACHas
are carried by the. attachment plate weld: &I;otél?ws oad and: resulta
calculatc_dkas.,

Fuss = (2)(@)(®)(W)(1) ... . Load exerted by BORAT/Stainless Stoel Atachment Dlate

where:
g = a’ccé’l&éﬁ'c‘iﬁ‘(fg‘,j

a

p = den51ty of matenal (lb/m ) (Ihe densxgl of alummum (0 ,098 Ib/in)is ¢ _conservatively
used for the, BORAL

t = thickness of material (in.)

'yv = width of materal jLJ

1

eem i

= length of material section (in)

The forces on the_ weld due to a'12-inch section of BORAL (Fiyand - 12-inch section of stainjess
steel platc__(Fss) ar;.

Fy, = (60g)(0.098 16/in°)(0:075.in.3(8.2 in.)(12 in.)

434 1bs

.'II?

s ]
4
]

- (60£)(0:291 Tb/in>3(0.018 (8. in (12103
32.8 1bs
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The total load (). on a l-inch attachment weld for a 12-1nch section is;

R 2

E,=43.4Jbs.+ 32.81bs = 76.2.1bs

Seler b A

R i R Fuel tube
i e, : . £ i

Attachment
‘ Weld 1in. on
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“12in. centers o
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! i b S Bt e R = L

The resulting weld stress ls-’c =P/A=(16.216/2)7 (i'in.) (0.0 n)m 2117 psi
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2.7.8.5 Basket Weldment Analvsis for 30-Foot End Drop

The responses of the top and the bottom weldment plates of the fuel basket assembly to a 60 g
accident condition deceleration load are examined. W&. finite element models representing the
PWR basket top and bottom weldments are constructed for structural evaluation. The structural
evaluations are performed at normal condition temperatures; therefore, prior to the structural

evaluation portion of the analyses, the steady-state temperature distribution in the top and bottom

weldment models is determined by applying fixed temperatures to the outer circular edge m

ot yvae wﬂwﬁgf;qﬁmﬁﬂ
; :planes and then solving for the mlermed1atc

the node at the . mte;_sectlo n-.0f |
temperatures.  These.. fixed. temperature

analysis with -40°F ambient temperarure and maximum heat gencranon The matens Ballowable

stresses are based. on_ the. maximum temperature “of . the” weldments, determmedgi mormal

SR LT R Y E AR T T AR 4 T TS

conditions w1th 100°F amblent temper’ature and maxxmum heat generatlgﬁ

During the temperature solution portion of the analyvses, ANSYS three-dimensional thermal shell
clements (SHELLS7) are used to construct the finite element models. During the structural
evaluation portion of the analyses, ANSYS three-dimensional, six-degrees-of-freedom. elastic
shell elements (SHELL63) in the weldment plate and structural support plate regions are used to
construct the finite clement models.  BEAM4 elements are used to model the top nut/pads.
Contact between the structural support plates and the structural support ring (where applicable)
- are modeled using CONTACTS2 elements. The finite clement models represent one-quarter

sections of the weldments.

The top and bottom weldments g.r:; 10;1n”:énd:1_25:1:r'1”thfck,re‘spee"ﬁ‘felﬂ and are fabricated
from SA-240, Type 304 stainless steel. The top weldment supports its own weight and 24 fuel
tubes (without the fuel assemblies) during 4 top-end drop. Eleven structural support places. eight
tic-rod top nuts. and a circumferential ring support the top weldment and its loads during a top-
end drop. These structural components are modeled as zero-translation restraints in the direction
- of the end drop. The finite element models of the top and bottom weldments are presented in

Freures 2.6.13.13-1 and 2.6.13.13-2_ respectively.

o
~Jd
'
e
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2.77.85.1 Results of Basket Weldment Analyses (30-Foot End-Drop)

The maximum stress intensities (SI), for primary membrane plus primary bending (P, + Py), for

the 30-ft end-drop analysis §_and the corresponding minimum margins of safety areﬁ:

Component/Condition Pm + Py (ksi) Sy (ksi) MS
Top Weldment/30-ft Drop 7.62 62.56 ¥7.21
Bottom Weldment/30-ft Drop 12.99 63.22 #3.87

Because a large radial temperature gradient occurs through the weldments, the maximum stress
intensities presented in the preceding table do not occur at the maximum temperature of the
models. Therefore, comparing these stress intensities with stress allowables based upon the
maximum temperature is conservative. Therefore, the stress evaluation is performed on a nodal
basis. That is, using ANSYS, the maximum stress at each node in each model is compared with

the maximum allowable stress at the temperature of the node being evaluated.

For hypothetical accident conditions, the following criteria are used in evaluating the top and

bottom weldments nodal stress intensities:

P., + P, < 3.6S,, or S,. whichever is less.
(Note: For Type 304 stainless steel in these temperature ranges. S, is smaller than 3.6S,,.)
The margin of safety (MS) 1s calculated as

Allowable Stress
MS = — — 1
Nodal Stress Intensity

19
~d
'
o
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2.7.852 Top Weldment Structural Rib Buckling Evaluation

The structural ribs on the top weldment are subjected to axial loads during a top-end drop. End
constraints on the ribs during a top-end drop are fixed at the end welded to the top weldment, and
free at the other end. Because no closed solutions are readily available for evaluating a plate for
buckling loads with end constraints matching those of the top weldment ribs, a closed-form

solution for the buckling of a column is used to analyze a 1-in. section of one of the ribs.

For a column under axial loading with one end fixed and the other end free, the critical load (P,,)

1s determined by

7' El
Pur - M
(KL)
where: [ = moment of inertia,
E = modulus of elasticity,
L = length of the column, and
K = effectuve length factor (K = 2 for a column with one end fixed and the

other free).
Evaluating a I-in. section of one of the ribs at the maximum weldment temperature of 515°F

gives
! (257x106) (10)(10) | |
P, = 12 —80x10;,lb.-
(xs1sp

b e ot o e b ke e e 0 b ‘WM

For the 30-ft top-end drop. the sum of the forces on the nodes representing the ribs is 4 maximum
of 1,422 |b.

Thus. the margin of safety for buckling of one of the structural ribs of the top weldment during a

30-ft top-end drop 1s:

T g ———— ey

A : 8.0x 10%.- L
MS = — - | = + ¢
. La22. Hee
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2.7.853 Conclusions

As shown in this section, both the top and bottom weldments maintain positive margins of safety
when subjected to the 30-ft end-drop conditions. As shown in the top weldment structural rib
buckling calculation, the actual maximum load (P) on one of the structural ribs of the top
weldment during a 30-ft drop is much less than the predicted buckling load (P.,). Therefore, the

top and bottom weldments are structurally adequate.
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279 BWR Transportable Storage Canister Analysis — Accident Conditions

Evaluation of the BWR Transportable Storage Canister for the hypothetical accident conditions
1s presented in this section. The evaluation of the canister for normal conditions of transport is

presented in Section 2.6.14.

The principal components of the canister assembly are the canister shell, bottom plate, fuel
basket, shield lid, and structural lid. The geometry and materials of construction of the canister,
baskets. und spacers are described in Section 1.2.1.2. The general arrangement of the canister
depicted with the fuel basket is shown in Figure 2.6.14-1. The individual components of the

canister arc depicted in Figure 2.6.14-2.

A drop accident stress evaluation is performed for the 30-ft side-drop condition, top and bottom
end-drops. and for the top and bottom corner-drop conditions by applying a 60 ¢ deceleration
load. The loads developed in the basket are transferred through the canister wall into the inner
shell (for the side drops and oblique drops). and any axial component is transferred into the ends
of the cask cavity. The axial louds are maximized for the end-drops and corner-drop conditions.
The lateral Toads are muximized in the side-drop since an enveloping acceleration is employed in
the analysis. Regardless of the angle of the drop. the canister wall is uniformly supported along
its length by the transport cask inner shell. and the load path is not affected by drop orientations
close to the side-drop orientation. The oblique orientation will not provide enveloping loading
above the side-drop conditions. Therefore, oblique orientations other than the corner drops are

not considered.

In additon. the evaluations are performed with and without the 25 psig internal pressure.  Also,
tor the side. top corner. and bottom corner-drop orientations, basket orientations of 0 and 45°
are evaluated. The angles describe the orentation of the basket elements with respect to the
symmetry plane of the model. A value of 07 orients the ligaments in the basket elements parallel
and perpendicular to the symmetry plane while a value of 45° orients the basket ligaments at
+/-45" trom the svmmetry plane. The evaluations consider the maximum temperatures present
duning the normul conditions evaluated with 100°F ambient: solar insolation, and maximum

decay heat.
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2.79.1 Analvysis Description

The structural design criteria for the canister are contained the ASME Code, Section III,
Subsection NB. Consistent with these criteria, the structural components of the canister (shell,
bottom plate, and structural lid) are shown to satisfy the allowable stress intensity limits
presented in Table 2.1.2-3. For the canister structural lid.weld (Section 13 Figurs.2.6.12 3.1}
base metal propernes are used to define the allowable stress, limits since the weld.  filler rod tensile

s B

properties are greater than the base m tal.Also, the allowable stross, 1s. multiplied By a st a stress

L e et

reduction factor of 0.8 per ISG-4.

The ANSYS finite element program is used to evaluate the canister for the 30-ft drop conditions
in the top and bottom-end, top and bottom-corner, and side-impact orientations. The ANSYS
finite element model is the same as that used for the evaluation of the 1-ft drop impacts evaluated

for normal conditions of transport. The model is described in Section 2.6.14.2.

1o
i
¥
to

Analvsis Results - BWR Canister

The detailed results of the analysis for the 30-ft side, top and bottom corner, and top and bottom-
end drops are presented in Tables 2.7.9.2-1 through 2.7.9.2-10. Only the load cases that result in
the worst case margins are presented for each of the drop orientations considered. For the side
drop. the worst case configuration is without pressure and the basket oriented at 0°. For the
bottom-drop. the worst case occurs with internal pressure. For the top-end drop, the most severe
condition occurs without pressure.  For the bottom-corner drops, the worst case stresses occur
without pressure and the basket oriented at 0°. For the top-comer drops. the worst case occurs

with pressure for primary membrane and without pressure for membrane plus bending.

A drop accident stress evaluation 1s performed for the 30-ft side-drop. top and bottom-end drops,
and tor the top and bottom-corner drop conditions by applying a 60 g deceleration load. The
loads developed in the basket are transferred through the canister wall into the inner shell (for the
stde-drop and oblique drops), and any axial component is transferred into the ends of the cask
cavity. The axial loads are maximized for the end-drops and corner-drop conditions. The lateral
loads are maximized in the side-drop since an enveloping acceleration is employed in the
analysis. Regardless of the angle of the drop. the canister wall 1s uniformly supported along its
length by the transport cask inner shell, and the load path is not affected by drop orientations
close to the side-drop orientation. The oblique orientation will not provide enveloping loading
above the side-drop conditions. Therefore, oblique orientations other than the corner drops are

not considered.
2.7-137
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The section stresses presented in the tables are identified by a section number. The minimum
margin of safety at each section is presented by denoting the circumferential angle where the
minimum margin of safety occurs. A cross-section of the canister showing the section numbers
is presented in Figure 2.7.9.2-1.  Stresses are evaluated at 9° increments around the
circumference for each of the locations shown in Figure 2.7.9.2-1. The canister minimum

margins of safety for the governing drop conditions are summarized in Table 2.7.9.2-11.

The methodology used to evaluate the stresses for the side drop is identical to that used for the
normal conditions 1-ft side drop for the BWR canister (Section 2.6.14.6). 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. An evaluation of these bearing stresses is not required for
accident conditions. Results for Sections 9, 10, and 11 at angular locations other than 0° are

included in the evaluation.

Design changes were made to the BWR basket after the initial analyses were performed. The
cffects of the design changes on the BWR canister are discussed in Section 2.6.14.2. The same
procedure used to scale the BWR canister stress intensities in Section 2.6.14.2 is used for the

accident conditions in the following evaluation.

The allowable stresses presented in the tables are for Tvpe 304L stainless steel. The shield lid is
constructed of Type 304 stainless steel, which possesses higher allowable stresses. resulting in a
conservative evaluation. These allowables are evaluated at 380°F. unless otherwise indicated.
Review of the thermal analyses shows that the maximum temperature of the canister is 372°F

(Section 3 4). 50 the presented margins of safety are conservative.

to
\IJ
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Figure 2.7.9.2-1

Identification of Sections for Evaluating Linearized Stresses in BWR

gp*®

180°

z

Top View of Axis

W W Y W W W W W
R R N T T ety
© oo Y

BWEK foctionCoocrdinate at 2 = 0

Hodwnl Nodn?
x y x Y
905 0.0 32.905 1.7
503 1.75 33353 1.75
903 2.23 33.53 .25
03 3739 33.53 37.79
903 73 .83 33.53 73 83
905 10987 3353 10987
905 143591 3353 14591
903 181.99 3353 181.95
50 1838413 3353 18845
903 138935 3333 188995
905 19167 33.53 19107
RN 188435 32905 188935
90 19107 329035 19195
1 0.0 0.l 1.75
1 18195 0.1 188.73
1 18897 0.1 19193

Canister
16 13
- 11
I—10
12_/— g
8
15
-7
Axial
fugtion
1
2
3
-6 ‘
5
1
7
8
9
10
11
11
13
14
15
| ] 1¢
—r 4
W
I
3
¥ )
14 1




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

May 2000
Revision UMST-00A

Table 2.7.9.2-1 BWR Canister Pp, Stresses - 30-Foot Side Drop

P,, Stresses (ksi)

Angle of Allowable

Section peak stress S1 Stress Margin

Location location Sx Sy Sz Sxy Syz Sxz (ksi) (Kksi) of Safety
1 0 183 04 -107 02 02  -1.7 191 38.4 1.01
2 0 -104 02 -102 06  -0.5 -1 11.6 38.4 2.31
3* 0 74 01 87 04 05 09 98 38.4 2.92
4* 90 0 0.3 0 2.1 0 0 4.4 38.4 7.73
5% 180 0 45 06 0 -0.1 0 4.7 38.4 7.17
6* 180 0 46 0.6 0 0 0 4.8 38.4 7.00
7* 0 16 24 0.1 0 02 02 43 38.4 7.93
g* 0 06 62 27 -0l 1 0.1 9.6 38.4 3.00
9 9 227 57 96 27 33 1.0 297 38.4 0.29
10 0 244 25 3 1 2 08 29 384 Q33
11 9 -163 10 -89 09 23  -0.07 180 38.4 1.13
12 0 387 <79 168 -69 1.8 0.7 341 38.4 0.13
13 0 302 93 -122 02 14 216 216 30772% 042
14 0 2.4 0 0.8 0 0 -0.1 3.3 38.4 10.66
15 0 -1 0 04 0.1 0 0 1.3 38.4 28.08
16 0 -1.5 0 0.4 0 0 0 1.8 38.4 19.9

* _Stresses at these locations are_increased, by 5% to account_for. the,heavier .BWR fuel

basket/fuel.

**_Allowable stress includes a stress reduction factor for the weld: 0.8 x alio

2.7-140
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Table 2.7.9.2-2

BWR Canister P, + Py, Stresses - 30-Foot Side Drop

P, + P, Stresses (ksi)

Angle of Allowable

Section peak stress SI Stress  Margin

Location location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) of Safety
1 0 226 <01 -123 06 0 -1.7 2238 57.5 1.52
2 0 -122 07 86 -1.1 05 -15 136 57.5 3.23
3* 0 88 06 69 -08 05 -13 10.8 57.5 4.32
4% 0 -1.6 | 3 0 0.1 05 49 57.5 10.73
5% 0 17 26 28 0 0 0.2 4.7 57.5 11.23
6* 0 1.7 31 2.8 0 -0.1 0 5.0 57.5 10.5
7% 0 1.6 3.1 2.5 0 02 03 5.1 57.5 10.27
8* 0 03 61 49 01 1 03 118 57.5 3.87
9 9 205 149 75 2250 36 28  37.0 57.5 0.55
10 0 262 01 114 72 13 04 B0 575 D92
I 0 412 125 -147 01 24 1.5 54 57.5 0.04
12 0 478 -11.3 204 68 24 1.1 395 57.5 0.46
13 0 48 2187 209 03 21 -08 307 46.0 0.50
14 0 2.5 0 0.8 0 0 0.1 3.3 57.5 16.41
R 0 0.3 0 15 -0l 0 0 1.8 57.5 31.74
16 0 -1.2 0 0.9 0 0 0 2 57.5 27.39

* Stresses at these locations are increased, by 5%..to .account for the heavier BWR fue]

basket/fuel,

** Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable stress.
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Table 2.7.9.2-3

BWR Canister Py, Stresses - 30-Foot Bottom-End Drop, Internal Pressure

P, Stresses (ksi)

Angle of Allowable

Section peak stress SI Stress Margin
Location location Sx Sy Sz Sxy Svz Sxz (ksi) (ksi) of Safety

1* 180 -0.1 -2.8 -0.4 0.2 0.1 0 2.8 384 1257

2 180 0.6 -6.5 -1.2 0.3 0.1 0.1 7.1 384 4.39

3 180 0.4 -6.7 -1.1 0.2 0.1 0.1 7.1 38.4 4.37

4 180 0 -6.6 1.3 0 0 -0.1 7.9 384 3.85

5 180 0 -6 1.3 0 0 -0.1 7.3 384 4.27

6 180 0 -5.3 1.3 0 0 -0.1 6.6 38.4 4.77

7 180 0 -4.7 1.3 0 0 -0.1 6 38.4 5.37

8 54 0.3 -3.1 0.3 0 0 0.3 3.8 38.4 9.03

9 72 -1.7 -1.9 -0.7 -0.1 0.4 -0.4 1.6 38.4 22.94

10 180 1.7 -1.3 -1 -0.3 0 0.2 3.1 38.4 11.5

11 0 -2 0.5 -0.9 0 0.1 2.5 38.4 14.17

12 0 0.7 1.8 -0.4 0.2 0.1 -0.1 2.2 38.4 16.18

13 180 0 -2 1.2 0 0 0.1 2 30.72%* 1436

14% 0 0.1 1.1 0l 0 0 0 1.3 38.4 59.44
13 180 0.2 -0.1 0.2 0 0 0 0.2 38.4 186.72
10 90 -0.2 0 -0.2 0 0 0 0.2 38.4 223.54

* Stresses at these locations_are increased by 5%.to. account for the_ heavier BWR. fuel

basket/fuel.

** Allowable stress includes a stress reduction factor for the weld: 0.8 X allowable stress,
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Table 2.7.9.2-4 BWR Canister Py, + Py, Stresses - 30-Foot Bottom-End Drop, Internal

Pressure

P., + Py, Stresses (ksi)

Angle of Allowable
Section peak stress SI Stress Margin
Location location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) of Safety
1* 180 0.3 3.2 -0.3 0.3 0.1 0 3.7 57.5 14.54
2 180 0.3 94 -2.1 0.2 0.1 0.2 9.7 57.5 4.95
3 180 0.2 -9 -1.8 0.1 0.1 0.1 9.2 57.5 5.28
4 180 0 -6.6 1.3 0 0 -0.1 7.9 57.5 6.25
5 0 0 -6 1.3 0 0 0.1 7.3 57.5 6.89
6 180 0 -5.3 1.3 0 0 -0.1 6.7 57.5 7.64
7 180 0 -4.7 1.3 0 0 -0.1 6 57.5 8.54
8 45 0.5 -3.4 0.5 0.1 -0.1 0.2 4.1 57.5 13.03
9 90 24 -39 04 0 0.7 0 3.7 57.5 14.53
10 90 -29 -6.6 0.6 0 0.2 0 7.3 57.5 6.91
11 0 -1.1 5.6 0.9 -0.4 0 0.1 6.8 57.5 7.52
12 0 2.6 3.6 0.7 0.7 0 -0.1 33 57.5 16.27
13 180 23 01 01 04 0.1 0.2 2.4 46,08 187
14* 0 0.1  -1.1 0.1 0 0 0 1.4 57.5 37.33
13 90 3.6 0 3.6 0 0 0 3.6 57.5 14.82
16 81 -1.8 0 -1.8 0 0 0 1.8 57.5 31.14
*. Stresses at these locations are_increased .by. 5% to account for the_ heavier.BWR:fuel
basket/fuel,

** Allowable stress includes a stress reduction factor for the weld; 0.8’ allowable stress!
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Table 2.7.9.2-5

BWR Canister Py, Stresses - 30-Foot Top-End Drop

P., Stresses (ksi)

Angle of Allowable
Section peak stress SI Stress Margin
Location location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) of Safety
1 0 0.3 -5.2 -1.8 1 -0.1 -0.2 5.8 38.4 5.56
2 0 -2.1 3.5 6.4 1.1 -0.1 0.6 8.8 38.4 3.37
3 0 -1.5 23 7.7 0.5 0 0.7 9.3 38.4 3.12
4 135 0 -24 0 0 0 0 24 38.4 14.87
5 153 0 -3 0 0 0 0 3 38.4 11.62
6 153 0 -3.7 0 0 0 0 3.7 384 9.45
7 171 0 -4.3 0 0 0 0 4.3 384 7.91
8 180 0.1 -4 0.1 -0.1 0 0 4.2 384 8.23
9 180 0.1 -3 -0.5 -0.1 0 0 3 384 11.67
10 144 -0.2 -2.9 -0.4 -0.1 0 0.2 2.8 38.4 12.75
11 135 -0.3 -2.8 -0.3 0 0 0.2 27 38.4 13.19
12% 36 -0.1 =22 -0.2 0.1 -0.1 -0.1 23 384 15.69
13* 180 0 2303 0 0 0 24 30772%% {180
14 90 -0.7 0 -0.7 0.2 -0.4 0 1.1 384 32.64
15* 0 0 -1 0 0 0 0 1.1 38.4 3391
16* 0 0 -1.1 0 0 0 0 1.3 38.4 28.55

*  Stresses at these locations are_increased by 5%, to_account for. the heayier,. BWR. fuel
basket/fuel.
** Allowable stress includes a stress reduction factor for the weld: 0.8 X allowable siress.
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Table 2.7.9.2-6

BWR Canister Py, + Py, Stresses - 30-Foot Top-End Drop

P, + P, Stresses (ksi)

Angle of Allowable
Section  peak stress SI Stress (ksi) Margin
Location  location Sx Sy Sz Sxy Syz Sxz (ksi) of Safety
1 0 21 -119 19 04 01 02 138 57.5 3.16
2 0 220 246 126 1.8 -0.1 1.1 271 57.5 1.12
3 0 1700237 138 1.2 -0.1 1.2 256 57.5 1.25
4 180 0 2.4 0 0 0 0 24 57.5 22.68
5 153 0 3 0 0 0 0 3 57.5 17.92
6 162 0 3.7 0 0 0 0 3.7 57.5 14.68
7 180 0 4.3 0 0 0 0 4.3 57.5 12.35
8 180 0.3 -4 0.1 -02 -0.1 0 4.3 57.5 12.47
9 135 04 35 04 0 0 0.3 3.4 57.5 15.88
10 180 0 33 07 -0.1 0 0.1 3.3 57.5 16.37
11 135 03 31 -03 0 0 0.3 3 57.5 18.14
12+ 180 02 21 03 -02 0 0 24 57.5 22.81
13* 180 0.1 25 04 -0.1 0 0 24 B6.0** 1817
14 81 22190 2030 219 02 -04 0 21.6 57.5 1.66
15% 72 0.3 -1 0.3 0 0 0 1.3 57.5 42.61
16* 0 01 -1.1 0.1 0 0 0 1.2 57.5 45.55

* Stresses at these locations_are increased: by 5% to account for_the heavier BWR: fuel
basket/fuel,

** Allowable stress includes a siress reduction factor for the weld: 0.8 x allowable stress!
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Table 2.7.9.2-7

BWR Canister Py, Stresses - 30-Foot Bottom-Corner Drop

P., Stresses (ksi)

Angle of Allowable
Section peak stress Si Stress Margin
Location location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) of Safety
1* 0 -13.6 0 232 5205 0 -2 114 38.4 2.37
2 36 02 -8 -13 02 03 .17 9 38.4 3.25
3* 36 03 82 -14 01 02 -15 95 38.4 3.04
4% 0 26 79 02 0 0 01 85 384 352
5% 180 0 702 0 0 0 7.4 38.4 4.19
6* 180 0 6.7  -0.2 0 0 0 7.0 38.4 4.49
7* 180 0 6 0.2 0 0 0 6.3 38 4 5.10
g 72 01 -35 0l 0.8  -04 0 4.2 38.4 8.14
9 0 2295 08 -101 29 1.8 02 311 38.4 0.23
10 0 135 08 58 26 1.4 -1 14.2 38.4 1.7
[l 0 2359 415 -116 -04 2 03 3438 38.4 0.1
12 0 22240 520 69 37 12 <13 195 38.4 0.97
3 0 230 720 73003 4 22 175 3072%%F 076
14* 0 0.9 -1 0.4 0 0 0 1.5 38.4 24.60
15 0 0.1 0 0.3 0 0 0 0.4 38.4 88.61
16 0 0.8 0 0 0 0 0 0.8 38.4 47.41

* Stresses at these locations are increased by 5%, to
basket/fuel.
** Allowable stress includes a stress reduction factdr for the weld: 0.8 x allowable stress:
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Table 2.7.9.2-8 BWR Canister P, + Py, Stresses - 30-Foot Bottom-Corner Drop

P..+ P, Stresses (ksti)

Angle of Allowable
Section peak stress SI Stress Margin
Location location Sx Sy Sz Sxy Svz Sxz (ksi) (ksi) of Safety
1* 0 163 23 55 06 0.1 2 15.1 57.5 2.81
2 27 06 -125 35 02 03 -18 127 57.5 3.53
3% 36 08 -11.6 21 -01 02 -18 126 57.5 3.56
4* 0 27 73023 0 0 0.3 10.2 57.5 4.63
5% 0 27 -6 23 0 0 0.3 8.7 57.5 5.61
6* 0 2.6 -5 23 0 -0.1 0.3 7.8 57.5 6.37
T 0 26 43 23 0 0.1 03 69 57.5 733
g* 18 0.5 3 <14 09 15 06 51 57.5 1027
9 0 294 65 -108 25 18 03 365 57.5 0.58
10 0 13.8 -] 38 4.1 1 14 158 57.5 2.65
11 0 321 76 98 02 1.9 04 399 57.5 0.44
12 0 2291 75 95 36 1.7 09 237 57.5 1.43
13 0 37 <146 -13.7 0 -0.1 1.9 -1.5 25 46.0%* 0.84
14* 0 0.9 -l 0.4 0 0 0 1.6 57.5 B4:94
R 81 3.9 0 14 0 0 0 4.4 57.5 12.18
16 18 2.7 0 -2 0 0 0 2.6 57.5 20.89
* Stresses at these locations are increased by 5%. to account. for_the heavier. BWR fuel
basket/fuel.

** Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable stress.
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Table 2.7.9.2-9

BWR Canister P, Stresses - 30-Foot Top-Corner Drop. Internal Pressure

P, Stresses (ksi)

Angle of Allowable
Section peak stress SI Stress Margin
Location location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) of Safety
1 9 0.1 33 28 13 09 -1l 4.9 38.4 6.83
2 0 202 <19 58  -1.7 04 -1 18.8 38.4 1.04
3* 0 147 -2 38 -17 04 -1 14.0 38.4 1.74
4* 0 26 -1.8 15 0 0 0.3 4.3 38.4 7.93
5% 180 0 32 11 0 0 0.1 &5 38.4 753
6* 180 0 -3. 1.1 0 0 01  £9 38.4 6.8
7* 0 250 -390 13 0 02 03 5.6 38.4 5.86
g* 34 0.5 4 03 -1.1 -08 03 5.8 384 5.62
9 0 307 -47  -103 3.3 1 0.2 27 38.4 0.42
10 0 2208 96 -84 39 02 08 141 38.4 1.72
11 0 304 -147 <118 <15 07 -07 19 38.4 1.02
12% 0 271 <132 87 55 04 12 216 38.4 0.78
13* 0 266 -173 0 93 <16 04  -19 189 B07** D.63
14 9() -1 0 0.1 01 02 0 1.3 38.4 28.89
15% 0 0.4 N 0.1 0 0 0 1.2 38.4 31.88
16* 0 06 -1.1 02 0 0 0 13 38.4 27.58

* Stresses at these locations . are, increased by 5%_to_account_for,the heavier. BWR fuel
basket/fuel.
** Allowable stress includes a stress reduction factor for the weld: 0.8 x_allowabie, stress:
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Table 2.7.9.2-10 BWR Canister Py, + Py, Stresses - 30-Foot Top-Corner Drop

P.. + P, Stresses (ksi)

Angle of Allowable
Section peak stress SI Stress Margin
Location location Sx Sy Sz Sxy Svz Sxz (ksi) (ksi) of Safety
1 0 203 -113 57 38 0.1  -1.6 163 57.5 2.53
2 0 -18 183 1.3 1.3 09 -01 364 57.5 0.58
3% 0 -134 141 16 04 08 03 290 57.5 0.98
4% 0 28 18 22 0 0 0.3 5.4 57.5 9.65
5% 0 25 1.8 22 0 0.1 04 50 57.5 10.50
6* 0 2.1 2329 0 0.1 1 5.7 57.5 5709
7* 0 27 -390 23 0 02 03 6.5 57.5
g* 54 03 42 03 -1 -1 0 5.6 57.5 Wa
9 0 -31 03  -113 23 09 03 317 57.5 0.81
10 0 2225 -9 75 65 0 -13 185 57.5 2.11
11 0 334 -186  -12 24 09 14 221 57.5 1.6
12* 0 2292 127 92 45 08 09 227 57.5 1353
13* 0 -30.9 2213 <117 27 07 1.8 212 460% [T
14 90 2206 03 <19 02 .03 0 20.3 57.5 1.83
15% 72 02 09 04 0 0 0 1.4 57.5 41.24
16* 0 0.5 -l 0.2 0 0 0 13 57.5 41.87
*_ Stresses_at these locations are increased by 5% .to_account for the. heavier BWR . fuel
basket/fuel.

**_Allowable stress includes a siress reduction factor for the Weld: 0.8 x allowablé stress.
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Table 2.7.9.2-11 Summary of Minimum Margins of Safety for BWR Canister - 30-Foot

Drops
Minimum

Drop Stress Margin of Section
Orientation Loading Condition Evaluated Safety Number*
Side 30-ft impact Pn 0.13 12
Side 30-ft impact P, + P, D.06 i1
Bottom end 30-ft impact + pressure (25 psi) P 3.85 4
Bottom end 30-ft impact + pressure (23 psi) Pn+ Py 495 2
Top end 30-ft impact P 3.12 2
Top end 30-ft impact P+ Py 1.12 2
Bottom Corner | 30-ft impact P 0.10 11
Bottom Comer | 30-ft impact Pn.+ Py 0.44 11
Top Corner 30-ft impact; internal pressure Pn 0.42 9
Top Corner 30-ft impact P + Py 0.58 2

* See Figure 2.7.9.2-1 for section locations.
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2793 Canister Buckling Evaluation for 30-Foot End Drop

Code Case N-284-1 [12] of the ASME Boiler and Pressure Vessel Code is used to analyze the
BWR canister for the accident condition 30-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 BWR canister for the 30-foot end-drop is evaluated for buckling in the same manner as the
PWR canister for the 1-foot end-drop (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).

A 00 g deceleration load was used for all the 30-ft drop canister analyses that are presented in
Sections 2.7.9.2. The 60 g-load bounds all 30-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 dynamic shell analyses (ANSYS) are screened for the maximum
vilues of the lTongitudinal compression, circumferential compression, or in-plane shear stresses
for the 30-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. Combining the maximum stress components in this way
produces a conservative, bounding-case buckling evaluation of the BWR canister, one which

nvelopes all 30-ft BWR canister drop cases including those presented in Tables 2.7.9.2-3 and

¢
37
-—

2-5.

Ne!

The geometry parameters used in the BWR canister evaluation are the same as those presented in
Table 2.6.14.12-1.

The maximum stress components used in the evaluation and the resulting buckling interaction
cquation ratios are provided in Table 2.7.9.3-1. The results 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.




SAR - UMS" Universal Transport Cask May 2000

Docket No. 71-9270 Revision UMST-00A
Table 2.7.9.3-1 Buckhing Evaluation Results for the BWR Canister for 30-Foot End Drop
Longitudinal |Circumferential]  In-plane Elastic Buckling Plastic Buckling
(Axial) Stress*| (Hoop) Stress* | Shear Stress Interaction Equations Interaction Equations
L.oad Condition So (psi) Sa (psi) Soo (psi) Ql Q2 Q3 Q4 Qs Q6 Q7 Qs
30-Ft Top End Drop 4300 100 700 021 093 015 | 021 092 014 093 015
30-Ft Bottom End Drop 7100 1300 300 220 152 | (188 | 122 | 152 188 52 | (188
Component stresses include thermal stresses.

* Compressive stresses.
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2.7.10 BWR Basket Analysis - Accident Conditions

The BWR fuel basket in the Transportable Storage Canister is designed to contain up to 56 BWR
fuel assemblies. The basket structure has a right-circular cylinder configuration and consists of
56 square tubes supported by circular support disks and a circular top and bottom plate that are
retained by six axial tie rods. The number of support disks provided in the basket varies,
depending upon the class (Class 4 or 5) of BWR fuel the basket is designed to contain. The
support disks and top and bottom plates are separated and supported by split spacers at the tie
rods. The configuration of the basket is shown in Figure 2.6.15-1. Design of the basket and its

components is discussed 1n detail in Chapter 1.0.

In this section, the BWR fuel basket is evaluated for hypothetical accident loads (evaluation of
the basket for normal conditions of transport loads is presented in Section 2.6.15). Both stress
analyses and buckling evaluations are performed and documented. The structural analysis of the
basket components is in accordance with ASME Code, Section III, Division 1, Subsection NG.
In addition. the stainless steel/BORAL composite fuel tube is evaluated for a postulated impact
load.

The fuel tubes are not structural components and are not considered in the basket evaluation.

The tie rods and spacers locate and structurally assemble the circular support disks, heat transfer
disks. and top and bottom plates to form an integral assembly. The spacers carry the weight of
the support disks, heat transfer disks, and endplate and their own weight in the 30-ft end-drop
accident loading condition. The end-drop loading condition of the spacers is a classical, closed-
form analysis and the spacers are evaluated independently of the finite element basket model. A
finite element model of a single disk 15 used to evaluate the support disk structural evaluation.

Freure 2.6.15-2 shows the support disk cross-section. For further details of the basket refer to

Section 2.6.15.

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) 1s 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 nspection of the maximum stresses of the BWR busket. the ligament, which contains the

[§)
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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. Theretore,
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.

2.7.10.1 Stress Evaluation of Support Disk

To determine the structural adequacy of the support disks, 30-ft-drop accident side impact loads
are evaluated for the worst-case radial orientations of the basket. End-drop impact is also

considered.

A load equal to the weight of the fuel and tubes multiplied by a 60 g amplification factor is
applied to the support disk structure to simulate the 30-ft side-drop accident condition. The 60 g
amplification factor is the design value that envelopes the calculated deceleration values for a 30-
ft side-drop accident condition. The fuel assembly loads are transmitted in direct compression
through the tube wall to the web structure of each support disk. Thes: loads are transmitted to
the cunister and to the inner shell by a conservative number of disks. the top weldment, and the
bottom weldment. The support disk configuration is analyzed for five worst-case radial
orentatons (0. 31.82,49.46, 77.92, and 90°) to bound the possible maximum stress cases. The
31.82. 4946, and 77.92° ornentations are located at the thinnest radial section of the disk

perimeter.

For the end-drop condition, the support disk is loaded by the inertia of its own weight multiplied
by the 55 ¢ end-drop amplification factor. Thermal Case 4 is the limiting boundary condition

(Sce Section 2.6.15.3 for case detinition).

To caleulate the stresses ina support disk, the ANSYS computer code is used to perform a finite
clement analysis. In accordance with the ASME Code. Section III. Subsection NG, the
maximum primary membrane stress intensity calculated in the support disk is compared with the
allowuble stress lomit, 0.7 S, or 2.4 S,,,. whichever 1s less. The material strength 1s taken at the
maximum support disk temperature.  For the support disk, 2.4 S, > 0.7 S, therefore, 0.7 S, is

limiting.

Temperature boundary conditions are presented in Section 2.6.13.3.
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2.7.10.1.1 Finite Element Mode] Description

Finite element analyses are performed for the basket support disk for two hypothetical accident
conditions: the 30-ft side-drop impact condition (60 g) and the 30-ft end-drop impact condition
(55 g). The g-loads produced by 30-ft comer-drops and 30-ft oblique drops are bounded by the
g-loads produced by 30-ft end-drop and side-drop conditions. Therefore, no separate evaluation

of 30-ft corner-drop or 30-ft oblique-drop is performed.

The method of analysis of the side-drop impact condition is similar to that used in PWR support

disk evaluation (Section 2.7.8.1.1).

An amplification factor of 60 g simulates the 30-ft side-drop impact. The thickness option of the
planar elements is used to simulate the volume necessary to determine the inertial effects. The
fuel weight is simulated as a distributed load over the length of the ligament. The fuel is
accelerated by the amplification factor and normalized into horizontal and vertical components
on the basis of the orientation angle of the support disk. The amplification factor is oriented in
the direction of the drop. A steady-state thermal conduction model is analyzed with temperature
boundary conditions from the thermal analyses for the worst thermal case (Thermal Case 2). The

resulting nodal temperature distribution is then used as input for the structural model.

The ANSYS finite element model of the support disk for the end-drop impact analysis is
generated by changing the PLANEA42 elements of the side-drop model to SHELL63 elements.
The shell clements are used in the end-drop analyses because they can determine out-of-plane
stresses as a result of their extra degrees of freedom. The canister elements and nodes, beam

clements. and contact elements in the side-drop model are deleted for the end-drop model.

2.7.10.1.2 Impact Loading Conditions

The lateral impact load applied on the support disk for a side-drop accident, includes the inertial
weights of the canister, fuel assemblies, and stainless steel tubes and the weight of the support
disk itself. A detarled description of the loadings is provided in Section 2.6.15.2. The heat
transfer disks are considered to be self-supporting. A 60 g-load factor is used to amplify the

weight of the basket components for the 30-ft side-drop condition.
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2.7.10.1.3 Side-Drop Analysis Results

Finite element stress analyses are performed for the 60g side impact load cases for five different
radial basket orientations—0, 31.82, 49.46, 77.92, and 90°. The analysis section locations are
defined in Section 2.6.15.6 and in Figures 2.6.15.6-2 through 2.6.15.6-5. The stress evaluations
are performed in accordance with the ASME Code, Section III, Division 1, Subsection NG. The
calculated stresses for the sections with the lowest margins of safety are presented in Tables
2.7.10.1-2 through 2.7.10.1-21. The minimum margin of safety is +0.12 for primary membrane
stress at Section 27 for the Thermal Case | side-drop with the basket orientation equal to 90°
(Table 2.7.10.1-18). The minimum margin of safety for all side-drop analysis results are

summauarized in Table 2.7.10.1-1.

2.7.10.1.4 End-Drop Analvsis Results

Finite element stress analyses of the BWR basket support disk are performed for a 55 g end
impact (30-ft end-drop) on the cask and canister for Thermal Case 1 and for Thermal Case 4.
Three layers of stresses are obtained from the shell elements used to model the support disk:
primary membrane plus bending stress at the top layer, primary membrane stress at the middle
layer, und primary membrane plus bending stress at the bottom laver. The maximum stresses in

the support disk for the 30-ft end-drop accident condition are summarized in Table 2.7.10.1-22.
The margin of safetv is
MS = (Allowable/Stress) - 1.

For conservatism. the allowuble stresses are interpolated to the maximum disk temperature for
the hot thermal condition. From these results. Thermal Case 4 with no thermal stresses has the
lowest margin of safety. + 0,01, principally as a result of bending loads, using an allowable stress

mtensity of Y0 kst

The allowuble stresses are taken at a temperature of S00°F, which is conservative, given the fact

that the maximum stresses oceur at the outer edges of the disk where the temperatures are lower.
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Table 2.7.10.1-1

Summary of Stress Evaluation of Support Disk - 30-Foot Side-Drop

Basket Thermal Stress Minimum
Table Number Orientation (deg) Case Evaluation Margin of Safety
2.7.10.1-2 0 1 P +0.49
2.7.10.1-3 0 1 P +Py +0.61
2.7.10.1-4 0 2 P +0.47
2.7.10.1-5 0 2 P, +Py +0.60
2.7.10.1-6 31.82 1 P +0.75
2.7.10.1-7 31.82 1 Pu +Py +0.16
2.7.10.1-8 31.82 2 Pn +0.72
2.7.10.1-9 31.82 2 Pm +Py +0.15
2.7.10.1-10 49.46 1 P +0.82
2.7.10.1-11 49.46 1 P +Py +0.36
2.7.10.1-12 49.46 2 P +0.60
27.10.1-13 49.46 2 Po +Py +0.32
2.7.10.1-14 77.92 1 Pm +0.46
2.7.10.1-15 77.92 1 P +Py +0.35
2.7.10.1-16 77.92 2 P +0.46
2.7.10.1-17 77.92 2 P +Py +0.35
2.7.10.1-18 90 1 | +0.12
2.7.10.1-19 90 1 P +Py +0.59
2.7.10.1-20 90 2 Pm +0.13
2.7.10.1-21 90 2 Pm +Ph +0.59
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Table 2.7.10.1-2

Py, Stresses for Support Disk 30-Foot Side-Drop, 0° Orientation, Thermal

Case 1
Stress (ksi) Stress Stress Margin of
Section Sx ! Sy Sxy | Intensity (ksi) - Allowable (ksi) Safety
293 149 | 274 | 03 ! 42.4 63.0 0.49
204 178 | 237 | 08 416 63.0 0.52
298 03 | 403 00 40.3 63.0 0.56
227 13.5 | -25.7 0.0 | 39.2 63.0 0.61
232 02 376 | 05 37.6 63.0 0.68
299 0.2 | -36.7 0.7 36.8 63.0 0.71
290 02 | -356 0.1 35.6 63.0 0.77
300 107 | -249 | 02 35.6 63.0 0.77
228 145 © -20.8 0.7 35.3 63.0 0.79
284 108 -23.8 -0.1 34.6 63.0 0.82
224 0.2 -33.2 02 33.2 63.0 0.90
301 9.1 224 40 32.6 63.0 0.93
218 9.8 220 0.4 32.0 63.0 0.97
233 0.1 2319 | 08 31.9 63.0 0.98
[ ss 120  -198 | -06 31.8 63.0 0.98
296 05 a6 00 316 63.0 0.99
239 120 | -18.0 3.6 314 63.0 1.01
01 o2 k100 06 310 63.0 1.03
281 0.2 310 0.1 31.0 63.0 1.03
263 1.7 -166 | -59 30.8 63.0 1.05
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Table 2.7.10.1-3 P + Py Stresses for Support Disk 30-Foot Side-Drop, 0° Orientation,
Thermal Case 1

Stress (ksi) | Stress Stress Margin of

Section | Sx Sy | Sxy | Intensity d(Sl) Allowable (ksi) Safety
16 312 | 354 | 224 55.8 90.0 0.61
15 293 328 | 196 50.7 | 90.0 0.77
301 7.1 | 367 | -10.8 48.8 90.0 0.84
293 140 290 | -15 | 43.1 90.0 1.09
297 142 | 399 .85 42.5 90.0 1.12
204 85 | 333 | 04 41.8 90.0 1.15
298 03 | -40.6 0.0 40.6 | 90.0 1.22
234 1 39 0 313 9.8 40.3 90.0 1.23
227 18.1 221 ' 12 40.3 90.0 1.24
232 04 | 2397 | 04 39.7 90.0 1.27
299 0.5 | -39.6 0.7 39.6 90.0 1.28
263 350 3.6 4.1 39.4 90.0 1.28
235 2.8 2356 1106 39.2 90.0 1.30
231 118 - -36.8 71 38.6 90.0 1.33
300 108 | -249 73 38.6 90.0 1.33
259 207 | 168 13 37.6 90.0 1.39
230 | 55 360 | 7. 37.5 90.0 | 1.40
262 152 0 219 24 37.4 f 90.0 1.41
260 27 -4 a1 37.0 90.0 1.44
288 1420 336 78 36.3 90.0 1.48
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Table 2.7.10.1-4

P, Stresses for Support Disk 30-Foot Side-Drop, 0° Orientation, Thermal

Case 2

Stress (ksi) Stress Stress Margin of
Section Sx Sy Sxy Intensity '(ks1) Allowable (ksi) Safety
293 152 1 276 | -03 42.8 63.0 0.47
204 180 | 237 08 41.7 63.0 0.51
208 03 | -106 . 00 40.6 63.0 0.55
227 13.8 | -259 | 0.0 39.6 63.0 0.59
232 02 1 2379 | 05 37.9 63.0 0.66
299 02 ' 368 | 08 36.8 63.0 0.71
300 117 250 | 0.1 36.7 63.0 0.72
290 02 0 358 1 01 358 63.0 0.76
228 145 | 209 07 357 63.0 0.76
284 108 | -239 -0l 349 63.0 0.81
224 02 | 335 02 33.5 63.0 0.88
301 o1 | 225 44 33.4 63.0 0.88
ols L o9s | 24 04 323 63.0 0.95
233 01 321 | 08 320 63.0 0.96
296 120 319 | 0.1 319 63.0 i 0.98
285 15 -198 | 06 318 63.0 0.98
259 20 -187 . 36 317 63.0 0.99
281 02 312 0l 312 63.0 1.02
263 021 169 06 31 63.0 1.02
29 117 =310 06 31.0 63.0 1.03
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Table 2.7.10.1-5

P + Py Stresses for Support Disk 30-Foot Side-Drop, 0° Orientation,
Thermal Case 2

Stress (ksi) Stress Stress Margin of
Section Sx ' Sy Sxy | Intensity fktglj Allowable (ksi) Safety
16 -32.0 -35.3 -22.6 56.3 90.0 0.60
L5 -30.0 -33.0 19.9 51.5 90.0 0.75
301 7.7 -37.7 -11.1 50.5 90.0 0.78
293 14.1 -29.3 -1.4 43.5 90.0 1.07
297 -14.7 -40.7 -8.7 43.3 90.0 1.08
294 27.8 -13.9 -1.2 41.8 90.0 1.15
234 4.8 -31.6 99 414 90.0 1.18
298 -0.3 -40.9 0.0 40.9 90.0 1.20
235 | -2.0 -36.5 10.9 40.8 90.0 1.21
227 18.4 -222 -1.2 40.8 90.0 1.21
232 -0.4 -40.0 -0.4 40.0 90.0 1.25
299 0.6 | -39.9 | 0.7 39.9 90.0 1.25
263 35.6 -34 -4.1 36.8 90.0 1.26
231 o124 -37.6 7.3 39.5 90.0 1.28
300 11.5 253 1 70 394 90.0 1.39
259 209 -17.0 1.4 38.1 90.0 1.37
230 -5.7 -36.3 7.2 379 90.0 1.37
260 233 -14.0 -1.9 37.5 90.0 1.40
262 150 ¢+ 2211 2.5 374 90.0 1.41
288 \ -14.4 -33.8 7.8 36.6 90.0 1.46
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Table 2.7.10.1-6

P, Stresses for Support Disk 30-Foot Side-Drop, 31.82° Orientation,
Thermal Case 1

Stresses (kst) Stress Stress Margin of
Section Sx Sy Sxy Intensity (ksi) Allow(ksi) Safety

246 -17.9 10.0 11.3 35.9 63.0 .75
234 6.4 -28.4 12.2 34.9 63.0 .81
300 10.3 -18.8 9.2 34.4 63.0 .83
235 -2.4 -13.7 15.0 32.0 63.0 .97
298 -.3 -31.8 -1.4 31.8 63.0 .98
263 4.7 -21.0 7.0 29.3 63.0 1.15
243 -2¢.4 9.4 6.3 28.7 63.0 1.20
299 -.2 -28.5 ~-.8 28.5 63.0 1.21
228 -18.6 3.8 8.8 28.5 63.0 1.21
232 -.2 -27.8 -2.0 28.0 63.0 1.25
29 -.2 -27.6 -2.0 27.8 63.0 1.27
245 -27.3 -.2 -2.1 27.5 63.0 1.29
227 5.0 -18.3 6.8 27.0 63.0 1.33
277 7.8 -10.2 9.¢ 26.3 63.0 1.39
3C1 7.3 -16.4 5.7 26.3 63.0 1.40
294 3.6 -18.3 7.2 26.3 63.0 1.40

54 .0 -14.9 10.3 25.4 63.0 1.48
295 2.8 -14.0 9.3 25.0 63.0 1.52
253 -8.3 -24.8 -1.4 24.9 63.0 1.53
=57 -0.4 5.5 26,9 24.9 63.0 1.53
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Table 2.7.10.1-7 P + Py, Stresses for Support Disk 30-Foot Side-Drop, 31.82° Orientation,
Thermal Case 1

Stresses (ksi) Stress  Stress Margin of

Section Sx Sy Sxy Intensity @ Allow(ksi) Safety
274 -46.2 -73.0 12.5 77.9 90.0 .16
208 -47.6 -72.5 11.7 77.2 90.0 .17
266 -55.9 -67.6 12.6 75.6 50.0 .19
200 -56.6 -67.2 12.0 75.0 30.0 .20
275 -43.7 -67.2 12.3 72.4 90.0 .24
209 -48.7 -65.5 10.6 70.6 90.0 .27
267 -54 .2 -61.6 12.1 70.5 90.0 .28
74 -46.3 -66.0 G.2 69.6 9C.0 .29
137 -48.2 -65.8 9.1 69.6 90.0 .29
82 -45.2 -63.6 16.8 68.6 %0.0 .31
173 -51.5 -62.3 9.8 68.1 50.0 .32
238 -50.7 -61.8 10.5 68.1 50.0 .32
145 -46.6 -62.8 10.2 67.7 90.0 .33
201 -52.8 -59.9 9.4 66.4 90.0 .36
18 -61.7 -35.1 7.0 66.2 9C.0 .36
32 -62.0 -55.6 5.1 65.7 90.0 .37
234 -1.2 -54.9 18.4 65.12 50.0 .38
176 -52.4 -58.3 9.2 65.1 950.0 .38
21 -60.7 -50.8 7.1 64.4 90.0 .40
241 -49 .1 -57.0 10.4 64.2 9C.0 .40
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Table 2.7.10.1-8
Thermal Case 2

P, Stresses for Support Disk 30-Foot Side-Drop, 31.82° Orientation,

Stresses (kst) Stress Stress Margin of

Section Sx Sy Sxy Intensity @ Allow(ksi) Safety
246 -17.9 10.2 11.8 36.7 63.0 .72
3C0 11.4 -18.7 8.7 35.8 63.0 7€
234 6.1 -18.4 12.8 35.5 63.0 .78
235 -3.0 -13.7 15.4 32.6 63.0 .93
298 -.3 -31.9 -1.5 32.0 63.0 .97
229 -19.3 4.0 9.1 29.5 63.0 1.13
293 4.8 -21.1 7.1 239.5 63.0 1.14
243 -16.5 10.0 6.2 29.2 63.0 1.15
299 -.2 -28.9 -.8 28.5 63.0 1.18
277 .7 -11.3 10.2 28.4 63.0 1.22
290 -.2 -27.7 -2.1 27.8 63.0 l1.2¢6
232 -.2 -27.6 -2.1 27.8 63.0 1.27
301 8.7 -16.4 5.9 27.8 63.0 1.27
245 -27.5 -.2 -2.2 27.7 63.0 1.28
2594 3.9 -18.5 7.4 26.9 63.0 1.34
227 4.8 -18.2 6.9 26.8 63.0 1.35
257 -6.3 6.2 11.6 26.4 63.0 1.38
>4 -2 -15.5 10.7 26.3 €3.0 1.36
2e3 -8.5 -25.3 -1.06 25.4 63.0 1.4¢8
293 2.5 -13.8 5.6 25.2 63.0 1.5C
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Table 2.7.10.1-9 P + Py, Stresses for Support Disk 30-Foot Side-Drop, 31.82° Orientation,
Thermal Case 2

Stresses (kst) Stress Stress Margin of

Section Sx Sy Sxy Intensitv@ﬁ)’ Allow(ksi) Safety
274 -46.7 -73.6 12.6 78.6 90.0 .15
208 -48.2 -72.9 11.7 77.5 80.0 .16
266 -55.0 -67.7 12.5 75.3 89.8 .18
208 -56.2 -66.9 12.0 74.7 89.8 .20
275 -44.5 -68.5 12.5 73.9 90.0 .22
267 -54.5 -62.9 12.2 71.6 90.0 .26
209 -49.5 -66.3 1.7 71.5 90.0 .26
74 -45.8 -65.3 9.1 68.9 89.8 .30
238 -51.3 -62.3 10.5 68.7 50.0 .31
82 -45.3 -63.7 10.7 68.6 9C.0 .31
173 -52.1 -62.7 9.8 68.6 90.0 .31
137 -47.2 -€4.7 8.7 68.3 89.8 .31
145 -4¢.6 -62.5 10.0 67.3 90.0 .34
201 -53.2 -6G.5 9.5 67.1 90.0 .34
234 -1.7 -56.5 19.0 66.6 90.0 .35
e -53.3 -59.1 9.4 66.0 90.0 .36
27 -43.5 -58.9 12.1 65.5 9C.0 .37
225 -11.8 -39.1 12.4 65.4 90.0 .38
247 -4395.9 -58.2 1C.5 65.3 80.0 .38
1& -6C.5 -55.1 6.8 65.1 89.8 .38
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Table 2.7.10.1-10

P, Stresses for Support Disk 30-Foot Side-Drop, 49.46° Orientation,
Thermal Case 1

Stresses (ksi) Stress Stress Margin of

Section Sx Sy Sxvy Intensity '(—1—(21) Allow(ksi) Safetv
246 -15.3 g.0 10.6 34.5 63.0 .82
27 -18.1 7.0 8.4 30.2 63.0 1.08
85 -25.6 2.5 5.3 33.0 63.0C 1.10
300 10.0 -13.7 8.3 239.7 63.0 1.12
234 3.6 -13.¢ 11.8 29.2 63.0 1.15
245 -28.3 -.2 -1.8 28.4 63.0 1.22
269 -28.3 -.9 .3 28.3 63.0 1.23
243 -27.9 8.1 5.5 28.2 63.0 1.23
233 -4.5 -9.9 13.1 26.8 63.0 1.325
29 -26.8 -.2 -.6 26.8 63.0 1.325
103 -11.2 7.8 9.2 26.4 63.0 1.29
£5 -13.1 -5.4 12.1 25.4 63.0 1.48
229 ~-16.1 3.5 8.0 25.3 £3.0 1.49
2z -1C.6 4.7 9.6 4.6 £3.0 1.%6
=24z -23.8 -.2 -1.9 24.0 £63.0 1.€3
28 -z1.5 -2.6 -6.7 23.9 63.0 1.€3
298 -.3 -23.9 -1.3 23.9 63.0 1.63
c -17.6 7.3 9.9 23.5 63.0 1.68
Zes -9.1 21.0 5.7 23.2 63.0 1.72
s -27.9 -.3 -2.1 23.1 63.0 1.72

l
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Table 2.7.10.1-11 P + Py Stresses for Support Disk 30-Foot Side-Drop, 49.46° Orientation,
Thermal Case 1

Stresses (ksi) Stress Stress Margin of
Section Sx Sy Sxy Intensity m Allow(ksi) Safety
74 -46.5 -60.1 11.0 66.2 950.0 .36
137 -47.3 -59.1 10.5 65.2 90.0 .38
27 -62.1 -16.86 11.7 64.9 9C.0 .39
274 -42.1 ~-59.5 10.5 64 .4 90.0 .40
208 -43.3 -59.3 10.0 64.1 50.0 .40
24 -62.0 -30.5 7.7 63.8 90.0 .41
21 -60.7 -38.6 7.0 62.7 90.0 .44
18 -60.3 -43.0 6.7 62.6 90.0 .44
75 -45.4 -55.1 10.7 62.0 90.0 .45
266 -51.7 -52.1 10.1 62.0 90.0 .45
200 -51.1 -51.9 9.3 60.9 90.0 .48
32 -58.6 -43.6 5.6 60.4 90.0 .49
238 -47.3 -52.6 9.7 60.1 50.0 .50
209 -43.6 -53.6 9.2 59.0 90.0 .52
g2 -44.8 -53.4 9.0 59.0 90.0 .52
275 -40.3 -53.4 10.1 58.9 90.0 .53
173 -47.8 -51.9 8.7 58.8 9C.0 .53
238 -47.3 -51.2 9.2 58.6 90.0 .54
2e7 -50.9 -45.8 9.5 58.2 90.0 .55
Z24z< -54.7 -0.6 11.9 57.5 90.0C .57
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Table 2.7.10.1-12 P, Stresses for Support Disk 30-Foot Side-Drop, 49.46° Orientation,
Thermal Case 2

Stresses (ksi) Stress Stress Margin of

Section Sx Sy Sxy Intensity z@ Allow(ksi) Safety
246 -21.1 11.3 11.1 39.3 63.0 .60
243 -19.6 10.5 5.7 32.1 63.0 .96
245 -31.2 -.2 -1.9 31.3 63.0 .01
300 10.0C -13.5 9.4 30.1 £3.0 1.068
g5 -25.2 2.1 6.2 30.0 63.0 1.10
234 3.1 -13.4 12.2 29.4 63.0 1.14
27 -17.1 5.5 8.4 28.2 63.0 1.24
269 -27.3 -1.3 1.4 27.4 63.0 1.30
235 -4.8 -9.9 13.4 27.2 63.0 1.31
103 -11.5 8.1 9.4 27.2 63.0 1.32
242 -26.2 -.2 -2.0 26.4 63.0 1.39
257 -11.1 5.8 9.9 26.0 63.0 1.42
229 -16.4 3.6 8.2 25.9 63.0 1.44
65 -12.9 -5.5 12.4 25.8 63.0 1.44
29 -25.0 -.2 -.9 25.1 63.0 1.51
244 -24.7 -14.0 .6 24.7 63.0 1.55
240 -25.8 5.3 5.9 24 .2 63.0 1.61
256 -23.6 -.2 -1.4 23.7 63.0 1.66
238 -.3 -23.5 -1.4 23.6 63.0 1.67
25 -5.9 11.2 5.8 23.3 63.0 1.71
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Table 2.7.10.1-13 Pm + Py, Stresses for Support Disk 30-Foot Side-Drop, 49.46° Orientation,
Thermal Case 2

Stresses (ksi) Stress Stress Margin of
Section Sx Sy Sxy Intensity r gs'fl Allow(ksi) Safety
274 -44 .8 -62.5 11.5 68.1 90.0 .32
27 -64.6 -21.4 11.7 67.5 90.0 .33
208 -45.6 -61.8 10.8 67.2 90.0 .34
74 -47 .7 -60.6 12.0 66.9 89.8 .34
24 -64.3 -34.1 7.6 66.1 80.0 .36
137 -47.8 -59.2 10.2 65.2 89.8 .38
21 -62.5 -41.6 7.0 64.6 90.0 .39
275 -43 .4 -57.6 11.4 63.9 90.0 .41
75 -47.3 -56.9 10.7 63.8 50.0 .41
266 -52.4 -54.1 10.3 63.6 83.8 .41
18 -60.7 -44.8 6.6 63.1 89.8 .42
20C -52.1 -53.5 9.6 62.5 89.8 .44
209 -45.8 -56.4 1C0.0 62 .4 90.0 .44
238 -50.6 -53.9 10.0 62.4 90.0 .44
173 -30.6 -54 .2 g.5 62.0 90.0 .45
32 -59.4 -45.0 5.6 61.3 89.9 .47
267 -53.0 -49.4 1C.1 61.4 90.0 .47
138 ~-48.7 -53.¢ 9.6 1.2 90.0 .47
24¢6 -58.¢6 -5.3 11.5 61.1 50.0 .47
g2 -45.2 -55.2 9.2 6C.7 80.0 .48
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Table 2.7.10.1-14 P, Stresses for Support Disk 30-Foot Side-Drop, 77.92° Orientation,
Thermal Case 1

Stresses (ksi) Stress Stress Margin of

Section_ Sx Sy Sxy Intensity @ Allow(kst) Safety
27 -26.3 14.3 7.4 43.1 63.0 .46
246 -25.2 12.6 9.6 42.5 63.0 .48
85 -30.5 10.5 4.1 41.8 63.0 .51
269 -31.4 9.1 -1.3 40.5 63.0 .55
29 -37.9 -.1 -.4 37.9 63.0 .66
243 -23.6 12.2 4.8 37.1 63.0 .70
245 -36.1 -.3 -1.6 36.1 63.0 .74
5 -24.4 -18.4 12.3 34.1 63.0 .85
24 -22.7 9.6 3.9 33.2 63.0 .90
26 -33.0 -.3 -1.9 33.1 63.0 .90
265 -16.6 3.5 £.8 33.1 63.0 .90
28 -30.7 2.3 -6.0 31.9 63.0 .97
256 -31.8 -.2 -1.0 31.8 63.0 .98
240 -186.7 12.2 2.8 31.4 63.0 ~.00
242 -31.0 -.2 -1.8 31.1 £€3.0 2.03
254 -21.2 7.9 4.7 30.6 63.0 1.36
23 -28.5 -.2 -2.3 28 .7 63.0 1.19
244 -28.3 ~7.8 .5 28.3 63.0 1.22
£3 -16.7 -4.7 12.8 28.3 63.0 1.23
252 -15.2 12.4 1.2 27.7 63.0 1.27

Io
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Table 2.7.10.1-15 P + Py Stresses for Support Disk 30-Foot Side-Drop, 77.92° Orientation,
Thermal Case 1

Stresses (ksi) Stress Stress Margin of

Section Sx Sy Sxy Intensity (ksi) Allow(ksi) Safety
27 -64.6 -5.4 11.1 66.6 90.0 .35
24 -64 .8 -22.4 7.7 66.2 S0.0 .36
22 -61.1 -37.9 8.4 63.8 90.0 .41
65 -54.7 -12.7 17.7 61.1 80.0 .47
246 -54.6 1.6 11.6 60.9 90.0 .48
75 -49.8 -42.0 12.0 58.5 S0.0 .54
241 -53.8 -35.9 1C.2 58.4 90.0 .54
54 -54.3 -14.1 3.6 58.4 80.0 .54
S -45.1 -37.3 16.3 58.0 80.0 .55
13 -54 .9 -36.3 7.3 57.4 90.0 .57
243 -56.2 -14.3 5.8 57.0 90.0 .58
21 -55.7 -25.2 4.4 56.3 90.0 .60
z5 -53.8 -33.8 6.2 55.6 90.0 .62
5 -43.9 -45.8 1C.6 55.5 80.0 .62
s2 -52.9 -25.0 7.5 55.0 90.0 .64
T4 -45.3 -40.7 0.9 54.1 80.0 .66
238 -48.2 -35.1 9.3 53.0 50.0 .70
21 -49 .9 -35.1 6.4 52.3 90.0 .72
2hE -50.1 -22.4 7.4 51.69 90.0 .73
244 -48 .2 -31.9 8.3 51.8 9C.0 .74
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Table 2.7.10.1-16 P Stresses for Support Disk 30-Foot Side-Drop, 77.92° Orientation,

Thermal Case 2

Stresses (ksi) Stress Stress Margin of

Section Sx Sy Sxvy Intensity (ksi) Allow(ksi) Safety
246 -25.2 12.4 9.7 43.2 63.0 .46
27 -25.9 14.1 7.4 42.6 63.0 .48
85 -30.7 10.6 4.1 42.1 63.0 .5C
269 -31.2 9.2 -1.1 40.4 63.0 .56
243 -23.7 12.8 4.5 37.6 63.0 .67
202 -37.4 -.1 -.4 37.4 63.0 .69
245 -3€.2 -.3 -1.6 36.3 63.0 .74
5 -24 .4 -18.6 12.3 34.1 63.0 .85
24 -22 .4 .7 3.7 32.9 63.0 .91
26 -32.5 -.3 -1.9 32.6 63.0 .93
265 -16.1 13.8 6.5 32.6 63.0 .93
256 -32.1 -.2 -1.0 32.1 63.0 .96
240 -19.8 11.2 2.9 31.5 63.0C 1.00
28 -30.3 -2.C -6.0 31.5 £3.0 1.00
247 -31.2 -.2 -1.8 31.2 63.0 1.02
254 -21.4 €.5 4.3 31.2 63.0 1.02
£5 -1l¢.¢ -4.8 12.9 28.5 63.0 1.21
244 -28.5 -7.6 L7 28.5 63.0 1.21
232 -Z58. % -.2 -2.3 28.3 63.0 1.22
33 -27 G Lz -1.4 28.0 63.0 1.25
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Table 2.7.10.1-17 Pm + Py, Stresses for Support Disk 30-Foot Side-Drop, 77.92° Orientation,
Thermal Case 2

Stresses (ksi) Stress_ Stress Margin of

Section Sx Sy Sxy Intensitv (ksi) Allow(ksi) Safety
27 -64.7 -6.0 11.1 66.7 90.0 .35
24 -63.6 -22.0 7.4 64.9 90.0 .39
22 -59.8 -37.1 8.2 62 .4 50.0 .44
65 -55.2 -12.8 17.8 61.7 90.0 .46
246 -55.1 1.8 11.6 61.5 90.0 .46
54 -54.7 -14.2 13.7 58.9 9C.0 .53
9 -45.5 -37.6 16.4 58.5 90.0 .54
241 -53.0 -35.5 10.1 57.6 90.0 .56
75 -48.8 -41.1 11.7 57.3 50.0 .57
243 -55.4 -13.4 5.4 56.1 50.0 .60
=9 -53.5 -35.0 7.2 56.0 89.9 .61
5 -43.9 -46.2 10.6 55.7 90.0 .62
25 -53.9 -33.2 6.2 55.6 90.0 .62
21 -54.8 -24.8 4.5 55.5 90.0 .62
51 -52.1 -28.4 7.2 54.2 90.0 .66
74 -44.1 -39.2 10.6 52.6 89.8 .71
244 -48.0 -31.7 8.5 52.5 89C.0 .71
223 -47.7 -34.6 9.3 52.3 9C.0 .71
1303 6.4 45 .1 9.9 51.3 950.0 .76
Es 25.2 49.4 6.8 51.2 90.0 .76
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Table 2.7.10.1-18 P Stresses for Support Disk 30-Foot Side-Drop, 90° Orientation, Thermal

Case 1

Stresses (ksi) Stress __ Stress Margin of

Section  Sx Sy Sxy Imensitv@ Allow(ksi) Safety
27 -31.0 25.4 .0 56.4 63.0 .12
77 -19.0 28.8 4.5 48.7 63.0 .29
269 -19.0 28.8 -4.5 48.7 63.0 .29
85 -20.9 26.6 .2 47 .4 63.0 .33
277 -20.9 26.6 -.2 47 .4 63.0 .33
54 -24.8 19.4 .3 44.2 63.0 .43
246 -24.8 19.4 -.3 44 .2 63.0 .43
29 -43.6 -.2 .0 43.6 63.0 .44
28 -35.8 6.7 .0 42.5 63.0 .48
24 -2€.8 13.6 .0 40.3 63.C .56
26 -38.4 -.4 .0 38.4 63.0 .54
6 -19.1 -30.4 -11.3 37.4 63.0 .58
5 -19.1 -3¢.4 11.3 37.4 63.0 .58
273 .3 37.0 .4 37.0 63.0 .70
81 .3 37.0 -.4 37.0 63.0 .70
51 -22.8 12.1 L2 34.9 63.0 .80
243 -22.8 12.1 -.2 34.9 63.0 .30
53 -33.8 -.3 -.3 33.8 62.0 .36
245 -33.8 -.3 .3 33.8 €3.0 .36
23 -33.9 -. 2 .0 23.6 £3.0C .38
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Table 2.7.10.1-19 P + Py, Stresses for Support Disk 30-Foot Side-Drop, 90° Orientation,
Thermal Case 1

Stresses (ksi) Stress Stress Margin of

Section Sx Sy Sxy Intensity (Ksi) Allow(ksi) Safety
77 -15.5 40.4 3.8 56.8 90.0 .59
269 -15.9 40.4 -3.8 56.8 90.0 .58
27 -31.0 25.4 -2.3 56.6 90.0 .58
246 -33.6 15.4 -2.5 49.2 90.0 .83
54 -33.6 15.4 2.5 46.2 90.0 .83
85 -20.3 28.6 -.8 48.9 50.0 .84
277 -20.3 28.6 .8 48.9 80.0 .84
28 -35.8 6.7 7.2 44 .8 90.0 1.01
) -25.6 -35.0 13.0 44.1 90.0 1.04
6 -25.6 -35.0 -13.0 44.1 90.0 1.04
28 -43.6 ~.2 .2 43.6 90.0 1.06
273 .7 41.2 .4 41.2 90.0 1.19
81 L7 41.2 -.4 41.2 50.0 1.19
24 ~26.8 13.6 -4.0 41.1 90.0 1.19
257 -35.3 -1.0 -10.8 40.5 50.0 1.22
6> -35.3 -1.0 10.8 40.5 5C.0 1.22
Z5 -38.4 -.4 -.2 38.4 80.0 1.34
10 -25.6 -18.7 -10.6 36.3 90.0 1.48
9 -29.6 -159.7 1C.6 36.3 90.0 1.48
63 -33.6 -11.3 6.7 35.5 90.0 1.54
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Table 2.7.10.1-20 Py, Stresses for Support Disk 30-Foot Side-Drop, 90° Orientation. Thermal

Case 2
Stresses (ksi) Stress Stress Margin of

Section Sx Sy Sxy Intensity (ksi) Allow(ksi) Safetv
27 -30.6 25.4 .0 56.0 63.0 .13
77 -18.8 28.8 4.5 48 .4 63.0 .30
269 -18.8 28.8 -4.5 48 .4 63.0 .30
85 -20.8 26.5 .2 47 .3 63.0 .33
277 -20.8 26.5 -.2 47 .3 63.0 .33
54 -24.7 19.4 .3 44 .1 63.0 .43
246 -24.7 19.4 -.3 44 .1 €3.0 .43
29 -43.1 -.2 .0 43.1 63.0 .46
28 -35.4 6.7 .0 42.1 63.0 .50
24 -26.4 13.5 .0 39.9 63.0 .58
26 -27.9 -.4 .0 37.9 63.0 .66
& -19.0 -3C.5 -11.3 37.4 63.0 .69
5 -19.0 -20.5 11.3 37.4 63.0 .69
273 .3 36.9 it 36.9 63.0 .71
81 .3 36.6 -.4 36.9 63.0 il
51 ~-22.8 12.1 .2 34.8 €3.0 .81
24 -22.8 12.1 -.2 34.8 63.C .81
53 -33.7 -.3 -.3 33.7 63.0C .87
245 -33.7 -.3 .3 33.7 63.0 .87
23 -33.2 -.2 .0 33.1 63.0 .90

1o
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Table 2.7.10.1-21 P, + Py, Stresses for Support Disk 30-Foot Side-Drop, 90° Orientation,
Thermal Case 2

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

77 -15.7 40.2 3.9 56.4 90.0 | .59
269 -15.7 40.2 -39 56.4 90.0 j .59
27 -30.6 254 22 56.1 90.0 ‘ .60
246 -33.5 154 2.4 49.1 90.0 .83
54 -33.5 154 24 49.1 , 90.0 83
83 . =202 0 286 -0.8 48.8 90.0 .84
277 202 0 286 0.8 48.8 90.0 .84
28 L =354 6.7 7.1 44 .4 90.0 1.03

5 | 253 | 349 13.0 44.0 90.0 1.05
6 2253 -349 -13.0 44.0 90.0 1.05
29 -43.1 0.2 0.2 431 90.0 1.09
273 0.7 41.1 0.3 41.1 90.0 1.19
81 “ 0.7 41.1 -0.3 41.1 i 90.0 1.19
24 -26.4 13.5 -39 ! 40.7 90.0 1.21
257 2353 -1.0 -10.8 ‘ 40.6 90.0 1.22
63 33.3 1.0 10.8 40.6 90.0 1.22
26 37.9 04 | -02 38.0 90.0 1.37
10 -29.8 -19.8 -10.6 : 36.5 90.0 1.47
9 -29.8 -19.8 10.6 36.5 90.0 1.47
63 -33.5 -11.3 6.7 i 354 90.0 1.54

[§S]
~d
f
—
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Table 2.7.10.1-22 Summary of Stress Evaluations of Support Disk - 30-Foot End-Drop

l g Thermal Stress Minimum
Table Number Load Case Evaluation | Margin of Safety
2.7.10.1-23 55 1 Py + Py &.02
27.10.1-24 |53 4 | Pn+Py o1
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Table 2.7.10.1-23

Pr + Py, Stresses for Support Disk 30-Foot End-Drop, Thermal Case 1

Node Principal Stresses (Esi) Stress Intensity | -m&"’éﬁ@ Mglﬂ
S1 s2 | S3 (ksi) Stress'(ksi)* | Safefy
86 69.7 0.0 2.9 72.6 90.0 0.24
474 88.4 5.3 0.0 88.4 90.0 0.02
1129 81.4 4.0 0.0 81.4 90.0 0.11
1444 88.4 5.8 0.0 88.4 90.0 0.02
1564 69.7 0.0 2.9 72.6 90.G 023
2236 81.4 4.0 0.0 81.4 90.0 013
2558 88.4 5.8 0.0 88.4 90.0 Q.02
2680 69.7 0.0 2.9 72.6 90.0 024
3332 81.4 4.0 0.0 81.4 90.0 03
3647 88.4 5.8 0.0 88.4 90.d D:Q2
37653 69.7 0.0 2.9 72.6 90.0
4407 81.4 4.0 0.0 81.4 90.0 D

*3.0 Spy = 3.0 x 30.0 kst at S00°F.
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Table 2.7.10.1-24

Pm + Py, Stresses for Support Disk 30-Foot End-Drop, Thermal Case E

Principal Stresses (i;si) Stress Intensity @!@m ﬁm

Node S1 S2 S3 (ksi) Stress (ksi) Safefy

86 70.4 0.0 2.9 73.3 90.0 023
474 89.3 5.9 0.0 89.3 90.0 [0} 5
1129 82.3 4.0 0.0 82.3 90.0 D.od
1444 89.3 5.9 0.0 89.3 90.0 D.01
1564 70.4 0.0 2.9 73.3 90:0 b33
2236 82.3 4.0 0.0 82.3 90.0
2558 89.3 5.9 0.0 89.3 90.0 001
2680 70.4 0.0 2.9 73.3 90.0 D.23
3332 82.3 4.0 0.0 82.3 90.Q 0.09
3647 89.3 5.9 0.0 89.3 90.0 0.01
3765 70.4 0.0 2.9 733 90.0 0.33
1407 823 1.0 0.0 82.3 90.0 0.09

3.0 Sy = 3.0 x 30.0 ksi at S00°F.
2.7-180
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2.7.10.2 Stress Evaluation of Tie Rods and Spacers

The tie rods and spacers in the BWR basket are evaluated for structural adequacy following a
free drop of the Universal Transport Cask 30 feet onto a flat, unyielding surface. The design
deceleration for the cask for the hypothetical accident 30-ft end-drop is 60 g.

The structural capacity of the spacers supporting the basket is evaluated by hand calculations
using classical analysis. Accident loading resulting from the 30-ft drop of the fuel basket is
compared with stress limit of 0.7 S, in accordance with Section III, Subsection NG of the ASME
Code [19].

The tie rods serve basket assembly purposes and are not part of the load path for the condition
evaluated.  The tie rods are loaded during fabrication by a 190 ft-Ib preload. Under drop
conditions, the preload will be reduced. The tie rod design is, therefore, acceptable by

inspection. and no detailed evaluation of the rods is required.

During the end-drop. the spacers are loaded with the weight of the support disks, the aluminum
heat transfer disks. one end plate. and the weight of the spacers. The load is resisted by the
effective area of six spacers. The compressive stresses are calculated on the effective area of the

spacer.

The material allowable stress is conservatively selected at a bounding temperature of 500°F. The

temperature near the outer edge of the support disks (at the tie rods) is below S00°F.

2.7.10.2.1 Design Criteria

Stress limits = 0.7 S, (accident condition. more limiting
than 2.4 S,

Loading criteria (g) = 60 g (accident condition)

Evaluation temperature = 500°F

Basket Parameters

Fuel basket weight = 18:125 Ib

Bottom weldment weight = §23 Ib
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Fuel tube weight (56 tubes) = 4,665 Ib
Rod diameter = 1.6251n.

Spacer outer diameter = 3.0in.

Materials [21]
Tie rod = SA 479 Type 304 Stainless Steel
Spacer = SA 479 Type 304 Stainless Steel

Material Allowables
Type 304 stainless steel: Sp, = 17,500 psi (500°F)
Sy =63.500 psi (500°F).

2.7.10.2.2 30-Foot End-Drop Condition—Results

The deceleration assumed for the BWR basket in the 30-ft end-drop is 60 g. The spacers are
foaded with the weight of the support disks, the aluminum heat transfer disks, one end plate, and

the weight of the spacers. These loads are calculated as follows:

Total weight of basket = 18,199 Ib
Less wetrght of bottom weldment = —623 Ib
Less weight of fuel tubes = 9,66w5 b
I-g-load on spacers = :1“2,91"1_ Ib
Applied g level = 00¢g
Therefore, Accident condition
load on spacers = 12,91_1 x 60 = 774,66@ Ib

As a result of the end-drop, all spacers are compressed. thus distributing the load through the
entire wall of the split spacer. The split spacer at each of six locations supporting the weight of
the support disks 1s equal to the net area of the spacer and is calculated as

A= (LI (307-1.7504d) = 4.66in°.

The average compressive stress. Si.in the spacer is

2.7-182
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S = (774,600)/(6 x 4.66) = 27,706 psi.
The allowable stress for SA479 Type 304 SS under accident conditions of transport is 0.7 S,:

S, =63.500 psi
0.7S, =0.7x 63.500 = 44,450 psi.

u

The margin of safety, which is defined as —1,1s

(44.450/27,706) - 1 = + 0.60.
Therefore, the spacers are structurally adequate for a 60 ¢ end impact under accident conditions.

2.7.10.3 Buckling Evaluation of Suppor Disk

Dunng the impuct following a 30-ft side-drop of the Universal Transport Cask onto an
unyiclding surtace. the support disk is subjected to compressive loading in the plane of the disk.
For cask impact orientations other than on the side, loads acting perpendicular to the plane of the
support disk (out of plane) may also be applied. The compressive in-plane loadings in
conjunction with the bending moments resulting from the out-of-plane loadings require that
buckling of the support disk be a design consideration. The acceptance criteria are contained in
NUREG/CR-6322.

271031 Method of Support Disk Buckling Analvsis

The support disk buckling evaluation is based on the acceptance criteria of NUREG/CR-6322,
which requires that both normal conditions of transport and hypothetical accident conditions be
addressed.

The BWR fuel basket support disk material is SA 533, TYPE B, Class 2 with the following

charactensucs:
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The vield strength S, =59.3 ksi at 750°F (Conservative)

S, =70.0 ksi1 at -40°F (Thermal Case 1)

S, =60.5 ksi at 650°F (Conservative)

The modulus of elasticity E = 24.60 (10)3 ksi at 750°F (Conservative)
E =29.90 (10)" ksi at -40°F (Thermal Case 1)
E =25.56E (1())3 ksi at 650°F (Conservative)

The dynamic amplification factor g =60 g for the 30-ft side-drop
=55 g for the 30-ft end-drop

Thermal Case 2 or 4 1s bounding for Thermal Case 3. Conservative temperatures are used in the

analysis.

271032 Detialed Support Disk Buckling Analysis

Four thermal conditions are defined in Section 2.7.10.1.1. For these thermal conditions, the
maximum torces and moments are determined for the side-drop condition for different radial
orientations of the support disk. The buckling evaluation of the support disk web is based on
Interaction Equations 31 and 32 in NUREG/CR-6322. These two equations adopt the “Limit
Analysis Design™ approuch for structural members that experience stresses beyond the vield limit
of the matenal. 1.e.. for members deformed inelastically as a result of both axial load and bending

moment. Other equations applicable to the calculations are listed in this section.

Buckling stresses ure culeulated for both the strong and the weak axes of the support disk webs.
[n o side-drop condition. the bending moments are in-plane and are about the strong axis. For the
weak axis buckhing evaluation. the compressive forces from the side-drop are combined with the

moments resulting from the end-drop.

Detaled caleulations for the accident condition buckling evaluation are performed in a
spreadsheet format by using the equations from NUREG/CR-6322. The load amplification
tactors are 60 ¢ for the side-drop and 55 ¢ for the end-drop. The calculational methodology 1s

the same as the one discussed in Section 2.7.8.3.2 for the PWR support disk buckling analysis.
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The loading conditions and the terminology used in the buckling evaluation are also the same as

those discussed in Section 2.7.8.3.2.

For the buckling evaluation parameters, different values are associated with the weak and strong
axes of the support disk web. The weak axis corresponds to the 0.625-in. support disk thickness
and is associated with the moments that would buckle the webs with an out-of-plane motion.

Moments that would buckle the support disk web in the plane of the support disk are associated

with the strong axis of the web.

Weak-Axis Buckling

For the weak-axis buckling evaluation, the parameters are as follows for (Section 17):

Parameter Value Parameter Value
t 0.625 in. A 0.431
b 0.66 in. P, A X Sy = 24,956 ksi
A 0.413 in" F, 43.22
L 6.278 in. C. 91.32
I bt'/12=0.0134 in* P, 30.31
r 0.18 F, 250.42
K 0.800 P. 198.33

KL/r 27.83 M, 3.83

Z bt* /4 = 0.0614 M., 3.83
E 25.560 ksi Crm 0.85
S, 60.5 ksi

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 30-ft side-drop condition, the maximum corresponding compressive
forces are combined with the maximum out-of-plane moment resulting from the 30-ft end-drop

condition to obtain the conservative maximum interaction coefficients.

For weak axis buckling, the mimmimum margin of safety 1s +0.002 for the 90° radial basket

orientation at Section 17 (thermal stresses are included).
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The calculated minimum margins of safety for the drop orientations discussed in Section
2.6.13.6.1 are presented in Table 2.7.10.3-1. The location of the sections identified in the table

are shown 1n Figures 2.6.13.14-2 through 2.6.13.14-5.

Strong-Axis Buckling

For the strong-axis buckling evaluation, the parameters are as follows for (Section 274):

Parameter Value Parameter Value
t 0.65 in. x 0.418
b 0.625 in. P, A XS, =24.091
A 0.406 in” F, 42.687
L 6.278 in. C. 90.491
I bt'/12=0.014 in* P., 29.481
r 0.188 F. 260.68
K 0.800 P, 203.334

KL/r 26.766 M, 3.91
Z bt™ /4 = 0.066 M, 3.87
E 24,600 ksi Com 0.85
S, 59.3 ksi

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 n-plane moment produces the maximum nteraction coefficients. Because the location
of the maximum force and the maximum moment may not coincide, the calculation of the
interaction coetficient is conservative.  The maximum magnitude of the moment 1s used.

regardless of sign. to ensure the most severe condition.

For strong-axis buckling. the mimimum margin of safety is +0.33 for the 31.8° radial basket

orientation at Section 274 (thermal stresses are included).
The calculated mimimum margins of safety for the drop onentations discussed in Section

2.0.13.0.1 are presented in Table 2.7.10.3-2. The location of the sections identified in the table

are shown in Figures 2.6.15.6-2 through 2.6.15.6-5.

2.7-186



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

May 2000

Revision UMST-00A

Table 2.7.10.3-1

Minimum Margins of Safety from Buckling Evaluation of BWR Support
Disks (Weak Axis)

Section G- Disk Drop Heat Case MS1 MS2
No. Load* Orientation
270 60 0 1 +0.334 +0.294
270 60 0 2 0.165 0.130
270 60 0 2 + thermal 0.041 0.001
load
270 60 31.82 l 0.461 0.431
270 60 31.82 2 0.282 0.253
270 60 31.82 2 + thermal 0.139 0.102
load
270 60 49.46 1 0.589 0.571
239 60 49.46 2 0.353 0.312
17 60 49.46 2 + thermal 0.158 0.111
load
239 60 77.92 1 0.448 0.396
239 60 77.92 2 0.258 0.213
17 60 77.92 2 + thermal 0.120 0.062
load
47 60 90 | 0.461 0.410
13 60 90 2 0.11 0.023
17 60 ! 90 2 + thermal 0.06 0.002
| load

* Includes out-of-plane moment due to 30-ft end-drop impact of 55 g.
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Table 2.7.10.3-2

Minimum Margins of Safety from Buckling Evaluation of BWR Support
Disk (Strong Axis)

Section | G-Load Disk Drop Heat Case MS1 MS2

No. Orientation

208 60 0 | +1.24 +0.833

298 60 0 2 1.22 0.818

298 60 0 2 + thermal 0.847 0.511
load

274 60 31.82 1 0.600 0.552

274 60 31.82 2 0.587 0.539

274 60 31.82 2 + thermal 0.391 0.339
load

274 60 49.46 1 0.990 0.993

246 60 49.46 2 0.877 0.753

246 60 49.46 2 + thermal 0.605 0.490
load

243 60 77.92 1 0.914 0.763

246 60 77.92 2 0.927 0.760

246 60 77.92 2 + thermal 0.722 0.569
load

53 60 90 ] 1.63 1.160

g1 60 90 2 1.268 ().889

53 60 90 2 + thermal 1.320 0.913
load
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2.7.10.4 Fuel Tube Analysis

The fuel tube provides a foundation and sealed cavity to mount BORAL poison plates within the
fuel basket structure and does not provide a structural function relative to the support of the fuel
assembly. The fuel tube design is presented in Figure 2.6.15-3. To ensure that the fuel tube
remains functional when the cask is subjected to design load conditions, a structural evaluation

of the tube is performed for both the end- and side-impact load conditions.

2.7.10.4.1 Fuel Tube End-Impact Analvsis

During the postulated cask end impact, fuel assemblies are supported by the cask bottom for the
bottom-end-drop and the lid for the top-end-drop. Fuel assembly load is not carried by the fuel
tubes. Therefore, the fuel tube for the end-impact load is evaluated by considering the weight of
the fuel wube subjected to the cask deceleration carried by the minimum tube cross section. The
minimum tube cross section is located at the contact point of the tube with the bottom weldment.
The BWR fuel tube bearing analysis is bounded by the PWR analysis based on weight (See
Section 2.7.8.4.1 for details).

271042 Fuel Tube Side-Impact Analysis

Dunng the cask side-impact load configuration, the fuel tube is supported by the fuel basket E_}Z_)
stamnless steel support disks.  The fuel basket support disks are spaced at 3.205 in. (which is
slightly more than one half of the fuel tube width of 590 in.) and support the full length of the
tucl wube. Considering the fuel tube subjected to the 60 g side impact deceleration and the 40

support locations provided by the basket support disks. the fuel tube shear stress is

Impact shear load = (60)(700)/40 = 1,050 1b

I

(0.048)(5.90)(2) = 0.566 in”

Shear area of tube

Shear stress of tube

1,050/0.566 = 1,855 psi.

A temperature_of 750°F is conservatively used to_determine_the allowable Stressés: The yield
strength of Type 304 stainless steel at 'ZSD'F 15 ;7L300 psi. Using gé"sj psi, an allowable shear
stress equivalent to half the vield strength of the tube wall material. results in a large positive
margin of safety. The conservative evaluation of the tube loading resulting from its own mass
during the side-impuct configuration indicates that the tube structure will maintain position and

will functuon.
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The load transfer of the fuel assembly,to the weight of the fuel. bas
iS throigh direct bearing and compression of the dismboredIoad

Fube toThe support sk web.., Two Ioad cpnaitons.
first considers the fuel assembly load as . o

The_second postulates”that_the_fuel assembly, grid.is loca YR

el fubeevaluanon

et

support disks and produces a localized distributed load over the effective.area of the grid;

Two, different ANSYS_ finite_ element models ‘of_theZfu
conditions since the fuel assembly structural performance:

in the following, the first model represents a fue] tube?

por he

y
)

| 158

: 15’
154
T

, 1%

; 1525

the_mode] is supported at fOUL 16calons. by SUPPOLL. disks. clhe mo
T T T K W T T T TG T M TN T, TR
the_fuel tube wall thickness.of.0.048nch as the oniy material subjecte

load_representative of;iheSfuelrassembly decelera

considered in the development of the:imposed pressureload.on the fuel.fube)

The _fuel tube _is modeled with the. ANS. YS, pIastic
support disks_ ar¢ represented.as ngid.gap, elements (CONLACS2) 2
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local to the sections.of the.tube resting on the. SUDPOIL ISk, AL
Type 304 stainless steel is 63.1 Ksi,. 1he MATEIN Of satcty 1s.

g’I:IIW:-———-Q ! =+2:24]
Ln 2419, 5 A S

Similarly, the margin of safety for elastic-plastic Stress becores

F T - RIS ‘;‘
MS —6-3—1—11-3—-1 -+Large
- 495173 0 Lk

where the yield strength of Type.304 stainless steel is 17.3 ksi at.750°F.

The second ﬁmte element rnodel § gsed to evaluate the ]oad condmf" 1

2.7-191



7

May 2000
Revision UMST-00A

SAR — UMS® Universal Transport Cask

Docket No. 71-9270

dcceptable

 safety.is;

o

K
£
)
T}

failure, strain

f s
L PTYRETL
fining, the.:

> Pl e
De
i

be is
R Ey g
2in o

G

. the. tu
3 e s
e mar
it - iy
erial f:

tress in
te

Drres

ch

Omes;

imum: stres
S i
o SO oy i) “‘;’m
0.10;inch/.
alf of the mate
RIS T 3N

ess steel is.63.1 ksi,

S A A
max :

.wh,
| Apm
i { ..Mm ”uue mk-.a m$_
kN i Lel g LA e
SR Lol s 3
NN 58 (188 L9
KGN PR =RE ek i
\ Y : g 18, P LD fut P
N\ 5] W_n e o
(g LAY ﬂ i : W A= "..c.‘
AT R {g1g e !
, et i &
2\ EH: EREs i2,
Elx g 2
B R ) ”@ Fon g Lo
Bt B84 tg 85 2
25 1S4 9lig b
rm, I R BT DA F
st g gl B IS
58 Iy EiEs g 2
Sd ] w5 e E
R WMW.M. %w. "'bb
o G _3._& 19 g IS 8
B E ol G S ST R
= | B B = I N B | I
s 3 S 72 B B 7 N BV oo ! 5
w e ' M } H= ,,‘nl‘d” r~ M m o,
R T B~ M- N =T 2
(=T = T, © Mm
= == =
v o ST IS g
= NS = H ot
E < = o & 7

3

7-19

2



SAR — UMS® Universal Transport Cask | May 2000
Docket No. 71-9270 Revision UMST-00A

Where the,yield strength of 1ype 304 Stainless steel 18,173 ks at

loads _produced by the BORAL plate and stainless steel. anachmeanlamf -assuming 2 .60g 1 q_g,

o g Y T

are. carried. by, the, attachment. plate: weld, . Total Joad and: te sultant: stresss of

prm e R

calculated as:

W TR

Fb,ss = (g)(p)(t)(w)(l)“ Load e}erted 1 by BORAL/Stainless Steel Attachment Ela

where;
P
g. .= ,acceleratlon (g)

[ ey ey

c IR TSI I e < vy .

conservatwély gsed 1 for tl)e BORAL

s e 1o

,_thlckness of material I (in)
w = width of matenal (m)
. length of material section (in,)

The forces on the weld due to a 12-inch section of BORAL (Fy) and 2 12-inch 36cton.of stainioss
steel plate (F;) are:

= (602)(0.098 I1b/in%)(0.135 in(5.451n)(12in) = 51.9.  1bs;

Fys =_(602)(0.291 1b/in)(0.018 in)(5.79 9 in)(12 in) = 21.8 Ibs;

The total Joad (F) on a. ‘1-inch : attachment for a 12-ir

ST iAo ey o

Attachment :
" Weld - lin, on,,
l21n centers

e

v

i
5 . s
| PSR RRPNE R
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o m v ey o b ]

Thé reSultmg weld stress 1s "= P/A = (73. 7 1bs/2) /(1 g n) ).(0.018 in) =.2,074" psi

Since the, weld material is Type 304 stamlcss stcel,dt_hgﬁmargmoj‘safety (at _150,;5);13'

ro
r
i
9

Therefore, the BORAL remains. "enclosed on each outer r surface of t the-fue] tube wall’

2.7.10.5 Basket Weldment Analvsis for 30-Foot End-Drop

The responses of the top and bottom weldment plates of the fuel basket assembly to a 60 g
accident condition deceleration load are examined. T@p finite element models representing the
BWR basket top and bottom weldments are constructed for structural evaluation. The structural
evaluations are performed at normal condition temperatures; therefore, prior to the structural
evaluation portion of the anualyses, the steady-state temperature distribution in the top and bottom
weldment models is determined by applving fixed temperatures to the outer circular edge m

the node at the intersection of | the syrnmetry planes These fixed temperatures are obtained from

B TRk 3+ vw FAR AR L e

the norrnal condmon thcnnal analys1s thh -40°F arnb1ent temperatur;?nd “maximum heat

£ AN S50 Y I

generation. ~The ‘material_allowable stresses are_based on_the. maximum }tcmperature of ‘the

TGO TP Ay

veldments determmed for normal COI’lthIOl’lS w1th 100°F amblent teﬁ;peraturc and” maximum

heat gencratlon.

During the temperature solution portion of the analyses, the finite element models are
constructed by using ANSY'S three-dimensional thermal shell elements (SHELL57). During the
structural evaluation portion of the analyses. the finite element models are constructed by using
ANSYS three-dimensional, six-degrees-of-freedom. elastic shell elements (SHELL63) in the
weldment plate and structural support region. The top nuts/pads are modeled by using BEAM 4
clements. Contact between the structural supports plates and between the structural support ring
were modeled by using CONTACT 52 elements.  The finite element models represent one-

quarter sections of the weldments,
The top and bottom weldments are 1.0 1n. thick and Eué fabricated from SA-240, Type 304

stainless steel. The top weldment supports its own weight and 56 fuel tubes (without the fuel

assembhes) duning a top-end-drop.  Eight structural plates, eight tie-rod top nuts. and a
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circumferential ring support the top weldment and its loads during a top-end-drop. These
structural components are modeled as zero-translation restraints in the direction of the end-drop.
The finite element models of the top and bottom weldments are presented in Figures 2.6.15.13-1

and 2.6.15.13-2, respectively.

2.7.10.5.1 Results of Basket Weldment Analyses (30-Foot End-Drop)

The maximum stress intensities (SI) for primary membrane plus primary bending (P, + Py) for
the 30-ft end-drop analysis are 49.27 ksi for the top weldment and 56.67 ksi for the bottom
weldment as tabulated below. The corresponding minimum margins of safety are +0.26 and

+0.12 as shown below:

Component/Condition P + Py (ksi) Allowable S, (ksi) MS
Top Weldment/30-ft Drop 49.49 62.56 30.26
Bottom Weldment/30-ft Drop 56.93 63.22 20_1;

Because a large radial temperature gradient occurs through the weldments, the maximum stress
intensities presented in the preceding table do not occur at the maximum temperature of the
models. and comparing these stress intensities with stress allowables on the basis of the
muximum temperature is overly conservative. Therefore, the stress evaluation is performed on a
nodal busis. That is. using ANSYS, the maximum stress at cach node in each model is compared

with the maximum allowuble stress at the temperature of the node being evaluated.

For hypothetical accident conditions. the following criteria are used to evaluate the nodal stress

intensities for the top and bottom weldment:

Pu + P, < 3.0 S, 0rS,. whichever is less.

(Note that for Type 304 stainless steel in these temperature ranges, S, is smaller than 3.6 S,,.)

The margin of safetv s

Allowable Stress
MS = - — -1
Nodal Stress Intensity
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2.7.105.2 Top Weldment Structural Rib Buckling Evaluation

The structural ribs on the top weldment are subjected to axial loads during a top-end-drop. End
constraints on the ribs during a top-end-drop are fixed at the end welded to the top weldment and
free at the other end. Because no closed solutions are readily available for evaluating a plate for
buckling loads with end constraints matching those of the top weldment ribs, a closed-form

solution for the buckling of a column is used to analyze a 1-in. section of one of the ribs.

For a column under axial loading with one end of the structural rib fixed and the other end free,

the critical load (P.,) is determined by

7 El
P, = —
(KL)
where: I = moment of inertia
E = modulus of elasticity

= length of the column

L
K =eftective length factor (K = 2 for a column, one end fixed; other end free).

Evaluating a 1-n. section of one of the nbs at the maximum weldment temperature of 515°F
vields

a{25.7x10"Ibf /in" )=~ (1.0 in)(0.5 in)
P, = , L2 = 6,288 1b.
(2x10.25in)"

For the 30-tt top-end-drop, the sum of the forces on the nodes representing the ribs is a maximum
of 26,945 1h. Thus, the maximum load (P) on a I-in. section of one of the structural ribs is 1,152
Ib.

Thus. the margin of safety for buckling of one of the structural nibs of the top weldment during a

20-tttop-end-drop 1s

: o
v - 02881 FE
1152 1b -
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2.7.10.5.3 Conclusions

As shown in this section, both the top and bottom weldments maintain positive margins of safety
when subjected to the 30-ft end-drop conditions. As shown in the top weldment structural rib
buckling calculation, the actual maximum load (P) on one of the structural ribs of the top
weldment during a 30-ft drop is much less than the predicted buckling load (P,,). Therefore, the

top and bottom weldments are structurally adequate.
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2.7.11 Summary of Damage to Cask Due to Hypothetical Accident Conditions

The analysis results reported in Sections 2.7.1 and 2.7.2 (30-ft drop. and puncture accidents) are
summarized in Tables 2.7.11-1 and 2.7.11-2, respectively. The results shown in Tables 2.7.11-1
and 2.7.11-2 demonstrate that the damage incurred by the Universal Transport Cask during the
hypothetical accident is minimal and does not diminish the cask’s ability to maintain the
containment boundary. A 30-ft drop or a 40-in. pin puncture accident may damage the neutron
shield and result in a reduction in the cask’s neutron shielding ability. However, the gamma
shielding remains intact to provide sufficient shielding and to satisfy the accident shielding
criteria. The peak dose rates resulting from a maximum slump of 3.05 in. that could occur in the
gamma shielding following a 30-ft end-drop are well below the regulatory limits (The shielding

consequences of the drop accidents are discussed in Section 2.7.1.5 and Chapter 5.0).

As discussed in Section 2.7.3, stresses in the cask during the fire accident are classified as
sccondary by the ASME Code, Section III, Subsection NB. For accident conditions, there are no
set limits on secondary stresses. Review of the applicable regulations presented for crush in
Section 2.7.4 shows that crush need not be considered for the Universal Transport Cask. The
conformance of the cask to immersion requirements is discussed in Sections 2.7.5 and 2.7.6. An
cvaluauon of individual cask components for a sustained external pressure of 290 psi shows that

the cask meets worst case immersion requirements,

In a 30-tt hypothetical comer-drop accident, the upper impact limiter may crush to 4 maximum

depth of 31.11in. As shown in Section 2.7.1.6. this has no structural consequences.

Bused on the analyses of Section 2.7.1 through 2.7.6, the Universal Transport Cask fulfills the
structural and shielding requirements of 10 CFR 71 for all of the hypothetical accident

conditions.
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Table 2.7.11-1 Summary of Maximum Calculated Stresses in Cask—30-Foot Free Drop
Conditions Maximum Calculated Allowable Margin
30-Foot Drop 1 2 3 4 5 Stress Stress of
100°F -40°F Type Value (ksi) (ksi) Safety
Containment™ v v v v P, 17.5 48.0 1.74
(on end) v v v v v P, + P, 335 62.7 0.87
Noncontainment” v v oYYV P, 2 459 0.96
(on end) v v v v v P, + P, 229 70.9 2.10
Containment™ v v o v P, 31.0 48.0 0.55
(on side) v v o vV v P, + Py 62.4 65.0 0.04
Noncontainment v v o v v v P, 32.1 47.3 0.47
{on side) v v o vy v P, + P 68.2 70.9 0.04
Containment™ v oV v P.. 189 48.0 1.54
{on corner) v v vV v P, +P, 32.0 62.7 0.96
Noncontainment” v v v v v P, 25.8 459 0.78
(on corner) v v o v v P.+ Py, 36.7 70.9 0.94
Containment” v v vV v P, 28.5 48.0 0.68
(oblique) v v v P, + P; 62.6 69.7 0.11
Noncontainment v v v v v P, 29.8 47.3 0.59
(oblique) v v o vV P, + Py 61.5 70.9 0.15
“Conditions: 1. Ambient Temperature
2. Insolance
3. Decay Heat
4. Internal Pressure

)]

Weight of Contents.
" The containment structure includes cask lid, top forging. inner shell. and bottom forging.

*=* The noncontainment structure includes the outer shell and the bottom plate.
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Table 2.7.11-2 Summary of Maximum Calculated Stresses in Cask— Puncture
Conditions” Maximum Calculated Allowable  Margin

40-In. Free Drop 1 2 3 4 5 Stress Stress of
100°F_-40°F Type Value (ksi) (ksi) Safety

Containment™ v A A P,+P, 5681 61.5 0.08

(lid)
Noncontainment” v v oV v Pn+P, 5675 66.9 0.18

{on mid-length)

Noncontainment™
(on bottom center) v v v P, + Py 49.96 66.9 0.34

* Conditions: 1. Ambient Temperature
2. Insolance
3. Decay Heat

4. Internal Pressure

h

Weight of Contents.
“ The containment structure includes cask lid. top forging. inner shell. and bottom inner forging.

The noncontainment structure includes the outer shell and the bottom plate.
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2.7.12 Cask Inner Shell Buckline Analvsis

Code Case N-284-1 (Metal Containment Shell Buckling Design Methods) [12] of the ASME
Boiler and Pressure Vessel Code is used to analyze the Universal Transport Cask inner shell for
structural stability. Structural stability ensures that the inner shell does not buckle during cask
fabrication. normal conditions of transport, or hypothetical accident conditions. Fabrication
stresses are evaluated in Section 2.6.11 and are shown to be very low, so that that including them
in the buckling evaluation would not significantly affect the margins of safety demonstrated in
this section. The buckling evaluation requirements of Regulatory Guide 7.6, Paragraph C.5, are
shown to be satisfied by the results of the buckling interaction equation calculations from Code
Case N-284-1.

The cask inner shell buckling design criteria, are described in Section 2.1.2.5.3.

27121 Analysis Methodology

The structural stability of the Universal Transport Cask inner shell is analyzed in accordance with
the ASME Code Case N-284-1. 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 ficld that controls the buckling of a cvlindrical shell consists of the longitudinal (axial)
membrane. circumferential (hoop) membrane, and in-plane shear stresses. These stresses may
exist singlyor in combination, depending upon the applied loading. Only these three stress

components are considered in the buckling analysis.

For cach dynamic loading case. the stress results from the ANSYS dynamic shell analyses
(Sections 2.6.7.1 through 2.6.7.4 for |-ft cask drops and Sections 2.7.1.1 through 2.7.1.4 for 30-ft
cashdrops) are screened for the maximum values of the longitudinal compression,
crreumierential compression, or in-plane shear stresses for the individual drop load cases,
regardless of where in the shell they individually occur. This was performed for all cask drop

orientations.
The ANSY'S analyses for both the 1-ft and 30-ft drops were performed with an internal pressure

of 130 psig. The internal pressure tends to stiffen the inner shell. To compensate for this, and to

bound the worst case sttuation, the axial and hoop stresses corresponding to this internal pressure
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were combined with (added to) the compressive axial and hoop stresses from the ANSYS

analyses to give maximum stress values.

Also, the ANSYS stress components used in the buckling evaluations for the normal 1-ft drop
load cases conservatively include thermal peak stresses and bending stresses from thermal and
drop loadings. Combining the maximum stress components in this way produces a conservative,
bounding-case buckling evaluation of the inner shell. The maximum ANSYS plus internal

pressure stress components used in the buckling evaluations are presented in Table 2.7.12-1.

2.7.12.2 Analysis Results

As discussed above. the worst-case combination of stress components within a given drop
orientation from the ANSYS analyses, regardless of location within the shell cylinder, and
including temperature and pressure effects, are determined and used for input as stress
components in the buckling evaluations. These conservatively determined stress components,
therefore. envelope the specific load case tables presented in Sections 2.6.7.1 through 2.6.7.4 for
I-tt cask drops and Sections 2.7.1.1 through 2.7.1.4 for 30-ft cask drops.

The results of the buckling analysis of the cask inner shell are summarized in Table 2.7.12-1. All
interaction equations ratios are less than 1.0, Therefore, the buckling criteria of Code Case
N-284-1 are sausfied. thus demonstrating that buckling of the Universal Transport Cask inner

shell does not oceur.

27123 Detatled Code Case N-284-1 Buckling Evaluation

A step-byv-step unalysis procedure presented below as an example of implementing the procedure
recommended in Code Case N-284-1. This sume procedure was followed to determine the

results presented in Table 2.7.12-1.

In the buckling evaluation. the symbols 0. 0, or 00 correspond to the longitudinal (axial) direction
or stress component, circumferential (hoop) direction or stress component, and in-plane shear

stress component, respectively, as used in Code Case N-284-1.

In the evaluation, the formulas for cvlindncal shells (unstiffened) are used. Each of the 14 load

cases presented in Table 2.7.12-1 1s evaluated in the manner detailed below for Load Case “N",
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the hypothetical accident condition of a 30-ft bottom oblique (75°) drop: the results are listed in
the table. The manner of conservatively screening for the highest stress components and the
compensation for internal pressure is described above in Section 2.7.12.1.

The geometry parameters used for the cask inner shell evaluation are presented in Table 2.7.12-2.

In the example that follows, a factor of safety (FS) of 1.34 is used in accordance with the Code

Case.

Step I. Determine Stresses: For the 30-ft bottom oblique (75°) drop (load case “N” shown in

Table 2.7.12-1), the maximum individual axial, hoop, and shear stresses regardless of location in

the cask inner shell from the ANSYS analysis are:

Axial Stress (ANSYS) Sy = 11,840 psi (Compression)
Hoop Stress (ANSYS) S¢ = 16,880 psi (Compression)
Shear Stress (ANSYS) S = 12,440 psi.

To these values are added the effects of an internal pressure. IP = 150 psig. The tensile load due
to mternal pressure. Acting on the area of the cask lid with an area A = 3.590 in°, the internal
pressure creates a force, F = 538,521 Ib. Cross sectional area of the inner shell Ag = 216 in°.
Theretore. the axial stress in the inner shell due to the internal pressure is

Axial Stress (IP) = F/As = 2,498 psi
The hoop stress due to internal pressure

Hoop Stress (IP) =IP(D;)/2t = 2,535 psi

where D, = internal diameter = 67.61 in.

t = shell thickness = 2.0 1n.

]
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Combining the axial and hoop stresses from ANSYS analysis and due to the effects of internal
pressure, with no compensation necessary for the shear stress, gives the stress state used for the

buckling evaluation example:
So = 14,338 ps1 (axial compression)
Se = 19,415 psi (hoop compression)

Soo = 12,440 psi (shear).

Step 2. Determine Capuacity Reduction Factors: (Code Case N-284-1, Paragraph-1500)

The reduction in capacity due to imperfections and nonlinearity in geometry and boundary
conditions 1s provided through the use of Capacity Reduction Factors. Capacity Reduction

Factors, based on the parameters in Table 2.7.11-2 are as follows:

oL = 0.231
cg. = 0.8
Gont. = 0.8.

To directly use the Capacity Reduction Factors. the tolerance requirements of Article NE-4220 of
the ASME Boiler and Pressure Vessel Code. Section HI, Subsection NE must be satisfied.
Article NE-4221.1 and Article NE-4221.2 set forth the “maximum difference in cross-sectional

diameters” und “maximum deviation from true theoretical form for external pressure.”

The requirements of Articles NE-4221.1 and NE-4221.2 are satisfied, as long as the maximum
tolerances and configuration constraints are met during manufacturing:
Max ID = 67.67 1n.
Min ID = 67.57 1n.
Mux ID - Min ID =0.10 in.
Allowable deviation (per Subsection NE) = Nominal ID/100 = 0.677 in.
0.101n. <0.677 1n.
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Allowable deviation (per Subsection NB*) shall not exceed the smaller of
(D +50)/200 = (67.61 + 50)/200 = 0.588 in.. and
Nominal ID/100 = 0.677 in.

0.10 in. < 0.588 in.
*(Evaluation of the tolerance requirements of Subsection NB is included in the
evaluation because the Universal Transport Cask is being constructed to the
requirements of Subsection NB.)

Therefore, direct use of the Capacity Reduction Factors is allowed.

Step 3. Determine Plasticity Reduction Factors: (Code Case N-284-1, Paragraph-1600)

When the elastic buckling stresses exceed the proportional limit for the fabricated material,
Plasticity Reduction Factors are used to account for the non-linear material properties. Plasticity
Reduction Factors are determined as follows:
a. Axial Compression
A= So(FS)/S, = (14,338)(1.34)/(2.07x10%) = 0.928
For0.55 <A< 1.6,
No= 0.45/A+0.18 = (0.45/0.928) + 0.18 =0.665
b. Hoop Compression
A= Sy(FS)S, = (19.415)(1.34)/(2.07x10%) =1.257
For0.67 <A <42,
Ne= 2.33/(1 4+ 2.29A) =2.53/(1 +2.29 x 1.257) =0.652
c. Shear
A= Sa(FSVS, = (12.440)(1.34)/( 2.07x10%) = 0.805
For048 <A< 1.7,
Non = 0.43/A+ 0.1 = (0.43/0.805)+ 0.1 = 0.634
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Step 4. Determine Theoretical Uniaxial Buckling Values: (Code Case N-284-1. Paragraph-1712)

Elastic Buckling Coefficients are first calculated followed by the calculation of the theoretical

buckling values as shown below:
M, = Ly/(Rt)° = 180/(34.81 x 2.0)" = 21.57
EUR = [26.5(10)° x 2.0]/34.81 = 1.5228(10)" psi

a. Axial Compression
For M, 2> 1.73, C, = 0.605
Sec. = Cy (EUR) = 921,276 psi

b(1). External Pressure - No End Pressure
1.65(Rt) = 28.71
For 3.0 £ M, < 1.65(RT),
Cor= 0.92/(M, - 1.17) = 0.0451
Soet =S = Cor (EVR) = 68,659 psi

h(2). External Pressure - End Pressure Included
For 3.5 < M, < 1.65(Rt).
Con= 0.92/(M, - 0.636) = 0.0439
She = Con (EUR) = 66,908 psi

¢. Shear
§.69(R1) = 151.23
For 26 < M, < 8.69(R1).
Con= 0.746/(My)” = 0.161
Seet = Cen (EUR) 244571 psi
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Step 5. Evaluate Elastic Buckling: (Code Case N-284-1. Paragraph-1713.1)

First, the elastic buckling allowable stresses for specific loading cases are calculated. This is

followed by determining the individual elastic interaction ratios, Q1 through Q4.

Elastic buckling allowable stresses are

Sxa = 201 S¢t/FS = 159,050 psi Axial Compression alone
Sha = ao1.Spet/FS = 39,945 psi Hydrostatic External Pressure
St = agLSrel/FS = 40,991 psi Radial External Pressure

St = agnSp0c/FS = 146,012 psi In-plane Shear alone.

4. Axial Compression plus Hoop Compression (for K < 0.5)
K= SySu = 074 > 0.5 Therefore, go to (b) below.
b. Axial Compression plus Hoop Compression (for K > 0.5)
No interaction check is required if Sq/ Sy, < 0.5
Se/ Spa= 14.338/39945 = 0.359

Therefore. no interaction check is required and

Ql =00
¢. Axial Compression plus Shear
(So/Su) + (Se/S<)” < 1.0

(14.338/159,050) + (12.440/146,012)" = 0.097




SAR - UMS® Universal Transport Cask May 2000
Docket No. 71-9270 Revision UMST-00A

Therefore, Q2 = 0.082 < 1.0
d. Hoop Compression plus Shear
(Se/Sra) + (So/S=a) 1.0
(19.415/39,945) + (12,440/146,012)2 = 0.481
Therefore, Q3 = 0419 < 1.0
¢. Axial Compression plus Hoop Compression plus Shear
K,=1-(Se¢/Sw)” = 0.993
Substituting K into Equation (b):
(Se- S*K S V(K Sy~ 5%K Shy) + (SWK.Sha)” < 1.0
However, since Q1 = 0.0 from Equation (b). then

also Q4 =0.0

Step 6. Evaluate Inelastic Buckling: (Code Case N-284-1, Paragraph-1713.2)

First. the inelastuc buckling allowable stresses tor specific loading cases are calculated. This is

tollowed by determining the individual elastic interaction ratios. Q5 through Q8.

Inclustic buckhing allowable stresses are

S =MmeSwu= 1053739 psi Axiul compression alone
S =neS,, = 26,741 psi Radial external pressure
S:. = NSy = 92.567 psi In-plane shear alone.

a4 Avial Compression or Hoop Compression

2.7-208
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Axial Compression: Sy/S. £ 1.0

14.338/105,739 = 0.136

Therefore, Q5 = 0.136 < 1.0

Hoop Compression: S¢/S,. < 1.0

19.415/26,741 = 0.726
Therefore, Q6 = 0.726 < 1.0
b. Axial Compression plus Shear

Se/Sue + (Set/Sw)” < 1.0

14.338/105.739 + (12.440/92,567)" = 0.154

Therefore, Q7 = 0.154 < 1.0
¢. Hoop Compression plus Shear

Sw/Si + (Se/Sc)” < 1.0

19.415/26.741 + (12.440/92.567)° = 0.744

Therefore, Q8 = 0.744 < 1.0

2.7-209




SAR - UMS" Universal Transport Cask
Docket No. 719270

Table 2.7.12 1

May 2000

Revision UMST-00A

Buckling Evaluation Load Cases and Results for the Universal Transport Cask

Longitudinal | Circumterential In-plane Elastic Buckling Plastic Buckling

load (Axial) Stress* | (Hoop) Stress* | Shear Stress Interaction Equations Interaction Equations

Case .oad Condition Se (psi) So (psi) Set (pSi) Ql Q2 Q3 Q4 Q35 Qo Q7 Q8
A I-Ft Top End 16,808 8.135 1.410 A29 1 IS8 296 | 129 | 345 328 345 | 328

B I-Ft Bottom End 16,478 7.325 1370 08 | 155 | 267 | 108 | 334 | 270 | 334 | 270
¢ I1-Ft Side 9418 8.235 4,230 052 1 089 | 300 | 052 | .131 334 131 335
D I-Ft Top Corner 16,708 0,915 2,470 0200 157 | 252 | 103 | 342 252 342 252
E I-Ft Bottom Corner 8.478 15,105 2,050 852 1 080 | 552 1 .269 | 109 951 109 1951
I I-Ft Top Oblique (757) 12,008 7.1065 430 064 | 119 | 201 | 064 | 217 267 217 | 267
G I-Ft Bottom Obhigue (757) 9,668 8.585 3.700 063 | 091 | 313 [ 063 | 137 358 37 ) 358
H 30-Ft Top End 8,528 12.805 1,120 0211 .054 | 314 | 021 | .054 301 054 | 36l
I 30-Ft Bottom End 9.648 13.565 99() 041 0ol 331 | 041 067 394 007 394
J 30-Ft Side 12,308 17,125 13240 A29 1 086 | 426 | 132 104 584 127 607
K 30-Ft Top Corner 11.858 12,555 4,940 040 | .076 | 307 | 041 | 097 346 098 | 348
L 30-Ft Bottom Corner 14,098 18.005 4.550 791 093 | 455 | 180 | .142 674 143 | 675
M 30-Ft Top Oblique (75%) 12,008 14,115 13.140 068 | 084 | 352 { 070 1 .099 421 122 ) 443
N | 30-Ft Bottom Obligue (757) 14,338 19.415 12,440 96 | 097 | 481 | 200 ) (136 | 7206 154 | 744

* Compressive stresses.

£771
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Table 2.7.12-2

Geometry Parameters for the Universal Transport Cask

Parameter Value
t = thickness (in) 2.0
ID = inside diameter (in) 67.61
R = radius (in) = (ID+t)/2 3481
R/t 17.40
L,= Length (in) 180.00
(R 8.34
Lo = 2nR = circumference (in) 218.7
M, = L/(R)™ 21.57
M= Lo/(R)"’ 26.21
v = Poisson’s ratio 0.275
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