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In th mode for sid p, c --

It .. , for dropment, c .wx si-v.. lopadsarejransmptte-srm theln .aeýpports to the 
canis-ter sh.ell-. hejn~ter ae~beiee~n eh suppo-rt disacC anster is'odeled byisgi *the 
ANSYS. toj. iner2e~t elmethc.pr4Aqs pi:&-ýOa ýýth 
canis~t~etelemnei t~s. Th~ iiter h~ betTeenqh us op o 

cask inner shell is also. modeled with CONTAC52- elements, w ich act as a compression-only 
element. The deformed shape of the transportcask Jiner shell is'appiedtoth our nodes ofthe 

CONTAC52 elemenits as boundary conditions. C..ontact.elements are aso e4 ined the gap 
created by the slit located at the support rod hole._Forla.CQ!AC52_elements the gap sffness 
is set to 1.OOEE+06 nlb/i. Because all contact interfaces are circular, additionl_7 rotational stiffness 
is added to the model..by including weak beams between.he suppq_ diskanid the canister shell, 
and between the canister and 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 are 4kteninedýby .performing a 
comparison analysis of all relevant PWR assemblies. For ihei PWR suiapportisk .te W orst case 

loading is (PWR Class #1): 

376081b, 32851b ' Weight of single fuel assembly + fuel tube - + -1,705lb 
24slots 24slots 

Pressure applied to web slot = (1705 lb/(9.272 in x 0.5 in))/30 12.26 psi, 

where, the slot size is 9.272 in., the thickness of the dis Is 0.5 in, and the numberof disks i00.  

The weight of the tie-rods and, split spacers is acCounted for bypmultiplyiyngthe. densityf ithe 
support disk material by a factor of 1.37/3 as shown below.  

Ratio.-_Disk Weight +Rods and Spacers: 186.4+69.4 1373 
. Disk Weight 186.4 

No credit is taken for the top and bottom weidments when calculating thepressure load,. .Onlythe 30 support.disks 

are used.
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Density.,[ -_=.0.291 x 1.373 =0.3997 lb/in 3 

Inertial,_oadsapphd to.the support disk include 2d 2g}fo r• and 60 g for accident 

conditions. The pressure load is also multiplied by the approqpiate aeceleration 

For the side drop, pressure loads are applied to the liganpentýba4 D ... thjirLpact.jW glje.The 

PWR fuel assembly basket with 24 slots exhibits one-eig& §yh •i ney ninmrum perimeter 

radial thickness occursbetween the comer of the fuel assembly slot in, et-J-et. and the u 

radius at three locations: 18.22', 26.28', and 450 measured counterclockwise from the•_Y-axis 

(see Fig. 2.6.13.2-2). Therefore, to ensure that the boundn'g basketgorenqtaionis qe te*,.._p 

orientations of 0', 18.220, 26.280, and 45' are conside-. tinuaýend drop loading, 

pressure loads are set to zero and the acceleration is applied in the axial direction of the cask.  

To evaluate oblique impacts, the stress components (i.e'. y' $,[SSy)onI 

stress results of the side and end drop cases. These stress combinations arecompinoeis e& 3_h 

the use of an ANSYS macro. The macro extracts the component stresses b9asdip_0_thebasket 

drop orientation for the side and end drop cases. Once the'..esi ssdt s__ t ;n.an_- -,-

macro cycles through, the cask drop angles (00, 230, 3T0.4.01450, 5 . R858 .  

880, and 90'), as well as the basket drop orientation (0', 18.22.'. an.d. 4..) an4 c- culates 

the stresses. Finally, the macro then sorts the data to determine the worst case stresses' anýdthe 

drop orientations where the stress occurs.  

To determine the most critical cross sections, a series of cross sections are considered.2To'ad 

the identification.of these-sections,, Figures 2.6.13.2-3.d26..2 4,s t 

support disk._Table 2.6.13.2-1 li stthe cross sections ver•_u•pioit1and a Poi_ 2.•wchjsohMvte 

cross section otftheyweb ijn the plane of the support disk. ehr'are 

shown in Figures 2.6.13.2-3 and 2.6.13.2-4. FTb•l exampe s' ••a• b 

to Points 5 and 6 shown in Figure. 2.6.13.2-3 (just to theJ*eftof the center-line_o shpui .  

disk). From the corresponding nodal coordinates giveninoTable 2.6.13.2,1_point 

y=0.75) and point 6 (x=-0.75, y=-0.7 5 ), it is known that the, sectionjstý 1the vcr.0SS•ficW.  

ligament.  

The stress evaluation &tfsuppo.•4j§ksk p erfone d_ n t--_Codoelr!.  

Subsection_ NG.,j[.ý15.__Aqccording to -thisosubsec. oon., e eeftiU.e.
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~the~d~Ioisie drpac e~s~~e26dhe 

cask inner shell is also modee d wiLt 1O~A5 ji Žlihht aapmnQ 5 

i-o rode hol.  

and2 bewe_ _ _ 

The loads' fro'm-J. feuel a'ssemb'y ar 1(peed ~sr 

quppor~disk p ~ltopening. h sqjfAce4~r 7~~e n 

coinparson~ analys sof all 
lo1 .adi-ng i's(~g~asl 

.'~ 7 O l . ..... 328,51b ~ 
Weight of single fuel asebl' fe t.e + ;tr ,705 IK 

24slots .24s16ts 7KK-' 

Pressure applied to. web slt=(1705bI .7 in x 0.5 ini))1 l.AIi 

where, the'slot sizei~js 9-.2-7ý2- in_ _ ____ ýF' Q.ýinj th 

The,wigtfthtirosnsp j~ 
support disk material. ýf La~ fioo137Yw'hýR!Xo 

Rio=Disk Weight-osadSa~i8. 9~133 
*Disk Weight< ~~8.> .j 

'No credit is taen for ýh 6 i 

are used,
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inetillad ____ 7f=-0,2ML7 n 

Fo~he side drop prqssure loads ~arq 4p~Iie toa th271etbae o eac.age~b 
PRfuel assembly baktwh24sots exhibits ;

radial-'thickness occrs 
radius at three locations: 18.22'.,26.28' and 45? mesrg ot 
(Le~ig. 2A3.6j 2f her __o ekIRsnat the bouqig as' 
orientations'qLof -- are8,qqý454p c __m-7 

jpres sure loads are set to zer an i~ ce eration i.]s in 

To evaluq'a-t-e--opbIcique` npa _the grýLq i 
stress resuli6ts-ofthesid and enMscssT~~ ___________ 

the use of an ANSYS rijcrý -The a41o extracts as 
drop, orientation for thhe sid.e 1,an ddr4opae-s.', Oncethe stressdat&ifnat7 

880,. and_ 9L0) a wellý gtebas_bgkfdrop.Q4ntation (OP 18=.2.8-nfM6ae 
the stresses. Finally, the macro then sorts the data to determine e ~ps6a= 

drop orientations where~the str~ess 6ccurs, 

To determine the mos t ýcrtical crs e4CUsre o rs 

the identification- ofte et-io s.-'i~2u~e.6. i3. MEA -Q` -Q; i 

Scross -Sjlýýf-~-b' 

shown in liuE~2.6 .2-ý -D- 6~Ao~krp&ecio fmTb~~A2 
to Point-ad 6 ~~shown. ine n__0____L7leftpof g 
disk). From- t'h-ecorg 2. 2 

y=O.75)...a.d pontnx Q.7,ryQi iii konathaeheisen..s h 
yigament.-6
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1 See Sectio'n 2.6.13.3'fori deinton o'f *hle-r-m a'l -c a-sis 
2 Cask drop angle, see fig &7E(shon oin.prev'iou- page 
3Basket angle (orientation), '4eeYFigure 1.6.13.12-21,
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Fjgum 2.6.3.2-3 L~~i~fthe Section to Oýbtain ýe

115 117 113 10 17 103 98 - 97 gi "~* 

119 112 12 10f 41 S 
[16 11 110 106' -104- IN0 6 9 

M -9 205b < '200 199 4' 3 

21 -9 2t0B P 45 J4 
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Table 2.6.13.2-f'i
S gaton ý6 = i!_
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2.6 U0 Tiditicris-Thi 6-76xjý ansion V-lo 3foPW oý Ifsla

insolation. ______ 

C2ondifion2 AO0 F ambient temperatur ith no'dcy ~ a 

Temperatures of the support dikfreachha odto~r s~l

Heat 
-Ucndition 

1

(OF) 

686 
600 
.40

(OF) 

255
320

Twothemalcase (A and B) ar onsidered i die an ThI 'oeo 
Thermal case-Abud he~at -co'n'd~it-io-n 1 

(maximum temperature gradient) while thermal case Bj:jri~enis h4Leili '"o

Thermnal Heat 
Case Conitjion (OF) (OF)0 

A. & -286 
O41 B 3 L40 ",40 b

The allowable stese are calcuiaelb nisip i~ii& stniliiti~i 
asteady.-state conduction~analysis pe "q mngle usin 0~r~~L 

Temperat'ur-e-s a-ri-appji--- __W---c7 

~odtions.Thaf tempeatur iýapp tothfeneio 
minimum temperature isapie 
p1 an arý_epements--qpq lyhnd-I~n5,ra 

iwq anal'yses are gprpare Thefir4ý nlzs hýuk'd~h t~ss

2.6-211



SAR-UMSý Universal Transport Cask May 2000 
Docket No. 71-9270 Revision UMST-OOA 

Qiq ýs ndc'.run.. 0oWui 7 e. . hu ria] o 

both Ievel A and., npt to 

The thermal stress at the outer radius of the basket is tension, whereas the interior thermal stress 
is compression. With the application of the primary loads, the area in contact with the shell is in 
compression, thus reducing the combined stresses. During the 1-ft drop impact, the support disk 
deflects so as to maximize the contact region with the canister. The result is tension stresses at 
the outer radius of the support disk and compression of the interior ligaments. For this reason, 
the primary + secondary stress intensity range evaluation is considered to envelope the evaluation 

for the thermal-stress-only condition.  

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

The support disks of the basket are located by eight tie rods with spacers. A structural analysis is 
performed by using ANSYS to evaluate the effect of a 1-ft end-drop impact that corresponds to 
the most severe out-of-plane loading. The finite element model described in Section 2.6.13.2 is 
used in conjunction with a 20 g deceleration.  

The calculated values .of maximum prima •ymemra.ane ak__dsnn g s•q.o e -q* 
and B are provided in Tables 2.6.13.4-1land 2613.4-2. lhe membrane stresses for the _tqnjd 

drop conditions i s effectively .9.  

The maximum pnmary membrare" .usndinglress.•. ` nten-isy`t CtTEj1,as e k i ch 
results in a margin.of safetýy•.Ol+ 4&_pTeocpn3 it __ _ 

plus bending stresses, Themna FCigaeurAe.ar p)resen'tedi M 2.6.13.4-l.'
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Table 2.6J 3.4-i

streig Moýkwlbl 
ex 0• •sy si) Jnteij Stress WAfi~

40 
42 
54 
56 
12 
14 
26 
28 
39 
53 
i1 
25 
67 
83 
99 
115 
74 
106 
90 
122 
55 
41 
27 
13 
82 
1 14 
98 
66 
72 
104 
120 
88 
5 
19 
3-3 
47 
2 

4i

2.0 
2.0 
2.0 
2.0 
-5.7 
-5.7 
-5.7 

2.6 
2.6 
-3.7 
-3.7 
1.7 
1.7 
ý1.7 
1.7 
5.0 
5.0 
5.0 
5.0 

2.2 
2.2 
-3.5 
-3.5 
3.4 
3.4 
3.4 
3.4 
3.2 
3.2 
3.2 
3.2 
0.0 

•35.  

-3.0 

49

-5.8 
£5.8 
'5.8 

2.0 
2.0 
2.0 
2.0 
•3,7 
23.7 
2.6 
2.6 
5.1 
5.1 
5.1 
5'6 
1.6 
1.6 
1.6 

-3.5 
'3.5 
2.2 
2.2 
3.2 
3.2 
3.2 
3.2 
3'.4 
.4 

0,.9 

.,43,

0.2 
,0.2 
O.2 

0.2 
0.2 

0.2 
0.0 
0.0 
Po 
23 

•2.3 

•2.3 
2.3 
:2.3 
-2.3 
0.0 
0.0 
0.0 
0.0 
0.0 

-2.0 
r2.0 
2.20 
21.  
2.0 
2.0 
22.  
0.0 
P, 
Q-Q..0

7.8 
7.8 

7.8 

76.  

6.2 

6.2 

6;2 
6.2 
5.7 
5.7 
5.7 
5.7 

5.3 

5.3 

.5...1

65.8 

65.8 •5.8 

65.8 

65.8 

•5.9 

,66A 

•6&4 

66.4 
•6,4 

p636 

.636.4 

65.  

W-30 

65.9 

65.9 
65.9 
66.4 

&6.ý4 

66.4 
ý6.4 

66.4 

63.6 
63.6 

ý3:0
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v.63 
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Table 2.6.13.4-2 Pm fPb Stresses for Suppot Disk+1.:Foot Erid-DroP, p, rmalCaseB

Stress Allowable 
Sx Sy Sxy Intensity Stress Margin 

Section (ksi) (ksi) (ksi) (ksi) (ksi) of Safety
40 
42 
54 
56 
12 
14 
26 
28 
39 
53 
11 
25 
67 
83 
99 
115 
74 
106 
90 
122 
55 
41 
27 
13 
82 
114 
98 
66 

72 
104 
120 
88 
5 
19 
33 
47 
2 
4 
3 
1

2.0 
2.0 
2.0 
2.0 
-5.8 
-5.8 
-5.8 
-5.8 
2.6 
2.6 
-3.7 
-3.7 
1.7 
1.7 
1.7 
1.7 
5.0 
5.0 
5.0 
5.0 
2.2 
2.2 
-3.5 
-3.5 
3.4 
3.4 
3.4 
3.4 
3.2 
3.2 
3.2 
3.2 
0.0 
0.0 
-5.2 
-5.2 
-3.1 
-3.1 
-5.0 
-5.0

-5.8 
-5.8 
-5.8 
-5.8 
2.0 
2.0 
2.0 
2.0 
-3.7 
-3.7 
2.6 
2.6 
5.1 
5.1 
5.1 
5.1 
1.5 
1.5 
1.5 
1.5 
-3.5 
-3.5 
2.2 
2.2 
3.2 
3.2 
3.2 
3.2 
3.4 
3.4 
3.4 
3.4 
-5.2 
-5.2 
0.0 
0.0 
-5.0 
-5.0 
-3.1 
-3.1

0.2 
-0.2 
-0.2 
0.2 
0.2 
-0.2 
-0.2 
0.2 
0.0 
0.0 
0.0 
0.0 
2.2 
-2.2 
2.2 
-2.2 
2.3 
2.3 
-2.3 
-2.3 
0.0 
0.0 
0.0 
0.0 
-2.0 
-2.0 
2.0 
2.0 
2.0 
2.0 
-2.0 
-2.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0

7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
6.3 
6.3 
6.3 
6.3 
6.2 
6.2 
6.2 
6.2 

6.1 
6.1 
6.1 
6.1 
5.7 
5.7 
5.7 
5.7 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.2 
5.2 
5.2 
5.2 
5.0 
5.0 
5.0 
5.0

67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 67.5 
67.5

7.67 
7.67 
7.67 
7.67 
7.68 
7.68 
7.68 
7.68 
9.69 
9.69 
9.70 
9.70 
9.89 
9.89 
9.89 
9.89 

10.00 
10.00 
10.00 
10.00 
10.86 
10.86 
10.89 

o10.89 
11.76 
11.76 
11..76 
11.76 

11.82 
11t.82 
11i.82 
11.82 

11.95 
11.95 
11.96 
11.96 
12.50 
12.50 
12.50 
12.50
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2.6.13.5 Stress Evaluation of PWR Support Disks for Combined Thermal and I-Foot End 

Drop Conditions 

The thermal expansion. oading described in Section 2.6.13.3 are applied to the finite element 

model simultaneously with the 20 g end-drop loads described in Section 2.6.13.4 to produce a 

combined thermal expansion plus end-impact loading. The stress evaluation is performed 

according to the ASME Code, Section 111, 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 in Figure. 2.6.13.5-1. _,_The 

maximum stress intensity is 9.5 ksi and the 3S. allowable limit at temperature 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.
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Figure 2.6.13.5-1 Locations of Maximum P+Q Stresses-l-Foot•nd Drop, ermal Case A
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Table 2,.6.13..571 j-Pb.± Qýý_ress~es for.SupppoqDisk--ýFoot EdDo p lierinal 
C~ase..A

Stress Allowable 
Sx Sy Sxy Jntensit j $fess Magin 

Se&ction (ksi) (ksi) (ksi) 4ý) Ski) Of Safety
76 
92 
108 
124 
5 
19 

107 
91 
123 
75 
33 
47 
84 
116 
100 
68 
109 
77 
61 
93 
2 
4 
3 
1 

21 
23 
9 
7 

37 
35 
49 
51 
34 
48 
6 

20 
44 
58 
16 
30

1.0 
1.0 
1.0 
1.0 
0.0 
0.0 
8.3 
8.3 
8.3 
8.3 
-8.9 
-8.9 
0.0 
0.0 
0.0 
0.0 
-9.1 
-9.1 
-9.1 
-9.1 
-4.9 
-4.9 
-8.7 
-8.7 
-8.3 
-8.3 
-8.3 
-8.3 
-3.9 
-3.9 
-3.9 
-3.9 
-5.5 
-5.5 
-8.0 
-8.0 -1.7 
-1.7 

-8.0 
-8.0

9.0 
9.0 
9.0 
9.0 
-8.9 
-8.9 
1.3 
1.3 
1.3 
1.3 
0.0 
0.0 
-9.1 
-9.1 
-9.1 
-9.1 
0.0 
0.0 
0.0 
0.0 
-8.7 
-8.7 

-4.9 
-4.9 
;-3.9 
-3.9 
-3.9 
-3.9 
-8.3 
-8.3 
-8.3 
-8.3 
-8.0 
-8.0 
-5.6 
-5.6 
-8.0 
-8.0 
-1.9 
-1.9

-2.0 
2.0 
-2.0 
2.0 
0.0 
0.0 
-3.0 
3.0 
3.0 
-3.0 
0.0 
0.0 
-0.1 
-0.1 
0.1 
0.1 
-0.1 
-0.1 

0.1 
0.1 
0.0 
0.0 
0.0 
0.0 
0.9 
-0.9 
0.9 
-0.9 
0.9 
ý0.9 
0.9 
-0.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0

9.5 
9..5 
9.5 
9.5 
8.9 
8.9 
9.4 
9.4 
9.4 
9.4 
8.9 
8.9 
9.1 
9.1 
9.1 
9.1 
9.1 
9.1 
9.1 
9.1 
8.7 
8.7 
8.7 
8.7 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0

,33.5 
133.5 
J33.5 

-133.5 
127.3 
-127.3 
133.5 
1.33.5 
133.5 
133.5 
127.3 
127.3 
130.1 130.11 
1•30.1 
'130.1 
130.1 
,134.1 
,130.1 
130.1 
125.9 
125.9 
125.9 
125.9 
129.0 
129.0 
129.0 
1129.0 
129.0 
129.0 
129.0 
129.0 
129.0 
129.0 
129.0 
2129.0 
133.4 
:133.4 

)l33..4 
133.4

13.07 
13.07 
13.07 
13.07 
13.23 
'13.23 
13.25 
13.25 
13.25 
13.25 
13.26 
13.26 
J3.30 
p13.30 

,13.30 .13.30 
13.30 
43.30 
•13.30 

13.48 
13.'4-8 
.13.50 
13.50 
214.12 
14.12 
.14.12 
[4.12 
14.12 
0.12 

.14.12 
S5.08 
15.08 

'15.08 
15.08 
15.58 
15,63 

15.63
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2.6.13.6 Stress Evaluation of PWR Suppor Disk for I-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 g amplification factor is applied to the support disk structure. The inertial 
loading of the support disk is also included by means of the density input for the 17-4 PH 
stainless steel. The value of 20 ,( is conservative because the Universal Transport Cask impact 
limiter design deceleration for a 1-ft side-drop is 16.4 g. The fuel assembly load is transmitted in 
direct compression through the tube wall to the web structure of the support disk. A conservative 

number of disks is assumed to transmit the load to the canister shell (see Section 2.6.13.2). The 
maximum in-plane loading occurs in the side-drop, which requires a detailed structural 
evaluation. A finite element analysis is performed by using ANSYS and the finite element model 
described in Section 2.6.13.1.  

2.6.13.6.1 Drop Orientations 

For the side drop, pressure loads are applied to the liga'nentfbas dpn.. the.j'ict.•.pgle., The 

PWR fuel assembly basket with 24 slots exhibits one-eighth symm•e•t.- Am.innimum .perimeter 

radial thickness occurs between the comer of the fuel assembly slot6in, the.i• bset aiid _the pi-uter 

radius at four locations: 018.22, 26.280, and 450 measured counterclockwis fro mthe Y-axis 

(see Fig. 2.6.13.6-1). Therefore, to ensure that the bounding basketontation.,AvaluatedArop 

orientations of 00, 18.220,.26.280, and 450 arepconsidered••.The.mat'e-rial.. pppe•• • andstress 

allowables are taken at temperature for both the..rmal cases A and B.  

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 Conditionsforthe four different 

radial basket orientations (00, 18.2', 26.280, and 450) and for two thermal cases.that would rsult 

in the use of different moduli of elasticity throuighout th Laskit. 6 mum nodal 

SI stresses for the four orientations are shown in Figures 2.6.13.6-2 through 2.6.13.6-5.  

For normal conditions of transpqrt, the alloi9.able'ýs'tress` limit o. r&qSUip mar 

membrane Stress (P.) is S.. For primary membrane + bending stress (PM+P,), 'the allowable 

stress is 1.5Sm
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The�fobs~ssegtioins sw. ith" "the 40 minimum margins of 

ihrough 26i-3.6-17. -Te a'bes a're i dentified below:

Table Number 

2.6.13.6-2 

2.6.13.6-3 

2.6.13.6-4 

2.6.13.6-5 

2.6.13.6-6 

2.6.13.6-7 

2.6.13.6-8 

2.6.13.6-9 

2.6.13.6-10 

2.6.13.6-11 

2.6.13.6-12 

2.6.13.6-13 

2.6.13.6-14 

2.6.13.6-15 

2.6.13.6-16 

2.6.13.6-17

Basket 

Orientatio 

0 

0 

0 

0 

18.22 

18.22 

18.22 

18.22 

26.28 

26.28 

26.28 

26.28 

45 

45 

45 

45

Max 2000 

Revision UMST-OOA 

safetyt aýe preseInted inTables 2.6.13:6-2

Thermal Stress Minimum 

n(°) Case Evatuation Margin_ qfSafety

Pm 
P, +Pb 

pm 

Pm+Pb 

P, 

PM 

Pm +Pb 

Pm 

Pm ÷Pb 

Pro 

Pm +.Pb 

PM 

Pm +Pb

+1.17 
+0.53 

+1.16 

+0.50 
+!115 

+0.27 
+1.11 

+0.40 

+1. 10
+0,41 

+0.86 

+0.22 

+ .79 

+0.19

The minimum margin of safety of +0.19 for the side-drop occurs in he. 45, Thermal! Case ",. o

thermal-stresses. This margin of safety is produced by a primary membrane. plus bendýng_ s"ess 

of 56.9 ksi.
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focations of Maximum P+Pb-ntefls• $ide D)ropfOentat on, 
The.rm!£1C~a e.A

107 123
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Figure 2.6.13.6-3 Locations of Maximum Pm+Pb. Stresses-I 8.22' Side Drop Orientation, 
Thermal Case A
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Figure 2.6.13-64 TfieronmofMaximum Pmb:e§A Ss2 Sep Onentaton, 

theiimal CýTs'e"A

9

5'

:11�

107
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Figure 2.6.13.6-5 Locations-of Maximum Pm+Pb Stresses-45' Side Drop Orientation, 

Thermal Case A
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Table 2.6.13.6-2

M\a\ 2000 

Revision UIMST-00A

Pm Stresses for Support Disk-I -Foot Side-Dro.p, 00 Orientation, Thermal 

C aseA

Stress Allowable 
Sx Sy Sxy Intensity Stress Margin 

Section (ksi) (ksi) (ksi) (ksi) (ksi) of Safety
25 
107 
123 
20 
29 
28 
26 
27 
2 

24 
22 
21 
23 
114 
98 
30 
19 
8 
4 
31 
32 
115 
99 
112 
96 
95 
111 
11 

13 
6 
5 
1 
3 

110 
94 
116 
100 
121 
105 
7

11.0 
-10.6 
-10.6 

8.7 
0.0 
4.8 
4.8 
-4.4 
6.1 
0.0 
-4.9 
2.8 
2.8 
4.8 
4.8 
-4.7 
0.0 
5.5 
-6.4 
-6.7 
-6.7 
2.7 
2.7 
2.7 
2.7 
2.5 
2.5 
-6.9 
5.3 
-6.4 
0.0 
0.3 
0.3 
6.2 
6.2 
0.0 
0.0 
0.0 
0.0 
-0.6

-9.2 
-13.2 
-13.2 
-7.3 

-13.7 
-6.9 
-6.9 

-12.5 
-5.2 

-11.4 
-10.4 
-5.9 
-5.9 
-5.3 
-5.3 
-9.6 
-9.1 
-3.1 
-7.9 
-6.2 
-6.2 
-5.2 
-5.2 
4.4 
.4.4 
.4.4 

-4.4 
-4.0 
-1.3 
-5.9 
-6.3 
-4.5 
-4.5 
-0.1 -0.1 

-6.1 
-6.1 
-5.9 
-5.9 
-3.2

0.0 
8.1 
-8.1 
0.0 
0.0 
3.2 
-3.2 
0.0 
0.0 
0.0 
0.0 
-2.6 
2.6 
-0.5 
0.5 
0.0 
0.0 
0.0 
0.0 
1.7 

-1.7 
-0.5 
0.5 
0.0 
0.0 
-0.2 
0.2 
0.0 
0.0 
0.0 
0.0 
-1.9 
1.9 
0.1 
-0.1 
0.0 
0.0 
-0.1 
0.1 
-2.3

20.2 
20.1 
20.1 
16.0 
13.7 
13.4 
13.4 
12.5 
11.4 
11.4 
10.4 
10.1 
10.1 
10.2 
10.2 
9.6 
9.1 
8.6 
7.9 
8.2 
8.2 
7.9 
7.9 
7.1 
7.1 
6.9 
6.9 
6.9 
6.6 
6.4 
6.3 
6.1 
6.1 
6.3 
6.3 
6.1 
6..1 
5.9 
5.9 
5.3

43.9 
44.5 
44.5 
43.0 

44.2 
43.9 
43.9 
43.9 
42.0 
43.5 
43.1 
43.0 
43.0 
44.3 
44.3 
44.5 
42.4 
43.1 
42.0 
44.5 
44.5 
44.3 
44.3 
43.7 
43.7 
43.7 
43.7 
43.9 
43.9 
43.0 
42.4 
42.0 
42.0 
44.1 
44.1 
43.4 
43.4 
44.0 
44.0 
43.0

1.17 
1.21 
1.21 
1.70 
2.22 
2.28 
2.28 
2.51 
2.70 
2.81 
3.16 
3.25 
3.25 
3.34 
3.34 
3.63 
3.67 
3.99 
4.30 
4.45 
4.45 
4.60 
4.60 
5.13 
5.13 
5.32 
5.32 
5.32 
5.64 
5.74 
5.77 
5.89 
5.89 
5.96 
5.96 
3.16 

6`16 
6.47 

7.09
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Table 2.6.13.6-3

May' 2000 

Revision UMST-00A

Pm-Pb Stresses for Support Disk-i-Foot Side-Drop, 00 rientation, 

Thermal Case-A
Stress Allowable 

Sx Sy Sxy intensity Stress Margin 
Section (ksi) (ksi) (ksi) illsi) (ksi) o"fSafety

107 
123 
25 
26 
28 
20 
23 
21 
27 
29 
114 
98 
2 

22 
30 
1 
3 

24 
14 
12 
4 

94 
110 
9 
7 

75 
91 
31 
32 
19 
8 
6 
17 
18 

115 
99 
11 
37 
51 
113

-23.6 
-23.6 
11.0 
15.5 
15.5 
8.7 
12.0 
12.0 
-4.4 
0.0 
7.1 
7.1 
6.1 
-4.9 
-4.7 
8.9 
8.9 
0.0 
-9.6 
-9.6 
-6.4 
10.9 
10.9 
-8.6 
-8.6 
6.7 
6.7 
-4.9 
-4.9 

0.0 
5.5 
=6.4 

8.9 
8.9 
2.2 
2.2 
-6.9 
1.17 

-1.7 
-2.6

-30.9 
-30.9 
-9.2 
-3.5 
-3.5 
-7.3 
"-2.9 
-2.9 

-12.5 
-13.7 
-5.5 
-5.5 
-5.2 

-10.4 
-9.6 
-1.9 
-1.9 

-11.4 
-4.7 
-4.7 

-7.9 
0.6 
0.6 
-5.9 
-5.9 
6.8 
6.8 
-7.9 
-7.9 
-9.1 
-3.1 
-5.9 
1.4 
1.4 
-6.4 
-6.4 
-4.0 
-7.8 
-7.8 

-7.1

15.9 
-15.9 
-1.1 -2.4 

2.4 
-0.7 
1.7 

-1.7 
-3.2 
0.0 
-0.3 
0.3 
-0.8 
-3.0 
4.2 
-1.0 
1.0 
0.0 
3.1 
-3.1 
3.3 
-0.1 
0.1 
3.1 
-3.1 
-3.6 
3.6 
3.3 
-3.3 
0.0 
-0.9 
-2.5 
-0.7 
0.7 
-0.6 
0.6 
-2.4 -1.2 

1.2 
-1.4

43.6 
43.6 
20.3 
19.6 

16.0 
15.2 
15.2 
13.7 
13.7 
12.6 
12.6 
i1.5 
11.7 
12.0 
11.1 
11.1 
11.4 
11.1 
11.1 

10.6 
10.9 
10.9 

i0.6 
10.6 
10.4 
10.4 
10.0 10.0 

9.1 
8.8 
8.7 
9.0 
9.0 
8.7 
8.7 
8.3 
8.1 

7.5

66.8 
66.8 
65.8 
65.8 
65.8 
64.5 
64.5 
64.5 
65.9 
66.3 
66.4 
66.4 
63.0 
64.6 
66.7 
63.0 
63.0 
65.2 
65.8 
65.8 
63.0 
66.1 
66.1 
64.5 
64.5 
66.8 
66.8 
66.7 
66.7 
63.6 
64.6 
64.5 
66.7 
66.7 
66.4 
66.4 
65.8 
U5 
64.5 
65.6

0.53 
0.53 
2.24 
2.36 
2.36 
3.03 
3.23 
3.23 
3.82 
3.83 
4.29 
4.29 
4.50 
4.52 
4.54 
4.70 
4.70 
4.72 
4.91 
4.91 
4.96 
5.07 
5.07 
5.07 
5.07 
5.44 
5.44 

5.,65 
5.65 
6.01 
6.35 
6.44 
6.45 
6.45 

6.63 
6.63 
p6.96 

6,99 

7.79
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Table 2.6.13.6-4

May 2000 

Revision UMiIST-OOA

P1 .S..tresses for Support Disk-i-Foot Side-Drop, 00 Orientation, Thermal

Case'B 

Striss AlloWable 
Sx Sy Sy intnsi'y Stress Margin 

Section (ksi) (ksi) (ksi) () (1si) of Safety
25 
107 
123 
20 
29 
28 
26 
27 
2 

24 
22 
21 
23 
114 
98 
30 
19 
8 

31 
32 
4 

115 
99 
11 
13 
111 
95 
112 
96 
6 
5 

110 
94 
1 
3 

116 
100 
121 
105 
7

11.3 
-10.3 
-10.3 
9.0 
0.0 
4.9 
4.9 
-4.6 
6.7 
0.0 
-5.2 
2.8 
2.8 
4.9 
4.9 
-4.6 
0.0 
5.8 
-6.7 
-6.7 
-7.0 
2.6 
2.6 
-7.2 
5.5 
2.5 
2.5 
2.5 
2.5 
-6.7 
0.0 
6.3 
6.3 
0.2 
0.2 
0.0 
0.0 
0.0 
0.0 
-0.6

-9.5 
-13.3 
-13.3 
-7.5 -14.1 

-7.2 
-7.2 

-12.9 
-5.4 

-11.8 
-10.7 
-6.1 
-6.1 
-5.2 
-5.2 
-9.8 
-9.4 
-3.2 
-6.3 
-6.3 
-8.2 
-5.1 
-5.1 
4.2 
-1.3 
-4.3 
-4.3 

-4.3 

-6.0 
-6.4 
-0.1 
-0.1 
-4.6 
-4.6 
-5.9 
'-5.9 
-5.7 
-5.7 
-3.3

0.0 
8.3 
-8.3 
0.0 
0.0 
3.3 
-3.3 
0.0 
0.0 
0.0 
0.0 
-2.7 
2.7 
-0.6 
0.6 
0.0 
0.0 

0.0 
1.7 

-1.7 
0.0 
-0.5 
0.5 
0.0 
0.0 
0.2 
-0.2 
0.0 
0.0 
0.0 
0.0 
0.1 
-0.1 
-2.1 
2.1 
0.0 
0.0 
-0.1 
0.1 
-2.4

20.8 
20.2 
210.2 

!V.1 
13.7 
13.7 
12.9 
12.0 
11.8 
10.7 
10.4 

10.4 
10.2 10.2 

9.8 
9.4 
9.0 
8.3 
8.3 
8.2 
7.7 
7.7 
7.2 
6.8 
6.8 
6.8 
6.8 
6.8 
6.7 
6.4 

6.4 

6.4 

5.9 
5.9 

5.7 
5.7 
5.5

45.0 
45.0 
45.0 
45.0 
45:0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
455.0 
45.0 
45.0 
45.0 
45.0 
45.0 .45.0 
45.0 
45.0 
45.0 
45.0

1.16 
1.22 
1.22 
1.73 
2.18 
2.28 
2.28 
2.49 
2.74 
2.83 
3.20 
3.33 
3.33 
3.43 
3:43 

3.57 
3.79 
4.01 
4.44 
4.44 
4.48 
4.85 
4.85 
5.28 
5.57 
5.61 
5.61 
5.63 
5.63 
5.74 
5.98 
6.01 
6.01 
6.05 
6.05 
6.66 

6.84 
6.84 
7.12
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Table 2.6.13.6-5

May 2000 

Revision UMST-OOA

Pm + Pb Stresses for Support Disk-i-Foot Side-Drop, 00 Orientation, 

Thermal Case B

Stress Allowable 
Sx Sy Sxy intensity Stress Margin 

Section (ksi) (ksi) (ksi) (ksi) (ksi) of Safety
107 
123 
25 
26 
28 
20 
23 
21 
29 
27 
114 
98 
30 
22 
2 
1 
3 

24 
14 
12 
4 
9 
7 

94 
110 
75 
91 
31 

32 
18 
17 
19 
8 
6 
11 

115 
99 
37 
51 
113

-24.1 
-24.1 
11.3 
15.9 
15.9 
9.0 
12.4 
12.4 
0.0 
-4.6 
7.5 
7.5 
-4.6 
-5.2 
6.7 
9.7 
9.7 
0.0 
-9.9 
-9.9 
-7.0 
-9.1 
-9.1 
11.0 
11.0 
7.1 
7.1 
-4.7 
-4.7 
9.4 
9.4 
0.0 
5.8 
-6.7 
-7.2 
2.0 
2.0 
-1.6 
-1.6 
-2.5

-31.9 
-31.9 
-9.5 
-3.6 
-3.6 
-7.5 
-3.0 
-3.0 

-14.1 
-12.9 
-5.2 
-5.2 
-9.8 

-10.7 
-5.4 
-1.9 
-1.9 

-11.8 
-4.9 
-4.9 
-8.2 
-6.1 
-6.1 
0.6 
0.6 
7.2 
7.2 
-8.1 
-8.1 
1.5 
1.5 

-9.4 
-3.2 
-6.0 
-4.2 
-6.3 
-6.3 
-7.9 
-7.9 
-7.0

16.5 
-16.5 
-1.2 
-2.5 
2.5 
-0.8 
1.8 
-1.8 
0.0 
-3.4 
-0.5 
0.5 
4.3 
-3.2 
-0.9 
-1.1 
1.1 
0.0 
3.2 
-3.2 
3.5 
3.2 
-3.2 
-0.1 
0.1 
-3.8 
3.8 
3.4 
-3.4 
0.8 
-0.8 
0.0 
-0.9 
-2.6 
-2.4 
-0.6 
0.6 
-1.2 
1.2 

-1.3

44.9 
44.9 
20.9 
20.2 
20.2 
16.6 
15.8 
15.8 
14.1 
14.1 
12.7 
12.7 
12.3 
12.2 
12.1 
11.8 
11.8 
11.8 
11.5 
11.5 
11.1 
11.1 
11.1 
11.0 
11.0 
11.0 
11.0 

10.2 
10.2 

9.4 
9.4 
9.4 
9.2 
9.0 
8.5 
8.4 
8.4 

8.1 
8.1 
7.4

67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
,67.5 
57.5 
67.5 
67.5

0.50 
0.50 
2.22 
2.34 
2.34 
3.07 
3.27 
3.27 
3.78 
3.79 
4.30 
4.30 
4.50 
4.55 
4.56 
4.71 
4.71 
4.74 
4.86 
4.86 
5.06 
5.07 
5.07 
5.14 
5.14 
5.16 
5.16 
5.62 
5.62 
6.15 
6.15 
6.19 
6.36 
6.49 
6.91 
7.00 
7.00 
7.31 
7.31 
8.10
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Table 2.6.13.6-6

May 2000 

Revision UNIST-00A

Pm Stesses f or.Support Dik--1:Fo .Side-D p 7, 1 8.22L° entation, 

Thermal Case .A

Stress Allowable 
Sx Sy Sxy Intensity Stress Margin 

Section (ksi) (ksi) (ksi) (ksi) (s) of Safetv
112 
35 
107 
37 

120 
23 
9 

114 
51 
28 
21 
49 
116 
115 
64 
20 
98 
14 
31 
63 
29 
95 
121 
27 
113 
25 
66 
26 
123 
96 
111 
22 
2 

24 

119 
36 
80 
82 
40 
3

11.6 
11.4 
0.6 

-12.4 
6.7 
2.6 
-1.0 
-3.8 
11.8 
-3.4 
-0.3 

-11.0 
0.0 
3.4 

-11.3 
5.6 
-3.9 
0.5 
-4.3 
0.6 
0.0 
2.0 
-0.4 
-8.1 
-5.6 
2.9 
-1.1 
-4.1 
-9.7 
-7.9 
-0.4 
-4.1 
4.3 
0.0 
0.0 
0.2 
8.2 
0.8 
2.9 
0.3

-7.8 
-4.8 
-6.7 

-10.1 
L6.9 

1.8 
-7.9 
2.8 
1.8 
-2.9 

-11.3 
-1.2 

-12.3 
-7.8 
-6.4 
-5.8 
-8.7 
-1.2 

-10.9 
-6.1 

-11.0 
-5.4 

-10.8 
-9.9 

-10.1 
-7.4 
-4.3 

-9.5 
-0.7 
-0.1 
-3.3 
-8.2 
-4.1 
-9.1 
-9.0 
-4.7 
0.7 
4.7 
-5.0 
-4.6

3.0 
3.1 
7.3 
3.3 
3.4 
6.8 
5.9 
6.0 
3.9 
6.6 

3.0 
3.7 
0.0 
2.5 
1.9 
0.7 
4.9 
5.6 
1.8 
4.4 
0.7 
4.0 
0.8 
-1.5 
1.4 

-0.1 
4.9 
2.0 
-2.2 
3.1 
4.8 
-2.6 
1.4 
0.6 
-0.2 
-3.6 
2.3 
3.9 
1.6 
3.1

20-3 
i7.3 
1 6.ý4 
14.8 

13:7 
13.6 
13.6 
1312 
13.3 
12.5 
12.3 
12.3 
12.2 
11.9 
11.5 
11.8 
11.3 
11.3 
11.0 
11.0 
10.9 
10.9 
10.8 
10.5 
10.4 
10.3 
10.2 
10.2 
10.0 
10.0 

9.4 
8.9 
9.1 
9.0 
8.8 

8.7 
s.5 
'7.9

43.7 
43.0 

44.5 

4340 
43.0 

43.0 

43.0 

43.0 
43.0 

43.4 
44.3 
43.7 
43.0 43,0 

44.3 
43.9 

44.5 
43.7 
44.2 

43.7 
44.50 
43.9 

43.8 
43.9 
4,3.  

43.9 

44.5 
43.7 
43.7 
43.1 
42.0 
43.5 
44.1 
43.1 
43.7 
44.3 
43.9 
42.0

1.15 
1.48 
1.72 
1.92 
1.92 
2.13 
2.17 
2.25 
2.27 
2.30 
2.44 
2.50 
2.53 
2.62 
2.67 
2.73 
2.76 
2.88 
2.92 
2.96 
3.00 
3.03 
3.04 
3.08 
3J7 
3.24 
3.29 
3.32 
3.37 
3.38 
3.39 
3.57 
3.74 
3.77 
3.91 
3.92 
3.92 
4.09 
4.18 
4.33
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Table 2.6.13.6-7 Pmi, Stresses.for Support Disk-+..Foot SideJDrop, 18.22 Qrientation, 

Thermal Case A

Stress Allowable 
9x sY Sxy Intensity Stress Margin 

Section (ksi) (ksi) (ksi) sksi )ksi) of Safety
107 
23 
4 
3 
9 

37 
28 
20 
51 
21 
49 
2 

34 
6 

48 
111 
30 
98 
95 
22 
96 
27 
63 
112 
64 
91 
14 
35 
1 
8 

115 
114 
99 
79 
113 
36 
80 
26 
25 
50

-28.5 
36.6 
-28.2 
-31.2 
-29.7 
-23.8 
-31.7 
32.7 
25.2 
-21.1 
-24.2 
-19.1 
-25.3 
-26.8 
27.7 
-27.1 
-7.5 

-23.1 
-23.3 
-27.6 
-23.8 
-26.8 
-22.5 
25.6 
-22.2 
14.5 
24.1 
22.6 
-19.4 
24.1 
-7.1 

-23.3 
-19.8 
20.5 
-16.0 
4.0 

20.3 
-17.5 
-16.9 
2.5

-37.9 
21.3 
-34.0 
-30.3 
-24.4 
-29.1 
-17.3 
18.8 
23.9 
-26.4 
-21.6 
-28.3 
-25.7 
-25.2 
22.6 
-19.1 
-27.5 
-16.5 
-21.1 
-16.6 
-20.1 
-16.8 
-19.0 
8.9 

-19.1 
20.3 
10.9 
12.5 
-24.4 
4.6 

-24.6 
-5.3 
-15.8 
16.5 

-23.0 
-18.2 
15.8 
-18.9 
-22.8 
-17.7

18.7 
8.0 
4.3 
4.0 
8.0 
8.2 
7.6 
1.1 
7.3 
5.9 
6.8 
0.9 
3.4 
2.4 
2.0 
4.0 
5.7 
8.2 
5.8 
-0.1 
5.6 
2.0 
6.0 
5.0 
5.7 
9.1 
5.5 
5.7 
0.7 
-1.3 
-0.8 
4.7 
6.2 
4.8 
1.6 
-2.7 
4.6 
4.7 
0.2 
-3.3

52.4 
40.0 
36.3 
34.8 
35.4 
35.0 
35.0 
32.8 
31.9 
30.2 
29.8 
28.4 
28.9 
28.5 
28.4 
28.8 
29.0 
28.6 
28.1 
27.6 
27.8 
27.2 
27.0 
26.9 
26.6 
26.9 
26.1 
25.2 
24.4 
24.2 
24.6 
24.4 
24.4 
23.7 
23.4 
22.9 
23.2 
23.0 
22.8 
21.3

66.8 
64.5 
63.0 
63.0 

4.5 
64.5 
65.8 
64.5 
64.5 
64.5 
64.5 
63.0 
64.5 
64.5 
64.5 
65.5 
66.7 
66.4 
65.5 
64.6 
65.5 
65.9 
65.5 
65.5 
65.5 
66.8 
65.8 
64.5 
63.0 
64.6 
66.4 
66.4 
66.4 
65.5 
65.6 
64.6 
:65.5 
65.8 
65.8 
64.6

0.27 
0.61 
0.74 
0.81 
0.82 

0.84 
0.88 
0.97 
1.02 
1.14 
1.17 
1.22 
1.23 
1.26 
1.27 
1.28 

1.30 
1.32 
1.33 
1.34 
1.36 
1.42 
1.43 
1f.43 

1.47 
1.48 
1.52 
1.56 
1.57 

167 

!.72 
1-72 

1.81 
1:82 
1.83 

1.87 
1.88 
2.03
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Table 2.6.13.6-8

May 2000 

Revision UMST-OOA

PmIses fSpport Ds~k.-71,-.FQQ.tSide-D. p, 18.22*QPentation, 

Therma Case"B.

Stess Allowable 
Sx Sy Sxy Iýe iity Stress Margin 

Section (ksi) (ksi) (ksi) ýQsii I) of Safety
112 
35 
37 
107 
120 
23 
51 
9 
28 
114 
49 
115 
116 
21 
64 
31 
20 
98 
14 

121 
63 
29 
113 
95 
27 
96 
25 
111 
66 
123 
26 
22 
80 
24 
36 
2 

82 
119 
79 
30

12.3 
12.1 
-13.2 
0.5 
6.3 
2.7 

12.7 
-1.1 
-3.3 
-3.7 

-11.9 
3.8 
0.0 
-0.3 

-11.8 
-4.4 
5.8 
-3.9 
0.4 
-0.4 
0.6 
0.0 
-6.0 
2.2 
-8.0 
-8.5 
3.0 
-0.4 
-1.1 
-9.8 
-4.0 
-4.2 
8.7 
0.0 
0.2 
4.5 
0.8 
0.0 
-0.6 
-1.0

-8.2 
-5.1 

-10.7 
-6.3 
-6.7 

1.7 
2.2 
-8.0 
-3.3 
2.2 
-1.1 
-8.2 

-12.9 
-11.4 
-6.8 

-11.4 
-5.9 
-8.4 
-1.2 

-11.4 
-6.1 

-11.2 
-10.7 
-4.9 

-10.1 
0.1 
-7.6 
-4.0 
-4.3 
-0.7 
-9.3 
-8.3 
0.9 
-9.2 
-5.0 
4.2 
4.8 
-8.7 
4.0 
-7.4

3.0 
3.1 
3.4 
7.0 
3.2 
7.1 
4.0 
16. 1 
6.9 
6.2 
3.8 
2.4 
0.0 
3.1 
1.8 
1.8 
0.7 
5.2 
5.7 
0.8 
4.6 
0.7 
1.4 
4.2 
-1.5 
3.1 
-0.2 
5.0 
5.0 
-2.2 
2.2 
-2.6 
2.3 
0.6 
-3.8 
1.5 
4.0 
-0.2 
3.5 
2.6

21'3 

15.5 
15.5 
14.5 
14.2 

13.9 
ý13.7 

13.71 13:1 

03o 
12.9 
12.8 
12.4 
11.8 
11.8 

11.6 

1 1ý3 11.3 

11.2 
11.1 

11.0 
10.8 
10.6 
10.6 

10.5 

10.3 
10.1 
9.6 
9.3 

9.2 
9.2 9.90 
ý8.7 
8.4 
8.3

45.0 
45i0 

45'.0 
45.0 
4.5.0 
45.0 
,45,0 
45.o 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 

45.0 
45:0 

45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45,0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
.45.0

1.11 
1.46 
1.90 
1.91 
2.09 
2.18 
2.20 
2.23 
2.28 
2.29 
2.42 
2.47 
2.48 
2.52 
2.64 
2.81 
2.81 
2.83 
2.88 
2.93 
2.98 
3.01 
3.07 
3.11 
3.15 
3.24 
3.26 
3.28 
3.29 
3.36 
3.46 
3.69 3.82 
3.85 
3.88 
3.91 
31.99 
4.17 
4.36 
4.39
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Table 2.6.13.6-9

Mav 2000 

Revision UMST-OOA

Pm'jb Stresses for Support Disk-7Fpot Side:Drop, 118.20 Orientation, 

TheCral Case B

Stress Allowable 
sx Sy Sxy Intensity Stress Margin 

Section (ksi) (ksi) (ksi) (ksi) (ksi) of Safety
107 
23 
4 
9 
3 

28 
37 
20 
51 
21 
49 
30 
111 
34 
2 

48 
6 

98 
95 
22 
96 
27 
91 
63 
112 
64 
14 
35 
1 

114 
8 

115 
99 
79 
113 
36 
80 
25 
26 
50

-29.1 
37.8 
-29.7 
-30.8 
-32.9 
-32.7 
-24.7 
33.8 
26.3 
-22.0 
-25.2 
-7.7 

-28.0 
-26.3 
-20.1 
29.0 
-27.8 
-23.9 
28.5 
-28.6 
-24.5 
-27.8 
15.0 

-23.1 
26.3 
-22.8 
24.8 
23.4 
-20.5 
-23.9 
25.0 
-7.0 

-20.5 
21.2 
-16.4 
5.0 
21.1 
23.7 
-18.2 
3.4

-37.1 
22.0 
-35.6 
-25.1 
-31.8 
-18.2 
-29.7 
19.3 
24.8 
-27.1 
-21.9 
-29.0 
-20.0 
-26.3 
-29.7 
23.3 
-25.9 
-16.5 
11.2 

-17.3 
-19.8 
-17.7 
20.9 
-19.1 

8.3 
-19.3 
11.2 
12.3 

-25.6 
-6.2 
5.0 

-25.0 
-15.6 
16.8 

-23.8 
-18.4 
16.0 
8.0 

-19.2 
-17.7

18.2 
8.2 
4.5 
8.2 
4.2 
7.9 
8.5 1.1 

7.7 
6.1 
7.1 
5.9 
4.3 
3.6 
0.9 
2.2 
2.4 
8.4 
2.4 
-0.1 
5.7 
2.1 
9.4 
6.2 
5.0 
5.8 
5.7 
5.9 
0.7 
4.9 
-1.4 
-1.0 
6.3 
5.0 
1.8 

-2.8 
4.7 
-0.5 
4.8 
:-3.6

51.7 
41.3 
38.0 
36.7 
36.5 
36.2 
36.0 
33.9 
33.3 
31.1 
30.8 
30.5 
29.9 
29.9 
29.8 
29.8 
29.4 
29.3 
28.8 
28.6 
28.3 
28.2 
27.8 
27.6 
27.6 
27.1 
26.8 
26.0 
25.7 
25.2 
25.1 
25.0 
24.9 
24.5 
24.3 
24.1 
23.9 
23.7 
23.6 
22.3

67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67,5 
67.5 
67.5 
67.5 
67.5

0.31 
0.63 
0.78 
0.84 
0.85 
0.87 
0.87 
0.99 
i.03 
1.17 
1.19 
1.21 
1.26 
1.26 
1.26 
1.27 
1.29 
1.30 

.1.34 
1.36 
1.39 
1.40 
1.43 
1.45 
.1.45 
J .49 
1.52 
ý.60 
1.63 
:1.68 
1.69 
1.70 
1.72 
1.76 
1.78 
i,.81 
1.83 
1:85 
2086 
•2.03
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Table 2.6.13.6-1.0

MaN 2000 

Revision UMST 00A

P. 5tmsses forSupport Disk-l-Foot Side-Dr•• 26.28 Oriientation,
Thermal1 Case A 

Stress AlloWable 
Sx SytyS nti sties Margin 

Section (ksi) (ksi) (ksi) ks (l•si) of Safety
120 
112 
114 
35 
37 
21 
23 
9 

51 
49 
28 
96 
98 
63 
64 
95 
40 
66 
119 
14 

107 
26 
111 
42 
116 
31 
80 
27 
115 
72 
104 
79 
22 
121 
71 
82 
99 
29 
113 
36

9.4 
10.0 
-6.7 
12.6 

-13.5 
-3.2 
1.4 
-0.9 
13.7 

-12.7 
-6.1 

-10.2 
-6.7 
0.9 

-11.8 
0.2 
3.9 
-0.8 
0.0 
1.2 
2.6 
-7.1 
-2.4 
-5.6 
0.0 
-3.2 
9.8 
-9.3 
1.9 
-8.7 
-5.6 

0.0 
-4.9 
-0.5 
0.0 
1.7 
-9.3 
-0.1 
-5.8 
0.2

-9.2 
-7.2 
6.9 
-3.5 
-9.2 

-14.8 
6.2 
-9.9 
2.9 
-0.8 
-1.6 
0.9 
-9.9 
-7.6 
-5.3 
-8.0 
-7.2 
-5.7 

-12.1 
-0.9 
-4.4 
-9.8 
1.2 
-9.4 

-11.1 
-11.0 
1.2 
-8.6 
L-6.5 
-7.6 
-0.1 
6.4 
-7.1 
-9.7 
-9.7 
5.9 
-0.7 
-9.6 
-8.8 
-3.5

5.6 
4.4 
6.8 
4.5 
5.o 
4.3 
7.7 
6.5 
5.1 
4.7 
6.8 
4.5 
5.4 
5.0 
2.8 
4.7 
2.7 
5.7 
-0.3 
5.8 
4.9 
2.8 
5.4 
3.2 
0.0 
1.6 
3.1 
-1.8 
3.4 
2.4 
4.5 
4.0 
-3.8 
1.0 
-0.2 
4.4 
1.9 
0.7 
1.6 
-4.2

21.7 
9.3 19.3 

8 .5 

.16.2 

15.8 
15;7 
Mi2 

14.4 
14.2 
13.9 
,13.2 
i129 
"12.6 
12.4 
12.4 
12.1 
11.8 
12.0 
11.5 

11.4 

11.2 11.1 
1 i.3 

10.8 
10.8 
10.9 
10.6 
10.6 
10.2 
9.9 
9.8 
9.7 
9.7 
9.7 
9.5 

9.1

4,43 
43.7 
44.3 
43.0 
'43'.0" 
43.0 

43.0 
43.0 
43.0 

43.9 
4 3.7 
4,4.3 
43.7 
4ý37 

43.9 
44.3 
44.1 
43.9 
44.5 
43.9 
43.7 
431.9 
43.4 
44.5 
43.7 
43.9 
44.3 
44.3 
44.3 
43.7 
43.1 
44.0 
44.1 
44.3 
44.3 

,43.8 
43.1

1.04 
1.26 
1.30 
1.33 
1.57 
1.66 
1.67 

1.72 
1.74 
1.83 
2.6 
2.07 
2.19 
2.31 

2.40 
2.48 
2.54 
2.58 
2.65 
2.72 
2.72 

2.81 
2.84 
2.90 
2.91 
2.92 

3.06 
3.07 
3.08 
3.16 
3.18 
3.28 
3.36 
3.51 
3.55 

3.56 
3.57 
3.61 
3.71
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Table 2.6.13.6-11 Pm .+P Stressesfor Support Disk=_I ,Foot Sitdqe-Drop, 2•6.80 Orientation, 

Thermal Case A
Stress AHowable 

Sx Sy Sxy intinsity Stress Margin 
Section (ksi) (ksi) (ki) (ksi) (ksl) of Safety

23 
4 
37 
3 

107 
21 
9 

51 
20 
28 
49 
34 
95 
96 
2 
48 
111 
35 
6 
22 
112 
98 
63 
64 
1 

120 

27 
79 
30 
114 
7 

80 
8 

99 
26 
14 
42 
115 
91 
36

40.4 
-34.3 
-30.3 
-37.5 
-24.6 
-31.0 
-33.7 
31.1 
-30.2 
-35.7 
-29.7 
-31.8 
-29.7 
-30.1 
33.5 
33.8 
-33.9 
29.0 
-31.0 
-33.0 
-9.6 

-27.7 
-26.7 
-26.8 

-27.8 
3.1 

-30.0 
24.9 
-6.3 

-28.9 
24.5 
24.9 
28.0 
-23.9 
-23.8 
26.3 
-14.3 
-10.1 
13.9 
0.5

29.3 
-41.3 
-37.2 
-36.8 
-31.3 
-33.9 
-29.3 
31.8 
-38.1 
-17.1 
-27.0 
-33.4 
-27.5 
-26.3 
27.0 
29.6 
-19.5 
21.3 
-30.7 
-14.1 
-33.2 
-18.8 
-24.4 
-24.3 
-30.1 
-27.1 
-15.8 
21.9 
-28.8 
-2.1 

22.0 
21.3 
5.0 

-17.9 
-20.9 
12.3 
-25.3 
-27.6 
21.0 
-24.4

9.9 
4.5 

10.0 
4.3 
14.6 
8.6 
9.2 
9.2 
1.4 
7.8 
8.2 
3.3 
7.6 
7.4 
2.2 
2.3 
3.8 
7.6 
2.4 
-1.4 
2.1 
9.5 
7.2 
6.9 
1.1 

3.9 
1.7 
6.1 
5.5 
4.8 
5.5 
5.9 
-2.0 
7.4 

6.0 
5.9 
6.0 
70.5 
9.1 
-3.5

,46.2 
43.5 
44.3 
41.4 
42.9 
41.2 
41.o 
40.6 
38.3 
38.6 
36.7 
36.0 
36.2 
35.9 
34.2 
34.8 
34.8 
33.6 
33.3 
33.1 
33.4 
33.8 
32.8 
32.5 
30.5 
31.2 
30.2 
29.7 
30.0 

29.7 
28.8 
29.3 
28.1 
28.8 
28.5 
28.5 
28.0 
27.7 
27.3 
25.9

64.5 
63.0 
64.5 
63.0 1 1; 
66.8 
64.5 
64.5 

64.5 
64.5 65.8 
64.5 
64.5 
65.5 
65.5 
63.0 
64.5 
65.5 
64.5 
64.5 
64.6 
65.5 
66.4 
65.5 
65.5 
'63.0 
66.4 
65.9 
,65.5 
66.7 
66.4 
64.5 
65.5 
64.6 
66.4 
65.8 

65.8 65.8 

66'4 

64.6

0.40 
0.45 
_0.46 
0.52 
0.56 
0.57 
0.57 

0.59 
0.68 
0.71 
0.76 
0.79 
0.81 
0.83 
0.84 
0.85 
0.88 
0.92 
0.94 
0.95 
0.96 
0.97 
1.00 
T.02 
1.06 
1.13 
1.18 
1.20 
.1.22 

'1.23 

'1.24 
1.24 
'130 
1.30 
!. .31 

1.35 

!-45 
1.50
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Pm S tre~sses f9.j_ $upport Djtk-I--F2 LSjde-Diro26.28? Qijentation,

Thera C-ase"B

Stress Allowable 
Sx Sy Sxy Intensity Stress Margin 

Section (ksi) (ksi) (ksi) li) (ksi) of Safety
120 
112 
114 
35 
37 
51 
23 
21 
9 

49 
28 
96 
98 
63 
64 
66 
95 
40 
14 

119 
116 
31 
26 

111 
115 
80 
107 
42 
27 
79 
121 
72 
104 
113 
99 
82 
22 
36 
71 
29

9.5 
11.0 
-6.8 
13.6 
-14.5 
14.5 
1.6 
-2.9 
-1.0 

-13.5 
-6.3 

-10.5 
-7.0 
1.0 

-12.5 
-0.8 
0.6 
3.9 
1.2 
0.0 
0.0 
-3.2 
-7.2 
-2.3 
2.2 
10.2 
2.5 
-5.6 
-9.2 
-0.2 
-ý0.5 
-8.7 
-5.6 
-6.2 
-9.7 
1.7 
-4.6 
0.2 
0.0 
-0.1

-9.1 
-7.6 

6.7 
-3.8 
-9.9 
3.4 
6.3 

-14.7 
-10.0 
-0.7 
-1.6 
1.1 
-9.8 
-7.6 
-5.7 
-5.8 
-7.5 
-7.2 
-0.9 

-12.0 
-11.9 
-11.5 
-9.7 
0.3 
-7.0 
1.5 

-3.9 
-9.3 
-8.5 
6.3 

-10.3 
-7.6 
0.0 
-9.5 
-0.4 
6.0 
-7.0 
-3.9 
-9.6 
-9.5

5.4 
4.4 
7.1 
4.5 
5.0 
5.2 
7.9 
4.6 
6.7 
4.8 
7.0 
4.5 
5.5 
5.2 
2.8 
5.8 
4.9 
2.5 
5.9 
-0.3 
0.0 
1.6 

3.1 
5.6 
3.5 
3.0 
4.5 
3.0 
-1.8 
4.1 
1.0 
2.2 
4.4 
1.7 
1.9 
4.5 
-3.8 
-4.4 
-0.2 
0.8

21.5 
20.6 
19.7 

16.6 
16:4 
16.3 

16.1 

16.0 
14.7 
14.7 
14:1i 
13.6 
13.5 
12.7 
12.7 
12.2 
12.0 

11.8 

11.6 
11.6 
11.2 
11.0 
11.0 
10.7 
10.5 
10.4 
10.4 
10.3 
10.2 

10.0 
10.0

45.0 
45.0 

45.0 

p45'.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 

45.0 
45.0 
45.0 
,45.0 
45.0 
45.0 
.45.0 
45.0 
45.0 
45.0 
45.0 45.o 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 

45.0 
45.0 
45.0 
45.0 
45.0 

45.0

1.19 
1.28 

1154 
1.72 
1.74 
1.77 
1.79 
1.81 

2.05 
2.07 
2.19 
2.32 
2.34 
2.54 
2.54 
2.68 
2.74 
2.75 
2.78 
2.82 
2.83 
2.88 
2.89 
3.02 
3.08 
3.09 
3.20 
3.28 
3.31 
3.32 
3.35 
3.40 
3.48 
3.50 

3,60 
3.61 
3.67 
3.68

2.6-236



SAR-UMS" Universal Transport Cask 

Docket No. 71-9270

May 2000 

Revision UMST-OOA

Table 2.6.13.6-13 es for Support Disk-i-Foot SidezDrop, 26..28 Orientation,

Thermal Case B 

Stress Allowable 
Sx Sy Sxy intensity Stress Margin 

Seciion (ksi) (ksi) (ksi) (ksi) ýksi) of Safety
23 
37 
4 
3 

21 
9 

51 
107 
28 
20 
49 
34 
95 
111 
48 
96 
2 

35 
98 
6 

22 
112 
63 
64 
1 

30 
27 
114 
120 
79 
7 

26 
80 
99 
14 
8 

115 
91 
36 
42

41.9 
-31.5 
-35.9 
-39.2 
-32.3 
-34.8 
32.1 
-24.4 
-36.9 
-31.3 
-30.8 
-33.3 
-30.3 
-35.2 
35.0 
-30.7 
35.1 
30.1 
-28.6 
-32.0 
-33.9 
30.9 
-27.6 
-27.6 
-29.5 
-6.6 

-31.1 
-30.2 
3.5 

25.7 
25.7 
-25.4 
25.6 
-24.6 
26.9 
28.8 
-10.4 
14.2 
1.7 

-13.8

30.1 
-38.2 
-43.1 
-38.5 
-34.7 
-30.1 
32.6 
-29.9 
-17.7 
-38.8 
-27.3 
-34.2 
-27.3 
-20.9 
30.4 
-25.9 
28.7 
21.4 
-19.0 
-31.4 
-14.9 
18.1 

-24.7 
-24.6 
-31.6 
-30.3 
-16.4 
-2.7 

-26.2 
22.1 
22.8 
-21.5 
21.4 
-18.0 
J2.6 
5.5 

-28.7 
21.4 
-24.8 
-24.3

10.2 
10.4 
4.6 
4.4 
8.9 
9.4 
9.5 
13.9 
8.0 
1.3 
8.5 
3.6 
7.7 
4.1 
2.6 
7.5 
2.2 
7.9 
9.8 
2.4 
-1.5 
6.8 
7.4 
7.1 
1.1 
5.6 
1.7 
5.2 
3.7 
6.3 
5.7 
6.3 
6.1 
7.6 

6.0 
-2.1 
-0.6 
9.3 
-3.7 
5.8

47.7 
4,5.8 
45.4 
43.2 
42A4 
42.2 
41.9 
41.3 
39.8 
39.0 
37.8 
37.4 
36.6 
36.3 
36.1 
36.1 35.8 
34,8 
34.7 
34.1 
34.0 
33.9 
33.7 
33.4 
32.1 
31.6 
31.3 
31.2 
30.6 
30.4 
30.1 
30.0 
29.9 
29.6 
29.1 
29.0 
28.7 
27.8 
27.5 
26.9

67.5 
67.5 
67.5 

67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5

0.41 
0.47 
0.49 
0.56 
0.59 
0.60 
0.61 
0.63 
0.70 
0.73 
0.79 
0.81 
0.84 
0.86 
0.87 
0.87 
0.89 
0.94 
0.94 

0.98 
0.98 
0.99 
1.02 

1.10 
1.14 
1.16 
~1. 17 
1.21 
1.22 
ý1.24 
1.25 
1.26 
1.28 
1.32 
1.33 
1.35 •, 43 

1.46 
i.-51
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Pm Stresses forSupport DJisk--!-Fo~t Sid e-DO-P, 45. .nentation, 
Thermal Case A

Stress Allowable 
S Sxy In•testy Stress Margin 

Section (ksi) (ksi) (ksi) rw) (Si) of Safety
120 
114 
35 
23 
37 
21 
49 
9 

112 
111 
96 
63 
51 
7 

28 
40 
98 
72 
66 
104 
64 
95 
42 
26 
80 
79 
119 
110 
94 
71 
46 
36 
22 
74 
99 
14 
54 
31 
122 
115

9.1 
79.0 
12.7 
-1.4 

-16.8 
-7.7 

-12.9 
-0.6 
7.1 
-5.8 
-10.7 
1.5 

12.0 
3.1 
-8.3 
0.9 
-8.9 

-10.4 
-0.3 
-6.6 

-11.7 
-3.2 
-6.9 
-9.4 
9.8 
1.1 

-0.1 
-12.1 
-11.1 
-0.1 
-9.8 
-2.8 
4.1 
-0.2 
-9.5 
2.5 
0.5 
-1.0 
4.9 
1.1

,9. 1 
9.1 
-1.4 
12.7 

-7.7 
-16.8 
-0.6 

-12.9 
-5.8 
7.0 
1.5 

-10.6 
3.1 
12.0 
0.9 
-8.3 

-10.3 
-8.8 
-6.7 
-0.1 
-3.2 

-11.6 
-9.4 
-6.9 
1.1 
9.8 

-12.1 
-0.1 -0.1 

-11.1 -1.0 

-4.1 
-2.8 
-9.5 
-0.3 
0.6 
2.5 
-9.4 
1.1 
-4.7

7.6 
7.6 
7.0 
7.0 
6.0 
6.0 
6.4 
6.4 
6.1 
6.1 
5.7 
5.7 
5.4 
5.4 
5.4 
5.4 
4.6 
4.5 
6.2 
6.1 
4.5 
4.5 
4.2 
4.2 
4.1 
4.1 
-0.5 
-0.5 
-0.4 
-0.4 
2.0 
-4.9 
-4.9 
2.0 
2.0 
4.8 
4.8 

1.9 
3.7 
3.8

M3.7 

195.8 
19.8 

19.8 

7.6 

17-7 
ý17.7 
67 

16.7 
14.5 
14.5 
14.2 14,2 
14.2 
14J3 
14.1 

13.9 13.9 

13.6 

12.5 
12.5 
12.0 12.0 

12.1 
.12.1j 
11.2 
10.1 

9.9 
1.1 

10.1 

9.8 

0.5

44.3 

4.30 
43.0 
43.0 
43m0 
43.0 
43.0 
4ý3.  
43.7 
43.7 
43.7 
43.0 

413.9 
43.9 
44.3 
4,4.3 
4.3 

443 
43.,7 
'43.7 
43.9 
43.9 
4317 
43.7 
44.1 
44.1 
44.1 
44.1 
44.5 
43.1 
43.1 
44.3 
44.3 
43.9 
43.9 
44.5 
44.3 
44.3

0.86 
0.87 
.1.17 
1.17 
.1.17 
1.18 
1.44 
J-.44 
1.47 
1.47 
1.61 
1.61 
1.96 
1.96 
2.10 
2.10 

2.11 
2.14 
2.18 
2.19 
2.21 
Z.21 
2.51 
2.51 
2.63 
2.64 
2.65 
2.65 
2.95 
2.96 
3,33 
3.34 
3.34 
3.37 
3.38 
3,47 
3.49 
3.53 
ý362 
3.65
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Table 2.6.13.6-15 Pm+.P. Stresses for Support Disk--i-;-Foot Side-Drop, 450Orientation, 
Thermal Case-A

Stress Allowable 
Sx Sy Sxy Intensity Stress Margin 

Section (ksi) (ksi) (ksi) (ksi) (ksi) of Safety

21 
37 
35 
23 
1 
4 

49 
9 

34 
20 
3 
2 
7 

51 
111 
112 
95 
64 
96 
63 
48 
6 

120 
114 
79 
80 
22 
36 
28 
40 
26 
42 
98 
72 
8 

50 
30 
44 
75 
99

-42.8 
-39.0 
36.1 
35.8 
-41.9 
-37.5 
-34.1 
-34.4 
-42.0 
-39.6 
-40.8 
-38.0 
34.8 
32.0 
-41.3 
-17.6 
-32.2 
-32.1 
-32.4 
-31.3 
-36.6 
-32.9 
-0.3 
-34.0 
27.4 
27.6 
-33.6 
-6.2 
-32.9 
-13.0 
-31.1 
-19.5 
-27.1 
-18.6 
29.4 
3.5 
-9.2 
-28.2 
-16.2 
-23.4

-39.0 
-42.8 
35.8 
36.1 
-37.5 
-41.9 
-34.4 
-34.1 
-39.6 
-42.0 
-38.0 
-40.8 
32.0 
34.8 
-17.6 
-41.2 
-32.1 
-32.1 
-31.3 
-32.4 
-32.9 
-36.6 
-34.1 
-0.6 
27.6 
27.3 
-6.2 

-33.6 
-13.1 
-32.8 
-19.5 
-31.1 
-18.5 
-27.1 

3.6 
29.3 
-28.4 
-9.5 
-21.3 
-17.7

11.6 
11.6 
10.5 
10.5 
3.0 
3.0 
9.9 
9.8 
3.0 
3.0 
3.1 
3.1 
9.1 
9.1 
3.7 
3.7 
8.6 
8.6 
8.7 
8.7 
2.1 
2.1 
5.5 
5.5 
7.2 
7.2 
-3.5 
-3.5 

6.2 
6.1 
7.2 
7.2 
9.3 
9.3 
-3.4 
-3.4 

4.8 
4.7 
9.7 
7.4

52.7 
52.7 
46.4 
46.4 
43.4 
43.4 
44.1 
44.1 
44.1 
44.1 
42.8 
42.8 
42.6 
42.6 
41.8 
41.8 
40.7 
40.7 
40.6 
40.5 
37.5 
37.5 
35.6 
35.2 
34.7 
34.6 
34.0 
34.0 
34.7 
34.6 
34.5 
34.5 
33.0 
33.0 
29.8 
29.8 
29.5 
29.3 
28.8 
28.5

64.5 
64.5 
64.5 
64.5 
63.0 
63.0 
64.5 
64.5 
64.5 
64.5 
63.0 
63.0 
64.5 
64.5 
65.5 
65.5 
65.5 
65.5 
65.5 
65.5 
64.5 
64.5 
66.4 
66.4 
65.5 
65.5 
64.6 
64.6 
65.8 
65.8 
65.8 
65.8 
66.4 
66.4 

64.6 
64.6 
66.7 
66.7 
66.8 
66.4

0.22 
0.22 
0.39 
0.39 
0.45 
0.45 
0.46 
0.46 
0.46 
0.46 
0.47 
0.47 
0.52 
0.52 
0.57 
0.57 
0.61 
0.61 
0.62 
0.62 
0.72 
0.72 
0.87 
0.89 
0.89 
0.89 
0.90 
0.90 
0.90 
0.91 
0.91 
0.91 
1.01 
1.01 
1.17 

'1.26 
1.28 

-1.32 
1.33
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Revision UMIST-00A

P1 tresses f0Lrupport Disk--l-Fo Side-I)pp, 450 Orientation,

Thermal Case B 

Stress Allowable 
Sx Sy Sxy Intensity Stress Margin 

Section (ksi) (ksi) (ksi) Qci) () of Safety
120 
114 
35 
23 
37 
21 
112 
111 
49 
9 

96 
63 
51 
7 

28 
40 
98 
66 
104 
72 
64 
95 
42 
26 
119 
110 
80 
79 
94 
71 
36 
22 
74 
99 
122 
115 
14 
54 
116 
109

9.6 
-9.7 
14.3 
-1.4 
-17.7 
-8.2 
7.6 
-6.2 
-13.1 
-0.6 

-10.8 
1.7 

12.7 
3.3 
-8.9 
1.7 
-9.6 
-0.1 
-7.0 

-10.8 
-12.3 
-3.3 
-6.9 

-10.1 
-0.1 

-13.0 
9.9 
1.1 

-12.0 
-0.1 
-2.1 
-3.7 
-0.1 
-9.7 
-5.2 
1.0 
2.7 
0.6 
-0.I 
-9.6

-9.8 
9.6 
1.4 

14.3 
-8.2 

-17.7 
-6.2 
7.5 
-0.6 

-13.1 
1.7 

-10.8 
3.3 
12.7 
1.6 
-8.9 

-10.8 
-7.0 
0.0 
-9.4 
-3.3 

-12.3 
-10.1 
ý6.9 

-13.0 
ý0.1I 
1.1 
9.9 
-0.1 

-12.0 
-3.7 
-2.1 

-9.7 
-0.2 
1.0 
m55.0 
0.6 
2.7 
-9.6 
-0.1

8.0 
8.0 
7.1 
7.1 

6.6 
6.6 
6.5 
6.5 
6.4 
6.4 
6.0 
6.0 
5.8 
5.8 
5.2 
5.2 
4.4 
6.5 
6.4 
4.4 
4.6 
4.6 
4.5 
4.6 
-0.5 
-0.5 
4.2 
4.2 
-0.4 
-0.4 
-5.3 
-5.3 
2.1 
2.1 
4.0 
4.0 
4.8 
4.7 
0.0 
0.0

25.2 
25;1 21.2 
21.2 
21.i 

2L1 
18.9 

17.9 
17.9 
17.4 
17A4 
15.4 
15.4 

14.8 

14.7 
14.6 
14.6 

14.3 
14.2 
13.3 
13.3 
13.0 
13.0 
12.2 
.12.2 
12.0 
12.0 

10.7 10.7 
10.5 
10.5 
10.0 10.0 
9.8 
9.7 
9.6 
9.6

4,5.0 
45.10 
45.'0 

4.5.0 
45.0 

45.0 45.0 
45ý.  
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
.45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 
45.0 

r45.0 
45.0 
45.0

0.79 
0.79 
1.12 
1.12 
1.13 
1.13 
.1.38 
1.38 
1.51 
1.51 
1.59 
1.59 
1.92 

1.92 
2.03 
2.03 

2.06 
2.07 
2.08 
2.09 
2.16 
2.16 
2.38 
2.38 
2.46 
2".46 
2,68 
2.69 
2.75 
2.75 
3.21 
3.22 
3.30 
3.30 
3.48 
3.51 
3.61 
3.63 
3.70 
3.70
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Table 2.6.13.6-17 Pm +.Pb Stresses for Support Disk-i'-Foot Sidle-Drop, 45.Qrientation, 

Ther.al Case.B

Stress AllOwable 
Sx Sy Sxy Intensity Stress Margin 

Section (ksi) I(ksi) (ksi) i) (ksi) of Safety
21 
37 
23 
35 
20 
34 
4 

51 

7 
49 
9 
3 
2 

111 
112 
95 
64 
96 
63 
48 
6 

120 
114 
26 
42 
22 
36 
79 
80 
28 
40 
98 
72 
8 

75 
50 
122 
30 
99

-46.6 
-41.5 
37.2 
38.8 
-42.8 
-44.4 
-39.5 
-45.5 
33.7 
37.0 
-35.0 
-35.1 
-42.5 
-41.0 
44.0 
-18.7 
-33.2 
-33.5 
-33.5 
-32.7 
-37.6 
-33.8 
-0.3 

-36.1 
-33.4 
-20.1 
-34.9 
-5.3 
27.8 
28.1 
-33.1 
-12.4 
-27.5 
-19.0 
30.1 
-17.3 
4.0 

-29.2 
-10.7 
-23.8

-41.5 
-46.5 
38.8 
37.1 
-44.4 
-42.8 
-45.5 
-39.5 
37.0 
33.7 
-35.1 
-35.0 
-41.0 
-42.5 
-18.8 
-44.0 
-33.5 
-33.1 
-32.7 
-33.4 
-33.8 
-37.6 
-36.1 
-0.6 

-20.1 
-33.3 
-5.3 

-34.9 
28.1 
27.8 
-12.4 
-33.0 
-19.0 
-27.4 

4.1 
-22.6 
30.1 
-13.0 
-28.1 
-18.2

12-6 
12.6 
11.1 
11.1 
3.4 
3.4 
3.1 
3.0 
9.7 
9.7 
10.0 
10.0 
3.1 
3.1 
3.9 
3.9 
8.9 
8.9 
9.0 
9.0 
2.0 
1.9 
5.8 
5.8 
7.6 
7.6 
-4.1 
-4.1 

7.3 
7.3 
5.9 
5.9 
9.4 
9.4 
-3.6 
10.3 
-3.6 
-. 5 
4.5 
7.6

56.9 
56.9 
49.1 
49.1 
47.1 
47.1 
46.8 
,46.8 
45.2 
45.2 
45.1 
45.1 
44.9 
44.9 
44.6 
44.5 
42.3 
42.3 
42.1 
42.1 
38.4 
38.4 
37.7 
37.3 
36.9 

36.8 
35.5 
35.5 
35.3 
35.3 
34.7 
34.5 
33.6 
33.5 
30.6 
30.6 
30.6 
29.2 
29.2 
29.1

67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67:5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
6,7.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5 
67.5

0.19 
0.19 
0.38 
038 
0.43 
0.43 
0.44 
0.44 
0.49 
0.49 
0.50 
0.50 
0.50 
0.50 
0.51 
0.52 
0.60 
0.60 
0.60 

0.60 
0.76 
0.76 
0.79 
0.81 
0.83 
0.83 
0.90 
0.90 
0.91 
0.91 
0.95 
0.95 
1.01 

1121 

1.21 
1.31 
,1.31 
1.32
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Stress Evaluation of PWR Support Disk fWrCoombinjd-Thermal and 1-Foot Side

Drop Load Condition

The inertial loading for the•,-ft side-drop is comiýbned WiOh•he therJloading~for Thermal Case 

A to produce the largest stress intensities. The allowable stress intensity 3 Sm, isevaluated at the 

section temperature.  

The 40 sections with the smallest margins of safety are presented iiTables 2.6.13.7-1 through 

2.6.13.7-4. The tables are identified here: 

Basket Thermal Stress Minimum Margin 

Table Number Orientation (0) Case Eyaluatin kf•Safety 

2.6.13.7-1 0 A Pm + Pb±+Q +3.75 

2.6.13.7-2 18.22 A P-+ Pbt Q ±1.59 

2.6.13.7-3 26.28 A Prn+ Pb, 4Q +1.21 

2.6.13.7-4 45 A P.o+ Pb +Q +1.46

The minimum margin of safety is +1.21.
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Pm t.Pb - Q Stresses for Support Disk-i-fFoot Side-Drop, 00, Orientation, 

Therial Case A

Stress Allowable 
sX Sy Sxy Intensity Stress Margin 

Section (ksi) (ksi) (ksi) (ksi) (ksi) of Safety
75 
91 
107 
123 
17 
18 
26 
28 
25 
6 
7 
9 
1 
3 
4 

29 
12 
14 
11 
24 
23 
21 
22 
27 
34 
35 
48 
49 
32 
30 
31 
16 
20 
19 
76 
92 
13 
2 

46 
60

21.2 
21.2 
-11.3 
-11.3 
25.3 
25.3 
12.7 
12.7 
12.7 

-16.8 
-16.8 
-16.8 
-13.0 
-13.0 
-13.0 

0.0 
-14.8 
-14.8 
-14.8 
0.0 
-8.2 
-8.2 
-8.2 
-4.3 
-7.4 
"-7.4 
-7.4 
-7.4 
-7.4 
-7.4 
-7.4 

-14.6 
6.4 
0.0 
5.5 
5.5 
12.5 
7.4 
1.4 
1.4

17.5 
17.5 

-21.2 
-21.2 

2.9 
2.9 
-8.5 
-8.5 

-8.5 
-10.8 
-10.8 
-10.8 
-12.2 
-12.2 
-12.2 
-18.3 
-8.9 
-8.9 
-8.9 

-16.1 
-13.4 
-13.4 
-13.4 
-14.4 
-13.6 
-13.6 
-13.6 
-13.6 
-12.4 
-12.4 
-12.4 
-10.2 
-7.9 
-14.0 
14.5 
14.5 
,0.7 
-5.8 
13.6 
13.6

-8.5 
8.5 
9.3 
-9.3 
-2.0 
2.0 
-1.3 
1.3 

-1.3 
-5.4 
-5.4 
5.4 
-4.9 
4.9 
4.9 
0.1 
-5.0 
5.0 
-5.0 
0.1 
4.2 
-4.2 
-4.2 
-3.9 
-3.5 
-3.5 
3.5 
3.5 
-5.1 
5.1 
5.1 
-1.7 
0.0 
0.2 
-1.3 
1.3 

-3.0 

-1.2 
0.9 
-0.9

28A1 
28.1 
26.7 
26.7 
25.4 
25.4 
213 
21.3 
21.3 
20.0 
20.0 
20.0 
17.5 
17.5 
17.5 
18.3 
17.6 
17.6 
17.6 
16.1 
15.7 
15.7 
15.7 
15.8 
15.2 
15.2 
15.2 
15.2 
15.6 
15.6 
15.6 

15.1 
14.3 
14.0 
14.7 
ý14.7 
14.4 
13.4 
13.6 
13.6

133.5 
133.5 
133.5 
133.5 
'133.4 
133.4 
131.6 
131.6 
131.6 
129.0 
129.0 
129.0 
125.9 
125.9 
125.9 
132.6 
131.6 
131.6 
131.6 
130.4 
129.0 
129.0 
129.2 
131.8 
129.0 
129.0 
129.0 
129.0 
133.4 
133.4 
133.4 
133.4 
129.0 
127.3 
133.5 
133.5 
;131.,8 

125.9 
'133.4 
133.4

3.75 
3.75 
3.99 
3.99 
4.24 
4.24 
5.17 
5.17 
5.17 
5.46 
5.46 
5.46 
6.19 
6.19 
6.19 
6.26 
6.48 
6.48 
6.48 
7.09 
7.22 
7.22 
7.23 
7.36 
7.46 
7.46 
7.46 
7.46 
7.54 
7.54 
7.54 
7.82 
8.00 
8.07 
8.08 
8.08 
8.12 
8.38 
p.80 
8.80
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Table 2.6.13.7-2 Pm' Pb + Q Stresses for Support Dihk-1-Foo Side-Drop Orientation, 
1 8.22?, ýThernma Case A

Stress All1wable 
Sx Ys (ksi Intensity triess Marin 

Section (ksi) (ksi (ksi) Q"i) jki) of Safety
3 
4 
6 
9 

34 
37 
48 
49 
91 
21 
20 
2 

23 
22 
1 

107 
96 
95 
11 
14 
28 
27 
Ill 
13 
51 
8 

30 
31 
112 
26 
25 
79 
80 
115 
39 
42 
64 
63 
16 
18

-35.1 
-35.1 
-36.3 
-36.3 
-25.3 
-25.3 
-29.4 
-29.4 
26.4 
-24.8 
-24.8 
29.2 
-30.5 
-30.5 
-18.7 
-12.0 
-24.3 
-24.3 
-26.3 
-26.3 
-25.5 
-25.5 
-27.1 
26.9 
23.4 
26.9 
-9.2 
-9.2 
-7.9 

-15.4 
-15.4 
-24.8 
21.3 
4.8 

-13.9 
-13.9 
-19.5 
-19.5 
-17.6 
-17.6

-36.6 
-36.6 
-29.0 
-29.0 
-33.1 
-33.1 
-29.7 
-29.7 
28.5 
-31.2 
-31.2 
17.4 

-18.9 
-18.9 
-27.9 
-27.8 
-22.0 
-22.0 
-16.2 
-16.2 
-18.5 
-18.5 
-19.5 
7.9 
18.1 
3.6 

-24.8 
-24.8 
-26.6 
-22.6 
-22.6 
-11.3 
17.6 
-25.1 
-21.2 
-21.2 
-17.6 
-17.6 
-22.2 
-22.2

12.8 
12.8 
11.5 
11.5 
10.1 
10.1 
10.2 
10.2 
11.8 
9.1 
9.1 
8.9 
7.7 
7.7 
7.2 
10.4 
7.3 
7.3 
7.9 
7.9 
7.7 
7.7 

5,3 
6.8 
6.8 
r5.1 

7.8 
7.8 
4.2 
6.1 
6.1 
3.9 
6.0 
0.8 
6.3 
6.3 
6.0 
6.0 
4.5 
4.5

48.7 
48.7 
44,7 
44.7 
40.0 
40.0 
39.6 
39.6 
39.3 
37.6 
37.6 
34.0 
34.4 
34.4 
31.8 
32.9 
30.5 
30.5 
30.6 
30.6 
30.5 
30.5 
29.8 
29.1 
28.0 
28.0 
28.o 
28.0 
27.5 
26.1 
26.1 
25.8 
25.7 
25.2 
24.8 
24,8 
24.'6 
24.6 
25.0 
25.0

125.9 

129.0 
'1291.0 
-129.0 
1f29.0 
129.0 
129.0 

133.5 
129.0 
129.0 
125.9 
129.0 
129.2 
125.9 
133.5 
131.'0 
131.0 

131.6 
131.6 
131.6 
131.8 
131.0 
I1319.  

129.2 

133.4 
133.4 

'131.0 
131.6 
131.6 
131.0 
131.0 
132.8 
,31.6 
13i.6 
131.0 
131!.0 
133.4 
133.4

1.59 
:1.59 
1.89 
1.89 
2.23 
2.23 
2.25 
2.25 
2.40 
2.43 
2.43 
2.71 
2.75 
2.76 
2.96 
3.06 
3.29 
3.29 
3.30 
3.30 
3.32 
3.32 
3.39 
3.52 

3'60 
3.61 
3.76 
3.76 
3.77 
4.05 
4.05 
4.07 
4.11 
4.28 
4'.30 
4.30 
4.32 
4.32 
4.33 
4.33
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Pm±Pb t Q Stresses for Support Disk-,i-Foot Side-Drop, 26.280 
Orienitation, ThIermal Case A

Stress Allowable 
Sx Sy Sxy Intensity Stress Margin 

Section (ksi) (ksi) (ksi) (ksi) (ksi) of Safety
3 
4 
6 9 

34 

37 
20 
21 
48 
49 
2 
1 

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

80 
79 
107 
14 
11 
13 
63 
64 
120 
124 
31 
30 
26 
25 
35

-41.1 
-41.1 
-39.8 
-39.8 
-31.1 
-31.1 
-33.6 
-33.6 
-34.6 
-34.6 
34.6 
-25.9 
31.9 
-30.1 
-30.1 
-35.5 
25.7 
-15.4 
28.7 
-18.7 
-18.7 
-31.8 
-27.4 
-27.4 
30.2 
25.3 
25.3 
28.3 
-26.5 
-26.5 
28.3 
-23.0 
-23.0 
-0.6 
19.7 
-8.3 
-8.3 
-18.7 
-18.7 
22.7

-43.0 
-43.0 
-33.9 
-33.9 
-40.5 
-40.5 
-39.0 
-39.0 
-35.0 
-35.0 
23.4 
-33.1 
24.7 
-28.4 
-28.4 
-15.9 
28.8 
-34.9 
25.1 
-29.6 
-29.6 
-17.4 
-18.5 
-18.5 
3.5 

22.8 
22.8 
16.9 

-16.6 
-16.6 
9.0 

-22.6 
-22.6 
-28.7 
29.1 
-25.8 
-25.8 
-22.9 
-22.9 
14.9

15.0 
.15.0 

12.9 
12.9 
12.2 
12.2 
12.0 
12.0 
11.9 
11,9 
10.9 
9.4 
9.8 
9.3 
9.3 
7.6 
11.7 
5.9 
8.8 
8.5 
8.5 
5.6 
8.0 
8.0 
5.3 
7.4 
7.4 
-7.5 
7.9 
7.9 

7.2 
7.4 
7.4 
5.5 
-0.1 
7.8 

7.8 
6.7 

6.4

57.0 
57.0 
50.1 
50.1 
48.8 
48.8 
48.6 
48.6 
46.7 
46.7 

41.3 
39.6 
38.8 
38.7 
38.7 
38.1 
39.0 
36.6 
35.8 
34.2 
34.2 
33.7 
32.1 
32.1 
31.2 
31.6 
31.6 
32.0 
30.9 
30.9 
30.7 
30.2 
30.2 
30.2 
29.1 
28.8 
28.8 
27.8 
27.8 
26.3

125.9 
125.9 
129.0 
129.0 
129.0 
129.0 
129.0 
129.0 
129.0 
129.0 
125.9 
125.9 
129.0 
131.0 
131.0 
129.2 
133.5 
131.0 
129.0 
131.6 
131.6 
131.0 
131.6 
131.8 

129.2 
131.0 
131.0 
133.5 
131'6 
131.6 
131.8 
131.0 
131.0 

132.8 
133.5 
133.4 
133.4 
131.6 
131.6 
129.0

1.21 
1.21 
1.57 
1.57 
i.64 
1.64 
1.66 
"1.66 
1.76 
1.76 

2.05 
2.18 
2.32 
2.39 
2.39 
2.39 
2.43 
2.58 
2.60 
2.85 
2.85 
2.88 
3.10 
3.10 
3.14 
3ý.15 
3.15 
3.17 

3.26 
3.26 
3.30 
3.34 
3.34 
3.40 
3.59 
3.64 
3.64 
3.73 
3.7.3 
3.91
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Pm + Pb + Q Stresses for Support Disk-I-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 
2 
6 
9 

48 
49 
3 
4 

34 
37 
20 
21 
63 
64 
95 
96 
111 
112 
79 
80 
35 
23 
36 
22 
91 
8 

50 
44 
46 
30 
31 
7 
51 
26 
25 
42 
39 
14 
13 
54

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

-27.8 
-27.8 
-10.1 
-10.1 
20.5 
24.4 
-23.3 
-23.3 
-20.6 
-20.6 
26.0 
26.0 
9.5

-40.3 
-40.3 
-37.4 
-37.4 
-40.2 
-40.2 
-35.6 
-35.6 
-36.5 
-36.5 
-36.1 
-36.1 
-28.3 
-28.3 
-26.2 
-26.2 
-16.4 
-33.3 
26.5 
26.5 
-31.7 
-12.4 
-31.7 
-12.4 
25.3 
1.6 

29.8 
-10.5 
-10.5 
-27.6 
-27.6 
24.4 
20.4 
-20.6 
-20.6 
-23.3 
-23.3 

9.6 
9.6 
25.9

13.0 
13.0 
13.5 
13.5 
13.5 
13.5 
13.0 
13.0 
12.1 
12.1 
12.1 
12.1 
8.8 
8.8 
8.8 
8.8 
5.9 
5.9 
8.2 
8.2 
6.2 
6.2 
6.2 
6.2 
10.2 
4.6 
4.6 
8.4 
8.4 
8.2 
8.2 
7.0 
7.0 
7.3 
7.3 
7.3 
7.3 
6.8 
6.8 
6.8

51.1 
51.1 
52.4 
52.4 
52.4 
52.4 
51.1 
51.1 
48.4 
48.4 
48.4 
48.4 
36.1 
36.1 
36.1 
36.1 
35.2 
35.1 
34.7 
34.7 
33.5 
33.5 
33.5 
33.5 
34.3 
30.5 
30.5 
31.2 
31.2 
30.9 
30.9 
29.7 
29.7 
29.4 
29.4 
29.3 
29.3 
28.4 
28.4 
28.3

125.9 
125.9 
129.0 
129.0 
129.0 
129.0 
125.9 
125.9 
129.0 
129.0 
129.0 
129.0 
131.0 
131.0 
131.0 
131.0 
131.0 
131.0 
131.0 
131.0 
129.0 
129.0 
129.2 
129.2 
133.5 
129.2 
129.2 
133.4 
133.4 
133.4 
133.4 
129.0 
129.0 
131.6 
131.6 
131..6 
131.6 

131.6 
131..8 
131.6

1.46 
1.46 
1.46 
1.46 
1.46 
1.46 
1.46 
1.46 
1.67 
1.67 
1.67 
1.67 
2.63 
2.63 
2.63 
2.63 
2.72 
2.73 
2.78 
2.78 
2.85 
2.85 
2.85 
2.85 
2.90 
3.23 
3.23 
3.28 
3.28 
3.32 
3.32 
3.34 
3.35 
3.48 
3.48 

M~.9 
3.49 
3.64 

3.64 
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 accomplished by using the stress 

results from the side and end-drop evaluations. To-'evaluate ,oblique impacts, the stress 

components (i.e. S,,, Sy, S y) are combined from the side and end drop cases, The evaluatation 

considers various cask drop angles (0 = 00, 23', 300, 450' 600, 700, 750, 80', 850, 880, and 900), 

as well as the basket drop orientation (0', 18.220, 26.280, and 450), Note that the end drop (0 = 

00) and side drop (( = 900) are included in the evaluation so that the results envelope all cask 

drop angles. The normal stresses (S, and Sy) and the shear stress (Sxy) for an off-angle (0) drop 

are calculated by the following equations, 

SX(O) = Sx(end)CosO±+Sx(Sd)Sino, 

Sy(O) = Sy(end) CosO+SSy(iIe)SinO, 

SxV(O) = SXy(end)CosO±+SxY(Si&)SinO, 

where, 

Sx(side), Sy(side), and Sxy(side) are the section stresses calculated by the ANSYS analysis for the side 

drop conditions. Sx(end), Sy(end), and Sxy(end) are the sectional stresses Icalculateby hihe_ NSYS 

analysis for the end drop. The principal stresses and the stress intensity are • hen determined 

based on the stress components. The orientations where the maximums occur for each loading 

condition are then determined. A summary of the evaluation is presented in Section 2.6.13.2.  

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

Conditions 

The stress evaluation for the combined thermal and oblique condition is performed using,.the 

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 

rigiditv of the basket assembly. The tie rods do not transmit anri load other than their owvn 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 ,\eight of the support disks, aluminumn heat transfer disks, one end weldment, and spacers to 

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

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

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

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

spacers that act along the ccnteiline axis ot the cask. Thus. the end-drop is the critical loading 

condition.  

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

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

compressive stiess over the cross-sectional area of the spacers. Taking the largest w\eight of all 
three P\\'R fuel classes, the total \eight of the basket is 16,489 lb. Because the wveights of the 

bottom end \weldment (527 1b) and the fuel tubes (3,676 1b) are transmitted directly into the end 

of the canister, the remaining load acting O,,er the area of the spacers is .12,286 lb. For the 1-ft 

end-drop, the deceleration is 20 g, which results in a total end-drop load of 245,720 lb. The area 

in compression is Tt(3.0- - 1,7, 1/4 = 4.66 in-. The compressive stress. is 245,720/(8 x 4.66).  

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

Based on the AS.ME Code, Section 111, SLusection NV, the allowvable membrane stress is 1.0 S,, 

'sing a conserNatise material tempcraturc tor the outer edge of the support disk of 500cF, 

S_.. = 17.5 ksi. The corresponding margin of safetv is 

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

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

The ASME Code, Section III. Division 1. Subsection NG, criteria define the Level A allowable 

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

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

stress) for the 1-ft side-drop is 31.4 ksi for the 45' drop orientation at Case 1. Similarly, for the 

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

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

Using the allo\\ able stresses as stated previously, the minimum margin of safety for shear is 

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

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

= + 0.60 

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

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

For the bearing stress (Sr) acting along the basket support disk-canister shell interface, an 

angular contact of 18 is considered on the basis of ANSYS gap element status (at a radius of 

32.75 in). The load considered to be acting on the support disks is the total contents weight 

(55,810 lb). times the deceleration value of 20 g, divided among 30 support disks in the basket.  

The bearing area is considered to be the 0.5-in. thick disk over an 18L contact area.  

Shr = (55,810)(20)/[(0.5)(30)(7t)(65.5 )/(360/18)] 7,233 psi 

The allo\\ able bearinn stress is the yield stress, which is 89.8 ksi for SA-693, Type 63(0, 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 

MNS = 8 9 .8/Sh,- 1 +11.41.  

2.6.13.13 Basket Weldment Analysis for I-Foot End-Drop 

The responses of the top and bottom weldment plates of the fuel assembly to a 1-ft end-drop in 

conjunction vith 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 oývn weight plus the weight of 24 PWR fuel assembly 

tubes. A finite clement analvsis is performed for both plates, because the support for each 

\weldment is different as a result of the location of the welded ribs for each. Both models use the 

SHELL63 element. \,hich permits out-of-plane loading. Figures 2.6.13.13-1 and 2.6.13.13-2 

show\ the finite element models for the top and bottom weldments, respectively. The load from 

the fuel tube is represented as point forces applied to the nodes at the periphery of the fuel 

assembly slots. An average point force is applied. The application of the nodal loads at the slot 

periphery is accurate because the tube weight is transmitted to the edge of the slot. which 

provides support to the fuel tubes in the end-drop condition. The analysis using the applied 

nodal forces demonstrates that the weldment design satisfies the primary membrane (P,,) and the 

primary membrane plus bending (P,+P[,) stress criteria. Thermal expansion stresses are also 

analyzed. The determination of the \seldment temperatures is discussed in Chapter 3.0.
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The margins of safety are calculated as 

MS [(P,, + Pb) / 1.5 S,,] - 1

or

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

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

,,veldments are shown to satisfy the stress criteria in the ASME Code, Section 1II, Division I.  

Subsection NG.
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Figure 2.6.13.13-1
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Figure 2.6.13.13-2 Finite Element Model of the Bottom Weldment Plate 
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.Minimum •Margins of Safety for thje66TptBottmrn'Weldrents for. -FoIot 

End-Drop
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Allwable 

Qomponent/Condition Pm.CGsi)~ ~ ~ ) M 

Top Weldment/!-ft End-Drop 5.8.6 17.38 +1•97 

Bottom Weldment!l-ft End-Drop 613 17.56 +..86 

Allowable 

Component/Condition Pm 4-PbikI) 15SSm i) MS 

Top Weldment/1-ft End-Drop 2.5_4 26.Q7 +9-.26 

Bottom Weldment/1-ft End-Drop 4.33 26.34 +5,08 

Allowable 

Component/Condition Pm + Pb-Q (ksji) J•sm(kSi) MS 

Top Weldment/1-ft End-Drop + Thermal 35.41 52.14 +0.47 

Bottom Weldment/1-ft End-Drop + Thermal 35.2.7 52,68 +0.49
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2.6.13.14 Support Disk Buckling Evaluation 

The PWR fuel basket support disks are subjeqted to compressive and inertial loads during.impact 
conditions.-Depending on the cask orientation'oiJ theimpact, bohi-plane n~u-of-plane 

loads are applied to the support disk. The in-planeJoad.(basket .side impactpmponen t)apply 

compressive forces and in-plane (strong axis) bendingmo9erns pn ste upp• ýsk and the out

of-plane inertial loads (basket end-impact component) produce out-of-plane (weak axis), bending 

moments on 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 2.7.8.3.  

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 buckling eyaluations 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 Analysis., Design. approach for 

structural members subjected to stresses beyond the yiel d limit of the material, i;e. fog me bers 

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-dropp,.ondition andpafJ four 

different radial orientations of the support disk for theside-dgop/condi'f!n'ba~d"onjheess 

results of the finite element analysis (Sections. 2.6.13.4. through 2.6.13.7).,-i The- bforcestand
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moments.f.r the. k angle-•' op dton ar.e oed-.-fro en4 and sidedrp0pi rejjts 

based on the dropan e buckli.ng evaluations acountor th stro 

axis of the. web) and outofplne abu4C~ng-ods Ev'-9YUalttiqP 

for strong axis- bc n' -s iperformed* only forthe .dr_0. con it0oitnJs the ggoyerng 

case. Evaluation forweak axis buckling is performe4for all end drops andpff-angle drops, 

230, 300, 40°, 450, 500, 600, 700, 750, 80', 85', and 88',): 

Detailed buckling calculations are performed usin ,e 

equations used in the calculations are those fr)om- ••_Ck-,R.- Tho aýpi•ficiiion 

factors used are 20 g for 1-ft end-drop, 1-ft side-dro , and_0ff-"ankIe. _op. i 

buckling evaluation is performed for each of the sections identified in Figures 2.6.13.2-3_and 

2.6.13.2-4.  

The buckling evaluation methodology/equations are summarized as follows: 

Symbols and Units 

P = applied compressive axial load, kips 

M= moment, kips-in.  

P, = allowable axial compressive load, kips 

P,, = critical axial compression load, kips 

P, = Euler buckling loads, kips 

R, = 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 in interaction equation 

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

absence of axial load, kip-in.  

Mp, = plastic moment, kip-in.  

F, = axial compressive stress permitted, ksi 

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

k = ratio of effective column length to actual unbraced length 

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

= yield stress allowable, ksi 

= area of the ligament, in2 

= plastic section modulus with respect to the major axis, in.3 

= allowable reduction factor, dimensionless.

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

P C=M :.
-+ g•1.0.  

P+ 1.18M 1 

where: P= .1.7xAx.F 

1., r. C 

F •-='- for -<C,= 2 
_ 1 )_ _ •. ! ) -+- 3-|r.:.,• k: 1(- . .-... .• "- .;

Pe = 1.92xAAxF,

Fe E (noi-'austenitic) -*2: 

21.9- . .k.. ...  

•:....- 7t°2 Er . --""7"> •, , r• 

F= . (austenitic)!-.  •- l' -- I ':: 4 4'<4 - -.4;: 2

Py-= Syx.A
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fo rss n i M I <M 
- J j 3160O:! 

L 

Supoatdins" b~Iuckng evlam 

P=GmA 

M =AXIS.  

where, Om. is the membrane stress q'-isjhqe.strq ~ai§_bending 4ýT~s., 21gk. ý* 
stress, A is the area (b. ?cj s ksection mou tý'6a e 

for weak a-xis bending) 

Support disk buckling evaiiatW~ionreu 

The equations usedmin the buckling.an_.alyss 'ýare-: 

= - :c mM P1 4M1  I , E 31, NUREG/CR-6322) 

and P2 AP32, NUREG/CR-632 

TYhe magn -4of t ar ag gýs
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niisk

Loading Stress Dhermal $ectipip Prop 13s-kqt 2 P., bf r . a H32 

Strong Axis Bucklixig 
Normal P 2j 9.0.00 45,,QO U ~ aU IU . W Lu 1 1 

P 4 2OAO 410-0 4J 4Q U I, lu 

Weak Axis Buckling 
Normal P A V9 85.00 0IQ-O im PD LI LIL

P+Q A 9 .0 . 0 ,0 (lib ± W UO lu 29 X 0 
V 0 29 M590 0. Q0 kb A Qu U ~ u 4~ u L 

P+Q B 9 8ý.'06 b.ao fo: ý, ý i 3 r- 
*.P,= Primary Stress, P+Q = Primary + Secondaiy Stresses.
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2.6.14 BWR Transportable Storage Canister Analysis - Normal Conditions of Transport 

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

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

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

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

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

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

of construction of the canister, baskets, and spacers are described in Section 1.2.1.2.
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Figure 2.6.14-1 BWR Transportable Storage Canister
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Figure 2.6.14-2 BWR Transportable Storage Canister Shell and Lids
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2.6.14.1 Analysis Descnption 

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

The overall lengths of the t\,o BWR canisters are 185.75 in and 190.55 in. Other design 

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

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

As is the case for the PWR canister, the structural design criteria for the BWR canister is the 

ASME Code, Section 111, Subsection NB. Consistent with this criterion, the structural 

components of the canister are sho\\ n to satisfi the allowable stress limits presented in Tables 

2.1.2-3 and 2.1.2-4 as applicahlc. The alloý% able stresses used in this analNysis are based on a 

maximum material tempcr aturec of '),) F for all locations in the canister, unless other%%ise 

indicated. These allo%\ablc are conseirative for all sections because the maximum temperature 

in the canister shell central ricion is determined to he 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 elemenit w'onlputcr proram is used to analyze the canister for the 1-ft free

drop condition in the top ind bottom end. side. and ltop and bottom comer-impact orientations.  

In addition, the effects of noMrmal oper al-rig, intemal pressure and thermal stresses resulting from 

exposure of the cask to the hot (100 1- ambient and solar insolance) and cold (-40"F ambient) 

normal conditions are eaalUIcd. The \orst-casc trsses from these analyses are presented in 

Section 2.6.14.4.  

2.6.14.2 Finite Element MIodel l)cCrpjion H\VR Canister 

To caluate the BWVR TiranspT-ible StoragC (anrIcr for normal conditions of transport, ANSYS 

is used to construct and anal\/c a fini!c clement model of the canister and its contents. The 

contents modeled consist ol the fuel baskCt support disks and weldments. The fuel assemblies, 

fuel tubes. tic-rods, and telated hard\\ arc arc no! explicitly modeled but are accounted for bh 

applying pressure loads to the support disk slots as appropriate.
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The maximum unit load per length results in the largest bearing stresses. Stresses in the top and 
bottom of the canister are not affected by its length. Moreover, distortion in the shell is not 
affected by the 6-in differential of the longest canister and the shortest canister.  

The finite element model of the BWR canister is similar to the model for the PWR canister. A 
detailed description of the PWR model is provided in Section 2.6.12.2. Table 2.6.14.2-1 lists the 
real constants assigned to specific components of the model. Table 2.6.14.2-2 lists the material 
properties used for the model.  

Figure 2.6.14.2-1 is a plot of the entire canister finite element model. An isolated view of the 
canister shield and structural lids portion of the model is presented in Figure 2.6.14.2-2, and an 
cnlarged vievw of the model in the structural lid and shield lid weld regions is shown in Figure 

2.6.14_.-3. The canister bottom plate portion of the model is shown in Figure 2.6.14.2-4.  

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

internal pressure loading (to the canister). Drop orientations considered are the top and bottom 
end, side, and top and bottom comer-drops. The transfer of loads due to the drop orientations 

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

contents weight analyzed includes 38,920 lb for all fuel assemblies (56 fuel assemblies), the fuel 
tubes .,eight (4.034 Ib). the disk spacer weight (1,060 lb), and the tie rods and nuts weights (586 

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

contents weight is discussed below.  

For the side and corner-drops, the weights of &e fuel as semblies ,q(W-t'),_tiel i-•be&(•),ti 
rods (Wrod), nuts/washers (W 0,.), and spacers,(Wspacers) are include.d4.he.Ode bthe'ieng..  

pressure load (FsI() to the slot openings of the suppo~wweldment diks. This'sra 

S. fuei + Wubs+ rods + We+ W,. xg 
,FNlot -t, x x Ndgs 

where, 

g......of slot pz pding ti_ ea 4drppog-. esk; 
W40t _ -.2Nyd of I n ~a uowletik 

-_tfie 1.---- - digh of Interest
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For basketorientations.o.ther -thanx 0.0the _r ppp4.end. pressure.lqO eaPi _.totwVo 

faces' 'of the slot -p-e-ming,<LFgscoler-d1ops .  
drop angle is used as the pressure load on the disksl9.•-_For'- "th •WRc isterdrgP 

analyses, with 56 slot openings, alslot ,,ope ng width _qf-. .es a 

support/weldment disks (33 support disks and 2 Weldment disks),t,.he-p4Lasee ICs-e.Qdis: 

38,920+4,034+586+116+1,060 * 

56=6278x35g=3.634xg 

For the end drops, a uniform pressure representing the tot;Aweighiofjt . ýj.funtgelbske 

(54,351 lb) is applied to the canister shield lid (for top end

bottom end-drop). ..Forthe comer-drops, the component ofthis rl 

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. -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 

hasket design. The heat transfer disks do not provide structural support. but their addition along 

with the associated spacers does add weight that must be considered.  

The increase in the number ofsupport disks has a minimal effect on.the stress _esul sU ___p- nd 

in this section since this change helps to distibute the load toth _canister shell__moýrejevnyi.  

addition, the design changes andbouinding fuel. assembly wehresults.•a a and 

basket weight of 56,821b, .Tis isan-increase in. 2,471 .9.. lb 47(a 4. icrease) overt1t 

total fuel and fuel basket, wejight-(54,31i, lb)used in the. BWR.canisterlanalyýse. Therefore, the 

stress intensities presented in the following tables for the BWR canister are conservatively 

ratiocd up according to the following: Sections 3 through 8 (see Figure 2.6.14.3-1 ) are increased 

bh 5 for the side and corner-drops to account for the additional contents weight on the canister 

shell. Sections 1 and 14 stress intensities are increased by 5C% 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 comer-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 comer, 
and bottom comer. Top- and bottom-end-drops are not required because the basket disks are not 

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

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

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

Weld regions

* Gap elements between lids and canister shell 

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

Real Constant Set Component 

1 Canister Bottom Plate (SOLID45) 

2-9 Canister Shell (SOLID45) 
10-11 Shield Lid (SOLID45) 
12- 13 Structural Lid (SOLID45) 

100 Axial Gaps from Canister Bottom Plate to Cask Shell (CONTAC52) 
200 Radial Gaps from Canister Side to Cask Shell (CONTAC52) 

300 Axial Gaps from Structural Lid Top to Cask Shell (CONTAC52) 
400 Axial Gaps Beteen Structural and Shield Lid (COMBIN40) 

500 Radial Gaps Betwcen Shield Lid and Canister Inner Surface (CONTAC40) 
600 Radial Gaps Between Shield Lid and Canister Inner Radius (CONTAC52) 
700 Axial Gaps Bet\\cen Shield Lid and Canister WN;all to Simulate Backing 

RinML COMBIN40) 
SOO Radial Gaps Bet\ een Basket and Canister Inner Surface (CONTAC52) 

10()00 Intermcdiate Basket Thickness Real Constant 
1100 End Baskct Thickncss Real Constant 
1200 Wcak Spring Real Constant

Table 2.6. 14.2-2 Material Sets Defined in Canister Model

2.6 2•72

Material Component Material 
Property Set 

I Canister Shell and StrIcturl 304L Stainless Steel ASME SA240 
Lid 

2 Top and Bottom End Baskct 304 Stainless Steel ASME SA240 
Disk 

3 Shield Lid 304 Stainless Steel- ASME SA240 

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

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

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

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

Solar Insolance Applied 
Condition Ambient Temperature to Cask Surface 16 k-W Fuel Load 

1 100°F Yes Yes 
2 -40WF No Yes 
3 -40WF No No 

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

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

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

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

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

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

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

SOLID45, \shich 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 matenial is employed in the 

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

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

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

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

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

conditions described.  

Accordinc to the ASME Code, Section 1II. Subsection NB. the allowable stress criteria are based 

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

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

The stress values taken from the anal\yses are the nodal stresses at the surface. The sections used 

in this evaluation are sho,\n 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 sho\sn in Figure 2.6.14.3-1.
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For Conditions 1 or 2, the canister is hotter than the cask body and will undergo more thermal 

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

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

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

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

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

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

axial thermal growxth.
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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 Syz Sxz (ksi) (ksi) Safety 

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

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

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

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

0 0 -0.5 0.3 0 0 0 0.8 47.9 59.35 

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

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

8 90 1.1 1.6 0 0 0 0 1.6 47.9 218. 3 9 
9 162 0 -1.4 -0.4 -0.1 0 0.1 1.5 47.9 30.75 
10 90 0.3 1.5 -0.1 -0.2 0 0. 1 1.6 47.9 28.3 
11 81 -0.4 -1 0.2 -0.1 -0.1 -0.1 1.3 47.9 36.48 

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

13 81 -0.3 0.4 -0.6 0 -0.1 0 1 M38 32 57,32 
14 -9 -1.1 -8.9 0.6 0.7 0.7 8.6 47.9 4.54 

15 180) 0.3 -0).8 () 2 4.2 47.9 10.33 

16 180 -(0.2 0 0.2 -0.6 0 -1 - 47.9 16.45 

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

Q Stresses (ksi) 
Angle of Stress Allowable 

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

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

2 45 1.3 0.5 1.3 0 0 1 2.1 47.9 21.79 
3 9 0 -0.6 1.4 0 0 0.2 1.9 47.9 23.64 
4 0 0 -0.2 0.1 0 0 0 0.3 47.9 159.33 

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

6 0 0 -1 0.5 0 0.1 0 1.5 47.9 30.31 

7 0 0 -0.7 0.1 0 0 0 0.8 47.9 60.83 

8 90 1.2 1.8 0 0 0 0 1.8 47.9 25.66 

9 162 0.1 -1.4 -0.4 -0.1 0 0.1 1.5 47.9 30.23 

10 90 0.4 1.7 -0.1 -0.2 0 0.1 1.8 47.9 24.97 

1I 81 -0.5 -1.1 0.2 -0.1 -0.1 -0.2 1.4 47.9 32.93 
12 162 -0.2 0.7 0 -0.1 0.2 -0. 2 1 47.9 44.7 

13 81 -0.4 0.4 -0.7 0 -0.1 0) 1.1 38.32 Z3..8D4 

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

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

10O 180 -0.2 0 0.2 -0.6 0 -1.1 2.4 47.9 18.7 

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

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

for both the bottom and top end orientations of the BWR canister. The 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 , 

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 w. ithout the pressure load are analyzed.  

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

for PM and P,, + PI, are tabulated in Tables 2.6.14.4-2 through 2.6.14.4-7. Results from the end

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

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

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

tables are calculated as: 

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

2.6-279

Critical Minimum 

Condition Stress Section Table Margin of Safety 

Pressure (only) Pm 2 2.6.14.4-2 +4.04 
Pressure (only) Pm + Pb 3 2.6.14.4-3 + 1.28 
Top End-Drop Pm 3 2.6.14.4-4 +4.15 
Inertia 

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

Inertia 
Bottom End-Drop Pm 4 2.6.14.4-6 + 4.18 
+ Pressure 

Bottom End-Drop Pm + Pb 2 2.6.14.4-7 +6.13 
+ Pressure
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Table 2.6.14.4-2 BWR Canister Pm Stresses - Internal Pressure 

Pm Stresses (ksi) 
Angle of Stress Allowable 

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

1 0 -0.1 2 0.7 -0.4 0 0.1 2.2 16 6.12 
2 0 0.9 -1.4 -2.2 -0.4 0 -0.2 3.2 16 4.04 
3 0 0.6 -0.9 -2.6 -0.2 0 -0.2 3.2 16 3.94 
4 180 0 0.7 1.3 0 0 -0.1 1.3 16 10.95 
5 0 0 0.7 1.3 0 0 0.1 1.3 16 11.02 
6 0 0 0.7 1.3 0 0 0.1 1.3 16 11.02 
7 0 0 0.7 1.3 0 0 0.1 1.3 16 11.02 
8 0 0 0.7 0.7 0 0 0.1 0.7 16 22.62 
9 0 0 0.5 0.3 0.1 0 0 0.5 16 33.49 
10 0 -0.3 0.3 0.2 -0.1 0 0 0.6 16 25.64 
11 18 0.3 -0.1 0.2 0 0 -0.1 0.4 16 38.49 
12 0 -0.1 -0.4 0 -0.1 0 0 0.5 16 34.2 
13 180 0 0.3 0.2 0 0 0 0.3 _2.8_*__.___6_ 

14 90 0.3 0 0.3 -0.1 0.1 0 0.4 16 35.12 
15 180 0 0 0 0 0 0 0 16 1809.97 
106 90 0 0 0 0 0 0 0 16 378.21 

* Allowable stress includes a stress reduction factor for the weld: 0.8x allowable stress.
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Table 2.6.14.4-3 BWR Canister Pm + Pb Stresses - Internal Pressure 

Pro+ Pb Stresses (ksi) 

Angle of Stress Allowable 
Section Peak Stress Intensity Stress Margin of 

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

1 0 0.9 4.5 -0.5 -0.2 0 -0.1 5 24 3.77 
2 0 0.8 -9.5 -4.6 -0.7 0 -0.4 10.5 24 1.28 
3 0 0.7 -9.1 -5 -0.4 0 -0.4 9.8 24 1.44 
4 0 0 0.7 1.3 0 0 0.1 1.4 24 16.64 

5 0 0 0.7 1.3 0 0 0.1 1.4 24 16.74 

6 0 0 0.7 1.3 0 0 0.1 1.3 24 16.77 

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

8 0 0 0.7 0.7 0 0 0.1 0.7 24 31.43 

9 0 0.1 0.9 0.5 0.1 0 0 0.9 24 26.1 

10 180 -0.1 1.4 0.6 0 0 -0.1 1.5 24 14.52 
11 18 0.2 -0.9 -0.1 0.1 0 -0.1 1.1 24 20.14 

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

13 0 -0.4 0 0 0.1 0 0 0.4 19t;- 4.7, Q 
14 90 8.1 0.1 8.1 -0.1 0.1 0 8.1 24 1.97 

15 90 -0.6 0 -0.6 0 0 0 0.6 24 39.21 
16 90 0.3 0 0.3 0 0 0 0.3 24 73.72 

Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable.stress.'
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Table 2.6.14.4-4 BWR Canister Pm Stresses - 1-Foot Top End-Drop 

Pm Stresses (ksi) 
Angle of Stress Allowable 

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

1 0 0.1 -1.7 -0.6 0.3 0 -0.1 2 16 7.19 
2 0 -0.7 1.2 2.1 0.4 0 0.2 2.9 16 4.46 
3 0 -0.5 0.8 2.6 0.2 0 0.2 3.1 16 4.15 
4 171 0 -0.8 0 0 0 0 0.8 16 18.84 
5 36 0 -1 0 0 0 0 1 16 14.77 

6 144 0 -1.2 0 0 0 0 1.2 16 12.07 
7 171 0 -1.4 0 0 0 0 1.4 16 10.13 
8 180 (1 -1.3 0 0 0 0 1.4 16 10.52 
9 135 -0.1 -1 -0.1 0 0 0.1 1 16 14.79 
10 144 0.1 -1 -0.1 0 0 0.1 0.9 16 16.12 
11 135 0.1 -0.9 -0.1 0 0 0.1 0.9 16 16.62 

12* 144 0 -0.7 1 0 0 0.8 16 19..7 
13* 180 0 0.8 -0. I 0 0 Q.8 J_2,.8J _.,_5,_OQ 

14 90 0.2 0 -0.2 0.1 -0. 1 0 0.4 16 41.06 

15* 144 0 -0.3 0 0 0 0 0.4 16 
16* 0 0 -0.4 0 0 0 0 0.4 16 M.8k8 
Stresses at these locations are increased by 5.•.po.acco.u.nt.ftheheavierBW'Rfu.el 

basket/fuel assemblies.  
** Allowable stress includes a stress reduction factor for the weld: 0.8 1x'able str-ss
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Table 2.6.14.4-5 BWR Canister Pm + Pb Stresses - 1-Foot Top End-Drop 

Pm + Pb Stresses (ksi) 
Angle of Stress Allowable 

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

1 0 -0.7 -4 0.6 0.1 0 0.1 4.6 24 4.2 
2 0 -0.7 8.2 4.2 0.6 0 0.4 9 24 1.65 
3 0 -0.6 7.9 4.6 0.4 0 0.4 8.5 24 1.81 
4 180 0 -0.8 0 0 0 0 0.8 24 28.6 
5 153 0 -1 0 0 0 0 1 24 22.64 

6 162 0 -1.2 0 0 0 0 1.2 24 18.58 
7 180 0 -1.4 0 0 0 0 1.4 24 15.68 
8 180 0.1 -1.3 0 -0.1 0 0 1.4 24 15.81 
9 135 -0.1 -1.2 -0.1 0 0 0.1 1.1 24 20.03 
1() 180 0 -1.1 -0.2 0 0 0 1.1 24 20.69 
11 45 -0.1 -1 -0.1 0 0 -0.1 1 24 22.71 

12* 180 0.1 -0.7 -0.1 -0.1 0 0 0.8 24 28.62 
13* 180 0 -0.8 -0.1 0 0 0 0.8 ,2O 

14 90 -7.3 -0.1 -7.3 0.1 -0.1 0 7.2 24 2.32 
15* 81 0.1 -0.3 0(. 1 0 0 0 0.4 24 53.27 
16* 0 -0.4 0 0 0 (1 0.4 24 57.08 

Stresses at these locations are increased by,5% to account for the heavier B.VR fuel 

basket/fuel assemblies.  
** Allowable s'tress 1ncludes a stress re-d'ction"- factor-o_ for'thewel-d0. 8x alo6wabl stre-ss
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Table 2.6.14.4-6 BWR Canister Pm Stresses - 1 -Foot Bottom End-Drop, Internal Pressure 

Pm Stresses (ksi) 
Angle of Stress Allowable 

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

J,* 180 0 -0.7 -0.1 0.1 0 0 0.7 16 21.2 
2 180 0.2 -1.9 -0.3 0.1 0 0 2.2 16 6.41 

3 180O 0.1 -0.2 0.1 0 0 2.1 16 6.58 

4 180 0 -1.8 1.3 0 0 -0.1 3.1 16 4.18 

5 180 0 -1.6 1.3 0 0 -0.1 2.9 16 4.57 

6 0 0 11.3 .3 0 0 0.1 2.7 16 5.01 

7 180 0 -1.1 1.3 0 0 -0.1 2.5 16 5.52 

8 180 0 -0.7 0.7 0 0 -0.1 1.4 16 10.31 
9 72 -0.4 -0.5 -0.1 0 0.1 -0.1 0.4 16 36.29 

10 180 0.4 -0.3 -0.2 -0.1 0 0 0.7 16 21.41 
11 0 -0.5 0.1 -0.2 0 0 0 0.6 16 27.65 

12 0 0.1 0.5 -0.1 0.1 0 0 0.5 16 28.25 

13 180 0 -0.5 -0.3 0 0 0 0.4 

14* 0 0.1 -0.4 0.1 0 0 0 0.5 16 33.31 
15 180) 0 0 0 (0 0 0 0.1 16 271.79 

16 90 0(1 0 0 0) 0 0 0 16 423.44

**

Lreisel aLtij te l oauLins are increased -Dy,p-/o to account tor tneneayier .bWK fuel 
basketlfuel assemblies.  

Allowable stress Includes a stress reduction factor for th e 08we stre!l a
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Table 2.6.14.4-7 BWR Canister Pm + Pb Stresses - 1-Foot Bottom End-Drop, Internal 

Pressure 

Pm+ Pb Stresses (ksi) 
Angle of Stress Allowable 

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

1 180 0.1 -0.7 0 0.1 0 0 V.8 24 27.93 
2 180 0.1 -3.2 -0.7 0.1 0 0.1 3.4 24 6.13 
3 180 0.1 -3 -0.5 0.1 0 0 3.1 24 6.68 
4 0 0 -1.8 1.3 0 0 0.1 3.1 24 6.74 

5 0 0 -1.6 1.3 0 0 0.1 2.9 24 7.31 
6 0 0 -1.3 1.3 0 0 0.1 2.7 24 7.97 
7 0 0 -1.1 1.3 0 0 0.1 2.5 24 8.74 
8 45 0.3 -0.9 0.3 0 0 0.3 1.5 24 14.93 
9 72 -0.5 -1.1 -0.1 0 0.1 -0.1 1.1 24 21.24 
10 90 -0.7 -1.6 0.1 0 0 0 1.8 24 12.59 

11 0 -0.2 1.3 0.2 -0.1 0 0 1.5 24 14.87 
12 90 0.1 0.8 0.5 0 -0.2 0 0.8 24 29.83 
13 180 0.5 0 0 0.1 0 0 0.5 L92** 

14* 0 0.1 -0.4 0.1 0 0 0 0.5 24 47.50 
15 90 0.8 0 0.8 0 0 0 0.8 24 28.02 
16 90 -0.4 0 -0.4 0 0 0 0.4 24 59.45 

* Stresses at these locations are increasedby 5% to account for the heayier BWR.fuel 

basket/fue! assemblies.  
** Allowable stress Jincludes a stress reduction factor for the weld: 0.8 xallowable stress.
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2.6.14.5 Stress Evaluation of BWR Canister for Combined Thermal and 1 -Foot End-Drop 

Load Condition 

The stress evaluation of the BWR canister is performed by applying the thermal stress loads 

described in Section 2.6.14.3 in conjunction with the primary loads in Section 2.6.14.4 to 

produce a combined thermal stress plus end-impact loading. The evaluation is in accordance 

with the ASME Code, Section III, Subsection NB. The most critical sections are listed in Table 

2.6. 14.5-1. The stresses reported in this table correspond to the nodal stress at the surface. When 

3 Sm is used as the stress criteria, the minimum margin of safety is +2.27. Tables 2.6.14.5-2 

through 2.6.14.5-5 present the peak stresses for the hot and cold conditions for both the top and 

bottom end-drop cases for the loading conditions that result in the minimum margin of safety.  

The margins of safety are calculated as: 

MS = (allowable stress/SI) -1.
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Table 2.6.14.5-1 BWR Canister Critical 

Load Condition

Sections for the Combined 1-Foot End-Drop and Thermal

2.6-287

Critical Minimum 

Condition Stress Section Table Margin of Safety 

Top-End-Drop Pm+ Ph + Q 14 2.6.14.5-2 + 2.27 

+ Thermal (cold) 

Top-End-Drop Pm + Pt + Q 14 2.6.14.5-3 + 2.42 

+ Thermal (hot) 

Bottom-End-Drop Pm + Ph + Q 14 2.6.14.5-4 + 6.04 

+ Thermal (cold) 

Bottom-End-Drop Pm + Pb + Q 14 2.6.14.5-5 + 7.85 

+ Thermal (hot)
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Table 2.6.14.5-2 BWR Canister Pm + Ph + Q Stresses - 1-Foot Top End-Drop, Thermal Cold 

Pm+ Pb + Q Stresses (ksi) 
Angle of Stress Allowable 

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

1 162 -0.8 -5.1 1.6 0 0 -0.9 7.1 47.9 5.78 
2 171 -0.5 10 6.5 -0.5 -0.2 -1.1 10.7 47.9 3.5 
3 171 -0.3 9.2 6.6 -0.3 -0.2 -1.1 9.7 47.9 3.94 
4 0 0 -1.2 0 0 0 0 1.2 47.9 39.52 
50 0 -1.9 0.2 0 -0.1 0 2.1 47.9 21.85 
6 0 -2.6 0.4 0 0.1 0 3 47.9 14.95 
7 0 0 -2.7 -0.1 0 0 0 2.7 47.9 16.85 
8 9 -0.1 -3.3 0 0 0.1 0 3.3 47.9 13.41 
9 162 0.1 -3.1 -0.7 -0.1 -0.1 0.3 3.3 47.9 13.55 
10 0 -0. 2 05 01 0 0 1.9 47.9 23.64 
11 71 -3.2 0.8 0 0 0.1 3.2 47.9 13.85 

12* 0.3 -0.9 -0.1 02 0 0 1.4 47.9 33.,21 
13* 0 . 1 11 -02 1 0 0 1.3 332* 
14 -15.9 -1.3 -15.1 1 -0.8 0 14.7 47.9 2.27 

15* 90 0.1 0 0 1 0 0 0 0.4 47.9 112.07 
16* 0 0.1 -0.5 01 0 0 0 0.6 47.9 $,so

3tresses at these locations 
basket/fuel assemblies.

are increased by_% toq account for the heavier B)NRfuel

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

P.+ Ph + Q Stresses (ksi) 
Angle of Stress Allowable 

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

1 9 -1 -5.1 1.8 0 0 0.5 6.9 47.9 5.9 
2 171 -0.5 9.9 6.3 -0.5 -0.2 -1.1 10.7 47.9 3.49 
3 171 -0.4 9.2 6.4 -0.3 -0.1 -1.1 9.7 47.9 3.92 
4 0 0 -1.1 0 0 0 0 1.1 47.9 40.91 

0 0 -1.8 0.2 0 -0.1 0 1.9 47.9 23.6 
6 0 0 -2.4 0.3 0 0.1 0 2.8 47.9 16.39 
-0 0 -2.5 0 0 0 0 2.5 47.9 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 -0.1 -0.1 0.3 3.2 47.9 13.92 
10 162 -0.3 -2.1 -0.6 -0.2 -0.1 0.1 1.8 47.9 25 
11 171 0 -2.9 -0.7 0 0 0.1 3 47.9 15.12 

12* 0 0.3 -0.9 -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 2"* 30,.9
14 -15.1 -1.1 -14.4 0.1 -0.7 0 14 47.9 2.42 

15* 90 0.1 -).3 0.1 0 0.4 47.9 112- 8 
16* 0.1 -0.5 0.1 0 0 0 0.5 47.9 ý650 

• Stresses at these locations are increased by 5% to account for the heavierBMWR fuel 

basket/fuel assemblies.  
• * Allowable stress. includes a stress reduction fa1c.tor for the weld:0.8..x•allowable, stes.
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Table 2.6.14.5-4 BWR Canister Pm + Pb + Q Stresses - 1-Foot Bottom End-Drop, Thermal 
Cold 

Pm+ Pb + Q Stresses (ksi) 

Angle of Stress Allowable 

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

1, 162 0.3 -2.1 1.3 0.2 0 -0.4 3.8 47.9 11.61 

2 9 0 -3.5 1.1 -0.1 0.1 0.2 4.6 47.9 9.48 

3 9 0 -3.5 1 0 0.1 0.1 4.5 47.9 9-69 
4 0 0 -3.1 0 0 0 0 3.1 47.9 14.61 

0 0 -3.1 0.3 0 -0.1 0 3.4 47.9 13.21 
6 0 0 -3.2 0.5 0 0.1 0 3.7 47.9 12.02 

7 0 0 -2.6 0 0 0 0 2.7 47.9 17.02 
8 9 -0.1 -2.6 0 0 0.2 0 2.6 47.9 17.59 

9 162 -0.2 -3.3 -1.3 0.1 0.1 0.4 3.3 47.9 13.64 

10 0 0.4 -4 -1.5 0 0.1 -0.1 4.4 47.9 9.98 

11 0 -0.5 2.8 0.7 -0 1 0.1 0.1 3.3 47.9 13.37 
12 IS 1. 1.7 0.4 0.5 0.1 -0.1 1.6 47.9 28.13 

13 0 -121 -1 0.3 0 0 1.2 33X.!* 
14* 0 -10.8 -4.4 -10 0 0.2 0 6.7 47.9 615 

7 " 1 0 1.4 0 0 0 17 47.9 27.57 
1.727."5

16 S1 _07 0 -0.6 0 0 0 0.7 47.9 672.5 

* Stresses at these locations are increased by 5% to account for the heavier BWR f eJ 

basket/fuel assemblies.  
Allowable stress includes astress_reduction factor for the weld: 0.8 x allowable stre'ss
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Table 2.6.14.5-5 BWR Canister Pm + Pb + Q Stresses - 1-Foot Bottom End-Drop, Thermal 

Heat 

P.+ Pb + Q Stresses (ksi) 
Angle of Stress Allowable 

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

1-* 162 0.3 -2 1.2 0.2 0 -0.4 3.5 47.9 L1 i9, 
2 9 0 -3.5 0.9 -0.1 0.1 0.1 4.4 47.9 9.89 
3 9 0 -3.5 0.8 0 0.1 0.1 4.3 47.9 10.12 
4 0 0 -3 0 0 0 0 3 47.9 15.16 
5 0 0 -3 0.2 0 -0.1 0 3.2 47.9 13.91 
6 0 0 -3 0.4 0 0.1 0 3.5 47.9 12.89 
7 0 0 -2.5 0 0 0 0 2.5 47.9 17.93 
8 9 -0.1 -2.4 0 0 0.2 0 2.4 47.9 18.79 
9 162 -0.2 -3.2 -1.3 0.1 0.1 0.4 3.1 47.9 14.42 
10 162 0.1 -3.8 -1.4 -0.1 0.1 0.5 4.1 47.9 10.79 
11 9 -0.5 2.6 0.6 -0.1 0.1 0.2 3.2 47.9 14.15 
12 162 0.7 1.9 0.2 -0.4 0 0.1 1.8 47.9 25.33 
13 (1 -0.2 0.2 -0.1 0 -0.1 1.2 

14* 0 -9.7 -3.9 -9 0 0.2 0 6.1 47.9 087 
15 81 1.7 0 1.4 0 0 0 1.7 47.9 28.04 
16 72 -0.8 -0.1 -0.6 0 0 0 0.7 47.9 67.46 

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

basket/fuel assemblies.  
** Allowable Stress includes a stress reduction factor for the weld: 0.8 x allowable stress.
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2.6.14.6 Stress Evaluation of the BWR Canister for 1-Foot Side-Drop Load Condition 

ANSYS is used to determine the stresses in the BWR canister resulting from a 1-ft side-drop.  

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

detailed description of the PWR canister model is provided in Section 2.6.12.2.  

The load resulting from the contents is applied to the basket by means of pressure acting in the 

plane of the disks. The weight is assumed to act over the effective width of 6.428 in. (for 33 

support disks) in which each disk is 0.75 in. thick. This weight is distributed over the 33 support 

disks plus two end weldments. A deceleration factor of 20 g is applied to the weights to provide 

the loading for the basket assembly. In addition to the contents load, a 25 psig pressure is applied 

to the inner surface of the canister. The canister is analyzed for basket orientations of 0' and 45'.  

As discussed in Section 2.6.14.2. the actual design uses 40 support disks of 0.625 in. thickness.  

The impact of these differences are also discussed in Section 2.6.14.2.  

The methodology used to evaluate the stresses for the side-drop are identical to that used for the 

PWR side-drop (Section 2.6.12.6). Sections 9, 10. and 11 at the 0' circumferential position (see 

Figure 2.6.12.3-1) are not included in the evaluation. These regions are characterized as a 

hearing 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 I1 at all other 

angular locations are included in the evaluation. Also, Sections 12 and 13 at 0' are treated as 

local membrane stresses. According to the ASME Code, Section III, Subsection NB-3213.10, a 

stressed region may he considered local if the distance over which the membrane stress intensity 

exceeds 1. 1 Sm does not extend more than 1.0 times the square root of RT in the meridional 

direction. where R is the minimum midsurface radius of curvature and T is the minimum 

thickness in the region considered. For Section 13, the minimum thickness is that of the canister 

shell (0.625 in.) and the midsurface radius of the shell is 33.2175 in. The resulting distance is 

4.56 in. A section located 4.56 in. from Section 13 in the mendional direction results in a 

membrane stress intcnsitN of 6.44 ksi, which is below Sn. This section conservatively 

encompasses Section 12 since it is located 1.56 in. from this section. The stresses at adjacent 

circumferential sections (i.e., at 9") for Sections 12 and 13 are also included in the tables for 

comparison. The critical sections stresses are reported in Table 2.6.14.6-1 for the P,,, and Pm + Ph 

stresses.
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Results are calculated for 1-ft side-drop with internal pressure for both the 0' and 450 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

2.6-294

Critical Minimum 

Condition Stress Section Table Margin of Safety 

Side-Drop Pm 1 2.6.14.6-2 

Side-Drop Pm + Pb 12 2.6.14.6-3 + 0.02 

+ Pressure
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Table 2.6.14.6-2 BWR Canister Pm Stresses - 1-Foot Side-Drop 

Pm Stresses (ksi) 
Section Angle of Stress Allowable 

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

1 0 -13.3 0.1 -4.2 -0.3 -0.1 -2 13.8 16 0.16 
2 0 -8.5 -0.3 -4.6 -0.4 -0.3 -1.4 8.7 16 0.83 

0 6.1 -0.3 -3.6 -0.3 -0.3 -1.3 6.75 16 
4** 0 -2.3 -0.5 0.2 0 0 0.1 7.6 16 
5** 0 -2.3 .1 0.2 0 0 0.1 2,6 16 

6** 0 -2.4 0.3 0.2 0 -0.1 0.1 16 
7** 0 -2.4 0.3 0.1 0 -0.1 0.1 2.96 16 
8*0 -0.8 2.1 -1. 1 -0.2 0.5 -0.1 356 16 
9 9 -0.24 2.56 -1.99 0.05 1.35 -1.06 5.73 16 1.8 
10 9 1.45 1.67 -2.09 -0.3 0.99 -0.65 4.6 16 2.48 
11 9 4.17 1.8 -1.1 0.7 1.2 -1.7 6.75 16 1.37 

i22 4 -24.3 -5.4 -6.6 -4.5 1.2 -1 21.6 24 0.11 

1" 9 -0.42 -0.18 -3.42 0.15 0.55 -1.9 4.97 16 
13" 0-7.4 :-11.61 -3.40 -4.00 0.05 1.10 -2.23 2,96 J28*** M,29 
14 ( -0.8 0 0.3 0 0 0 1.1 16 13.12 
15 U -0.3 0 0.1 0 0 0 0.4 16 35.05 
1o -0.5 0 0.1 0 0 0 0.6 16 24.17

Treated as a 

PL+PB.

local membrane stress L. Allowable for normal condtionjs 1.5S=,=E24 k P

Stresses at these locaons are increased!by 5% q account for th~ehegyjer• WRfu e !_ bakifuel 
assemblies.  

* Allowable stress includes a stress reduction factor for the we~ld: ..0.8 . !5oýabý _stes 
I Stress evaluated over weld compression region.

2.6-295



SAR - UMSý" Universal Transport Cask 

Docket No. 71-9270
May 2000 

Revision UMST-00A

Table 2.6.14.6-3 BWR Canister Pm + Pb Stresses - 1-Foot Side-Drop, Internal Pressure 

Pm + Pb Stresses (ksi) 
Angle of Stress Allowable 

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

10 -17.1 -0.9 -5.3 0.2 -0.1 -2 16.5 24 0.46 
2 0 -8 0.8 -2.5 -0.6 -0.3 -1.7 9.4 24 1.55 
"0 -5.8 0.9 -1.5 -0.4 -0.3 -1.5 7.7 24 

4** 0 -2.4 1 3.3 0 0 0.4 6.1 24 2.93 
50 -2.4 1.6 3.6 0 -0.1 0.4 6.4 24 2.75 

6** -2.5 1.8 3.7 0 -0.1 0.4 6.6 24 2.64 
7** -2.5 1.7 3.7 0 -0.1 0.4 6.5 24 2.69 

8** -0.6 2.5 -2.4 -0.2 0.4 -0.2 5.2 24 3.61 
9 9 1.1 6.4 -0.3 -0.08 1.6 0.1 7.44 24 2.22 
10 0 -18.9 -2.1 4.5 -5.3 • J 2Q., 24 
11 9 4.3 0.9 -1.4 0.8 1.3 2.7 8.4 24 1.86 

122 0 28.6 -6.6 -8.2 -4.3 1.6 -0.7 24.5 2 5 0.02 
13f 0-7.8 -16.57 -6.23 -6.42 ,:0..09 to-8 Nt2 ! _0.**M _ ,_ 

14 0).7 0 0.3 0 0 0 1.1 24 21.32 
90 0 -0.1 0 0 0 0.7 24 34.37 

10 9 -0.6 0 0.1 0 0 0 0.7 24 34.67 

The peak temperature as calculated in Section 3.4 is 265°F in the region of Sections 12 and 13.  
The allou able stress is 1.5 (16.7 ksi) = 25.05 ksi based on this temperature.  

* S tress evaluated over.weld cogmpressio regio.n.  
** Stresses at these locations are increased by 5%.to ac•ountQforthe NhBey e•e i.  

assemblies.  
*** Allowable stress includes a stress reduction factor for the wed: 0 le.?'
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2.6.14.7 Stress Evaluation of BWR Canister for Combined Thermal and 1-Foot Side-Drop 

Load Conditions 

The BWR canister is evaluated by applying the thermal stress loads described in Section 2.6.14.3 

in conjunction with the primary loads in Section 2.6.14.6 to produce a combined thermal stress 

plus 1-ft side-drop loading. The stress evaluation is performed according to the ASME Code, 

Section III, Subsection NB. The most critical sections are listed in Table 2.6.14.7-1. The 

stresses reported in this table correspond to the nodal stress at the surface. Results from the side

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

are presented in Tables 2.6.14.7-2 and 2.6.14.7-3. The minimum margin of safety is +0.42 at 

Section 9 (see Figure 2.6.14.3-1) when 3 Sm is used as the stress criterion. The margins of safety 

are calculated as: 

MS = (allolAable stress/SI) - 1.

2.6-297



SAR - UMS9 Universal Transport Cask 

Docket No. 71-9270
May 2000 

Revision UMST-00A

Table 2.6.14.7-1 BWR Canister Critical Sections for the Combined 1-Foot Side-Drop and 
Thermal Load Condition

2.6-298

Critical Minimum Margin 
Condition Stress Section Table of Safety 
Side-Drop + P+Q 9 2.6.14.7-2 + 0.42 
Thermal (cold) 

Side-Drop + P + Q 9 2.6.14.7-3 + 0.60 
[hermal (hot)
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Table 2.6.14.7-2 BWR Canister Pm + Pb + Q - 1-Foot Side-Drop, Thermal Cold 

Pm + Pb + Q Stresses (ksi) 

Angle of Stress Allowable 
Section Peak Stress Intensity Stress Margin of 

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

1 0 -16.4 -1.3 -3 0.3 0 -1.7 15.4 47.9 2.12 

2 0 -6.4 1.5 -0.4 0 -0.2 -1.6 8.3 47.9 4.77 
-0 4.6 1.6 0.2 -0.1 -0.1 -1.3 6.8 47.9 6.04 

0 -2.4 0.8 2.1 0 -0.1 0.3 4.7 47.9 9.19 
5** 0 -2.1 -0.4 2.4 0 -0.3 0.4 4.8 47.9 8.98 

6** 0 -1.9 -1.4 2.1 0 0.2 0.4 4.4 47.9 9.89 
7** 0 -2.3 0.3 2.2 0 -0.1 0.3 4.8 47.9 

8** 0 -0.3 2.2 -1.7 -0.2 0.6 -0.1 4.3 47.9 10.1 
9 0 -26.6 6.7 -9 -2.1 1.7 0.1 33.7 47.9 0.42 
10 0 -18.8 -2.8 -5 -4.5 0.9 -1.1 18.8 47.9 1.54 
11 0 -26.3 3 -8.8 -0.3 1.8 -0.1 29.6 47.9 0.62 
12 0 -26.3 -4.9 -7.9 -3.7 1.7 -0.7 23.4 47.9 1.05 

13 0 -32.4 -9.9 -10.6 -1.2 1.9 -1.4 24.4 3.32 * 057 
14 -11.2 -3.3 -9.4 0 0 0 7.9 47.9 5.07 

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

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

**

Allowable stress includes a stress reduction factor for the weld: 0.8,xkallq abletS gS.  
Stresses at these locati ons are ncreased` by5% to8 accou*t torht-'heTh-eheirWfB 
basket/fuel assemblies.
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Table 2.6.14.7-3 BWR Canister Pm + Pb + Q Stresses - 1-Foot Side-Drop, Therrnal Heat 

Pm + Pb + Q Stresses (ksi) 

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

1 0 -14.5 -0.3 -3 0.2 0 -1.5 14.3 47.9 2.35 
2 0 -6 0.9 -0.6 -0.3 -0.1 -1.4 7.3 47.9 5.59 

0 -4.3 1 0 -0.3 -0.1 -1.2 5.9 47.9 7.12 
0 -2.3 0.2 1.5 0 0 0.3 4.1 47.9 10.68 

50 -2.1 -0.5 2.1 0 -0.2 0.4 4.4 47.9 9.89 

6*0 -2 -1.3 1.7 0 0.2 0.4 4.0 47.9 
7** -2.2 0.3 1.9 0 -0.1 0.3 4.3 47.9 10.14 

8**0 -0.3 2.2 -1.4 -0.1 0.5 -0.1 4.0 47.9 10.98 
9 0 -23.4 6.3 -8.3 -1.9 1.5 0.3 30 47.9 0.6 
10 0 -16.6 -2.2 -4.9 -3.9 0.8 -0.8 16.6 47.9 1.88 
11 ( _ 22.8 2.8 -7.9 -0.2 1.5 0 25.9 47.9 0.85 

-13.4 -4.2 -7.4 -3.2 1.5 -0.4 20.7 47.9 1.31 
13 0 28.2 -8.6 -9.7 -1 1.6 -1.1 21 8_. ! 0.82 
14 0 -9.7 -2.5 -8 0.1 -0.2 0 7.2 47.9 5.63 
15 27 -0.6 0 -0.3 0 0 0 0.6 47.9 75.57 
16 0 -0.6 0 0.1 0 0 0 0.7 47.9 65.48

**

Allowable stress includes a.stress reduction factor forutheweldd: 0.8 X aI1o able stress: 
Stresses at these locations are increased byv 5% to account or -theLbav BW u 
basket/fuel assemblies.
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2.6.14.8 Stress Evaluation of BWR Canister for 1-Foot Corner-Drop Load Condition 

ANSYS is used to perform a structural analysis to evaluate the effect of a 1-ft end-drop impact 

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

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 corner-drop result from the 

deceleration of the BWR canister and its contents and the 25-psig pressure load internal to the 

canister. The applied deceleration is 20 g for both orientations. The inertial load of the canister is 

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

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

the basket by means of pressure acting in the plane of the disks. Displacement constraints are 

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

the top or bottom of the transport cask.  

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

for Pm and P,:,, + Ph 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 mareins of safety in these tables are calculated as: 

%IS = (allowable stress/SI) - 1.
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Table 2.6.14.8-1 BWR Canister 

Condition

Critical Sections for the 1-Foot Corner-Drop Load

2.6-302

Critical Minimum Margin 
Condition Stress Section Table of Safety 

Top Comer- Pm 9 2.6.14.8-2 + 0.18 

Drop + Pressure 

Top Comer- Pm + Pb 9 2.6.14.8-3 +0.52 

Drop Inertia 

Bottom Comer- Pm 11 2.6.14.8-4 1Q042 

Drop + Pressure 

Bottom Comer- Pm + Pb 11 2.6.14.8-5 +0.41 

Drop +Inertia
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Table 2.6.14.8-2 BWR Canister Pm Stresses - 1-Foot Top Corner-Drop, Internal Pressure 

Pm Stresses (ksi) 
Angle of Stress Allowable 

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

1 0 4.5 0.1 -1.2 0.3 -0.1 -0.6 4.8 16 2.32 
2 0 -0.9 0.4 -0.9 0 -0.2 -0.3 1.7 16 8.54 

30 -0.6 0.4 -0.7 0 -0.2 -0.2 1.4 16 
0 -0.9 -0.3 1.4 0 0 0.2 2.4 16 

0 -0.9 -0.3 1.4 0 0 0.2 2.4 16 
0 0.9 -0.5 1.4 0 0 0.2 2.4 16 

7**0 -0.9 -0.9 1.4 0 -0.1 0.2 2.4 16 

8** 54 0.5 -1.1 0.2 -0.3 -0.2 0.3 2.0 16 
9 0 -14.8 -1.8 -4 -1.6 0.5 -0.4 13.6 16 0.18 
10 0 -10.2 -4 -3 -1.7 0.2 -0.7 8 16 1 
11 0 -13.9 -6.1 -4.9 -0.6 0.4 -0.4 9.2 16 0.74 

12** -12.9 -5.7 -2.9 -2.7 0.2 -1 11.7 16 0.37 
13** 0 -12.2 -7.3 -3.7 -0.7 0.2 -1 9.3 P.3$ 

14 0 -0.2 0 0.2 0 0 0 0.4 16 44.29 
15* 0 -0.1 -0.3 0 0 0 0 0.4 16 38.74 
16** 0 -0.2 -0.4 0.1 t 0 0 0.5 16 32.99

* 

**

Allowable stress includes a stress reduction factor for the weld: 0.8 xallwable stress_; 
Stresses at these o1cations a're incre-s-aed.b7"5'io.'aedcb7'ufnt-ifor- ifite heavier]-B IRfu"el 
basket/fuel assemblies.
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Table 2.6.14.8-3 BWR Canister Pm + Pt Stresses - 1-Foot Top Comer Drop 

Pm + Pb Stresses (ksi) 

Angle of Stress Allowable 
Section Peak Stress Intensity Stress Margin of 

Location Location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) Safety 
1 0 -9.2 -4.4 -2.2 -1.9 -0.1 -0.6 7.8 24 2.06 

2 0 -8.9 4.9 -1.1 0.9 0.8 0.2 14 24 0.72 

0 -6.9 3.6 -0.6 0.5 0.7 -0.2 11.1 24 1.16 
0 -0.9 -0.7 0.5 0 0 0.1 1.5 24 Ila 

5** 0 -0.9 -0.7 0.7 0 0 0.1 1.7 24 

0 -0.9 -0.9 0.7 0 0 0.1 1.8 24 

7* 0 -0.9 -1.3 0.8 0 -0.1 0.1 2.2 24 

8** 54 0.1 -1.4 0.1 -0.3 -0.3 0 1.8 24 12.27 
9 -15.3 0.2 -4.7 -1.2 0.5 -0.2 15.8 24 0.52 

10 -10.8 -5.2 -2.6 -3.1 0.1 -1 9.9 24 1.42 

11 0 -15.5 -8.1 -5 -1.1 0.5 -0.7 10.8 24 1.23 

12** -13.9 -5.5 -3•3 -2. 0.4 -0.8 12.1 24 0.98 

13** 0 -14.2 -9.3 -4.8 -1.2 0.4 -0.9 10.4 19,2! "." 
14 90 -6.9 -0.1 -6.4 0.1 -0.1 0 6.8 24 2.52 

15** 90 -0.3 0. t 0 0 0 0.5 24 51.78 
16** -0.2 -0.3 0.1 0 0 0 0.5 24 51.61 

* Allowable stress includes a stress reduction factor fori,the.eWd: 0.8 oallgW@ablets4s 

** Stresses at these locations are increased, by 5%to accountfor the heavier BWR..• 'fu61 
basket/fuel assemblies.
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Table 2.6.14.8-4 BWR Canister Pm Stresses - 1-Foot Bottom Corner-Drop, Internal 

Pressure 

Pm Stresses (ksi) 
Angle of Stress Allowable 

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

'It 0 5.5 1 -4 8 4.-5 0. 1 0 •. 4.7 16 
2 36 0 ,.2.4 -0.3 -0.1 0. 1 ý.5 2._8 16 

36 0 -2.4 1-0.3 0 0.1 164 16,• 1 
__*_, 0 -0.9 :2_ 13 0 0 z.2 16 

0 0.9 ;16 1A4 0 0 p2 . 16 
6** 180 0 4!.6 1.2 0 0 9O1 2.9 16 
7** 180 0 71.3 1.2 0 0 -.1 2.7 16 

8"* 63 0.5 -0.7 0.2 -0.2 -0.1 Q.3 16 
9 0 -13.4 .4 -3.7 -1, 3 0.8 -0.3 •4,2 16 Q2 

10 0 -7.3 -0.4 -2.1 -1.2 0.6 -0.6 7.. 16 
11 0 -14.6 -0.9 4._3 -0.2 1 -0.3 14 16 O.15 
12 0 -10.7 -2.5 -2.4 -j.9 0.6 -0.8 .7, 16 
13 0 -10.2 -2.7 :2.6 P 0.7 _. 1,4 .2.* 

14** 0 -0.3 -0.4 0.2 0 0 0 P0. 16 Z__.4 
15 0 -0.1 0 0. 1 0 0 0 0.1 16 L1.46 
16 90 -0.2 0 0 0 0 0 03 16

*, Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable gtresq 
Stresses at these locations areincreased by5%to.account for the heavierBWR fuel 
basket/fuel assemblies.
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Table 2.6.14.8-5 BWR Canister Pm + Pb Stresses - 1-Foot Bottom Corner-Drop 

Pm + Pb Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Stress Intensity Stress Margin of 
Location Location Sx Sv Sz Sxy SVz Sxz (ksi) (ksi) Safety 

0 -6.3 -0.8 -2 0. 0 -0.8 6.0 24 

27 -0.2 -4.2 -1.2) -0.1 -0.1 -0.6 4.3 24 4.57 

27 -0.2 -4 -1.1 -0.1 -0.1 -0.5 24 
4** 0 -0.9 -2.4 0.8 0 0 0.1 3.5 24 5.86 

S0 -0.9 -2 0.8 0 0 0.1 24 
0 -0.9 -1.7 0.9 0 0 0.1 24 
_.c.7"* 0 -0.9 -1.4 0.9 0 -0.1 0.1 24 

8** 18 0.3 -1.1 -0.6 0.3 0.5 -0.2 L2 24 nt&3 
9 0 -13.5 2.5 -4.4 -1 0.8 -0.1 16.2 24 0.48 

10 0 -6.9 -0.7 -1.3 -•) 0.5 -0.8 7.8 24 2.07 

11 0 -14.2 2.6 -4 -0.1 0.9 0 17 24 0.41 

12 0 -12.9 -3.3 -3.5 -1.6 0.7 -0.6 10.8 24 1.22 

13 0 -16.1 -6.1 -5.3 -0.2 1 -0.8 11.6 i,2W 

14** 0 -0.3 -0.3 0.1 0 0 0 0.5 24 

15 45 1.3 0 1.5 0 0 0 1.5 24 15.49 

16 9 -0.9 0 -0.7 0 0 0 0.9 24 26.14

* 

**

Allowable stress includes a stress reduction factor for the weld: 0.8 x aljoabjsb ess 
Stresses at these lc•ations 'ar'ejn-creasec.•by, 5%o..%[ cot0 in'Nfor the iheavieLj \ qfu 
basket/fuel assemblies.
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2.6.14.9 Stress Evaluation of BWR Canister for Combined Thermal and 1-Foot Comer
Drop Load Conditions 

The thermal stress loads described in Section 2.6.14.3 are applied in conjunction with the 
primary loads in Section 2.6.14.8 to produce a combined thermal stress plus comer impact 
loading. The stress evaluation is performed according to the ASME Code, Section IIl, 
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 Sm 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 

safct' are calculated as: 

MS = (allowable stress/SI) -1.
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Table 2.6.14.9-1 BWR Canister Critical Sections for the Combined 1-Foot Corner-Drop 

and Thermal Load Condition

2.6-308

Critical Minimum 
Condition Stress Section Table No. Margin of 

Safety 

Top Comer-Drop + Pm+Ph+Q 2 2.6.14.9-2 +2.02 

Thermal (cold) 

Top Comer-Drop + Pm+ P, + Q 2 2.6.14.9-3 +2.05 

Thermal (hot) 

Bottom Corner-Drop + Pm + Pb + Q 9 2.6.14.9-4 " U , 

Pressure + Thermal 

(cold), 45' Basket 

Bottom Comer-Drop + Pm + Ph + Q 11 2.6.14.9-5 +1.62 

Thermal (hot)
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Table 2.6.14.9-2 BWR Canister Pm + Pb + Q Stresses 

Cold

1-Foot Top Comer-Drop, Thermal

Pm + Pb + Q Stresses (ksi) 
Angle of Stress Allowable 

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

1 0 -14.1 -4.7 -2 -2.5 0 -1.1 12.8 47.9 2.73 
2 0 -14.3 1.3 -2.4 -0.1 1 -0.5 15.9 47.9 2.02 

3** 0 -10.7 0.6 -1.4 -0.3 0.8 -0.7 12.4 47.9 2.86 
4_** 0 -0.9 -0.7 1.1 0 -0.1 0.1 2.1 47.9 21.81 

5** 0 -0.8 -1.4 2.8 0 -0.2 0.4 4.4 47.9 9.89 

6** 0 -0.6 -_.3 2.2 0 0.3 0.1 4.8 47.9 8.98 
7** 180 0 -2.9 0 0 0 0 3.1 47.9 14.45 

8** 171 -0.1 -3.6 -0.2 0 0.2 0 3.7 47.9 11.95 
9 0 -12.6 0.1 -3.8 -1.1 0.5 -0.2 13 47.9 2.68 
10 0 -10 -4.8 -2.4 -2.6 0.1 -1 9 47.9 4.35 
11 0 -12 -7 -4 -1 0.4 -0.6 8.3 47.9 4.77 

12** 0 -11.7 -4.2 -2.7 -2 0.4 -0.7 10.3 47.9 3.65 
13** 0 -12 -7 -4 -1 0.4 -0.6 8.7 8.3_2* .4Q 

14 0 -15.6 -1.2 -14.1 0.1 -0.8 0 14.4 47.9 2.34 
15"* 72 -0.1 -0.3 0. 1 0 0 0 0.4 47.9 110.66 
16** 0 -0.1 04 0. 1 0 0 0 0.6 47.9 80.29 

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

b*-Stresses at these locations arei increased by 5%.to~account for e ierN f% 
baskjtlfue'l assemblies.
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Table 2.6.14.9-3 BWR Canister Pm + Pb + Q - 1-Foot Top Comer-Drop, Thermal Heat

Pm + Pb + Q Stresses (ksi) 

Angle of Stress Allowable 
Section Peak Stress Intensity Stress Margin of 

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

1 0 -13.7 -4.6 -2. 1 -2.4 0 -1.1 J2,4 47.9 •,8_8 

2 0 -13.9 1.6 -2.3 -0.2 0.9 -0.6 15.7 47.9 2.05 
0 -10.4 0.9 -1.3 -0.4 0.7 -0.7 12.2 47.9 2.93 

0 -0.8 -0.8 0.8 0 0 0.1 1.8 47.9 25.61 

0 -0.9 -1.5 2 0 -0.2 0.1 3.6 47.9 12.31 

** -0.7 -2.1 1.8 0 0.2 0.2 4.2 47.9 10.40 
7* 180 0 -3 0 0 0 0 47.9 13.97 

8** 171 -0.1 -3.6 -0.2 0 0.2 0 47.9 11.95 
9 0 12.1 0.4 -3.5 -1 0.5 -0.2 12.7 47.9 2.78 
10 0 -9.5 -4.5 -2.2 -_15 0.1 -0.9 8.6 47.9 4.59 

11 0 -11.4 -6.5 -3.7 -0.9 0.4 -0.6 8 47.9 5.03 

12** -11.1 -3.9 -2.6 -1.9 0.4 -0.7 9.9 47.9 L84 

13** -11.4 -6.5 -3.7 -0.9 0.4 -0.6 ,._4_____ 
14 0 -14.8 -1.1 -13.5 0.1 -0.7 0 14.4 47.9 ..5.  

15** 90 ( -0.3 0. 1 0 0 0.4 47.9.90 

16** 1 0.1 -0.4 0.1 0 0 0 0.5 47.9 18•i
* 

**

Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable sitr§ 
Stresses at these locations,, a jncremased, by 5% toWaccount for the jea.e 
basket/fuel assemblies.
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Table 2.6.14.9-4 BWR Canister Pm + Pb + Q Stresses 

Internal Pressure, Thermal Cold

1 Foot Bottom Comer-Drop,

Pm + Pb + Q Stresses (ksi) 
Angle of Stress Allowable 

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

0 _1 0.1 1.7 0.2 0 -0.2 4.0 47.9 LUS 
2 162 0.1 4.5 0.8 0 0 -0.3 5.4 47.9 7.93 

162 0.1 -4.4 0.8 0 0 -0.3 5.6 47.9 7.55 

4** 180 0 -3.7 1.3 0 0 -0.1 5.3 47.9 8.04 
.5** -0.6 -1.4 3.9 0 -0.3 0.2 5.6 47.9 

6** 0 -0.7 -2.4 3.4 0 0.2 0.1 6.2 47.9 
7** -1 -0.6 3.5 0 -0.1 0.3 4.7 47.9 

0 -0.6 0.6 2 -0.1 0.6 0.3 47.9 

9 0 -15.6 2.7 -4.9 -1.2 1.1 -0.2 18.7 47.9 1.57 
10 0 -10.4 -1.7 -2.1 -2.5 0.6 -1.1 10.6 47.9 3.54 
11 0 -15.5 1.4 -5.1 -0.2 1 -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 ,8.,12" _U.  

14** 0 -10.9 4.4 -9.9 0 0.2 0 6.8 47.9 6.04 
15 90 0.9 0 0.9 0 0 0 1 47.9 49.23 
16 18 -0.6 0 -0.3 0 0 0 0.6 47.9 78.82 

• Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable stress] 
"Stresses at these locations "are' incresesd by 5%_to_account for h.eJyhe.e W.fj.  

basket/fuel assemblies.
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Table 2.6.14.9-5 BWR Canister Pm + Pb + Q Stresses 

Thermal Heat

1-Foot Bottom Comer-Drop,

Pm + Pb + Q Stresses (ksi) 

Angle of Stress Allowable 

Section Peak Intensity Stress Margin of 

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

Location 

162 0.4 -2.7 1.2 0.2 0.1 -0.3 4.2 47.9 10.40 

2 162 0 -4.3 0.6 0 0 -0.3 5 47.9 8.57 

162 0 -4.3 0.6 0 0 -0.3 5.3 47.9 'Q4 
4* 180 0 -4.4 0 0 0 0 4.6 47.9 9.41 

5"* 180 0 -4 0 0 0 0 4.2 47.9 10.40 

6** 0 -0.7 -2.9 1.8 0 0.2 0.2 1_0 47.9 t5• 
7**0 -0.9 -1.4 1.5 0 0 0.2 3.2 47.9 13.97 

8** 171 -0.1 -2.4 -0.1 0 0.2 0 2.5 47.9 18.16 

9 0 -15.4 2.3 -5.2 -1.2 1 -0.3 18 47.9 1.66 

1 () -9.6 -1.4 -. 1 -2.3 0.5 -1 9.9 47.9 3.85 

11 -16.6 1.6 -5.4 -0.2 1.1 0.1 18.3 47.9 1.62 

12 0 -14.6 -3 -4 -1.8 1 -0.8 12.8 47.9 2.75 

13 -6.4 -6.6 -0.7 1.2) -1 15.1 p8.32* L. L__.4 

14** -9.8 -3.9 -8.9 0 0.2 0 6.2 47.9 60 
15 81 1.4 0 1.6 0 0 0 1.6 47.9 29.36 

16 45 -1 -. 1 -0.6 0 0 0 0.9 47.9 52.33 

*Allowable stress includes a stress reduction factor for the weld: 0.8 x allowable stress.  
** Stresses at these locations are inc'ased by 5%l to account for the heavirBR jiel 

basket/fuel assemblies.
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2.6.14.10 Shear Stresses for 1-Foot Drops 

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

end-drop in the canister structural and shield lid welds. The maximum stress intensity for either 
sections 12 or 13 during any bottom end-drop is 1.8 ksi for the bottom end-drop with thermal 
heat (Table 2.6.14.5-5). The maximum shear is 1.8/2 = 0.9 ksi. The allowable shear is 0.6Sm per 
the ASME Code, Section HIL 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 = 0.6x 16.0/0.9 -1 = 9.66 

2.6.14.11 Canister Bearing Stresses for 1-Foot Side-Drop 

The bearing stress evaluation presented in section 2.6.12.11 conservatively encompasses 

bounding values for both the BWR and PWR canisters.  

"2.6.14.12 Canister BucklinR Evaluation for 1-Foot End-Drop 

Code Case N-284-1 of the ASME Boiler and Pressure Vessel Code is used to analyze the BWR 
canister for the normal condition 1-ft end-drop (both top and bottom end-drops). The evaluation 

requirements of Regulatory Guide 7.6, Paragraph C.5, are shown to be satisfied by the results of 
the buckling interaction equation calculations of Code Case N-284-1.  

The canister huckling design criteria are described in Section 2.1.2.5.3.  

A 20 g deceleration load was used for all the 1-ft drop canister analyses that are presented in 
Sections 2.6.14.4 through 2.6.14.9. The 20 g-load bounds all I-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 includino 

those presented in Tables 2.6.14.4-4 and 2.6.14.4-6.  

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

2.6.14.12- 1.  

The maximum stress components used in the evaluation and the buckling interaction equation 

ratios for the BWR canister top- and bottom-end drop cases are provided in Table 2.6.14.12-2.  

The results of the buckling evaluation show that all interaction equation ratios are less than 1.0.  

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

buckling of the BWR canister does not occur.
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Table 2.6.14.12-1 Geometry Parameters for the BWR Canister

Parameter Value 

t = thickness (in) 0.625 

ID = inside diameter (in) 65.81 

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

R/t 53.15 

(Rt)0 5 4.56 

Overall Length (in) 190.55 

Bottom Thickness (in) 1.75 

Structural Lid Thickness (in) 3.0 

Lo= Length used in evaluation (in)* 185.8 

LQ = 27TR = circumference (in) 218.7 

v = Poisson's Ratio 0.275 

SLo =Overall canister length - Bottom thickness - Structural lid thickness.
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Tahle 2.6.14.12-2 Buckling Evaluation Results for the BWR Canister for 1-Foot End-Drop

ILongitudinal Circunmferential In-plane Elastic Buckling Plastic Buckling 

Load (Axial) Stress* (hloop) Stress* Shear Stress Interaction Equations Interaction Equations 

Case l~oad Condition S" (psi) S( (psi) So (psi) Qi Q2 Q3 Q4 Q5 Q6 Q7 Q8 

A 1-Ft Top Lnd-I)rop 2100 200 400 0.0 .068 .043 0.0 .067 .043 .068 .043 

B I -Ft Bottom End-l)rop 3100 5W0 1 300 .040 .099 .108 .040 .099 .108 .099 .108 

C'omponcnrt stresses include thermal stresses.  
* Compressi,,e stresses.
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2.6.15 BWR Basket Analysis-Normal Conditions of Transport 

The Universal Transport Cask BWR basket is similar in design to the PWR basket. It is a 
right-cylinder structure fabricated with 56 square fuel tubes, a number of circular support disks, a 

number of heat transfer disks, six tie rods with split spacers, and two end weldment plates. The 

number of support disks and heat transfer disks varies depending upon the class of BWR fuel the 

basket is designed to contain. The basket components and their geometry are illustrated in Figure 
2.6.15-1 and Figure 2.6.15-2. Figure 2.6.15-3 shows the details of the fuel tube with the encasing 

BORAL on two sides. The fuel tubes are open at each endW therefore, longitudinal fuel assembly 

loads are imparted to the canister shield lid or bottom plate, and not the fuel basket structure.  

The fuel basket contains the fuel and is laterally supported by the canister shell.  

In the BWR basket, the fuel assemblies, together with the tubes, are laterally supported in the 

holes in the carbon steel support disks. The aluminum heat transfer disks located at the mid 

section of the cavity are used to fully optimize the passive heat rejection from the package and 

are self-supporting. The dimensional differences between the heat transfer disk and the support 

disk accommodate the different rate of thermal growth between aluminum and stainless steel, 

thereby preventing interference between the tube, support disk, and heat transfer disks.  

The primary function of the spacers and the threaded top nut is the same as those in the PWR 

basket described in Section 2.6.13. As described in that section, the only component that 

requires a detailed finite element analysis is the support disk. The stainless steel fuel tubes are 

not considered to be structural components with respect to the disks other than consideration of 

their mass contribution to loading.  

The basket support disk is designed to restrain 56 fuel assemblies, which would nominally fit 
into a 6.278 inch square slot. Since a populace of BWR fuel assemblies are not expected to fit 

into the 6.278 inch square, four oversized fuel assemblies slots are specified as 6.478 inch 

squares. This kkill reduce the thickness of the ligament at the outer most comer. However, the 

size of the web (.65 inch) is not changed. Therefore, the oxersized slots will not affect the 

buckling calculations, since they pertain to the in-plane and out of plane buckling of the webs. In 

an inspection of the maximum stresses of the BWR basket, the ligament that contains the 
reduction due to the oversized slots, does not appear in the maximum stress summaries. The 

smallest ligament at the comer is still significantly' controlled bv 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 comer-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

Weldment

Fuel Tube

Heat Transfer Disk

Support Disk
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Figure 2.6.15-2 Support Disk Cross Section Configuration

7, 27 7,

Note:

Eninccnring dravý ings provide appropriate tolerances for dimensions shown.
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Figure 2.6.15-3 BWR Fuel Tube Configuration
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2.6.15.1 Analysis Description 

The criticality and structural design criteria for the BWR basket are similar to those for the PWR 

basket discussed in Section 2.6.13.1. Consistent with the structural design criteria, the main 

structural component in the fuel basket--the stainless steel support disk--is shown to have (in 
any' disk for any normal-condition load and position orientation) a maximum pnimary membrane 

stress intensity and primary membrane plus bending stress intensity that are less than the design 

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

for the component being analyzed.  

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

disks, from which they are transmitted to the canister shell. In the vertical orientation, the fuel 

basket components are loaded by their own inertial weight and do not experience load from the 
guided but freestanding fuel assemblies. Various radial impact orientations of the support disk 

are evaluated. In addition to the load from inertial weight, the differential thermal expansion of 

the support disk is also evaluated.  

2.6.15.2 Finite Element Model Description - BWR Basket 

As is the case for the analysis of the PWR basket, two finite element models are generated to 
analvze the BWR fuel basket for the normal operating conditions: one for the end-drop, in which 

the loads are perpendicular to the plane of the disk, and one for the side-drop. in which the loads 

act in the plane of the disk. Both models accommodate thermal expansion effects by using the 

temperature distribution from the thermal analysis and the coefficient of thermal expansion.  

A complete basket support disk is modeled for the side impact evaluation because planes of 
symmetry are not present ,when the impact can be at an arbitrary angle. The basket model for the 

side-drop is show\n in Figure 2.6.15.2-1. Although the end-drop orientation exhibits a quarter 

svmmetr\. the model conversion is simplified b\ using the same nodal pattern as that for the 

side-drop model.  

The finite element model for the side-drop evaluation of the BWR basket is similar to that used 
for the evaluation of the PWR basket. A detailed description of the model for the side-drop of 

the PWR basket is provided in Section 2.6.13.2. Figure 2.6.15.2-2 shows the ligaments and the
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interface with the BWR canister shell and the cask inner shell. The loads from the fuel assembly 

are modeled as a pressure loading at the inner surface of each support disk slot opening. The 
surface pressure loads applied to the support disk slot opening to represent fuel assemblies are 

determined by performing a comparison analysis of all relevant BWR assemblies. A comparison 

is performed to determine the highest load per disk. The load is then divided by the fuel tube's 

width and the disk thickness to result in a worst case scenario pressure loading. The pressure 

loading applied to each slot opening is calculated as follows.

Load per disk = (Max. fuel assembly weight + max. fuel tube 

Max. fuel assembly weight = 821.3 lbs (very conservative 

assembly weight of 696

weight) / No. of loaded 

disk 

based on actual max fuel 

lbs [GE BWR/2-3 & 4-6])

Max. fuel tube weight = 83 

Number of loaded disks= 37 

Load per disk = (821.3 lbs + 83 lbs)/37 disks = 24.4 lbs/disk 

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

The loading is multiplied by a q load factor based on the drop condition being analyzed: 

1. Normal condition - 20 g 

2. Accident condition - 60 g 

The PLANE42 element used in the model corresponds to plane stress and the thickness of the 

model is input as 0.625 in.. which corresponds to the thickness of the support disk in the BWR 

basket.
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Figure 2.6.15.2-1 ANSYS Model of BWR Basket for Side-Drop
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Figure 2.6.15.2-2 Close-up of the Ligaments and the Interface with the Canister Shell and 

the Cask Inner Shell
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2.6.15.3 Thermal Condition and Expansion Evaluation of BWR Support-Disks

The three thermal conditions evaluated for the support disk analysis are as follows: 

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

I -40°F No No 

2 -40°F No Yes 

3 100°F Yes Yes 

The table below reflects the maximum and minimum temperatures required for the support disk 
evaluation. These temperatures were obtained from the thermal analysis of the BWR 
configuration as contained in Section 3.4.2.

Case Condition

No. Tmda Tmin No. ot* E* E(X* 

I -40"F -40"F I NC** NC** NC** 

3 616"F 2960F 3 7.598E-6 27.34E3 .2077 

524 F 349'F 2 7.433E-6 27.988E3 .2080

In the structural 

emploNed.  

Case 

No.

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

T ij, TmI n

Condition 

No. Ect*

-40T -40 (F F NC** NC** NC** 

2 600TF 150 F 3 7.5425E-6 27.550E3 .2078 

4 516"F 106F 2 7.4465E-6 27.934E3 .2080

Evaluated at average of T and Tmni (W = thermal expansion coefficient, in/in/!F: 
E = modulus of elasticity, ksi) 
NC denotes Not Compared because of uniform temperature.  

The thermal stress is dependent on the Eot 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 Ecu'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 

zero.  

2.6.15.4 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 

each node. Maximum nodal stresses for the midplane (which correspond to the primary 

membrane stress) and the outer fiber (which correspond to primary membrane plus bending) are 

shown in Figure 2.6.15.4-1.  

The calculated values of maximum primary membrane and bending stresses are provided in 

Table 2.6.15.4-2. The membrane stresses for the 1 -ft end drop condition is effectively zero.  

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

stress of 32.5 ksi is 

MS (Prn+Pt,) (45.0/h2,5) - 1 (1.5 Sm at 500"F = 45.00 ksi for SA533 carbon steel) 

+ 0.39.  

Results of the 1 -ft end-drop condition are presented in Tables 2.6.15.4-1 and 2.6.15.4-2.
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Figure 2.6.15.4-1 Locations of Maximum Primary Nodal Stress Intensities for 1-Foot End

Drop
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Table 2.6.15.4-1 Pm + Pb Stresses for Support Disk 1-Foot End-Drop, Thermal Case 1 

Principal Stresses (ksi) Stress Mkqwkable ,arginof 
Node M 

S1 S2 S3 Intensity (ksi) $tresks-!_ Saf.ty 

86 25.3 0.0 -1.0 26.3 

474 32.2 2.1 0.0 32.2 _Q D,4Q 

1129 29.6 1.5 0.0 29.6 Q-..!C2 

1444 32.2 2.1 0.0 32.2 U45.0 
1564 25.3 0.0 -1.0 26.3 )5U: M 

2236 29.6 1.5 0.0 29.6 45' 

2558 32.2 2.1 0.0 32.2 I 

2680 25.3 0.0 -1.0 26.3 45,Q 
3332 29.6 1.5 0.0 29.6 K -,_ 

3647 32.2 2.1 0.0 32.2 

3765 25.3 0.0 -1.0 26.3 45.0 

4407 29.6 i 1.5 0.0 29.6 6., 
1.5 S, = 1.5 x 30.0 ksi at 500 F.
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Table 2.6.15.4-2 Pm + Pb Stresses for Support Disk 1-Foot End-Drop. Thermal Case 4

Principal Stresses (psi) Stress Intensity Mllowe Mat--gin Q` N ode -.•- .,: 7.  

S1 S2 S3 (psi) S4.ety 

86 25.6 0.0 -1.1 26.7 045 _.62 

474 32.5 2.1 0.0 32.5 45A 0.39 

1129 29.9 1.5 0.0 29.9 

1444 32.5 2.1 0.0 32.5 

1564 25.6 0.0 -1.1 26.7 

2236 29.9 1.5 0.0 29.9 U5 
2558 32 2.1 0.0 32.5 b 7-U 

2680 25.6 0.0 -1.1 26.7 ".6Q 
3332 29.9 1.5 0.0 29.9 4_ 

3647 32.5 2.1 0.0 32.5 

3765 25.6 .0 -1.1 26.7 
4407 29.9 1.5 0.0 29.9 

"-1.5 S... 1.5 x 30.0 ksi at 500'F.
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2.6.15.5 Stress Evaluation of BWR Support Disk for Combined Thermal and 1-Foot End 

Drop Load Conditions 

The thermal expansion loads described in Section 2.6.15.3 (and 2.6.13.3) are applied to the finite 
element model simultaneously with the 20 g end-drop loads described in Section 2.6.15.4 to 
produce a combined thermal expansion plus end-impact loading. The stress evaluation is 
performed according to the ASME Code, Section III, Subsection NG. Because stress intensity is 
required at the surface only, the extreme fiber stress is required. Thermal Condition 4 is used for 
this evaluation. Maximum nodal stresses for the combined thermal and 1-ft end-drop condition 
are shown in Figure 2.6.15.5-1. The allowable stress intensity range is 3 Sm. The maximum 

stress intensit\ is 52.7 ksi and the 3Sm allowable limit at 500'F for SA533 Type B Class 2 carbon 

steel is 90 ksi, which results in a margin of safety of: 

MS = (90/52.7) - I + 0.71.  

Results from the combined thermal and 1-ft end-drop condition are presented in Table 
2.6.15.5-1.

2.6-331



SAR - UMS® Universal Transport Cask 

Docket No. 71-9270

May 2000 

Revision UMST-OOA

Figure 2.6.15.5-1 Locations of Maximum Primary and Secondary Nodal Stress Intensities 

for 1-Foot End-Drop
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Table 2.6.15.5-1 Pm + Ph + Q Stresses for Support Disk 1-Foot End-Drop, Thermal Case 4 

Principal Stresses (ksij Stress Intensity Mllowable arginof 
Noi ireS2S3(. ity 

474 52.7 7.2 0.0 52.7 2,.0 _ _ 

481 35.0 06.0 -3.1 38.1 UO" •, 

1129 40.3 3.6 0.0 40.3 .  
1444 52.7 7.2 0.0 52.7 V.0U 
1451 35.0 0.0 -3.1 38.1 K 

2236 40.3 3.6 0.0 40.3 __ 

2558 52.7 7.2 0.0 52.7 2Q 
2565 35.0 0.0 -3.1 38.1 'OQ 

3332 40.3 3.6 0.0 40.3 r90.0 

3647 52.7 7.2 0.0 52.7 900Q %7U 
3654 35.0 0.0 -3.1 38.1 29o0 

4407 40.3 3.6 0.0 40.3 ,, 2 

-3.0 S. : 3.0 x 30.0 ksi at 500'F.
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2.6.15.6 Stress Evaluation of BWR Support Disk for 1-Foot Side-Drop Load Condition 

To determine the structural adequacy of the BWR fuel basket support disk for the 1-ft side-drop 
load condition, a quasi-static impact load equal to the weight of the fuel and tubes multiplied by a 
20 g amplification factor is applied to the support disk structure. The inertial loading of the 
support disk is also included by means of the density input for the SA533 Type B Class 2 carbon 
steel. The value of 20 g is conservative because the Universal Transport Cask impact limiter 
design deceleration for a I-ft side-drop is 16 .4 g. The fuel assembly load is transmitted in direct 
compression through the tube wall to the web structure of the support disk. A conservative 

number of disks is assumed to transmit the load to the canister shell (See Section 2.6.15.2). The 
maximum in-plane loading occurs in the side-drop, which requires a detailed structural 
evaluation. ANSYS and the finite element model described in Section 2.6.15.2 are used to 

perform a finite element analysis.  

2.6.15.6.1 Drop Orientations 

The BWR fuel basket exhibits one-quarter symmetry. A minimal radial thickness between the 
comer of the fuel assembly slot in the basket and the outer radius occurs at 31.82, 49.46, 77.92 
and 90" measured counterclockwise from the +X axis. To ensure that the bounding basket 
orientation is ealuated, 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. Allowýables are evaluated at Thermal Cases 1 and 3.  

2.6.1 5.6.2 Definition of Cross Sections for Linearized Stresses 

The stress evaluation for the support disk is performed according to the ASME Code, Section III, 
Subsection NG, which requires comparison of the lineanzed stresses of cross sections of the 
structure against the allo\\able stresses. Primary membrane stress intensity' is compared with S,, 
and primarN mcmbrane plus bending stress intensity is compared with 1.5S,, for the material at 
temperature. A conscrvativc temperature distribution is used to determine S,, at each of the cross 
sections. These temperatures are obtained through thermal conduction analysis by using Thermal 
Case 3, where the minimum temperature of the circumference and the maximum temperature is 

applied at the center of the basket.
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To determine the most critical cross sections, a series of cross sections is considered. To aid in 

the identification of these sections, Figures 2.6.15.6-2 through 2.6.15.6-5 show the point 

locations on a support disk. Table 2.6.15.6-1 lists the cross section versus Point 1 and Point 2, 

which spans the cross section of the web in the plane of the support disk. Points I and 2 for each 

cross section are shown in the previously cited figures.  

2.6.15.6.3 Analysis Results for I-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 Sm, for the support disk 

primary membrane stress (Pm) and 1.5S,, for primary membrane plus bending stress (Pm+ Pb).  
The cross sections with the 20 minimum margins of safety are presented in Tables 2.6.15.6-2 

through 2.6. 15.6-21. A summary of the minimum margins of safety is presented below.
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Table Number Basket Orientation (Deg) Thermal Stress Evaluation Minimum 

Case Margin of Satety 

2.6.15.6-2 0 1 P,!, +0.45 

2.6.15.6-3 0 1 P:,1 + Pn +0.84 

2.6.15.6-4 0 2 P,, +0.47 

2.6.15.6-5 0 2 Pln + PI +0.88 

2.6.15.6-6 31. 82 I PN, +0.54 

2.6.15.6-7 31.82 1 Pi + Ph +0.19 
2.6.15.6-8 31.82 P,R, +0.60 

2.6.15.6-9 31.82 2 P,,, + P, +0.24 

2.6.15.6-10 49.46 1 PI, +0.35 

2.6.15.6-11 4946 1 P, +P +0 11 

2.6.15.6-12 49.46 2 P1, +0.43 

2.6.15.6-13 4946 2 P, + P +0. 13 

2.6.15.6-14 '7.92 1 P1, -0.29 
2.6 156-15 7' .92 1 P, + Ph ,-0.45 

2.6.15.6- 16 77.92 2 P,. +0.32 

6 56- 792 P+Ph +047 
26.15.6-18 90 1 P,,, +009 

2.6.15.6- 19 90 1 P,, + P5  +0.56 

2.6.15.6-20 90. P,2, +0.12 
2.6 156-21 90 2 P, + P, +0.59 

The margins of safety are calculated as 

MS = (stress allo\\ahle/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 primar\ membrane 

stress of 27.4 ksi.
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Figure 2.6.15.6-1 Support Disk Side-Drop Orientations 
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Figure 2.6.15.6-2 Locations of the Sections Used to Obtain Linearized Stresses for the 

Support Disk for the 1st Quadrant (X>0. Y>0)
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Figure 2,6.15.6-3 Locations of the Sections Used to Obtain Linearized Stresses for the 

Support Disk for the 2nd Quadrant (X<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 Lineanzed Stress Intensities - 0' Drop Orientation 
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Figure 2.6.15.6-7 Locations of Maximum Linearized Stress Intensities - 31.820 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 - 77.920 Drop 

Orientation 
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Figure 2.6.15.6-10 Locations of Maximum Linearized Stress Intensities - 90' Drop 

Orientation 
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Table 2.6.15.6-1 Listing of Cross Sections for Stress Evaluation of Support Disk

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

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 

24 
25 

26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 

38 
39

1 
3 
5 
7 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 
35 
37 
39 
41 
43 
45 
47 
49 
51 
53 
55 
57 
59 
61 
63 
65 
67 
69 
71 
73 
75 
77

4 
6 
8 
10 
12 
14 
16 
18 
20 

24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78

4724 
4726 
4728 
4730 
4732 
4734 
4736 
4738 
4740 
4742 
4744 
4746 
4748 
4750 
4752 
4754 
4756 
4758 
4760 
4762 
4764 
4766 
4768 
4770 
4772 
4774 
4776 
4778 
4780 
4782 
4784 
4786 
4788 
4790 
4792 
4794 
4796 
4798 
4800

4725 
4727 
4729 
4731 
4733 
4735 
4737 
4739 
4741 
4743 
4745 
4747 
4749 
4751 
4753 
4755 
4757 
4759 
4761 
4763 
4765 
4767 
4769 
4771 
4773 
4775 
4777 
4779 
4781 
4783 
4785 
4787 
4789 
4791 
4793 
4795 
4797 
4799 
4801

32.74 
32.74 
-32.74 
-32.74 
32.07 
32.07 
-32.07 
-32.07 
25.57 
25.57 

-25.57 
-25.57 

17 
-17 
-17 
17 
0 

3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
17.65 
20.78 
23.92 
24.57 
27.71 
30.85 
-3.14 
-3.79 
-6.93 

-10.07 
-10.72 
-13.86 

-17 
-17.65 
-20.78

0.33 
-0.33 
0.33 
-0.33 

6.6 
-6.6 
6.6 
-6.6 

20.46 
-20.46 
20.46 
-20.46 
27.99 
27.99 
-27.99 
-27.99 

0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33 
0.33

30.85 
30.85 
-30.85 
-30.85 
30.85 
30.85 
-30.85 
-30.85 
23.89 
23.89 

-23.89 
-23.89 

17 
-17 
-17 
17 
0 

3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
17.65 
20.78 
23.92 
24.57 
27.71 
30.85 
-3.14 
-3.79 
-6.93 

-10.07 
-10.72 
-13.86 

-17 
-17.65 
-20.78

0.33 
-0.33 
0.33 
-0.33 
6.6 
-6.6 
6.6 
-6.6 

20.46 
-20.46 
20.46 
-20.46 
27.39 
27.39 

-27.39 
-27.39 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33 
-0.33
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Table 2.6.15.6-1 Listing of Cross Sections for Stress Evaluation of Support 
Disk (Continued)

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

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77

79 
81 
83 
85 
87 
89 
91 
93 
95 
97 
99 
101 
103 
105 
107 
109 
111 
113 
115 
117 
119 
121 
123 
125 
127 
129 
131 
133 
135 

137 
139 
141 
143 
145 
147 
149 
151 
153

80 
82 
84 
86 
88 
90 
92 
94 
96 
98 
100 
102 
104 
106 
108 
110 
112 
114 
116 
118 
120 
122 
124 
126 
128 
130 
132 
134 
136 
138 
140 
142 
144 
146 
148 
150 
152 
154

4802 
4804 
4806 
4808 
4810 
4812 
4814 
4816 
4818 
4820 
4822 
4824 
4826 
4828 
4830 
4832 
4834 
4836 
4838 
4840 
4842 
4844 
4846 
4848 
4850 
4852 
4854 
4856 
4858 
4860 
4862 
4864 
4866 
4868 
4870 
4872 
4874 
4876

4803 
4805 
4807 
4809 
4811 
4813 
4815 
4817 
4819 
4821 
4823 
4825 
4827 
4829 
4831 
4833 
4835 
4837 
4839 
4841 
4843 
4845 
4847 
4849 
4851 
4853 
4855 
4857 
4859 
4861 
4863 
4865 
4867 
4869 
4871 
4873 
4875 
4877

-23.92 
-24.57 
-27.71 
-30.85 

0 
3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
17.65 
20.78 
23.92 

0 
3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
17.65 
20.78 
23.92 

0 
3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
3.14 
10.07 

17 
23.92

0.33 
0.33 
0.33 
0.33 
7.25 
7.25 
7.25 
7.25 
7.25 
7.25 
7.25 
7.25 
7.25 
7.25 
7.25 
13.53 
13.53 
13.53 
13.53 
13.53 
13.53 
13. 5 3 
13.53 
13.53 
13.53 
13.53 
21.11 
21.11 
21.11 
21.11 
21.11 
21.11 
21.11 
21.11 

0.33 
0.33 
0.33 
0.33

-23.92 
-24.57 
-27.71 
-30.85 

0 
3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
17.65 
20.78 
23.92 

0 
3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
17.65 
20.78 
23.92 

0 
3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
3.79 
10.72 
17.65 
24.57

-0.33 
-0.33 
-0.33 
-0.33 

6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 

14.18 
14.18 
14.18 
14.18 
14.18 
14.18 
14.18 
14.18 
14.18 
14.18 
14.18 
20.46 
20.46 
20.46 
20.46 
20.46 
20.46 
20.46 
20.46 
0.33 
0.33 
0.33 
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 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
10 1 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115

155 
157 
159 
161 
163 
165 
167 
169 
171 
173 
175 
177 
179 
181 
183 
185 
187 
189 
191 
193 
195 
197 
199 
201 
203 
205 
207 
209 
211 
"213 
215 
217 
219 
221 
223 

225 

227 
229

156 
158 
160 
162 
164 
166 
168 
170 
172 
174 
176 
178 
180 
182 
184 
186 
188 
190 
192 
194 
196 
198 
200 
202 
204 
206 
208 
210 
212 
214 
216 
218 
220 

224 
226 
228 
230

4878 
4880 
4882 
4884 
4886 
4888 
4890 
4892 
4894 
4896 
4898 
4900 
4902 
4904 
4906 
4908 
4910 
4912 
4914 
4916 
4918 
4920 
4922 
4924 
4926 
4928 
4930 
4932 
4934 
4936 
4938 
4940 
4942 
4944 
4946 
4948 
4950 
4952

4879 
4881 
4883 
4885 
4887 
4889 
4891 
4893 
4895 
4897 
4899 
4901 
4903 
4905 
4907 
4909 
4911 
4913 
4915 
4917 
4919 
4921 
4923 
4925 
4927 
4929 
4931 
4933 
4935 
4937 
4939 
4941 
4943 
4945 
4947 
4949 
4951 
4953

3.14 
10.07 

17 
23.92 
3.14 
10.07 

17 
23.92 
3.14 
10.07 

17 
3.14 
10.07 

17 
3.14 
10.07 

17 
3.14 
10.07 

17 
3.14 
10.07 

17 
3.14 
10.07 

17 
3.14 
10.07 
3.14 
10.07 
3.14 
10.07 
-3.14 
-3.79 
-6.93 

-10.07 
-10.72 
-13.86

3.46 
3.46 
3.46 
3.46 
6.6 
6.6 
6.6 
6.6 

7.25 
7.25 
7.25 
10.39 
10.39 
10.39 
13.53 
13.53 
13.53 
14.18 
14.18 
14.18 
17.32 
17.32 
17.32 
20.46 
20.46 
20.46 
21.11 
21.11 
24.25 
24.25 
27.39 
27.39 
7.25 
7.25 
7.25 
7.25 
7.25 
7.25

3.79 
10.72 
17.65 
24.57 
3.79 
10.72 
17.65 
24.57 
3.79 
10.72 
17.65 
3.79 
10.72 
17.65 
3.79 
10.72 
17.65 
3.79 
10.72 
17.65 
3.79 
10.72 
17.65 
3.79 
10.72 
17.65 
3.79 

10.72 
3.79 
10.72 
3.79 
10.72 
-3.14 
-3.79 
-6.93 

-10.07 
-10.72 
-13.86

3.46 
3.46 
3.46 
3.46 
6.6 
6.6 
6.6 
6.6 

7.25 
7.25 
7.25 
10.39 
10.39 
10.39 
13.53 
13.53 
13.53 
14.18 
14.18 
14.18 
17.32 
17.32 
17.32 
20.46 
20.46 
20.46 
21.11 
21.11 
24.25 
24.25 
27.39 
27.39 

6.6 
6.6 
6.6 
6.6 
6.6 
6.6
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Table 2.6.15.6-1 Listing of Cross Sections for Stress Evaluation of Support 
Disk (Continued)

Section & 
Line #

Point 
I

Point Node Node X Y X y 
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 7.25 -17.65 6.6 
118 235 236 4958 4959 -20.78 7.25 -20.78 6.6 
119 237 238 4960 4961 -23.92 7.25 -23.92 6.6 
120 239 240 4962 4963 -3.14 13.53 -3.14 14.18 
121 241 242 4964 4965 -3.79 13.53 -3.79 14.18 
122 243 244 4966 4967 -6.93 13.53 -6.93 14.18 
12 245 246 4968 4969 -10.07 13.53 -10.07 14.18 
124 247 248 4970 4971 -10.72 13.53 -10.72 14.18 
125 249 250 4972 4973 -13.86 13.53 -13.86 14.18 
126 251 252 4974 4975 -17 13.53 -17 14.18 
127 253 254 4976 4977 -17.65 13.53 -17.65 14.18 
128 255 256 4978 4979 -20.78 13.53 -20.78 14.18 
129 257 258 4980 4981 -23.92 13.53 -23.92 14.18 
130 259 260 4982 4983 -3.14 21.11 -3.14 20.46 
131 261 262 4984 4985 -3.79 21.11 -3.79 20.46 
132 263 264 4986 4987 -6.93 21.11 -6.93 20.46 
133 265 266 4988 4989 -10.07 21.11 -10.07 20.46 
134 267 268 4990 4991 -10.72 21.11 -10.72 20.46 
135 269 270 4992 4993 -13.86 21.11 -13.86 20.46 
136 271 272 4994 4995 -17 21.11 -17 20.46 
1'7 273 274 4996 4997 -3.14 0.3 3 -3.79 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 0.33 
140 279 280 5002 5003 -23.92 0.33 -24.57 0.33 
141 281 282 5004 5005 -3.14 3.46 -3.79 3.46 
142 2S3 284 5006 5007 -10.07 3.46 -10.72 3.46 
143 285 286 5008 5009 -17 3.46 -17.65 3.46 
144 287 288 5010 5011 -23.92 3.46 -24.57 3.46 
145 289 290 5012 5013 -3.14 6.6 -3.79 6.6 
146 291 292 5014 5015 -10.07 6.6 -10.72 6.6 
147 293 294 5016 5017 -17 6.6 -17.65 6.6 
148 295 296 5018 5019 -23.92 6.6 -24.57 6.6 
149 297 298 5020 5021 -3.14 7.25 -3.79 7.25 
150 299 300 5022 5023 -10.07 7.25 -10.72 7.25 
151 301 302 5024 5025 -17 7.25 -17.65 7.25 
152 303 304 5026 5027 -3.14 10.39 -3.79 10.39 
153 305 306 5028 5029 -10.07 10.39 -10.72 10.39
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Table 2.6.15.6-1 Listing of Cross Sections for Stress Evaluation of Support
Disk (Continued) 

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

154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191

307 
309 
311 
313 
315 
317 
319 
321 
3 23 

325 
327 
329 
331 
333 
3 3 

337 
339 
341 
343 
345 
347 
349 
351 
353 
355 
357 
359 
361 
363 
365 
367 
369 
371 
373 
375 
377 
379 
381

308 
310 
312 

314 
316 
318 
320 
322 

324 
326 
328 
330 
332 
334 
336 
338 
340 
342 
344 
346 
348 
350 
352 
354 
356 
358 
360 
362 
364 
366 
368 
370 
372 
374 
376 
378 
380 
382

5030 
5032 
5034 
5036 
5038 
5040 
5042 
5044 
5046 
5048 
5050 
5052 
5054 
5056 
5058 
5060 
5062 
5064 
5066 
5068 
5070 
5072 
5074 
5076 
5078 
5080 
5082 
5084 
5086 
5088 
5090 
5092 
5094 
5096 
5098 
5100 
5102 
5104

5031 
5033 
5035 
5037 
5039 
5041 
5043 
5045 
5047 
5049 
5051 
5053 
5055 
5057 
5059 
5061 
5063 
5065 
5067 
5069 
5071 
5073 
5075 
5077 
5079 
5081 
5083 
5085 
5087 
5089 
5091 
5093 
5095 
5097 
5099 
5101 
5103 
5105

-17 
-3.14 

-10.07 
-17 

-3.14 
-10.07 

-17 
-3.14 

-10.07 
-17 

-3.14 
-10.07 

-17 
-3.14 

-10.07 
-3.14 

-10.07 
-3.14 

-10.07 
-3.14 
-3.79 
-6.93 

-10.07 
-10.72 
-13.86 

-17 
-17.65 
-20.78 
-23.92 

3•.14 

-3.79 
-6.93 

-10.07 
-10.72 
-13.86 

-17 
-17.65 
-20.78

10.39 
13.53 
13.53 
13.53 
14.18 
14.18 
14.18 
17.32 
17.32 
17.32 
20.46 
20.46 
20.46 
21.11 
21.11 
24.25 
24.25 
27.39 
27.39 
-7.25 
-7.25 
-7.25 
-7.25 
-7.25 
-7.25 

-7.25 
-7.25 

-7.25 
-7.25 

-13.53 
-13.53 
-13.53 
-13.53 
-13.53 
-13.53 
-13.53 
-13.53 
-13.53

-17.65 
-3.79 

-10.72 
-17.65 
-3.79 

-10.72 
-17.65 
-3.79 

-10.72 
-17.65 
-3.79 

-10.72 
-17.65 
-3.79 

-10.72 
-3.79 

-10.72 
-3.79 

-10.72 
-3.14 
-3.79 
-6.93 

-10.07 
-10.72 
-13.86 

-17 
-17.65 
-20.78 
-23.92 

-3.14 
-3.79 
-6.93 

-10.07 
-10.72 
-13.86 

-17 
-17.65 
-20.78

10.39 
13.53 
13.53 
13.53 

14.18 
14.18 
14.18 
17.32 
17.32 
17.32 
20.46 
20.46 
20.46 
21.11 
21.11 
24.25 
24.25 
27.39 
27.39 
-6.6 

-6.6 
-6.6 
-6.6 
-6.6 
-6.6 
-6.6 
-6.6 
-6.6 
-6.6 

-14.18 
-14.18 
-14.18 
-14.18 
-14.18 
-14.18 
-14.18 
-14.18 
-14.18
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Listing of Cross Sections for Stress Evaluation of Support
Disk (Continued) 

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

192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
"203 
204 
205 
206 
207 

208 
209 
"2 10 
-)11 
"212 
213 
214 
"215 
2)16 

-17 
218 
2 19 
220 
221 

22)4 

226 

228 

229

383 
385 
387 
389 
391 
393 
395 
397 
399 
401 
403 
405 
407 
409 
411 
413 
415 
417 
419 
421 
423 
425 

427 
429 
431 
433 
435 
437 
439 
441 
443 
445 
447 

449 
451 
453 
455 
457

384 
386 
388 
390 
392 
394 
396 
398 
400 
402 
404 
406 
408 
410 
412 
414 
416 
418 
420 
422 
424 
426 
428 
430 
432 
434 
436 
438 
440 
442 
444 
446 
448 
450 
452 
454 
456 
458

5106 
5108 
5110 
5112 
5114 
5116 
5118 
5120 
5122 

5124 
5126 
5128 

5130 
5132 
5 134 

5136 
5138 
5140 
5142 
5144 
5146 
5148 
5150 
5152 

5154 
5156 
5158 

5 160 
5162 
5 164 
5166 
5168 
5170 
5 72 

5174 
5 176 

I 78 
5180

5107 
5109 
5111 
5113 
5115 
5117 
5119 
5121 
5123 
5125 
5127 
5129 
5131 
5133 
5135 
5137 
5139 
5141 
5143 
5145 
5147 
5149 
5151 
5153 
5155 
5157 
5159 

5161 
5163 
5 165 

5167 
5169 

5171 

5173 
5175 
5177 
5179 
5181

16-3 352

-23.92 
-3.14 
-3.79 
-6.93 

-10.07 
-10.72 
-13.86 

-17 
-3.14 

-10.07 
-17 

-23.92 
-3.14 

-10.07 
-17 

-23.92 

-3.14 
-10.07 

-17 
-2 3.92 

-3.14 
-10.07 

-17 
-3.14 

-10.07 
-17 
3.14 

-10.07 
-17 

-3.14 
-10.07 

-17 
-3.14 

-10.07 
-17 
3.14 

-10.07 
-17

-13.53 
-21.11 
-21.11 
-21.11 
-21.11 
-21.11 
-21.11 
-21.11 
-0.33 
-0.33 
-0.33 
-0.33 
-3.46 
-3.46 
-3.46 
-3.46 
-6.6 
-6.6 
-6.6 
-6.6 

-7.25 
-7.25 

-7.25 
-10.39 
-10.39 
-10.39 
-13.53 
-13.53 
-13.53 
-14.18 
-14.18 
-14.18 
-17.32 
-17.32 
-17.32 
-20.46 
-20.46 
-20.46

-23.92 
-3.14 
-3.79 
-6.93 

-10.07 
-10.72 
-13.86 

-17 
-3.79 

-10.72 
-17.65 
-24.57 
-3.79 

-10.72 
-17.65 
-24.57 
-3.79 

-10.72 
-17.65 
-24.57 
-3.79 

-10.72 
-17.65 
-3.79 

-10.72 
-17.65 
-3.79 

-10.72 
-17.65 
-3.79 

-10.72 
-17.65 
-3.79 

-10.72 
-17.65 
-3.79 

-10.72 
-17.65

-14.18 
-20.46 
-20.46 
-20.46 
-20.46 
-20.46 
-20.46 
-20.46 
-0.33 
-0.33 
-0.33 
-0.33 
-3.46 
-3.46 
-3.46 
-3.46 
-6.6 
-6.6 
-6.6 
-6.6 

-7.  
-7.25 

-7 15 

-10.39 
-10.39 
-10.39 
-13.53 
-13.53 
-13.53 
-14.18 
-14.18 
-14.18 
-17.32 
-17.32 
-17.32 
-20.46 
-20.46 
-20.46
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Table 2.6.15.6-1 Listing of Cross Sections for Stress Evaluation of Support
Disk (Continued) 

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

230 
231 
232 
233 
234 
235 

236 
237 
238 
239 

240 
241 
242 
243 
244 
245 
246 
247 
24S 
249 
250 
251 
252 
253 

254 
255 
256 
257 
258 
259 

260 
261 
262 
263 
264 
265 
266 
267

459 
461 
463 
465 
467 
469 
471 
473 
475 
477 
479 
481 
483 
485 
487 

4819 
491 
493 
495 
497 
499 
501 
503 
505 
507 
509 
511 
513 

517 
519 
521 
523 
525 

527 
529 
5') 1

460 
462 
464 
466 
468 
470 
472 
474 
476 
478 
480 
482 
484 
486 
488 
490 
492 
494 
496 
498 
500 
502 
504 
506 
508 

512 

514 
516 
518 
520 

524 

526 
528 
53() 

534

5182 
5184 
5186 
5188 
5190 
5192 
5194 
5196 
5198 
5200 

5202 
5204 
5206 
5208 

52 10 
5212 
5214 

5216 
5218 
5220 

5224 
5226 

2 228 
-230 

5234 
5 236 
5238 
5140 

5242 
5244 
5246 
5248 

5250 

211 

5254 
5256

5183 
5185 
5187 
5189 
5191 
5193 
5195 
5197 
5199 
5201 
5203 

5205 

5207 
5209 
5211 
5213 
521 5 

5217 
521I9 

5221 
5225 

5225 

•1 1_ 

5241I 
524 • 
524• 
5247 

5251I 
5253 

5255

-3.14 
-10.07 
-3.14 

-10.07 
-3.14 

-10.07 
0 

3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
17.65 
20.78 
23.92 

0 
3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
17.65 
20.78 
23.92 

0 

3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
3.14 
10.07

-21.11 
-21.11 
-24.25 
-24.25 
-27.39 
-27.39 
-7.25 
-7.25 
-7.25 
-7.25 
-7.25 
-7.25 
-7.25 
-7.25 
-7.25 
-7.25 
-7.25 

-13.53 
-13.53 
-13.53 
-13.53 
-13.53 
-13.53 
-13.53 
-13.53 
-13.53 
-13.53 
-13.53 
-21.11 
-21.11 
-21.11 
-21.11 
-21.11 
-21.11 
-21.11 

-21.11 

-0.33 
-0.33

-3.79 
-10.72 
-3.79 

-10.72 
-3.79 

-10.72 
0 

3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
17.65 
20.78 
23.92 

0 
3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
17.65 
20.78 
23.92 

0 
3.14 
3.79 
6.93 
10.07 
10.72 
13.86 

17 
3.79 
10.72

-21.11 
-21.11 
-24.25 
-24.25 

-27.39 
-27.39 

-6.6 
-6.6 
-6.6 
-6.6 
-6.6 
-6.6 
-6.6 
-6.6 
-6.6 
-6.6 
-6.6 

-14.18 
-14.18 
-14.18 
-14.18 
-14.18 
-14.18 
-14.18 
-14.18 
-14.18 
-14.18 
-14.18 
-20.46 
-20.46 
-20.46 
-20.46 
-20.46 
-20.46 

-20.46 
-20.46 
-0.33 
-0.33
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Table 2.6.15.6-1 Listina of Cross Sections 
Disk (Continued)

for Stress Evaluation of Support

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

268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 

284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 

298 
299 
300 
301

535 
537 
539 
541 
543 
545 
547 
549 
551 
553 
555 

559 
561 
563 
565 
56 7 
569 
571 
573 
575 
577 
579 
581 
583 
585 
587 
589 
591 
593 
595 
597 
599 
601

536 
538 
540 
542 
544 
546 
548 
550 
552 
554 
556 
558 
560 
562 
564 
566 
568 
570 
5 ,.-./ 

574 
576 
578 
580 
582 

584 
586 
588 
590 
592 

594 
596 
598 
600 
602

2.6-354

5258 
5260 
5262 
5264 
5266 
5268 
5270 
5272 
5274 
5276 
5278 
5280 
5282 

5284 
5286 
5288 
5290 
5292 
5294 
5296 
5298 
5300 
5302 
5304 
5306 
5308 

(31) 

5312 

5314 
5316 
5318 

5320 

5324

5259 
5261 
5263 
5265 
5267 
5269 
5271 
5273 
5275 
5277 
5279 
5281 
5283 
5285 
5287 
5289 
5291 
5293 
5295 
5297 
5299 
5301 
5303 
5305 
5307 

5309 
5311 
5313 
5315 

5317 
5319 
5321 

5323 
5325

17 
23.92 
3.14 
10.07 

17 
23.92 
3.14 
10.07 

17 
23.92 
3.14 
10.07 

17 
3.14 

10.07 
17 

3.14 
10.07 

17 
3.14 
10.07 

17 
3.14 
10.07 

17 
3.14 
10.07 

17 
3.14 
10.07 
3.14 
10.07 
3.14 
10.07

-0.33 
-0.33 
-3.46 
-3.46 
-3.46 
-3.46 
-6.6 
-6.6 
-6.6 
-6.6 

-7.2 5 
-7.25 
-7.25 

-10.39 
-10.39 
-10.39 
-13.53 
-13.53 
-13.53 
-14.18 
-14.18 
-14.18 
-17.32 
-17.32 
-17.32 
-20.46 
-20.46 
-20.46 
-21.11 

-24.25 
-24.2 5 
-27.39 

-27.39

17.65 
24.57 
3.79 
10.72 
17.65 
24.57 
3.79 
10.72 
17.65 
24.57 
3.79 
10.72 
17.65 
3.79 
10.72 
17.65 
3.79 
10.72 
17.65 
3.79 
10.72 
17.65 
3.79 
10.72 
17.65 
3.79 
10.72 
17.65 
3.79 
10.72 
3.79 
10.72 
3.79 
10.72

-0.33 
-0.33 
-3.46 
-3.46 
-3.46 
-3.46 
-6.6 
-6.6 
-6.6 
-6.6 
-7.2 
-75 

-75 

-10.39 
-10.39 
-10.39 
-13.53 
-13.53 
-13.53 
-14.18 
-14.18 
-14.18 
-17.32 
-17.32 
-17.32 
-20.46 
-20.46 
-20.46 
-21.11 

"-21.11 
-24.25 
-24.25 
-27.39 
-27.39
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Table 2.6.15.6-2 Pm Stresses for Support Disk-I -Foot Side-Drop, 0' Orientation, Thermal 

Case 1

P1,, Stresses (ksi) 

Stress Allowable Margin of 

Section Sx Sy Sxv Intensity (ksi) Stress (ksi) Safety' 

300 10.6 -10.0 -.9 20.7 30.0 .45 

234 8.8 -9.8 LS 18.9 30.0 .58 

293 6.9 -11.4 .1 18.3 30.0 .64 

227 6.5 -11.0 .0 17.5 30.0 .72 

298 .1 -16.8 .2 16.8 30.0 .78 

"•3' .1 16.2 2. 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. -. 1 14.31 30.0 1.09 

218 4.5 -9.6 .3 14.1 30.0 1.13 

294 6.1 -7.7 .0 13.9 30.0 1.16 

26 4.6 -. ( 2.0 13.3 30.0 1.25 

"296 -1.6 -13.3 .4 13.3 30.0 1.26 

194 4.5 -8.0 1 13.2 30.0 1.27 

281 -. 1 -13.1 .1 13 1 30.0 1.29 

228 5.7 "/ .1 1 3( 30.0 1.31 

301 3.7 -7.6 13. 13.0 30.0 1.31 

230 -1.3 127 .7 12.1 30.0 1.35 

"22�. 7-.3 3.7 126 30.0 1.38 

215 -. 1 -12.6 .1 12.6 30.0 1.38
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or Support Disk--i-Foot Side-Drop, 0) Orientation,

Pm + Ph Stresses (ksi) 

Stress Allowable Margin of 

Section Sx Sy Sxv Intensity (ksi) Stress (ksi) Safetv 

234 8.2 -14.4 4.6 24.5 45.0 .84 

300 10.5 -12.1 -3.7 23.8 45.0 .89 

235 1.2 -18.4 5.7 22.6 45.0 .99 

301 2.3 -17.3 -5.3 22.3 45.0 1.02 

15 -13.0 -10.6 8.0 19.9 45.0 1.26 

16 -10.7 -7.9 19.6 45.0 1.30 

2 -. 8 3.5 18.9 45.0 1.38 

293 8.3 -10.5 .4 18.8 45.0 1.40 

297 -7.2 -17.3 -3.5 18.4 45.0 1.45 
22 "9.5 -8.7 -. 18.2 45.0 1.48 

230 -4.7 -16.9 3.60 17.9 45.0 1.51 

298 -.2 -17.5 .1 17.5 45.0 1.57 

- .3 -17.5 3. 17.5 45.0 1.57 

260 11.4 -5.4 -.9 16.8 45.0 1.67 
194 12.5 3.8 .9 16.5 45.0 1.73 

296 -3.3 -15.4 -3.5 16.4 45.0 1.75 

259 8.4 -7 "9 15.7 45.0 1.86 

197 -7.0 -14.2 3.1 15.3 45.0 1.94 

290 -. 1 -15.0 .1 15.0 45.0 2.00 

294 11.4 -3.5 .2 14.9 45.0 2.01
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Table 2.6.15.6-4 Pm Stresses for Support Disk-1-Foot Side-Drop, 0 Orientation, Thermal 

Case 2

Pm Stresses (ksi) 

Stress Allowable Margin of 

Section Sx Sy Sxv Intensity' (ksi) Stress (ksi) Safety 

300 10.5 -9.8 -.8 20.4 30.0 .47 

234 8.5 -9.6 1.8 18.4 30.0 .63 

293 6.8 -11.2 .1 18.1 30.0 .66 

227 6.4 -10.8 .0 17.2 30.0 .74 

298 -. 1 -16.6 .1 16.6 30.0 .81 

232 -. 1 -15.9 -.3 15.9 30.0 .89 

290 -. 1 -14.7 .1 14.7 30.0 1.04 

284 4.7 -9.8 -. 1 14.5 30.0 1.07 

224 -. 1 -14.1 .1 14.1 30.0 1.13 

294 6.2 -7.8 .0 14.0 30.0 1.15 

"218 4.4 -9.4 .2 13.8 30.0 1.17 
260 4.6 -7.9 -2.0 13.2 30.0 1.28 

296 -1.6 -13.1 -.4 13.1 30.0 1.29 
301 3.8 -7.6 -3.2 13.1 30.0 1.29 

228 5.8 -7.3 1 13.1 30.0 1.30 

194 4.5 -7.9 2.0 13.1 30.0 1.30 

281 .1 -12.9 .1 12.9 30.0 1.33 

235 3.1 -7.3 3.6 12.7 30.0 1.37 

230 -1.2 -12.5 .7 12.6 30.0 1.39 

215 .1 -12.4 .1 12.4 30.0 1.43
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or Support Disk--l-Foot Side-Drop, 0" Orientation,

P,, + PI, Stresses (ksi) 

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

234 7.9 -14.2 4.5 23.9 45.0 .88 

300 10.4 -11.9 3.5 23.3 45.0 .93 

2 1.4 -18.2 5.6 22.6 45.0 1.00 

301 2.4 -17 5•3 22.3 45.0 1.01 

15 -13.0 -10.7 8.1 20.0 45.0 1.25 

16 -12.6 -10.8 -8.0 19.7 45.0 1.29 

-31 7.9 -17.7 3.5 18.8 45.0 1.40 

293 8.1 -10.4 .3 18.5 45.0 1.43 

297 -7.2 .2 3.5 18.3 45.0 1.45 
-•7 9.3 -86.  

98.6 - 17.9 45.0 1.52 

230 -4.5 -16.6 3.5 17.6 45.0 1.56 

2987.2 -1 ., .1 17.3 45.0 1.61 

32 -.3 17.2 -.2 17.2 45.0 1.61 

260 11.2 -5.3 .9 16.6 45.0 1.70 

194 12. 3 3.8 .9 16.2 45.0 1.78 
-296 - . -1I - . 16.1 4-5.0 1.80 

259 S.4 -7.1 .9 15.6 45.0 1.88 

197 -6.9 -14.1 3.1 15.2 45.0 1.96 

294 11.4 -3.6 .2 15.0 45.0 2.00 

290 -.1 -14.8 .1 14.8 45.0 2.04
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Table 2.6.15.6-6 Pm Stresses for Support Disk-l-Foot Side-Drop, 31.820 Orientation, 

Thermal Case 1

Pm Stresses (ksi) 

Stress Allowable Margin of 

Section Sx Sv Sxv Intensity (ksi) Stress (ksi) Safety 

295 3.6 -10.4 6.7 19.4 30.0 .54 

277 9.6 -9.2 2.0 19.3 30.0 .56 

229 -11.0 4. 5.0 18.2 30.0 .65 

301 6.0 -6.6 6.2 17.7 30.0 .69 

300 .6 . 7 16.6 30.0 .81 

77 7.8 -. 1 .9 16.1 30.0 .87 
235 -4.9 -216 7.5 15.2 30.0 .97 

234 -3.7 -4.4 75 15.0 30.0 1.00 

265 -4.6 5.0 14.3 30.0 1.10 

7 -.- 2' 137 30.0 1.20 
"27 1. 13.3 -. 133 30.0 1.25 

299 _19 13.0 30.0 1.31 

263) -7.1 12.6 .2 12.6 30.0 1.38 

294 .1 S4 4 7 125 30.0 1.40 

73 -.1 I -6 1 5 I1 7 30.0 1.57 

291 .0 -1I' 1 4 11 6 30.0 1.59 

76 6.2 -42 22 11 6 30.0 1.59 

103 8.7 - II 30.0 1.60 

292 12 1I 30.0 1.61 

2,,6 4.3 5 _2 S 30.0 1.65
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Table 2.6.15.6-7 Pm + Pb Stresses for Support Disks-1 

Orientation, Thermal Case I

Foot Side-Drop, 31.82ý

Stress Allowable Margin of 

Section Sx Sv Sxv Intensity (ksi) Stress (ksi) SafetN 

"295 -6.9 -35.9 7.8 37.8 45.0 .19 

294 -19.0 -34.8 6.2 37.0 45.0 .22 

293 -22.7 -33.6 5.7 36.1 45.0 

267 -25.7 -31.9 5.9 35.4 45.0 .27 

266 - , .7 -31.8 34.8 45.0 .2)9 

288 -26.3 -31.0 5.2 34.4 45.0 .31 

274 -23.3 - '3 ,2 4.0 33.7 45.0 .34 

251 -28.9 -27.0 5.3 33.4 45.0 .35 

275 -20.4 -32.0 3.8 33. 1 45.0 .36 
22) 7 -23.4 -30.3 5.2 33.0 45.0 .36 

287 -26.0 -3 0. 4.3 32.9 45.0 .37 

260 -24.9 -28.7 5.0 32. 1 45.0 .40 

284 -3.3 30.4 3.7 31.9 45.0 .41 
248 -2S.2 -26.8 4.3 31.9 45.0 .41 

74 -22.8 -30.0 3.9 31.7 45.0 .42 

200 -24.7 -28.8 4.4 31 .6 45.0 .42 

254 -27., " - . 6.0 31.5 45.0 .43 

301 2.1 -24.1 S.7 31.5 45.0 .43 

268 -24.2 -25.7 6.3 31.3 45.0 .44 

289 2 24.1 -26.8 5. 7 31.3 45.0 .44
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Table 2.6.15.6-8 Pm Stresses for Support Disk-- -Foot 

Thermal Case 2

Side-Drop, 31.82' Orientation,

"2.6-361

Stress Intensity Allowable Margin of 

Section Sx Sy Sxv (ksi) Stress (ksi) Safety 

277 9.3 -8.9 2.2 18.7 30.0 .60 

295 3.5 -9.8 6.5 18.6 30.0 .61 

229 -10.8 4.1 4.9 17.8 30.0 .69 

301 6.1 -6.5 5.9 17.2 30.0 .74 

300 1.4 -5.5 7.6 16.6 30.0 .81 

77 7.6 -7.8 1.0 15.6 30.0 .93 

235 -4.8 -2.8 7.5 15.1 30.0 .98 

234 -3.3 -4.6 7.4 14.9 30.0 1.01 

265 -4.3 5.5 4.7 13.6 30.0 1.20 

257 -.3 -1.4 6.7 13.4 30.0 1.24 

273 .1 3 12.9 .5 12.9 30.0 1.33 

"99 1 12.7 -.9 30.0 1.36 

294 1 - 4,5 30.0 1.44 
263 -6.6 -12 .2 -1 12.2 30.0 1.46 

10' -S.4 -. 1 9 11.5 30.0 1.62 

73 -.2 -6.0 4.9 11.3 30.0 1.65 

291 .0 -11.0 1.3 11.3 30.0 1.66 

269 -8.9 -10.2 1.4 11.1 30.0 1.70 

76 5.8 -3.9 2.5 10.9 30.0 1.76 
292 -. 1 -10.6 -1.1 10.8 30.0 1.78 
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Pm + Ph Stresses for Support Disk-l-Foot Side-Drop, 31.82:' Orientation.  

Thermal Case 2

2.6-362

Stress Intensity A]lowable Marain of 

Section Sx Sy Sxy (ksi) Stress (ksi) Safety 

295 -6.6 -34.3 7.5 36.2 45.0 .24 

294 -17.9 -33.5 5.9 35.5 45.0 .27 

293 -21.6 -32.6 5.4 34.9 45.0 .29 

267 -24.9 -30.9 5.7 34.3 45.0 .31 

266 -24.4 -30.5 5.0 33.3 45.0 .35 

288 -253 -29.6 5.0 32.9 45.0 .3 7 

274 -22.4 -31 .3 3.9 32.8 45.0 .37 

275 19.9 -31.3 3.8 32.5 45.0 .39 

"227 -• 2.5 "29.7 5.0 3 2. 45.0 .40 

251 -27.9 -)5.S 5.2 32.1 45.0 .40 

287 25. 2 9.2 4.2- 31.9 45.0 .41 

248 27.4 25.9 4.3 31.0 45.0 .45 

234 -8.1 27.2 9.4 31.0 45.0 .45 

284 -9.3 -29.5 3.6 31.0 45.0 .45 

260 -12.8 4.7 30.8 45.0 .46 

268 -23.7 -25.1 6.1 30.6 45.0 .47 

200 -2 8 -2 .7 4.3 30.5 45.0 .48 

74 -2 1.7 28.8 .,3.7 30.4 45.0 .48 

301 2.3 -2 .2 8.3 30.4 45.0 .48 

208 2...8 -287 . "30.4 45.0 .48
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Table 2.6.15.6-10 Pm Stresses for Support Disk-I-Foot Side-Drop, 49.46' Orientation, 

Thermal Case 1

Stress Intensity Allowable Margin of 

Section Sx Sy' Sxy (ksi) Stress (ksi) Safety 

277 9.4 -10.8 4.7 22.2 30.0 .35 

265 -8.4 9.4 5.3 20.7 30.0 .45 

77 9.1 -9.4 1.6 18.8 30.0 .59 

257 -3.7 2.9 8.6 18.4 30.0 .63_ 

295 .8 -7.4 7.4 16.9 30.0 .78 

246 -7.5 .2 7.5 16.8 30.0 .79 

"29 -8.3 33 5.5 16.1 30.0 .87 

54 -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 " _ 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 
"-)59 -7.0 5.6 2.1 13 30.0 1.27 

65 3.3 -4.1 6.3 12.7 30.0 1.37 

"211 -7.9 2. 3.8 12.6 30.0 1.39 

81 .1 12.4 -.7 12.5 30.0 1.41
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Table 2.6.15.6-11 P,, + Ph Stresses for Support Disk-l-Foot Side-Drop. 49.46' 

Thermal Case 1

Orientation.

Stress Intensity Allowable Margin of 

Section Sx Sy Sxy (ksi) Stress (ksi) Safety 

275 -30.2 -36.7 6.3 40.6 45.0 .11 

268 -31.7 -32.7 7.2 39.4 45.0 .14 

241 -33.4 -33.1 5. 39.0 45.0 15 

274 -29.8 -35.1 6.0 39.0 45.0 .16 

267 -30.3 -34.9 5.8 38.8 45.0 .16 

295 -10.8 -36.1 8.4 38.6 45.0 .17 

238 32.7 32.0 5.5 37.9 45.0 .19 

246 -35.4 -11.8 7.9 37.7 45.0 .19 

24 3 -36.6 -20.6 4.4 37.7 45.0 .19 

276 -25.6 -34.8 5.7 376 45.0 
269 -26.3 -30.2 9. 1 37.5 45.0 .20 

24 -35.6 28.0 4.3 37.5 45.0 .20 

266 -29.1 -33.1 5.1 36.6 45.0 .2•3 

"208 -28.0 -32.8 5.4 36.3 45.0 .24 

173 30.4 -30.2 5.0 35.3 45.0 .28 

254 -32.9 -21.S 5.6 35.3 45.0 .28 

27 -30.6 -23.5 5.3 15.2 45.0 .28 

294 23.0 -30.8 7 35.1 45.0 .28 

7.5 28.2.0 4.4 34.9 45.0 .29 

240 -34.1 -22.2 3.1 34.8 45.0 .29
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Table 2.6.15.6-12)

May 2000 

Revision UMST-OOA

Pm 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 8.6 -8.7 1.6 17.6 30.0 .71 

246 -7.8 1.4 7.3 17.2 30.0 .74 

295 .9 7. 0.0 16.2 30.0 .86 

229 -8.2 3.1 5.4 15.7 30.0 .91 

54 -.2 -9.4 6.2 15.5 30.0 .93 

243 -7.4 4.3 4.1 14.2 30.0 1.11 

269 -11.1 -11.2 3.1 14.2 30.0 1.11 

273 -. 1 -14.1 -1.1 14.2 30.0 1.12 

262 -8.0 53 2.3 14.() 30.0 1.14 

103 -7.1 1( 5 1 13.7 30.0 1.20 

264 -13.4 -I -1.0 13.5 30.0 1.23 

85 -11.8 -8.9 2.5 13.3 30.0 1.26 

73 1.0 -7.0 4.9 13 1 30.0 1.29 

245 -12.3 -1.4 12 , 30.0 1.39 

65 -3.4 -40 6. 1 30.0 1.40 

211 7.8 2 3.8 12 30.0 1.41 

259 -6.5 5 2'1 122 30.0 1.46
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Table 2.6.15.6-13
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Revision ULMST-00A

Pm + Pt Stresses for Support Disk--i-Foot Side-Drop. 49.46" Orientation 

Thermal Case 2

Stress Allowable Margin of 

Section Sx Sy Sxv Intensity (ksi) Stress (ksi) Safety 

275 -29.5 -36.1 6.4 40.0 45.0 .13 

268 -31.1 -32.0 7.0 38.6 45.0 .17 

241 32.8 -314 5.8 38.4 45.0 .17 

274 -28.9 -34.2 6.0 38.1 45.0 .18 

267 -29.5 -34.0 5.6 37.8 45.0 .19 

276 -25.5 -34.4 5.9 37.3 45.0 .21 

269 -26.3 29.9 8.9 37.1 45.0 .21 

246 -35.0 -10.6 7.5 37.1 45.0 .21 

238 -31.8 -1.1 37.0 45.0 .22 

243 -3 5.9 19.3 36.9 45.0 .22 

24 -34.9 /.4 4.2 36.8 45.0 .22 

295 -10.1 -34.3 8.0 36.7 45.0 .23 

208 -27.2 -32.1 5.4 35.6 45.0 .27 

266 -27.7 -31.7 4.9 35.0 45.0 .28 

27 -30.5 -23.4 7.1 34.9 45.0 .29 

173 -29.7 -29.4 5.0• 34.5 45.0 .30 

244 -28.4 -30.3 5.0 34.4 45.0 .31 

240 -33.4 -21.1 3.0 34.1 45.0 .  

"75 7.6 1.1 4.3 34.0 45.0 _ 

254 -31.7 -20.7 5. 3 .9 45.0 .33
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Table 2.6.15.6-14

may 2000 

Revision UMST-OOA

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

Thermal Case 1

Stress Allowable Stress Margin of 

Section Sx SNv Sxv Intensity (ksi) (ksi) Safety 

246 -12.1 10.0 3.6 23.3 30.0 .29 

243 -11.4 8.2 1.3 19.8 30.0 .52 

245 -17.6 -. 1 -.7 17.7 30.0 .70 

27 -10.1 6.9 2.2 17.5 30.0 .71 

240 -9.6 6.9 1.1 16.6 30.0 .81 

85 -7.6 5.4 4.3 15.6 30.0 .93 

242 15.2 -. 1 -.6 15. 2. 30.0 .97 

269 -10.1 5.( .1 15.1 30.0 .99 

29 -14.6 .1 . 14.6 30.0 1.05 

244 -14.0 5.2 7 14.1 30.0 1.13 

2 7 -7.9 6.(0) 1.1 14.1 30.0 1.13 

24 -8.7 4.8 1.1 13.6 30.0 1.21 

276 -7.1 3. 1 4.0 12.9 30.0 1.33 

239 -12.8 -. 1 -.6 12.9 30.0 1.33 

254 -8.5 4.1 1.0 12.8 30.0 1.35 

26 -12.7 -. 1 -1.0 12.7 30.0 1.35 

256 -12.6 -.1 .3 12.6 30.0 1.39 

241 -12.1 57 1.0 12.. 30.0 1.45 

28 -11.9 9 1.2 12.0 30.0 1.49 

280 -8.5 2.8 -1.9 12.0( 30.0 1.51
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Table 2.6.15.6-15

May 2000 

Revision UMST-OOA

Pm + Ph Stresses for Support Disk-il-Foot Side-Drop, 77.92' Orientation, 

Thermal Case I

Stress Allowable Margin of 

Section Sx Sy Sxv Intensity (ksi) Stress (ksi) Safety 

5 -23.1 -30.6 2.0 31.1 45.0 .45 

30 -27.1 -3.4 7.8 29.5 45.0 .53 

27 -28.4 -5.8 3.3 28.9 45.0 .56 

246 -23.3 4.2 3.7 28.4 45.0 .57 

24 -26.5 10.2 2.3 26.8 45.0 .68 

22 -25.6 -16.7 3.4 26.8 45.0 .68 

15 -25.8 -16.1 3.1 26.7 45.0 .69 

6 -8.2 -25.8 1t. 25.9 45.0 .74 

244 -3.3 -14.8 5.0 25.6 45.0 .76 

77 11.1 24.4 4.2 25.6 45.0 .76 

241 -22.6 - 15.6 5.0 25.2 45.0 .79 

75 21.2 -18.7 5.1 25.1 45.0 .79 

76 11.8 23.8 3.1 24.5 45.0 .84 

19 -23.1 1 6.0 3.0 24.2 45.0 .86 

8. 3..5 3. 3 24.0 45.0 .88 

21 3.4 -11.0 1.7 2 7 45.0 .90 

74 -19.3 -18.0 4.6 23.3 45.0 .93 

23S -20.3 -15.3 4.6 23.1 45.0 .95 

84 11.6 21.9 3.3 22.8 45.0 .97 

"275 -18.3 -16.7 5.1 22.6 45.0 .99
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Table 2.6.15.6-16 Pm Stresses for Su 

Thermal Case 2)

May 2000 

Revision UMST-OOA

.pport Disk-1-Foot Side-Drop, 77.92' Orientation.

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

246 11.8 9.9 L .5 22-. 8 30.0 32 

243 -11.2 8.0 1.3 19.3 30.0 .55 

245 -17.2 -01 -06 17.2 30.0 .74 

27 -9.8 6.8 2.2 17.2 30.0 .75 

240 -9.4 6.6 1.0 16.1 30.0 .86 

85 -7.8 5.4 4.1 15.5 30.0 .93 

269 -10.0 5.0 .1 15.0 30.0 1.00 

242 -14.8 .1 -.6 14.9 30.0 1.02 

29 -14.3 -. 1 -.7 14.3 30.0 1.10 

244 -13.7 -4.9 .7 13.7 30.0 1.18 

237 -7.7 5.7 1.0 13.6 30.0 1.21 

24 -805 4.7 1.0 13.3 30.0 1.26 

254 -8.4 4.1 1.0 12.7 30.0 1.36 

276 -6.9 3.1 3.8 12.6 30.0 1.38 
239 -12.5 .1 -.6 12.6 30.0 1.39 

256 12.5 1 -.3 "12. 30.0 1.40 

26 -12.4 -. 1 -1.0 12.4 30.0 1.41 

5 -7.7 -3.7 5.7 12.0 30.0 1.50 

241 -11.8 -5.4 1.0 11.9 30.0 1.51 

257 -7.1 4.1 2.0 11.9 30.0 1.53

2.6-369



SAR - UMS ' Universal Transport Cask 

Docket No. 71-9270

NMav 2000 

Revision UNIST-OOA

Table 2.6.15.6-17 P,, + Ph Stresses for Support Disk

Thermal Case 2

-1-Foot Side-Drop, 77.92"Orientation.

Stress Intensity Allowy able Margin of 

Section Sx Sv Sxv (ksi) Stress (ksi) Safety 

5 -23. 0 -29.9 2 30.5 45.0 .47 

30 -26.2 -3.6 7.5 28.4 45.0 .58 

27 -27.9 -5.6 3.3 28.4 45.0 .59 

246 -22.9 4.1 3.7 27.9 45.0 .61 

24 -2 .8. -9.9 2.2 26.1 45.0 .72 

"22 -24.8 16.1 3.3 25.9 45.0 "" 

25 25.1 -15.6 3.0 25.9 45.0 .74 

6 -8.1 -25.6 1.2 25.7 45.0 .75 

244 -2.8 -14.4 4.8 25.0 45.0 .80 

77 10.9 23.8 4.1 25.0 45.0 .80 

241 -2.0 15.1 4.9 24.5 45.0 .84 

75 -20.5 -17.9 4.9 24.3 45.0 .85 

76 11.5 23.1 3.0 23.9 45.0 .89 

85 .0 22.8 3.1 23.6 45.0 .91 

19 22.1 15.1 2.9 23.1 45.0 .94 

""6 -10.6 1.6 22.8 45.0 .97 

238 -19.7 14.7 4.4 3 45.0 1.02 

74 -18.4 --17.0 4.4 22.2 45.0 1.03 

243 -_ 1 -1.8 1.2 22. 45.0 1.03 

84 11.1 21.2 3.1 22.1 45.0 1.04
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Table 2.6.15.6-18 Pm Stresses for Support Disk- 1-Foot Side-Drop, 90' 

Thermal Case I

Orientation,

Stress Allowable Margin of 

Section Sx Sy Sxv Intensity (ksi) Stress (ksi) Safety 

27 -13.3 14.2 .0 27.4 30.0 .09 

77 -8.3 13.5 3.1 22.7 30.0 .32 

269 -8.3 13.5 -3.1 22.7 30.0 .32 

85 -6.5 12.7 1.2 19.4 30.0 .55 

277 -6.5 12.7 -1.2 19.4 30.0 .55 
29 -19.3 1. .0 19.3 3.0 .55 

24 -11.3 7.3 .0 18.5 30.0 .62 

273 .1 17.4 .4 17.4 30.0 .73 

81 .1 17.4 -.4 17.4 30.0 .73 

28 -16.0 .) .0 16.9 30.0 .77 

26 -16.0 .2 .0 16.6 30.0 .81 

6 -11.0 -1{).3 -50 16.5 30.0 .81 

-11.0 10.3 5.9 16. 5 30.0 .81 

21 -9.6 5.2 .0 14.S 30.0 1.03 

3 -14.3 1 .() 14.3 30.0 1.09 

246 -7.5 ,5 -.2 14 1 30.0 1.13 

54 -7.5 65 .2 14 1 30.0 1.13 

25 -13.5 -1 . 13 1 30.0 1.23 

18 -8.1 4 2 .A 12 30.0 1.44 

20 -12.2 I .0 122 30.0 1.45
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Table 2.6.15.6-19 P,, + Pb Stresses f 

Thermal Case 1

May 2000 

Revision UMST-00A

or Support Disk-1-Foot Side-Drop, 90" Orientation,

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

77 -6.3 22.0 3.0 28.9 45.0 .56 

269 -6.3 22.0 -3.0 28.9 45.0 .56 

27 -13.3 14.2 -.4 27.4 45.0 .64 

6 -17.9 -18.4 -5.8 24.0 45.0 .88 

5 -17.9 -18.4 5.8 24.0 45.0 .88 

85 -5.4 16.4 2.4 22.3 45.0 1.02 

277 -5.4 16.4 -2.4 22.3 45.0 1.02 

S3.9 -19.4 .1 19.4 45.0 1.32 

1 -3.9 -19.4 .1 19.4 45.0 1.32 

29 -19.3 -. 1 .0 19.3 45.0 1.33 

24 -11.3 7.3 -1. 18.7 45.0 1.40 

273 .2 18.6 .4 18.6 45.0 1.42 

81 .2 18.6 -.4 18.6 45.0 1.42 

28 -16.0 .9 3.5 18.3 45.0 1.45 

26 -16.6 .2 .1 16.6 45.0 1.71 
268 -5.7 10.4 -. 9 16.2 45.0 1.78 

76 -5.7 10.4 .9 16.2 45.0 1.78 

54 -11.7 4.0 .9 15.8 45.0 1.85 

246 -11.7 4.0 -.9 15.8 45.0 1.85 

21 -9.6 2 1. 15. 1 45.0 1.98
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Table 2.6.15.6-20 Pm Stresses for Support Disk-l-Foot Side-Drop. 90" Orientation, 

Thermal Case 2

Stress Allowable Margin of 
Section Sx Sv Sxv Intensity (ksi) Stress (ksi) Safety 

27 -12.9 13.8 .0 26.7 30.0 .12 

77 -8.0 13).4 3.0 22.3 30.0 .35 

269 -8.0 13.4 -3.0 2,2.3 30.0 .35 

85 -6.6 12.6 1.2 19.3 30.0 .56 

277 -6.6 12.6 -1.2 19.3 30.0 .56 

29 -18.7 -. 1 .0 18.7 30.0 .60 

24 -10.9 7.0 .0 17.9 30.0 .67 

273 .1 17.2 .3 17.2 30.0 .74 

81 .1 17.2 .3 17.2 30.0 .74 

28 I1 .5 1.2 .0 16.7 30.0 .80 

10.7 10.4 5.7 16.2 30.0 .85 

6 107 -10.4 -5.7 16.2 30.0 .85 

26 16.1 -.2 .0 16.1 30.0 .86 

"1 -9.3 5.0 .0 14.3 30.0 1.10 

246 -7.6 6.7 .2 14.3 30.0 1.10 

54 -7.6 6.7 .2 14.3 30.0 1.10 

23 13.9 .1 .0 13.9 30.0 1.16 

25 -13.1 -2.9 .A 13.1 30.0 1.29 

20 -11.9 -. 1 .0 11.9 30.0 1.53 

18 -7.8 4.0 .0 11.8 30.0 1.54
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Table 2.6.15.6-21 P,, + Ph Stresses f( 

Thermal Case 2

May 2000 

Revision UMST-OOA

)r Support Disk-l-Foot Side-Drop, 90' Orientation,

Stress A]lowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

77 -6.2 21.5 2.9 28.2 45.0 .59 

269 -6.2 21.5 -2.9 28.2 45.0 59 

27 -12.9 13.8 -.4 26.7 45.0 .69 

6 -17.1 -17.7 -5.7 23.1 45.0 .95 

-17.1 -17.7 5.7 .1 45.0 9 

85 -5.5 15.9 2.3 21.9 45.0 1.05 

277 -5.5 15.9 2.3 21.9 45.0 1.05 

2 -3.8 -19.0 -. 1 19.0 45.0 1.37 

1 -3.8 -19.0 .1 19.0 45.0 1.37 

29 -18.7 -. 1 .0 18.7 45.0 1.40 

273 .2 18.5 .3 18.5 45.0 1.44 

81 .2 18.5 -.3 18.5 45.0 1.44 

24 -10.9 7.0 -1.4 18.2 45.0 1.48 

28 -15.5 1.2 3.4 18.0 45.0 1.50 

26 -16.1 -.2 .1 16.1 45.0 1.79 

246 -11.7 4.2 .9 16.0 45.0 1.81 

54 -11.7 4.2 .9 16.0 45.0 1.81 

268 -5. 10.1 -.8 15.7 45.0 1.87 

76 -5.5 10.1 .8 15.7 45.0 1.87 

_ 1 -9.3 -.0 1.4 14.6 45.0 2.08
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2.6.15.7 Stress Evaluation of BWR Support Disk for Combined Thermal and 1-Foot 

Side-Drop Load Conditions

The loading for the 1-ft side-drop is combined with the thermal loading for Thermal Case 2 to 

produce the largest stress intensities. The allowable stress intensity, 3 Sr, 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 alloxkable/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 P+ Pb + Q + 1.44 

2.6.13.7-2 31.82 2 Pm+ Ph + Q +0.78 

2.6.13.7-3 49.46 2 Pn, + Pb + Q +0.59 

2.6.13.7-4 77.92 2 Pm + Pb + Q + 1.40 

2.6.13.7-5 90 2 Pi +Ph+Q +2.08
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Table 2.6.15.7-1 Pm + Ph + Q Stresses for Support Disk - I 

Thermal Case 2

-Foot Side-Drop, 0_' Orientation,

Stress Allowable Margin of 

Section Sx S% Sxy Intensity (ksi) Stress (ksi) Safety 

14 25.5 18.4 14.5 36.9 90.0 1.44 

13 24.3 17.6 -14.0 35.3 90.0 1.55 

234 6.5 -14.4 5.1 23.3 90.0 2.86 

"13 - -23.1 -.-2 23.1 90.0 2.89 

298 .1 213.1 .0 23.1 90.0 2.90 

300 8.8 -11.9 -4.1 22.3 90.0 3 .04 

290 -. 1 -21.0 .1 21.0 90.0 3.28 

22-4 1 -20.6 .2 20.6 90.0 3.37 

281 .1 -19.8 .1 19.8 90.0 3.55 

145 -11.9 -14.9 6.0 19.6 90.0 3.60 

111 -11.9 -14.9 6.0 19.6 90.0 3.60 

215 -.1 -19.3 -.3 19.3 90.0 3.65 

18 9.3 15.0 6.2 19.0 90.0 3.74 

266 -9.3 15.0 6.2 19.0 90.0 3.74 

23) -4.1 717.4 4.7 18.9 90.0 3.76 

194 -4.1 -17.4 4.7 18.9 90.0 3.76 

270 .0 18.5 -.4 18.5 90.0 3.87 

134 -15 1 -).7 5.3 18.4 90.0 3.89 

165 15.2 -9.7 5.3 18.4 90.0 3.89 

146 -12.9 12 .7 5.4 18.2 90.0 3.93
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Table 2.6.15.7-2) Pm + PI + Q Stresses for Support Disk 

Orientation, Thermal Case 2

1-Foot Side-Drop, 31.82

Stress Intensity Allowable Margin of 

Section Sx Sy Sxy (ksi) Stress (ksi) Safety 

18 -31.4 -37.3 15.9 50.5 90.0 .78 

266 -31.4 -37.3 15 .9 50.5 90.0 .78 

21 -32.9 -35.4 16.0 50.3 90.0 .79 

267 -32.9 -35.4 16.0 50.3 90.0 .79 

238 -29.5 -36.1 13.4 46.6 90.0 .93 

"24 -29.5 -36.1 13.4 46.6 90.0 .93 

268 -31.0 -31.6 1 5.0 46.3 90.0 .94 

24 -31.0 -31.6 15.0 46.3 90.0 .94 

137 -28.6 -34 14.1 45. 2 90.0 .99 

31 -8.6 -334 14.1 45.2 90.0 .99 

13S -30.0 29 I 137 43.3 90.0 1.08 

34 -30.0 2). 1 90.0 1.08 
2_00 -31.6 13., 430( 90.0 1.09 

32 -31.6 -28.(0 13.0 43.0 90.0 1.09 

260 -255 34_ 1 121 4260 90.0 1.11 

_293 -25.5 -34.1 121. 1 42 0 90.0 1.11 

215 26.1 3-4 11.9 4 o 90.0 1.11 

241 -2 6.1 34.0 11.9 4,. 90.0 1.11 

2 29.0 -30Y. 1211 42- 90.0 1.14 
251 -29.0 -30.8 121. 42, 90.0 1.14
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Table 2.6.15.7-3 Pm + Ph + Q 
Orientation,

Stresses for Support Disk - 1-Foot Side-Drop, 49.46" 

Thermal Case 2

Stress Allowable Margin of 

Section Sx Sy Sxv lntensity, (ksi) Stress (ksi) Safetv 

24 -38.6 -38.5 18.2 56.8 90.0 .59 

268 -38.6 -38.5 18.2 56.8 90.0 .59 

267 -37.6 -38.9 17.7 56.0 90.0 .61 

21 -37.6 -38.9 17. 7 56.0 90.0 .61 

238 -37.1 -39.8 16.1 54.6 90.0 .65 

"274 -37.1 -39.8 16.1 54.6 90.0 .65 

241 -37.1 -39.8 15.8 54.3 90.0 .66 

275 -37.1 -39.8 15.8 54.3 90.0 .66 

18 -34.8 -38.9 16.9 53.9 90.0 .67 

266 -34.8 -38.9 16.9 53.9 90.0 .67 

27 -35.5 -35.4 17.3 52.S 90.0 .71 

269 -35.5 -35.4 17.3 52.8 90.0 .71 

244 -34.4 -39.3 15.1 52.1 90.0 .73 

276 -34.4 -39.3 15.1 52.1 90.0 .73 

31 -32.8 -35.2 15.5 49.6 90.0 .82 

137 -32.8 -35.2 15.5 49.6 90.0 .82 

34 -33.4 -32.0 15.2 47.9 90.0 .88 

13 -33.4 32.0 1 47.9 90.0 .88 

32 -34. 5 -29.8 14.0 46.4 90.0 .94 

200 34.5 -29.8 14.() 46.4 90.0 .94 
200 1 1
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Table 2.6.15.7-4 Pm + Pb + Q Stresses for Support Disk - 1-Foot Side-Drop. 77.92 

Orientation, Thermal Case 2

Stress Allowable Margin of 

Section Sx Sv Sxv Intensity (ksi) Stress (ksi) Safety 

31 -25.4 -25.2 12.2 37.5 90.0 1.40 

137 -25.4 25.2 12.2 37.5 90.0 1.40 

24 -30.3 -18.4 11.5 37.3 90.0 1.42 
268 -30.3 -18.4 11.5 37.3 90.0 1.42 

138 -25.1 -23.2 11.8 35.9 90.0 1.51 

34 25. 1 -2 . 11.8 35.9 90.0 1.51 

27 -31.0 -11.6 10.4 35.6 90.0 1.53 

269 -31.0 -11.6 10.4 35.6 90.0 1.53 

25 -29.1 -17.3 10.8 35.5 90.0 1.54 

76 -29.1 -17.3 10.8 35.5 90.0 1.54 

244 -26.9 2-.7 10.5 35.5 90.0 1.54 

276 -26.9 -_22. 7 10.5 35.5 90.0 1.54 

74 -28.2 -18.9 10.8 35.3 90.0 1.55 

19 -2 .2 18.9 10.8 35.3 90.0 1.55 

2 -31.5 -5.7 10.5 35.2 90.0 1.55 

30 -31.5 -5.7 10.5 35.2 90.0 1.55 

75 29.6 -15.6 10.6 35.2 90.0 1.56 

22 -29.6 -15.6 10.6 35.2 90.0 1.56 

37 -23.3 24.0 11.5 35.1 90.0 1.56 

139 -23.3 -24.0 11.5 35.1 90.0 1.56
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Table 2.6.15.7-5 Pm + Pb + Q 
Orientation.

Stresses for Support Disk - 1-Foot 

Thermal Case 2

Side-Drop. 90

Stress Allowable Margin of 

Section Sx Sy Sxy Intensity (ksi) Stress (ksi) Safety 

29 -29.2 .1 .0 29.2 90.0 2.08 

27 -15.5 13.0 -1. 28.7 90.0 2.14 

77 -15.5 13.0 -1.2 28.7 90.0 2.14 

269 -15.5 13.0 1.2 28.7 90.0 2.14 

17 -28.1 -.4 -. 1 28.1 90.0 2.20 

26 -6.9 -. 1 -. 1 26.9 90.0 2.34 

13 -25.5 .0 -.1 25.5 90.0 2.53 

20 -24.3 .0 -. 1 24.3 90.0 2.70 

14 17.1 10.0 9.5 23.6 90.0 2.81 

15 17.1 10.0 -9.5 23.6 90.0 2.81 

3 1.2 23.6 .8 23.6 90.0 2.S2 

4 1.2 23.6 .8 23.6 90.0 2.82 

28 -18.9 2.2 5.1 23.4 90.0 2.84 

16 14.5 9.4 8.1 20.5 90.0 3.40 

13 14.5 9.4 -8.1 20.5 90.0 3.40 

1 / -13.7 -12 9 7.1 20.4 90.0 3.41 

200 -13.7 -12.9 -7.1 20.4 90.0 3.41 

31 -13.7 -12.9 7.1 20.4 90.0 3.41 

33 -20.4 .1 .0 20.4 90.0 3.41 

25 17.2 3.4 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 (see Section 2.6.13.8). the g-loads of the comer

and oblique-drop conditions are bounded by the g-load of the end- and side-drop conditions 

discussed in Section 2.6.15.6. Therefore, no separate evaluation of the 1-ft comer- and oblique

drop conditions is performed.  

2.6.15.9 Stress Evaluation of BWR Support Disk for Combined Thermal and 1-Foot 

Corner-Drop Load Conditions 

The combined thermal and ]-ft corner-drop and the combined thermal and I-ft oblique-drop 

conditions are bounded bv the results of combined thermal and 1-ft end- and side-drop 

conditions. Therefore, no separate evaluation of the combined thermal and 1-ft corner-drop 

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

2.6.15.10 Stress Evaluation of Tie Rods and Spacers for a 1-Foot End-Drop Load Condition 

Tic 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 "eight of the support disks. w\eldment, aluminum heat transfer disks, 

and spacers and end nuts is supported b\ the spacers on the 6 tie rods. Compressive stress over 

the cross-sectional area of the spacers results. With the largest wveight of the two BWR fuel 

classes, the total w\eight of the basket is 18,199 lb. Because the weights of the bottom-end 

weldment (623 IN and the fuel tubes (4,665 lb) are transmitted directly into the end of the 

canister. the remaining load acting over the area of the spacers is 12,911 lb. For the 1-ft end-drop 

the deceleration is 20 Q., which results in a total end-drop load of 258,220 lb. The area in 

compression is 7t(3.0 - 1.75-)/4 = 4.66 in-. The compressive stress is 258,220/(6 x 4.66) 9,235 

psi and is considered to be a membrane stress.
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The allowable membrane stress, on the basis of the ASME Code. Section 1I1. Subsection NG 

[15], is 1.0 Sin. Using a conservative material temperature for the outer edge of the support disk 

ot 500"F, S,= 17.5 ksi. The corresponding margin of safety is 

MS = (17,500/9,235) - 1 = + 0.89.  

Therefore, structural adequacy of the tie rod/spacer assemblies is demonstrated.  

2.6.15.11 Support Disk Shear Stresses for 1-Foot Drops 

ASME Code. Section III, Division 1, Subdivision NG [15]. criteria define the Le\el A allowable 

for shear stress to be 0.6 S,,,. The design stress intensity for SA 533 at a bounding temperature 

of 500 F (,,,here maximum stresses occur) is 30 ksi. The maximum stress intensity across an, 

section (membrane stress) for the 1-ft side-drop is 27.4 ksi for the 0' drop orientation at Thermal 

Condition 1. Similarl\, for the end-drop, a maximum membrane stress across a section is 

reported at 0 ksi for the 1I-ft drop. Therefore, the maximum shear stress for any normal loading 

condition is 27.4/2 or 13.7 ksi.  

[Ising the allowable stresses as stated prevlously. the minimum margin of safety for shear is: 

MS = [2(0.61)S,/SII-1 = [2(0.6)('30)/ 27.4]-1 = + .0.31 

Therefore, structural adequacy of the B\VR fuel basket support disk design for the normal 

conditions of truansport, I -ft side and end-drops is demonstrated for shear stress criteria.  

2.6.15.12 Bearine Stress - Basket Contact with Inner Shell 

For the bearing stress (S,,,) acting along the basket support disk-canister shell interface, an 

angular contact of 18 is considered on the basis of the ANSYS gap element status (at a radius ol 

32.75 in.). The load considered to he acting on the support disks is the total contents weight 

(57,044 lb times the deceleration \alue of 20( g, divided among 40 support disks in the basket.  

The bearing area is considered to be the (.625-in. thick disk over an 18 contact area.  

Sj = (57,044 (2 )/[ (0.62 5)(40)(,T)(65. 5)/(360/18)] 4,446 psi.
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The allowable bearing stress is the yield stress. which for SA533 Type B, Class 2 carbon steel at 

a temperature of 400WF. is 63.2 ksi. The margin of safety for the support disk (not the canister) is 

computed as 

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

2.6. 15.13 Basket Weldment Analysis for 1 -Foot End-Drop 

The responses of the fuel assemblv's top and bottom weldment plates to a 1-ft end-drop is 

evaluated in conjunction \\ith 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 

,\eldments support their o\\n 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 \,clded ribs for each. Both models use the SHELL63 

element, which permits, oul-ot-plane loading. Figures 2.6.15.13-1 and 2.6.15.13-2 show the 

finite element models for the top and bottom \\eldments, respectively. The load from the fuel 

tube is represented as point torces applied to the nodes at the periphery of the fuel assembly slots.  

An average point force iý applied. The application of the nodal loads at the slot periphery is 
accurate because the tube \\cight 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 desien satisfies the primary membrane (Pm) and the 

primary membrane plus bending (P,,,[',) stress criteia. An analysis includinE the thermal 

expansion stresses is also pcriormed.  

The mareins of safetv are calicUlated as 

MS =[(Pjv+Pt,)! 1.5 Sm] I or MS [(P,, +Pb +Q)/3 Sm] -1.  

The margins of safety eCaiLuatcd for the weldrncnts are shown in Table 2.6.15.13-1. The 

v, eldments are shown to satsty, the sirecs criteri•, in the ASME Code, Section III Division I, 

Subsection NG 115].
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Finite Element Model of the Top Weldment Plate
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Figure 2.6.15.13-2 Finite Element Model of the Bottom Weldment Plate
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Minimum Margins of Safety for the Top/Bottom Weldments for a 1-Foot 

End-Drop With and Without Thermal Stresses

Allowable 

Component/Condition Pi (ksi) Sm (ksi) MS 

Top Weldmentl -ft 8.41 17.38 +1.07 

End-Drop 

Bottom Weldment/1-ft 11.14 17.56 +0.58 

End-Drop 

Component/Condition Pm + Ph (ksi) 1.5Sm (ksi) IMS 

Top Weldment/1 I-t 16.50 26.07 +0.58 

End-Drop 

Bottom Weldmcntl -ft 18.98 -6.34 +-0.39 

End-Drop 

Component/Condition P,, + Ph + Q (ksi) 3S.. (ksi) MS 

Top Weldment/1 -ft 16.95 52.14 ±2.08 

End-Drop + Thermal 

Bottom Weldment/l-ft 27.26 52.68 +-0.93 

End-Drop + Thermal
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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 

Material:

Sunport Disk Bucklin2 Evaluation Inrut Data

Material yield strength for buckling: 

Material modulus of elasticity for buckling: 

Impact load amplification factor:

SA-533. Type B, Class 2 carbon steel plate 

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) 

E = 24.60 x 10-3 ksi at 750'F (conservative) 

E = 29.90 x 10" ksi at -40'F (Thermal Case 1) 

20 g for the 1-ft side or end-drop.  

E=25.56 x 10' ksi at 650'F (conservative)

Thermal Case 2 or 4 is bounding for Thermal Case 3.

"2.6.15.14.2 Detailed Support Disk Bucklin2i Evaluation

Conservatixe temperatures are used in the support disk buckling evaluation.
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Methodolo0v 

The buckling evaluation of the support disk web is based on the interaction described bh 

Equations 31 and 32 in NUREG/CR-6322 [16]. These two equations adapt the "Limit Analysis 

Design" approach for structural members for which stresses are beyond the yield limit of the 

material, i.e., for members deformed elastically as a result of both axial load and bending 

moment. Other equations applicable to the calculations are listed later in this section.  

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

different radial orientations of the support disk for the side-drop condition considering the 

thermal conditions as presented in Section 2.6.15.3. In this evaluation, thermal loading 

conditions (Loading Cases 1, 2 and 4) employ only the loads developed in the drop condition (no 

thermal stresses are considered). but the thermal cases are used to evaluate the material 

properties. Buckling evaluations are performed for both in-plane (about the strong axis of the 

wehb) and out-of-plane (about the weak axis of the web) forces and moments. In the in-plane 

buckling evaluation, the compressive forces and bending moments that occur for the 1-ft side

drop condition are considered. For the out-of-plane buckling evaluation, the compressive forces 

for the 1 -ft side-drop condition are combined with the moment resulting from the inertial weight 

of the support disk in the I ft end-drop condition.  

Detailed buckling calculations are performed in a spreadsheet format by using the methodology 

and equations from NUREG/CR-6322. The load amplification factors used are 20 g for both the 

I -t end-drop and the I-ft side-drop conditions. The buckling evaluation is performed for each of 

the sections show n in Fiuires 2.6.1"•6-2 through 2.6.15.6-5. The sections are listed in Table 
2.6.15.6-1.  

The buckling c% aluation methodolog\/equatlions aie summarized as follows: 

Symbols and Units: 

P = applied loads, kips 

M = moment, kips-in.  

P, = allow able axial compressivc load. kips 

P, = critical 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 

C, = coefficient applied to bending term in interaction equation 

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

of axial load. kip-in.  

lp = plastic moment, kip-in.  

Fa = axial compressive stress permitted. ksi 

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

k = ratio of effectixe column length to actual unbraced length 

I = unbraced length of member. in.  

r = radius of gyration. in.  

S, = yield stress allo%\ able, ksi 

A = area of the liamrnent, in

Z\ = plastic section modulus , ith respect to the major axis, in-, 

: = allowable reduCtion tactor. dimensionless.  

P C.M 
+ _ _< 1.() 

P • . P 
NI I p 

P 

P NI "<• 1.0 
P, 0.18 %1 

,\here, Pr,: 1.?7 F . , I'.  

I k.I 
F-C k. I 

F,, ilr - <C = E 
5 3 kl 1 kI r S, 

~S' C 8 C, 

P. =1.92 x.\ A\ F,
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7, E 
kI 

1.921 
r F 

P, =SyxA 

Cm = 0.85 for members with joint translational (sideways) 

MP = S, x ZX

.-SY 

3S60 
3160

Load Conditions

The load conditions considered 

follows:

in the l-ft drop normal condition buckling evaluation are as

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

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

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

For the buckling evaluation different \ alucs tor the thicknesses are associated with the weak axis 

of the support disk web and ,with the strong axis of the web. The veak axis corresponds to the 

0.625-in. support disk thickness and is associated ,with the load which would result in 

displacement perpendicular to the plane of the disk. The strong axis buckling xkould buckles the 

support disk web in the plane of the support disk.
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Buckling of Support Disk Web Weak Axis

For weak-axis buckling the evaluation parameters are as follows (Section 17): 

Parameter Values Parameter Values 

t 0.625 in. S, 60.5 ksi 

b 0.66 in. P, A x S, = 24.956 ksi 

A 0.4125 in- F, 32.456 

L 6.278 in. C, 91.32 

I b t/12 = 0.0134 in' Pýr 22.76 

r =0.180 F, 169.55 

K 0.800 P, 134.289 

KL/r 27.837 MP 3.899 

Z ht- /4 = 0.064 Mm 3.838 

E 25.560 ksi CI, 0.85 

LUsing the cross-sectional stiesses calculated at each of the sections shown in Figures 2.6.15.6-2 

through 2.6.15.6-5 for the I-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 conscrvative maximnum interaction coefficients.  

The terminologv used in the buckling anailsis is defined as follows:

PI = P/Pr 

P: = P/P,

NI 

N, =

C, m 

I P", ,1m 

LI18 \I

The X and Y directions refer to those wehs that are parallel to the global X and Y directions.  

respectively, for the basket (X is the horizontal axis and Y is the vertical axis for the model 

sho\\n in Figure 2.6.15.6-2). Section locations are identified in Figures 2.6.15.6-2 through 

1.6.15.6 5 and Tahble 2.6.15.6- 1.
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The margins of safety are calculated as:

1 
MSI - -1 

PI - MI
and MS2 I P +M,

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

orientation at Section 17 (thermal stresses are included).  

The calculated minimum margins of safety for the drop orientations discussed in Section 

2.6.15.6.1 arc presented in Table 2.6.15.14-1. The location of the sections identified in the table 

are showkn in Figures 2.6.15.6-2 through 2.6.15.6-5.  

Bucklingz of Support Disk Web Strong Axis 

For strong axis buckling the evaluation parameters are as follows:

"2.6-392

Parameter V'alue Parameter Value 

t 0.65 in. S, 59.3 ksi 

b 0.625 in. P, A x S,= 24.091 ksi 

A 0.406 in- Fi, 31.959 

L 6.278 in. Ci 90.491 

I b t/12 = 0.0/143 i1 P,.r 22.071 

r =0.188 F, 176.51 

K 0.800 P, 137.674 

KJIr 26.766 MP 3.915 

Z bt-/4 = 0.066 Mm 3.87 

E 24.600 ksi CM 0.85
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Using the cross-sectional stresses evaluated for each of the sections shown in Figures 2.6.15.6-2 

through 2.6.15.6-5, the maximum corresponding compressive forces in conjunction with the 

maximum in-plane moment produces the maximum interaction coefficients. Because the 

locations of the maximum force and the maximum moment may not coincide, the calculation of 

the interaction coefficient is conservative. The maximum magnitude of the moment is used, 

regardless of sign, to ensure the most severe condition.  

The margins of safety are calculated by using Equations 31 and 32 from NUREG/CR-6322 as 

discussed earlier. For strong-axis buckling, the minimum margin of safety is + 1.552 for the 

31.8- radial basket orientation at Section 295 (thermal stresses are included).  

The calculated minimum margins of safety for the drop orientations discussed in Section 

2.6.15.6.1 are presented in Table 2.6.15.14-2. The location of the sections identified in the table 

are shown in Figures 2.6.15.6-2 through 2.6.15.6-5.
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Table 2.6.15.14-1 Minimum Margins of Safety from Buckling Evaluation 

Disks (Weak Axis)

of BWR Support

2.6-394

Section Disk Drop 

No. C-Load Orientation Heat Case MS I NIS2 

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. 3.2 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 2 _2 +2.66 +2.97 

17 20 +77 2 + thermal +0.77 +0.94 

load
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Minimum Margins of Safety from Buckling Evaluation of BWR Support 

Disk (Strong Axis)

2.6-395

Section Disk Drop 

No. G-Load Orientation Heat Case MS 1 MS2 

298 20 0 1 +2.95 +3.303 

298 20 0 2 +3.0 +3.36 

298 20 0 2 + thermal +1.97 +2. "5 

load 

295 20 31.82 1 +1.82 +1.99 

295 20 31.82 2 +1.96 +2.14 

295 20 31.82 2 + thermal +1.52 +1.69 

load 

243 20 49.46 1 +1.98 +2.13 

243 20 49.46 2 +2.00 +2.16 

246 20 49.40 2 + thermal +1.44 +1.60 

load 

244 20 7. 1 +2.56 +2.85 

244 2(0 77-92 2 +2.64 +2.93 

244,20 77 2 + thermal +1.79 +2.03 

load 

53 20 90 1 +5.56 +6.15 

53 20 90 2 +5.49 +6.08 

53 20 90 2 + thermal +3.42 +3.82 

load
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2.6.16 Universal Transport Cask Cavity Spacers 

This section documents the design analysis of the spacers used to position the Transportable 

Storage Canisters containing PWR or BWR fuel in the Universal Transport Cask cavity during 

transport of fuel. The spacers are freestanding components that are placed at the bottom of the 

cask cavity belo\,\ 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) % hen subjected to the free drop (10 CFR 71.71).  

2. The spacers must provide spacing of the canister so that the center of gravity of the cask 

and contents is maintained.  

For impact loading conditions, the spacer is designed to meet the requirements of 10 CFR 

71.43(f) for the 1-ft drop condition (10 CFR 71.71). 10 CFR 71.43(f) requires that no substantial 

reduction in the eftfecti\eness of the package be expefienced in normal conditions of transport.  

Classical analysis is used to demonstrate compliance with these requirements.  

2.6.16.1 PWR Cask Cavity Spacers 

Each Transportable Storagc Canister containing Class 1 or Class 2 PWR fuel is located by one 

spacer. Canisters containing Class 3 PWR fuel ha\e no spacers. The PWR spacer is a ,aeldment 

made of Type 304 stainless steel, ASTM A 2.40, 3/8-in, plate. The ,\eldment consists of a base 

that is 67 in. in diameter \%ith 6 raised cylindcrs of different diameters \\elded to it. The si\ 

different diameters are: 12, 24, 32, 50. 56, and 65 in. The lengths of the spacers used to locate 

the Class 1 and Class 2 fuel canisters var\. The Class I spacer is 18.25 in. long and the Class 2 

spacer is 11.25 in. lone. A sketch of the PWR spacer is provided belowk.
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PWR Cask Cavity Spacers Accident Condition

For evaluation purposes, the P\VR spacer can hc \ei\\ed as separate cylinders. The cylinders are 

identified bh numbers 1-6 with the inner- most cylinder being number I and the outer most being 

6 as shown in the following sketch.

2.6-397

Spacer 

S-Base Disk

Individual 

Cylinders

Spacer



SAR - UMS" Universal Transport Cask 

Docket No. 71-9270

May 2000 

Revision UMST-OOA

The total load modeled is (73,000 lbs) x 60 g (conservative PWR canister ,,eight).

Fuel canister loading

/, ,,/ Top cover plate

Cyrlinders L

0

[ [I LI
SvI--Cylinder

0 00 0

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

Ft = 0.3561 10)" lb 

F =0.6028 10) Ilb 

F-,= 0.8372 10)" lb 

F4 = 1.024 ( 10) 6 bh 
F5 = 0.8260 10"' lb 

F(,= 0.7346 10 0lb 

The membrane stress experienced by each member is as follows: 

(7nic miram: = F/A 

0(=0.3561 (10)' lb / 27T5.625 + 0.1875h0.375) in-' =25,993 psi 

-7 = 0.6028 10)" lb / 2 l 11.625 + 0.187 5)(0.375) in-2= 21,6,60 psi 

-7, = 0.8372 (10)•' lb 2/( 15.625 + 0. 1875)(0.375) in'= 22,469 psi 

( 4 = 1.024 (10) 0l b / 2iT(24.62 5 + 0. 1875 )(0.375) in2= 17,516 psi 

= 0.8260 (1(0)' lb / 22027.625 + 0.1875 ((0.375) In-" 1=2,605 psi 

C7,= 0.7346 (10) lb, / 2(32.125 + 0.1875)(0.375) in-'= 9,649 psi 

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

Allo\\ able str-ess at 300- F = 0.7Su= 46.200 psi
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MS = (46.200 psi/25,993 psi) -1= + 0.78 

To evaluate buckling the critical stress was determined and compared to the actual: 

GcQriical = E((0.605 10-m)/(m(l + 0.0040)) 

w\here: 

E = modulus of elasticity fOr 304 SS C- 300TF---27 10"• si 

m = R/T = radius/thickness 

O= E/S, for 304 SS = 27E6/20.OOOpsi = 1.350 psi 

i = critical stress for each individual c\ inder 
a r1,, =27E6(0605 10 (5.8125/0.3751-/) 5.8125/0.375)(1 + 0.004(1350)) 164.602 psi 

7F6 _., 0 605 10 (11.S125/0.17/V)/ I1.8125/0.375))1 + 0.00401350)) =.80,894 psi 

Gcl,ý,i 27E6N 0.605 10 '15.8125/0.375) 2))/((15.8125/0.375)( 1 + 0.004(1350n =60.352 psi 

4 271Eh6 0 60. - 10 ( 24.Sl'8'5/0. 375 2)/((24.8125/0.. 75)( I + 0.004(1350)) = 38.295 psi 

-7E,6. = 27 6(0.605- 10- (-"-.8125/0.375)20/(i27.8125/0.375)(1 + 0.004(1350)) = 34,100 psi 

owrm, 6. = ._,E))060. 10 132.31, .. ,. .Io;28l25/0375)(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. ANSYS Version 5.2 is used to construct a finite element model of the canister spacer.  

Plane 42 elements are used to represent the spacer. The model includes the bottom of the 

canister to minimize the bending 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 safetv is calculated as follows: 

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

PWR Cask Ca'itv Spacers Normal Condition

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

the linear accident condition analysis results.  

The compressive buckling load is calculated as 

S11 = (S -,,r)(20 g/60 g) (7.106)(20 g60 g) = 5,702 psi 

The critical buckling allowable stress calculated earlier is 38.295 psi.  

The minimum margin of safety for critical buckling is: 

38.295"16 1 

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

""S) = 11,000 I - = 3,667 psi 
6 0 60 6 

The allo\\,able stress (SI,) tor the P\VR spacer at 300°F is 20.000 psi. This results in the 

follo\ 1 rug mari n of safet\: 

S2.() pi I -4.45 
I , 0 PSI I 

2.6.16.2 BWR Cask Ca\ It\ Spacers 

Each canister containing Class 5 BWR fuel is located by one spacer. Canister containing Class 4 

BWR fuel is located b\ 4 spacers. The lengths of the canisters containing Class 4 and Class 5 

13WR fuel are 185.75 and 190.55 in.. respectirelv. To maintain the centers of gravity of these 

canisters at the required distance from the bottom inner surface of the cask, spacers of 1.5 and 6
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inches in length are designed to be placed at the bottom of the cask cavity below the canister 

bottom.  

Each spacer used in the BWR cask consists of 1.5-in.-thick plate of ASTM B209 6061-E 

aluminum alloy. A sketch of the BWR spacer is provided below.

The aluminum alloy material is selected as the spacer material because it has the low weight, 
good thermal conductivity, and strength needed to meet the design requirements. This material is 
ev aluatcd below for normal conditions of transport.  

BWR Cask Cavity Spacers Accident Conditions 

To apply a 1-ft end-drop load to the spacer, a total bounding load of g 00-.4- lbs 

(76,000 x 60 ,')is applied.  

The area of the spacer is taken to be 3,318 in2. This results in a crushing pressure of 

Pc, = (4,560,000 lb)/(3,318in) = ..,3j74 psi.  

The yield strength of 6061-T65.1 aluminum alloy at 300°F is }2,O5Ops. Because the pressure 

load is less than the yield strength, the spacer will not permanently deform during the 1-ft drop.  

The margin of safety is 

NIS (20017rg 5

2.6-401

Spacer



SAR - UMS Universal Transport Cask May 2000 

Docket No. 71-9270 Revision UMST-OOA 

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: 

SI I_-,= SI3d ft =-.,374 = 458 psi 
1160-) 60'

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

margin for safety: 

MS 1,4001__ =÷+17.46 •,455 ,J
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2.7 Hypothetical 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 

hypothetical 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 

damagc. 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 corner, bottom comer, top-end oblique, and bottom-end oblique.  

Evaluation of each drop orientation is accomplished bv' using finite element analysis techniques.  

A complete dcscnption 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 impact 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 bet\\een -40WF and 100°F. For the accident condition, stresses arising from 

thermal expansion are not considered for the stress reevaluation. However, for determination of 

properties, the temperatures are considered. Heat generation from the contents and solar 

insolance arc also considered. ýninterma! pressure",'f,,50 psig is applied element 
models to produce the bounding critical stress condition in conjunction with the other loads 
pre~ iousl% discussed. Eighty~9Qpi is6e ntecs 

8073.-4 agLo~ prexur .of In ~w~ Mc aiia~ a ite r 
pressures. Closure lid bolt preload is considered and fabrication stresses are discussed.  

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

performed using the ANSYS computer program.  

2. The analyses assume linear elastic behavior of the cask.  

3. 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.  

4. 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 
Section 2.7.1.6). Therefore, the weights presented for the cask body analysis are 

conserative 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 . producing an effective cask weight of 259,260 lb ino credit taken 

for bounding acceleration).  

5. To account for the lead slump during the drops, and for the differential thermal 
expansion 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 in Appendix 2.10.2, the loads and boundarN conditions considered in the finite 
element analses are: (1) Closure lid bolt preload. (2) internal pressure, (3) thermal, and (4) 
impact and inertial loads resulting from the impact event.  

Dunnc fabrication of the Universal Transport Cask, thermal stresses can be introduced in the 
inner and outer shells as a result of pounng 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
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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 Table 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.  

2.7.1.1 30-Foot End Drop 

In accordance with the requirements of 10 CFR 71.73(c)(1), the Universal Transport Cask is 
structurall\ evaluated for the 30-foot end-drop condition. In this hypothetical accident, the cask, 
' ith its payload, spacer (if appropriate), and the impact limiters, falls 30 feet onto a flat, 
unNielding, horizontal 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 Pm and Pm + Pb 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 Pm and Pm + Ph 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 Q,53 (Table 2.7.1.1-7) in the ligaments. The minimum margin of 

safety for primary membrane plus bending stress intensity is 0.95 (Table 2.7.1.1-8) in the bottom 

forgti n g.
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Table 2.7.1.1-1 Pm Stresses-30-Foot Top End-Drop, Thermal Condition 1 

Allowable 
Cylindrical Stress Components (ksi) Stress 

Section Angle S" S, S, S., SV. S" SI (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 45.9 10.14 
11 120 -0.3 -1.4 -4 -0.3 0.2 1.1 4.4 45.9 9.41 
12 90 0 0.3 0.8 -0.2 0 0 0.9 45.9 50.66 
13 90 0.9 0.7 1.7 -0.3 -0.2 0.1 1.3 45.9 33.82 
14 135 -0.5 0.2 0.9 -0.1 0 -0.3 1.4 47.3 31.98 
15 80 0.9 0.5 0.8 -0.1 -0.2 0 0.7 47.3 70.41 
16 0 -0.1 1.9 -0.2 -0.2 -0.1 0 2.1 47.3 21.52 
17 0 -0.1 2.8 -0.7 -0.3 0 0 3.5 47.3 12.43 
18 0 -0.1 3.4 -1.2 -0.4 0 0 4.7 47.3 9.11 
19 0 -0.2 4.4 -1.7 -0.5 0 0 6.2 47.3 6.67 
20 0 -0.2 6.4 -2.3 -0.7 0 0 8.8 47.3 4.38 
21 0 -0.3 9.5 -3 -1 0 0 12.6 47.3 2.75 
22 0 -0.5 12.4 -4.5 -1.2 0.1 0.2 17 47.3 1.79 
23 120 -0.1 -0.3 27 0 0.3 0.2 2.7 45.9 16.21 
24 120 -0.1 0.5 2.9 0 0.3 0 3-4 45.9 12.44 

10 -0.1 -0.4 3.3 0 0.1 0 3.1 45.9 13.58 
26 10 0.2 -1 4 0.1 0.1 0 3.8 45.9 11.04 

10 -0.2 -1.6 -4.6 0.1 0.1 0 4.4 45.9 9.35 
10 -0.2 33 5.1 0.1 0 0 4.9 45.9 8.35 

29 20 -0.3 9 -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 45.9 3.97 

1 60 -OS -10.3 -5.3 0 -0.9 0.4 9.7 45.9 3.75 
32 0 -09 8.7 -5 -0.9 0.1 -0.8 14 48 2.44 

0 3.4 5.3 -4.9 -0.2 0 -1.5 10.5 48 3.58 
34 0 8.. . -8.3 0.1 0.3 27 17.5 48 1.74 

180 12 -5.7 0.4 -0.6 0.3 7.9 48 5.1 
0 0 2 1 -6.6 0.1 07 0. 8.7 48 4.53 

180 -0.6 -02 -2.4 0 -0.5 0.9 2.8 48 16.08 
0 0. 0.2 2.2 0 0.4 0.7 2.5 48 18.46 

39 0 -0.2 -0.8 -5. 0 0.5 0 5.4 48 7.9 
40 0 29 2 -8 0 0.2 -16 48 5.73 
41 180 -0. 02 0 -0.1 0.5 1.5 48 31.56
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Table 2.7.1.1-2 Pm + Pb Stresses-30-Foot Top End-Drop, Thermal Condition 1

Allowable 
Cylindrical Stress Components (ksi) Stress 

Section Angle S, S,. S S, S,. S, SI (ksi) (ksi) MS
1 

4 
5 

6 
-7 

8 

9 
10 
11 
12• 
13 

14 
15 
16 
17 is 
18 

19 
20 

21 

21' 

31 

)4 

2,6 

39 

40 
41

90 

120 
180 
180 
0 

135 
135 
135 

120 
135 
135 
120 

120 
120 
90 
20 
20 

20 
0 

20 
0 

10 
120 
180 
0 
0 
0 
0 
0 

20 
0 
0 
0 
0 

10 

(S1 
i0 

I 81

0.4 
0.5 

-0.1 
-0.1 
0.1 
0.7 
0.3 
0.1 

-3.4 
2.17 

2.6 
-1.4 
-1,3 

-1,2 
2.3 

-0.1 

-0.2 

0 

-0.4 

-0.1 
-0.S 

-0.3 
0.3 

(OýI 

-1 3 
-0.3 

-0.5 
-0.5 
0.1 
-14 

1.5 

-0.5 

-0.8 
31 
3.5 

0.5

0.2 
0.4 
0-4 

0.4 
0.6 
0.3 
0.3 
-0,9 

-2.8 

0.7 
-0.1 
-0.3 

0 
-0.1 
1.3 
2.1 

3.1 

4 
4.9 

/.3 
9.9 

11.1 

0.9 
0.3 

-2.8 
-47 

7.4 

-10.9 
-14.2 

S.1 

-4,9 

19 
0 

66 
-1.7 

-5 "7 

0.3

-0.1 

0 
0.7 
0.7 
-0.1 
-0.1 
-0.2 
-2.9 
-5.5 

-0.5 
-2.9 

0.2 
1.2 
0.5 
2.1 
-0.2 
-0.6 
-1 

-1-6 
-2 

-3.1 
-9.7 
-2.8 

-. 7 

-6-1 

-3.1i 

-4.3 

-5 

-6.1 

-6.5 
-16.6 

-12 

-33,9 

-74 

-10 
-1.5~ 

26 

-5.4 
-18

0 
0 

0.1 
0.1 
0 
0 
0 

-0.2 
-0.3 
-0.1 
-0.2 

-0.2 
-0.2 
-0.1 
-0.3 

0 
0 
0 

-0-5 
0 
-I 

-0.1 

0 
0.1 
0 

0.2 
0.3 
0.5 
0. 6 

0 
1.3 
-1 

0.2 
0.4 
04 

0.1 
0.1 
-0.4 

0.2 

0.2 
-0.1

0 
0 

-0.1 
-0.1 

0 
0 
0 

0.1 

0.3 
0 

0.1 

0.1 
-0.1 

0 
-0.3 
-0,1 
-0.1 
-0.1 

0 

0 
0 

0.3 
0.3 

0 
0.1 
0 
0 
0 
0 

-0.2 
0.1 
0.1 
0 
-0.2 

-0.6 
-1.1 
0.1 
-0.6 
0.6 

0.1 
-0.1

0.1 
0 

0.6 
0.6 
-0.1 

0 
0.3 
1.3 

0.9 

1.6 
1.5 

-0.2 

0.1 
-0.2 
0.3 
0 
0 
0 
0 
0 

0.1 

0.1 
0.2 
0 
0 

0 
0 
0 
0 
0 

0.4 

-0. 7 

-0.9 

-06 
0. 1 
0.2 
01 

0 7 

-0.4 
-0.4 
0 6

0.5 
0.5 

1.5 
1.4 
0.7 
0.7 
0.7 
4.1 
3.2 
4.5 

6.3 
1.7 

2.6 
1.8 
1.5 
2.3 
3.8 
5 

6.6 

9.3 
13.1 

20.8 
2.7 

3.7 
3.4 

4.1 
4.7 

5.3 

10.8 
15.3 
15.3 
13.8 

33.5 

9.4 

10.2 

8.3 
(6, 

12.6 

12.3 
31

72 
72 

72 
72 
65 
65 
65 
65 

65 
68.8 
68.8 
68.8 
68.8 
70.9 
70.9 
70.9 

70.9 
"70.9 
70.9 

70.9 

'70.9 
70.9 

68.8 
68.S 
68.8 

68.8 
68.8 

678.8 
68.8 68.8 68.8 

6S2.  

627 

62." 
62." 

62.' 
63 
63 

63 
63

145.34 

130 
47.1 

49.31 
90.88 
89.53 
88.4 
14.85 

19.56 
14.26 
9.99 

40.17 
25.58 
39.17 
47.19 
29.86 
17.88 

13.23 
9.82 
6.66 
4.41 
2.41 

24.17 
17.65 
19.47 

15.8 
13.68 
12.07 
8.88 

3.5 

3.11 
3.55 

0.87 
5.69 
5.15 
6.57 
8.58 
4. 02 
4.12 

21 .51
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Table 2.7.1.1-3 Critical Pm Stress Summary--30-Foot Top End-Drop, Thermal 
Condition 1 

Allowable Marg 
Component Section Angle SI (ksi) Stress is1) bf Sýety 

1 4 180 I1 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 
5 21 0 12.6 47.3 2.75 
6 22 0 17 47.3 1.79 
7 23 120 2.7 45.9 16.21 
8 30 20 9.2 45.9 3.97 
9 31 60 9.7 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 

Tahlc 2.7.1. 1-4 Critical Pm + P, Stress Summary-30-Foot Top End Drop, Thermal 
Condition 1 

Allowable Margin 
Component Section Angle SI (ksi) Stress (ksi) ofSafety 

3 180 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 70.9 39.17 
5 2-1 0 13.1 70.9 4.41 
6 10 20.8 70.9 2.41 
7 23 120 2.7 68.8 24.17 
8 30 20 10.8 68.8 5.39 
9 31 0 15.3 68.8 3.5 
10 34 0 33.5 62.7 0.87 
11 39 0 12.6 63 4.02 
12 41 180 3.2 72 21.51
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Table 2.7.1.1-5 Pm Stresses-30-Foot Bottom End-Drop, Thermal Condition 1

Allowable Margin 
Cylindrical Stress Components (ksi) SI Stress of 

Section Angle Sý S, S, SX, SIZ Sx (ksi) (ksi) Safety

1 
2 
3 
4 
5 
6 
7 
8 

10 
10 

12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41

70 

i 80 
180 

'120 
•80 
0 

186 
180 
180 
180 
180 
180 
180 
180 
0 
0 

0 
0 
0 
0 
90 
90 
0 
0 
0 
0 
0 
0 
0 
0 
10 
10 
0 
80 

50 
60 
0 

80 
180

:0.1 

-0.2 
-3.4 
1.7 
1.4 

1.2 
6.4 

10.7 

117.7 
9.3 
19.5 
2.2 
10.6 
-0.3 
-0.2 
-0.2 
-0.1 
-0.1 
-0.I 
0 

10.9 
-0.8 
-0.6 
-0.5 
-0.4 

-0.3 

-0.3 
-0.2 
-0.1 
"7o. 1 

"0.4 
0.2 

=0.i 
1.1 

-0.2 
-0.2 
-0.2 
0.7 
1.'2

,2.i 

-9.9 

:58 

.5 
-9.7 
"-9.7 
r5 

74.1 

-3.5 
.-3 

-2.5 
:2 

-5.8 
-6.8 

36.6 

-3& 

r62 

-5.6 

6.02 

-4.3 

:36 

p2.9 

ZO.4 

-•2.7 
:o~8 

:1.9

:'.2 

-0.1 

0,.5.  
"OJ3 

2.7 
4-.4 
4.5 
9.6 
0.6 
3.3 

11.4 
7.3 
5.1 

3.  3.3 

2.5 
1.6 
-0.8 
!io.8 
-6.3 
:3.6 

-1.9 
1.3 
0o.8 

L .7 

2.18 

;0,2 
0.2 

-. 6 

ý0.3

03 

•o.5 
1.6 
hA 
1.9 

2.5 
IJ2a 

-.4 

5.2 
-2.6 

0.2 
0 

P 

0 

0 
0 
b 

0 
0 

0.1 

' i 
0.4 
o-i 

0.2 
0.3 
0.3 
•o04 
"E.2

P.8 

0.7 

0 

Q 
6 
P_ 

.0.1 
0.1 
Qj 
0 

0 

6 

ý0 

':.7 
.0.3

:01 
o3 

,03 

Orl 

V14 

0.4 

0.3 

b•j 

Q3 

-0.7 

0A5 

¢03 
-0.2 

P1.2 

!04 

:0.3 

-0.2

}tA 

•063 

5.18 

•_.4 

•A

Is 

45.'9 
4'$_q 

i[5 

.459 45.9 

4529

6-4 
ýT2 

•46 

V76 

EIA 

:f•87 

OR

2., 7-S



Docket No. 71-9270 Revision UMST-OOA 

Table 2.7.1.1-6 Pm + Pb Stresses-30-Foot Bottom End-Drop, Thermal Condition 1 

Allowable Margin 
Cvlindrical Stress Components (ksi) Sl Stress of 

Section Angle Sx S. S, S,, Svz S" (ksi) (ksi) Safety

14 

13 
14 

0 

1'6 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41

180 
Isad 

b 
180 
180 
180 

48o 

6 

.180 
20 

10 
20 
20 
120 
20 

i80 
20 
0 
0 
0 
0 
0 
0 
0 
0 
.0 
0 
0 
80 
165 
20 
0 
80 

'180

P,6 

5.9 

13.8 

33.6 
70;9 

26.3 
0.8 

0.4 
0.3 
0.3 

0.2 
i'7 

70.9 
-0.7 
-0.5 
-0.4 
-0.3 
-0.2 
'0.2 
-0.1 

-1.1 
:0.2 
0.1 
0.9 

-J.8 
'2.5 

1'.

iZ.5 

1811 

iE98 
11 

-106 

ý12 
J7..6 .  

1977 

7.8 

:5.3 
4 

"-331 ;2.7 

124 
-1.9 

;7 
-7.1 
76.7 
76 

:1.1 

-0.1 

-18.1

$t9• 4-"! 

' 3 

11.3 

7,i8 

10., J 

L3._.3 

-12.3 
35.3 

z2 .5 

1:3.  

-1.1:_ 

-2J.5

OU 
10 

9,i 

P.5 

R 

PU 

-0.2 

Q.2 
P 

ED 

I0f

K 

D 

L-4 

r.8 

90

;PQ 
V7,3 

:2.  

Pi.S 
0:9 

:0.4 

ýOA 

'0.3 
_'.2 
0 

0.2 

'0.3 
0.2 
b:7 

L0.3

Vft 

L,6 

6.3 

ý03 

W_;2 

UO:

U2 

KOO 

Mgs~ 
W_'S 

W,

[0

rA3 

•44 

g•'o5 

a•
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Table 2.7,1.1-7 Critical Pm Stress Summarv-30-Foot Bottom End-Drop, Thermal 

Condition 1

SI Allowable Margin of 
Component Section Angle (ksi) Stress (ksi) Safetv 

1 3 180 r41 48 
2 9 180 17:0 48 1A___ 
3 40 180 30•1 45.9 03J 
4 15 180 21E1 47.ý3 [12 
5 1i6 0 '1 165 p47.3 
622 0 3.1 47.3 -4 
7 23 90 .10:3 45:9 ý544 
8 1 0 10 G.3 45.9' 54d 

9 ~ 04.'6 45.9 
10 34 0 4.8 48 
11 40 80 4C83 48 48O__ 
12 41 180 135 48 2.55

Table 2.7.1.1 -8 Critical Pm + Pb Stress Summary -30-Foot Bottom End-Drop,
Thermal Condition 1 

SI Allowable Margin of 
Component Section Angle (ksi) Stress (ksi) Safet

1 ~80 15.972 35 
2 1-80 2i.2 .  

Y I ý5A' ý'gb§" 

5 16 2 7 70.9 3.07, 
6 22 6 3.3 f).0.9' t 6..47, 
7_ 23 180• 16.4 18, 
7 -824 06 1 ,16 68.8 Tj_ 

____ ~"16098.8 __ _ _ _ __ _ _ _ ____ _ 

fo 6 62 ý_7• §T.5 
ii fi 1ý J n.o ,.92 
12 V, -180 20.8 72r.
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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 Pm Stresses-30-Foot Side-Drop, Thermal Condition I

Allowrable Margin 

Cylindrical Stress Components (ksi) Stress of 
Section Angle S, S, S, S, Svz Sý SI (ksi) (ksi) Safety

3 
4 

5 
6 

8 

9 
10 
11 
12 
13 
14 
15 

16 
17 

18 
19 
20 

21 

24 

I25 

'S 

26 

28 
29 
30 

31 

'q 

34 

38 

40 
41

180 
135 
30 
10 

10 

0 

0 
0 

0 
0 
0 
0 
0 

0 
0 

60 
0 

0 
0 
0 
0 
6() 

50 

0 
0 
0 

0 
0 

60 
60 

ISO 60 
0 

180 
0 
0 
0 
0

-3.0 
-0.3 
-5.3 

-12.1 

-8.3 
-10.2 
-11.8 
-6.3 

-16.8 
-14.1 
-20.4 
-27.6 
-17.2 
-23.9 

-13.6 
0.0 
-0.3 
-0,3 

-0.3 
-0.3 
-0.3 
0.0 
-0.2 
01 

0 8 
-0.8 

-0.8 

-0.8 
0.8 
0,0 

0.2 

03.  

-3.5 

9.7 

-10.7 
-114 
-9.8 
-4 c

2.7 

-9.0 
-17.6 

-6.8 
-12.5 

-18.1 
-24.4 

-28.6 
-32.8 
-40.8 
-23.9 
-18.4 

-32.5 
-30.2 
3.0 
5.4 

4.7 
4.5 

5.0 
0.0 
5. 3 

-4.2 
4.9 
"7.4 
"7.4 

7.7 3.9 
4.2 

1.0 

-12.5 
18 3 
-0.9 

-9.4 
-12.7 
-90

-0.1 
0.0 
-0.5 

-0.5 

-0.1 
-0.1 
7.2 
0.6 

1.5 
0.2 
-0.6 
0.2 
-0.6 

-0.3 
1.5 

21.1 

25.4 
27.0 
26.2 
22.4 

1.8 

2.8 

3.1 
18.2 
23.3 
25.3 

24.0 
19.6 
13 

-0.6 
-0.7 
2.8 

0.6 
-2,0 
-0.1L 

-0.3 

0.8 
-4.3 
-0.-

0.2 
-3.2 

0.4 
0.2 

0.6 
0.2 
0.3 
1.1 
1.2 

1.1 
1.4 

-0.8 
-0. 5 

0.6 
1.4 

0.0 
-0.8 

-0.9 

-0.9 
0.8 

-0.8 
-0.1 

0.0 
-0.1 
-0.8 

-0.8 

-0.9 
-0.S 
-0.8 
0.1 
-0.1 
0.3 
-2.1 

0.8 
I.

24 

0.0 
0.1 
02 

0.5 
-04

0.0 
-0.1 
0.7 
0.4 

0.0 
0.1 
-0.4 

-1.3 
-0.8 
-1.0 
-0.7 
-1.1 
-1.2 

-0.8 
-0.4 

-10.3 

-0.8 
-0.4 
-0.1 
0.3 
0.8 
10.0 

-10.7 

-10.8 
-0.9 
-0-5 

0.0 
0.4 
0.8 
9.9 

13.6 
10.4 
6.6 

10.9 

0.1 
0.5 

0,0 
0.0 
-0.2 
-0.1 
0.1

0.1 
0.2 
-0.5 
-4.2 

-0.1 
0.2 

-1.3 
-3.8 
3.9 
-2.2 

4.6 
2.0 
2.8 

-6.8 
5.6 
-0.2 
0.2 

0.1 
0.0 
-0.1 
-0.2 
0.6 

0.3 

-0.2 
0. 1 
0.1 

0.0 
0.0 
-0.1 
0.1 
05 

1.0 

0.4 
0.7 
I-3.0 

34 
-0.3 
-0.  

-0.9 
-0.4 
04

6.8 
7.2 
8.7 

18.4 
8.4 
12.4 

25.5 
27.0 

31.0 

33,5 
41.3 

28.3 
18.5 
31.8 
32.1 

20.6 
21.6 
25.9 
27.4 
26.6 
22.8 
20.3 

22.6 
21-7 
19.1 

24.2 

26.2 
25.0 
20.5 
19.9 

21.7 

14.0 
22.0 

19.8 
22 .4 
9.6 
10.5 
12.3 

8.5 
14.2

48.0 

48.0 
48 0 

480 

480 
480 

480 
480 

480 
48 0 
48 0 
48 0 
480 

47 3 
47 3 
47 3 
47 3 
47 3 
47.3 
47 3 
47.3 
47.3 

45.9 
45.9 

45.9 

45.9 
45.9 

45.9 
45.9 
45.9 

45.9 
48.0 
48.0 
48.0 

48.0 

48.0 
48 0 
48.0 
48.0 

48.0 
48.0

6.08 
5.68 
4.50 
1.61 
4.70 

2.86 
0.88 

0.78 
0.55 

0.43 
0.16 
0.69 
1.60 
0.49 
0.47 

1.29 
1.19 
0.83 
0.72 
0.78 
1.07 
1.33 

1.03 
1.12 
1.40 
0.89 

0.75 

1.23 
1.30 
0.69 
1.22 

2.44 
1.18 
1.42 

1.14 
4.03 
3.58 

2.89 
4.63 
2.39
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Table 2.7.1.2-2 Pm + Pb Stresses-30-Foot Side-Drop, Thermal Condition 1 

Allowable Margin 
Cylindrical Stress Components (ksi) Stress of 

Section Angle S, S, S, S,. S,. Sý 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 4.43 
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 37.5 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 5.5 -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 35.4 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 1.1 0.0 40.1 68.8 0.72 
13 0 -40.2 -27.3 9.4 -1.6 -1.5 2.6 50.0 68.8 0.38 
14 0 -31.4 -22.9 36.6 -0.9 -1.0 -2.2 68.2 70.9 0.04 
15 0 7.2 -7.1 58.0 0.7 -1.1 3.5 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 

7 0 -0.2 26.6 29.9 -2.7 -0.3 0.2 30.4 70.9 1.33 
Is 0 -0.2 30.2 35.7 -3.1 -0.2 0.1 36.3 70.9 0.96 
19 0 -0.4 -22.1 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 25.1 30.5 -2.5 0.1 -0.2 30.9 70.9 1.29 
22 40 -0.2 6.8 3.2 -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 34.5 68.8 0.99 
24 0 0.3 12.7 4.9 -0.1 -14.2 -0.2 29.5 68.8 1.33 

5 0 -0.6 28.0 26.3 -2.6 -0.4 0.1 29.3 68.8 1.35 
0 -0.7 330 332• -3.1 -0.2 0.1 34.4 68.8 1.00 
0 -0.6 3 5.4 36.0 -3.4 0.0 0.0 37.0 68.8 0.86 

28 0 -0.6 34.4 34.4 -3.2 0.2 0.0 35.8 68.8 0.92 
29 0 -0.6 31.0 28.8 -2.9 0.4 -0.1 32.2 68.8 1.13 

,0 so -0. 15.6 702 12.5 0.0 26.4 68.8 1.61 
31 40 -04 4.5 -0.7 -0.2 20.0 0.1 40.5 68.8 0.70 

50 01 4.1 -5.4 0.1 14.6 0.1 30.6 62.7 1.05 
33 O0 -43 -24 -6.5 -6.2 11.1 0.5 25.7 62.7 1-44 
34 51 01 -2.3 9.2 0.2 14.8 1.1 30.5 62.7 1.06 

40 -0.8 -11.4 0.5 0.2 11.2 0.1 25.4 62.7 1.47 
30 0 -2.9 -21-5 1.7 2 1 0.4 1 7 24.0 62.7 1.61 
7. 0 84 6.1 0.0 0.0 0.0 -02 14.5 63.0 3.35 

0 -1 5 -0.6 -0.3 0.0 0.0 -0.5 14.7 63.0 3.29 
0 .0 -558 32 -0.3 0.2 28 23.5 63.0 1.68 

40 0 91 -6.3 8.1 0.7 0.1 1 3 16.4 63.0 2.83 
41 0 - 2 -9.6 0.5 -0.3 00 01 15.6 72.0 3.61
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Table 2.7.1.2-3 Critical Pm Stress Summar,-30-Foot Side-Drop, Thermal Condition I

Allowable Margin 
Component Section Angle SI (ksi) 9iss•s 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 47.3 0.47 
5 19 0 27.4 47.3 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 50 27.2 1 45.9 0.69 
10 36 180 22.4 48.0 1.14 
11 39 0 12.3 48.0 2.89 
12 41 0 14.2 48.0 2.39

Table 2.7.1.2-4 Critical Pm + Ph Stress SummarN--30-Foot Side-Drop, Thermal 

Condition I

2.7-14

Allowable Margin 
Component Section Angle SI (ksi) Stres ki) of Safety 

1 4 _ 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 
519 0 38.5 70.9 0.84 
6 22 40 29.8 70.9 1.38 
7 23 40 34.5 68.8 0.99 
S 27 0 37.0 68.8 0.86 
9 31 40 40.5 68.8 0.70 

0 32 50 30.6 6 2.7 1.05 
II 39 0 23.5 63.0 1.68 

12 41 0 15.6 72.0 3.61
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2.7.1.3 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 comer 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 comer. The cask center of 
gravity is directly above the initial impact point for the comer drop condition. For the cask, an 

angle of 230 from vertical is calculated for the top comer drop orientation, and an angle of 23.50 

from vertical is calculated for the bottom comer 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 
comer and Tables 2.7.1.3-5 through 2.7.1.3-8 for the bottom comer, respectively. For the top 
comer 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 comer, 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 
safctv 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 Pm Stresses-30-Foot Top Comer-Drop, Thermal Condition I

Allowable Margin 
Cylindrical Stress Components (ksi) Stress of 

Section Angle Sý S, S, Sx, S,.z S SI (ksi) (ksi) Safety

1 

3 

4 

5 

6 
-7 

8 

9 
10 
11 
12 
13 
14 
15 

16 
17 

Is 
19 
20 

23 
216 24 

•"7 

28 
29 

30 
31 

3_2 

34 

37 

3') 
19 

40 
41

180 
120 
90 
0 
10 
0 
0 
0 

0 

0 
0 
0 
0 

0 
0 
60 
0 

0 
105' 

105
SO 
6 0 
(A) 

50 

s0 

80 

105 

100 
90 
80 
60 
80 

0 
0 

1i80 

180 
0 
10 

1 8(0 

0

-1I 
0.2 

0.5 
-4-7 

-2.9 
-3.6 
-4.1 
-2.9 

-5.3 
-8.3 

-10-1 
-6.2 
-9.1 
-4.5 

0 
-0.2 
-0.2 

-0.1 
-0.2 

-0.1 
0.4 

-0.1 
-0.1 
-0.1 
-0.2 
-0.2 

-0.2 

0.3 
-0.4 
-0.9 
06 
5.1 

1.2 

23 

-4,2 
-4.1 
-2.4 
-5.

1.4 
0.4 

-0.2 
-6.4 

123 

-4.4 

-6.5 
-9.3 

-11 
-12.8 
-15.9 
-8.6 
-6.4 

-11.6 
-10.6 

2.5 

4.4 
4.8 
S.4 
5,1 
8.4 

12.5 
1.3 

2 
0.4 

-1 

-4.3 

-23 
-3.3 
-3.

-0.1 
0 

0.2 
0.2 

-0.1 
-0.1 
2.4 

-1.1 
11.1 
-11.3 
-17.1 

11.1 

15.8 
-0.4 
0.6 

0.3 
6.7 
7.6 

-5.4 
-5.3 
-3.5 

-2.4 

-1.1 

-1.4 

-4.5 

-6.3 
-6.8 
-6.4 
-5.5 

-4.4 

-6.4 

-3 
-5.2 

-12.6 
-5.4 

-6.1 
-2.1 
-1 .2 

-5.7 
-1.2

0.1 
-1.3 
-1.1 
0.2 

0.2 
0.1 
0.1 
0.4 

0.4 
0.5 

0.5 
-0.3 
-0.2 
0.2 
0.5 
0 

-0.6 
-0.7 
0.1 
0.1 
0.1 
0 

0 
0 

0.1 

0 
0 

02 

0.1 
0 

-0.1 
0.2 
0 

0.6 
0.8 
0.8 
0 

0.4 

-0.1 
0.1 
-0.1

0 
0 
-0 
0 
0 

0 
-0.3 

-0.5 

-0.3 
-0.5 
-0.3 

-0.4 
-0.5 

-0.3 
-0.2 
-3.9 
-0.3 
-0.1 
-0.1 
0.8 
2.8 

-3.8 
-3.5 

-1.7 

-0.4 

0.3 
1.3 

2.4 
3.6 
4.5 
51 

0.4 
0.9 
-04 

-0.6 
0.3 

0.3 
-0.4 

-0.1 
0.1

0.1 
0 

0.4 
-1.4 

-0.1 
0 

-0.5 
-1.2 

1.8 
0.1 
2.3 
0.8 

1 

-2.6 
2 

-0.1 
0.1 
0 
0 
0 

0.1 

0.3 
0.2 
-0.1 

0 
0 
0 
0 
0 

0.1 
0.1 
-0.5 

1.9 
0.

1.7 
0.8 

0.5 
0.2 
-1.8 
0.6

2.4 
2.6 
3.1 
7 

2.9 

4.3 
9 

8.9 
10.5 
7.7 
10.1 
21.3 
22.4 

12 
11.9 
8.1 
7 

7.9 

8.8 
10.5 
13.1 
18 

7.6 

7.9 

5.9 
6.1 
6.6 
6.6 
7.1 

9.5 

1t18 
15.7 
11.2 

18.9 
10.3 
14.1 
4.1 

37 

5.2 
4.2

48 
48 
48 
48 
48 

48 
48 

48 
48 

45.9 
45.9 
45.9 
45.9 

47.3 
47.3 
47.3 
47.3 
47.3 

47.3 
47.3 
47.3 
47.3 

45.9 

45.9 
45.9 

45.9 

45.9 
45.9 
45.9 
45.9 
45.9 

48 
48 
48 
48 

48 
48 
48 
48 
48 
48

18.83 
17.78 

14.32 
5.89 
15.63 
10.24 
4.36 
4.38 

3.58 
4.94 
3.55 
1.16 
1.04 

2.94 
2.97 
4.86 

5.77 
4.98 
4-38 
3.49 
2.61 
1.63 

5.04 
4.83 

6.74 
6.47 
5.98 
5.97 
5.46 
3.84 

2.91 

2.05 

1.54 

3.68 
2.4 

10.81 
1 3.70 
12.09 
8.23 
10.32
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Table 2.7.1.3-2 Pm + Pb Stresses-30-Foot Top Corner-Drop, Thermal Condition 1 

Allowable Margin 
Cylindrical Stress Components (ksi) Stress of 

Section Angle S. S, S, S, SV- Sx, SI (ksi) (ksi) Safety 
1 180 -1.2 2.7 0 0.1 0 0 3.9 72 17.36 
2 180 -0.6 2.9 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 13.5 65 3.8 
8 0 -0.7 -4.5 12.4 0.1 -0.6 -2.4 17.4 65 2.73 
9 0 2.3 -1.3 22.1 0.3 -0.6 -0.2 23.5 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 -12.9 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 24.8 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 25.4 70.9 1.79 
15 0 3.6 -2 21.7 0.3 -0.4 1.2 23.8 70.9 1.98 
16 50 -0.1 5.3 1.4 -0.1 -5.1 -0.1 10.8 70.9 5.56 

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 11.3 -1.6 0 0 15.9 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 2.91 
22 50 -0.8 12.6 -8.1 -0.1 6.3 0.3 24.3 70.9 1.92 

S 40 -0.2 -1.8 1. 1 0 -6.1 0.4 12.2 68.8 4.65 
24 50 -02 5 -0.8 -0.1 -4.7 -0.1 11 68.8 5.24 

0 -0.4 9-2 6.3 -0.8 -0.1 0 9.8 68.8 6.01 
26 0 -0.5 101 7.8 -0.9 0 0 10.7 68.8 5.42 

Sr0.5 10.1 .8 -0.9 0 0 10.8 68.8 5.39 
28 70 -0.3 -84 -7.4 0 1.5 0 9.2 68.8 6.51 
29 0 04 -9.7 -,7 0 2.4 0 10.8 68.8 5.4 
30 70 -0.6 -11.3 -5-4 0 3.2 0.1 12.1 68.8 4.67 

40 05 6.2 2.8 -0.1 7.3 0.4 17.2 68.83 
. 60 -1.2, 8.4 -7.5 0 6 -0.6 20 62.7 2.13 

180 -1.2 1.6 - 13. 0.4 0.1 -0.8 14.9 62.7 3.22 
34 50 -0.4 -6. -31.2 0.1 5.3 -0.9 32 62.7 0.96 
5 180 1-.3 4.6 -5.7 0.8 -0.6 0.8 10.6 62.7 4.93 

36 180 -0.4 6.4 -8.2 1 -0.8 1.1 15 62.7 3.18 
7170 -2.3 -8.5 -1.8 1.1 0.2 1.1 7.8 63 7.05 

38 70 4.7 - -1.1 1 0.1 0.6 7.5 63 7.39 
39 180 5.5 0.2 -4.2 -0.4 -0.5 -0.2 9.8 63 5.4 
40 0 -4.5 -6.5 -154 0.5 0.3 0 11.2 63 4.65 
41 0 -6.4 -3.6 -0.1 -0.2 0 0.1 6.3 72 10.42
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Table 2.7.1.3-3 Critical Pm 

Condition 1
Stress Summary-30-Foot Top Comer-Drop,

Allowable ] 'Trgii 
Component Section Angle SI (ksi) Stress'd13 ofS e~f• 

1 4 I 0 7 48 -5.89 
2 9 0 10.5 48 3.58 
3 13 0 22.4 45.9 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 50 7.6 45.9 5.04 
8 30 60 9.5 45.9 3.84 
9 31 30 11.8 45.9 2.91 
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 Pm + Ph Stress Summary-30-Foot Top Corner-Drop, Thermal 
Condition 1

"2.7-18

Thermal

Allowable Margin 
Component Section Angle SI (ksi) Stress'(ksi) I 6f-Safety' 

14 07.4 72 8.77 
29 0 23.5 65 1.76 

3 13 0 28.3 68.8 1.43 
4 14 0 25.4 70.9 1.79 

5 21 0 18.1 70.9 1 2.91 
622 50 24.3 70.9 1.92 

-7 

7 _ --__ 2340 12.2) 68.8 4.65 
8 30 70 12.1 68.8 4.67 
9 31 40 17.2 68.8 3 
10 34 50 32 62.7 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 Pm Stresses-30-Foot Bottom Comer-Drop, Thermal Condition 1 

Allowable Margin 
Cylindrical Stress Components (ksi) Stress Of 

Section Angle S., S, S, S•, S,.Z S" Sl (ksi) (ksi) Safety, 
I ISO -2.2 1.6 -2.4 0.2 0 -0.3 4.1 48 10.59 
"2 ISO -I'll 2.3 -1.5 0.2 00.23.481 " 
3 0 -4 -9.8 -19.5 0 -1.7 -0.9 15.9 48 2.03 

4 180 -2.6 2.5 -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 

80 0.8 -0.6 -3.6 -1.4 -1 2.1 6.9 48 5.92 
8 80 3.9 -0.3 -2.9 -2.0 -2.4 3.3 11.2 48 3.3 
9 70 4.6 -2.1 -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 45.9 0.81 
11 0 8 -9.8 -15.5 1.6 -0.5 5.1 25.8 45.9 0.78 
12 10 -2.9 -4.4 11 0.1 -1.7 -3.1 16.5 45.9 1.78 
13 10 9.2 1.7 19.8 -0.2 -1.8 2 18.8 45.9 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 -3.4 0 12.8 47.3 2.68 
is 90 -0.1 4.3 -5.4 0 -1.6 0 10.2 47.3 3.62 
19 90 -01 3._ -5.5 0 -0.6 0 8.8 47.3 4.37 
20 90 -0.1 2.8 -4.9 0 0.5 0 7.8 47.3 5.09 
21 90 -0.1 2.1 -3.8 0 1.5 0 6.6 47.3 6.19 
22 70 0 2.5 1 0 3.3 0.1 7.4 47.3 5.38 
23 20 -0.9 15.5 -9.4 0 2.9 0.6 15.8 45.9 1.9 
24 60 -04 -8.4 -5.4 0 -4.2 0 10.9 45.9 3.2 

5 70 -0.) -415 -5.6 0 -3.2 0 8 45.9 4.72 
2 s 80 -02 -. 6.2 0.1 -2.2"" 0 6.9 45.9 5.62 
17 90 -0.2 1 -6 0.2 11 0 6.7 45.9 5.88 
28 90 -0.2 -0.6 -6.4 0.1 -0.1 0 6.2 45.9 6.36 
29 90 -02 -0.3 -5.5 0.1 0.8 0 5.6 45.9 7.22 

-0 60 1 1.1 2 0 2.7 0 6.5 45.9 6.02 
31 40 -02 2 1.6 -0.1 4.6 0.1 9.9 45.9 3.64 
32 0 0.1 2 -08 0.1 3.5 0.3 7.8 48 5.12 

80 -09 1.3 -03 -0.7 23 0.2 5.1 48 8.37 
34 60 09 23 1 0.2 3.6 02 8 48 5.03 

0 -1.3 -4.9 -0.4 0.3 01 -0.9 5.2 48 8.3 
IS0 13 68 -0.9 0.8 0.1 1.1 8.2 48 4.82 

37 10 3.1 -05 -0.1 0.5 0 0.1 3.1 48 14.53 
38 0 36 -18 -0.2 0 0 0 3.4 48 13.14 

0 38 -3.2 -0.3 0.1 -0.1 0.1 3.5 48 12.57 
40 SO 1.3 I.S -34 -0.1 0 -1.4 3.6 48 12.49 
41 0 -29 -15 -03 -0.2 1.9 12.5 48 2.85
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Table 2.7.1.3-6 Pm + P, Stresses-30-Foot Bottom Corner-Drop, Thermal Condition 1

Allowable Margin 
Cylindrical Stress Components (ksi) Stress Of 

Section Angle S, S, S, SX, Sz Sý SI (ksi) (ksi) Safety

1 
2

3 
4 
5 

6 
7 

8 
9 

10 
11 
12 
13 

14 
15 

16 

19 

'9 

20 
21 

23 
24 

26 
28 

29 

34 

35 

37) 

40 
41

180 

10 
0 
0 

180 
120 
80 
0 
0 

0 
0 
0 
10 

0 
40 
0 
0 

0 
0 
0 
"40 
0 

20 

0 

70 

0 

0 

0 

60 
60 

I So 

I8O 

40 
()

-2 

-8.4 
5.9 

-15ý.1 

-4.3 
11.5 
3.8 

4.5 
-3.6 
4.1 
14.1 
-8.9 

24.9 
-7.6 
I-,7.6 

-0.6 
-0.1 
-0.1 
-0.1 
-0.1 
(). I 
-01 
-1.7 
-0., 

-04 
-0.3 

0 6 
-05 
-0.5 

-02 
-0.2 

0 

1-9 
0 1 
0).6 

04 
-55 

45 

-0 4

3.9 

-6.4 
-7.4 

-13.3 
-7 

6.7 
-1.7 
-9.4 
-15.7 

-6.9 
-6.5 
-7 
8.1 

-20.3 

-26.9 

1 3.3 
16.4 
15.7 
14.9 
13.9 
11.3 
3.5 

19.3 

-11.1 
9-7.  

-8.3 
9.7 
10.2 

9.S 
5.6 

0.7 
OS 

-1 

-4 2 
1.1 
-5.6

-2.4 
-0.6 

-13.9 
-24.6 

-1I 

-0.8 
-7.1 

-11.2 
-21.8 
-5.2 
-12 

7.8 

-40.6 

-52.9 
-4.8 

4 
7.6 
9.5 

10.1 
S.9 
0.5 

-92 
-7.4 
-7.9 

6.1 
6.7 

6.1 
-0.4 
-3. 1 

-5.9 
-1.9 
-0.8 

-01 
-02 
-1.3 

-8.4

0.3 

0.2 
0.3 
-0.3 

-0.9 

-2.6 
1.3 
1.4 
0.9 

1.6 
0.1 
-0.6 
1.1 
I 

-0.1 
-1.7 

-1.6 

-1.5 
-1.4 
-1.1 
0. 1 
1.8 
-0.1 
0 
0 
0.9 

-0 ) 

0O() 
-0.1 -0.1 

0 

0 
0.1 
0.7 
0-,7 
2 

01 
-0.1 
-0.7 

0

-0.2 

-0.2 
-1.5 
-2.1 
0.5 
-0.1 

-1.9 
-0.3 
-0.8 

-0.2 
-0.7 
-1.5 
-1.9 
-1.8 
-0.4 

-6.2 
-0.2 
-0.2 
-0.1 

0 
0 

5.1 
-0.7 
-3.9 

-3 
-2.1 
-0.1 

0 
0.1 
3.7 
7.  

4.9 

3.7 
47 

4 
0.1 
0.1 
0 
0 

0.1 
0

-0.2 

0.3 
0.8 
-.. 1 
-1.3 

0 
1.3 

10.1 
0.6 

12.3 
9.6 
-6.6 

5.5 
-7.7 
3.8 

-0.2 
0 
0 

0 
-0.1 
-0.1 
0.1 
0.7 

0 

0 

0 

0 

0 

0 
0 

0.1 
01 
04 
-04 

1.1 
1.4 

0.2 
0.1 
0 2 
03 
35

6.4 
7.8 

20.2 
13 
12 

12.5 
12.9 
25.7 
18.5 
26.4 

32.6 
21.4 

23 
36.7 
36.3 
21.9 
16.9 
16.2 

15.4 
14-2 
11.6 
10-6 

13.9 
11.2 

10 
10.4 
10.9 
10.4 
9.4 
15.2 

10.9 
9.2 
11.6 
8.5 

8.6 
4.4 
5.2 

5.8 

6.8 
-7

72 
72 
72 

72 
65 
65 
65 
65 
65 

68.8 

68&8 
68,8 
68.8 
70.9 
70.9 
70.9 
70.9 
70.9 

70.9 
70.9 
70.9 
70.9 
68.8 
68.8 
68.8 
68.8 
68.8 
68 8 
68 8 
68 8 

68 8 
62 7 
62 7 

62 7 
62 7 

62 7 

60 
67 
6-; 
63

10.24 
8.23 
2.57 
4.53 
4.42 
4.2 

4.04 
1.53 
2.51 

1.61 
1.11 
2.21 
1.99 
0.94 
0.96 
2.23 

3.21 
3.38 
3.61 

3.98 
5.09 
5.67 

2.1 
3.95 
5.14 

5.91 
5.61 
5.33 
5.59 
6.29 
3.54 

4. 74 
5.84 
4-39 
641 

6.27 
13.46 
11.02 

9.8 
8.31 
2.17
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Table 2.7.1.3-7 Critical Pm Stress Summarv-30-Foot Bottom Corner-Drop, Thermal 
Condition 1

Allowable Margin 
Component Section Angle SI (ksi) Stress (k-si IfSafee 

1 3 0 15.9 48 2.03 
2 9 70 12.0 48 3.01 
3 11 0 25.8 45.9 0.78 
4 15 0 18.2 47.3 1.6 
5 16 50 18.5 47.3 1.56 
6 22 70 7.4 47.3 5.38 
7 23 20 15.8 45.9 1.9 
8 24 60 10.9 45.9 3.2 
9 31 40 9.9 45.9 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 Critical Pm + Ph 

Condition 1
Stress Summary-30-Foot Bottom Corner-Drop, Thermal

Allowable Margin 
Component Section Angle SI (ksi) Stress (ksi) of SafetL 

1 3 0 20.2 72 2.57 
2 8 0 25.7 65 1.53 
3 11 0 32.6 68.8 1.11 
4 14 0 36.7 70.9 0.94 
5 16 40 21.9 70.9 2.23 
6 22 40 10.6 70.9 5.67 
7 23 0 2 2.2 68.8 2.1 
S 24 20 13.9 68.8 3.95 
9 31 _ 40 15.2 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 22.772
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2.7.1.4 30-Foot Oblique 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 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 comer.  

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 impact loading case, the minimum margin of safety for membrane stress 

intensity is 0.59 (Table 2.7.1.4-3) in the bottom portion of the outer shell. The minimum margin 

of safcty for membrane plus bending stress intensity is 0.11 (Table 2.7.1.44) in the bottom 

forging.  

For the bottom oblique, combined impact loading case, the minimum margin of safety for 

membrane stress intensity is 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 Pm Stresses-30-Foot Top 750 Oblique-Drop, Thermal Condition 1 

Allowable Margin 
Cylindrical Stress Components (ksi) Stress of 

Section Angle S, S, S, S., S,. = SI (ksi) (ksi) Safety

1 

3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 

21 

24 

26 

29 
30 

31 

40 
41

180 
0 

30 

0 
10 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

60 

0 
0 
0 
0 
0 

60 
50 
50 
0 

0 
0 
0 
0 
60 
40 

730 

180 

10 
180 

10 
10 
10 

1 0 
10

-2.9 
-6.6 
-4.9 

-11.4 
-7.7 

-9.4 
-10.9 
-6.2 

-17.0 
-14.1 

-21.6 
-26.5 

-18.5 
-22.4 

-13.9 
0.1 

-0.3 
-0.3 

-0.3 
-0.3 
-0.3 

-0.1 
0.0 
-0.1 
-0.7 

-0.8 
-0.8 

-0.8 
-0.8 

-0.1 
-04 
0.1 
1.4 

3.0 

-90 
-9.9 
-10,0 

9.9 
-13.4

3.3 
-3.6 
-8.6 

-16.4 

-6.2 

-11.6 
-16.6 
-22.8 
-26.9 

-31.5 
-39.7 
-22.9 
-18.6 
-30.0 
-28.4 
2.0 

5.0 
4.8 
4.9 
6.0 
7.6 

6.9 
-2.3 

6.2 

78 

73 

6.8 
6.1 
17 
0.2 
S.9 

1.' 

0.4 

-16.8 
16.9 
-1.1 

-9.1 

-11.9 
.(S I

-0.1 
0.0 
-0.8 

-0.2 

-0.1 
-0.1 
7.5 
0.4 
1.2 

-2.6 

-0.9 
-2.6 

-0.9 
-2.1 

-0.1 
0.6 

18.4 
22.0 
22.9 
21.2 

16.0 
1.6 

2.0 

16.3 
20.3 

21.4 

19.3 
14,3 

0.0 
-0.7 
0.1 
-0.2 
02 
-4.1 

-2.6 
-0.5 
-0-5 
0.0 
-6.1 
-0.8

0.1 
0.2 
0.4 

0.5 
0.5 
0.2 

0.3 
1.0 

1.0 
1.1 
1.3 

-0.7 

-0.5 
0.6 
1.2 

0.0 
-0.8 

-0.8 
-0.9 
-0.9 
-1.0 
-0.1 
-0.1 

-0.1 
-0.8 
-0.8 

-0.9 
-0.7 
-0.6 
0.1 
-0.1 
0.3 

-2.1 
0.9 

0.0 

1.5 
1.0 
0.4 
0.3 
-0.3

0.0 
0.1 
0.7 

-0.1 

0.0 
0.1 
-0.4 
-1.3 
-0.8 
-1.0 
-0.7 
-0.9 
-1.0 
-0.7 
-0.3 
-9.4 

-0.8 

-0.3 
0.0 
0.4 
1.0 

10.7 
-11.1 
-10.2 

-0.8 
-0.3 

0.1 
0.5 
0.9 
9.9 
13.5 

10.7 
6.6 
107 

1.4 
0.1 
0.1 
0.2 

0.0 
-0.1 
0.1

0.1 

-0.3 
-0.4 
-3.8 

-0.1 
0.1 
-1.4 

-3.8 
4.5 
-2.3 

5.0 

2.0 
2.0 

-6.1 
4.6 
-0.2 
0.2 

0.1 
0.0 
-0.1 
-0.2 
0.6 
0.4 
-0.2 
0.1 

0.1 
0.0 
-0.1 
-01 
0.1 
0.2 

0.7 
0.0 
0.9 
-2.9 
3.-'7 
0.3 
0.2 

01 -0.1I 

-0.3 

04

6.2 
6.7 
8.0 

17.5 

7.8 

11.6 
24.2 
25.2 
29.3 
29.6 
40.2 
24.4 

18.4 
29.7 

29.8 
19.0 
18.8 

22.5 
23.4 
21.6 
16.5 
22.0 
22.6 
20.6 
17.2 

21.3 

20.2 
15.3 
19.7 
27.0 

13.9 
21.6 
16.1 

21.7 
8.9 
9.4 

102 
5.9 

12.6

48.0 
48.0 
48.0 

48.0 
48.0 

48.0 
48.0 
48.0 
48.0 
48.0 
48.0 

48.0 
48.0 
47.3 

47.3 
47.3 

47.3 
47.3 

47.3 
47.3 
47.3 
47.3 
45.9 
45.9 
45.9 

45.9 
45.9 

45.9 
45.9 

45.9 
45.9 
48.0 
48.0 
48.0 

48.0 

48.0 
48,0 

48.0 
48.0 
48.0 
48.0

6.79 
6.19 
4.99 

1.75 

5.15 
3.14 
0.98 
0.91 

0.64 
0.62 
0.20 
0.96 
1.61 
0.59 
0.59 
1.49 

1.52 

1.10 
1.02 
1.19 

1.86 
1.15 
1.03 
1.22 
1.68 

1.16 
1.07 

1.27 
2.00 

1.33 
0.70 

1.16 
2146 
1.23 
1.98 
1.22 
4.37 
4.08 

3.72 
7.20 
"2.80
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Table 2.7.1.4-2 Pm + Pb Stresses-30-Foot Top 750 Oblique-Drop, Thermal Condition 1

Allowable Margin 
Cylindrical Stress Components (ksi) Stress of 

Section Angle S, S, S 5,, S,,Z S, SI (ksi) (ksi) Safety

1 

3 
4 
5 

6 

7 
8 

9 
10 
11 
12 

13 

14 
15 

16 
1

18 
19 
20 
21 

23 

24 
25 
26 
"-7, 

28 

29 
30 

34 

36 

38 

39 
40 
41

180 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 

50 
0 
0 
0 
0 
0 
40 
40 
40 

0 

0 
0 
0 
0 

40 
500 
5O 
5 0 
5 0 

1801 
7O 
/0 
10 
10 
0

-9.3 

-14.7 

15.9 
-9-7 

-11.0 
-9.7 

1.6 
5.6 
-5.3 
1.2 

-35.3 

-38.5 
-29.4 
3.5 

-0.1 

-0.2 
-0.2 
-0.2 
0.2 

-0.1 
-0,4 
0.2 

-0.4 
-0.0 
-0.6 
-0.6 
-0.7 

-0.7 
0.3 
0.5 

-02 

04 
-02 

-0.9 
5.6 
2.1 

-12.8 

14.7 

140

7.7 
-10.1 
-17.5 

-17.4 
-11.2 
-16.8 

-18.1 
-10.4 
-3.0 
-26.8 
-29.2 
-25.5 
-26.2 

-21.9 
-8.4 
8.8 

24.6 
28.2 
29.1 
27.9 
24.2 

-4.0 
11-3 
27.2 

31.1 

32.9 
31 1 

27.0 
12. 1 
1. 7 

4.2 

-14 

-44 

-9.0 
17.7 
7.8 

-4.9 

-8.6 
-17.0 

-8.

0.0 

0.0 
-2.1 

0.0 
-0.1 
-0.1 
18.1 
33.9 

59.5 
2.0 
10.0 
-1.1 

6.5 
31.9 
50.8 
3.8 

26.6 
31.5 
32.7 
30.3 

22.9 
-1.1 
0.-7 

23.9 
29.6 
312 
28 7 

22.4 

4.4 
-1.5 

-6.4 
-0.8 
-14 1 

-0.5 
-2.3 

-0.5 
-0.5 

1.2 
-11.0 
04

0.2 

0.1 
0.5 

0.4 
0.1 

0.2 
0.0 
0.3 
0.8 
1.4 

-1.1 

-1.5 

-0.8 
0.6 
-0.2 

-2.5 
-29 

-3.0 
-2.8 

-2.4 
-0.3 

-0.1 
-0.4 

-1.5 

-2.9 
-3.2 

-2.9 

-1.5 

-0.1 
-0.2 

0.1 
-6.0 
0.1 
04 
20 
2.7 

1.6 

0.8 
0.6 
-0.3

0.0 

0.1 
0.1 

-0.1 
-0.1 
0.1 
-0.7 
-1.5 
-1.5 
-0.9 
-1.0 
-0.9 
-1.3 

-0.9 
-1.0 

-12.7 

-0.3 
-0.1 
0.0 
0.1 
0.3 

15.1 
-16.5 
-13.5 
-0.3 
-0.1 

0.1 
0.3 
0.5 

12.2 

19.4 
14.6 
11.0 

14.2 
10.9 
0.1 

0.1 
0.2 
-0.2 

-0.3

0.1 
-0.3 

-3.0 
-4.3 

-0.1 
0.1 
-1.0 
-4.9 
-0.3 
-6.6 
1.1 
0.3 

2.3 
-1.7 
2.1 

-0.2 
0.1 
0.1 
0.0 
-0.1 
-0.1 
0.4 
1.0 

-0.2 
0.1 

0.1 
0.0 
0.0 
-0.1 

0.1 
02 

-0.1 
-0.8 
-1.1 
0.4 
5.1 
0.7 

-0.2 
29 
-15

10.0 
10.1 

16.2 
18.8 

11.1 
16.7 
36.2 
45.1 

62.6 
32.8 
39.4 
34.4 
45.5 

61.5 
59.4 

25.9 
27.1 

32.0 
33-2 

30.8 
25-0 
31.5 

33.4 
27.9 
28.2 
3,2.2 

34.1 
2,4 

28.1 
25.7 
39.0 
31.1 

25.1 

30.0 

23.4 
22.8 
11.4 
12.7 

17.0 
12.8

0ý1 0.1 14.5

72.0 
72-0 
72-0 
72.0 

69.7 
69.7 

69.7 
69.7 
69.7 
69.4 
69,4 
69.4 
69.4 
70.9 
70.9 
70,9 

70.9 
70 9 
70 9 
70 9 
70 9 

70 9 
68 8 
68 8 
68 8 
68 8 
68 8 
6S 8 
68 8 
68 8 
68 8 
62 7 
62 7 

62. 7 
62.7 
62. 7 
63.0 
63.0 
63.0 
63.0 

20

6.23 
6.15 
3.44 

2.83 

5.28 
3.16 

0.93 

0.55 
0.11 
1.12 
0.76 
1 02 

0.53 

0.15 
0.19 
1.74 

1.62 
1.21 
1.14 
1.30 
1.84 

1.25 
1.06 
1.46 
1.44 

1.13 
1.02 
1.13 
1.44 

1.68 
0.76 
1.01 
1.50 
1.09 

1.68 
1.75 
4.53 

3.95 

2.70 
3.91 
3'.9
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Table 2.7.1.4-3 Critical Pm Stress Summary 
Condition I

-30-Foot Top 75' Oblique-Drop, Thermal

Allowable Margin 
Component Section Angle SI (ksi) § Setr;'(ksi) of Safety 

1 4 0 17.5 48.0 1.75 
2 9 0 29.3 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 23.4 47.3 1.02 
6 22 60 22.0 47.3 1.15 7 23 50 22.6 45.9 1.03 
8 27 0 22.2 45.9 1.07 

9 31 40 27.0 45.9 0.70 
10 32 r 70 22. 48.0 1.16 
11 39 10 10.2 48.0 3.72 
12 41 0 12.6 48.0 2.80

Tahl _.12. 1.4-4 Critical Pm, + Ph Stress 
Thermal Condition 1

Summary-30-Foot Top 75' Oblique-Drop,

Allowable Margin 
Component Section Angle SI (ksi) Stress (-si) of Safety 

1 4 0 18.8 72.0 2.83 
9 0 62.6 69.7 0.11 

3 13 0 45.5 69.4 0.53 
4 14 0 61.5 70.9 0.15 

19 0 33.2 70.9 1.14 
6 22 • 40 31.5 70.9 1.25 
7 23 40 33.4 68.8 1.06 
8 27 1 0 34.1 68.8 1.02 
9 31 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 41 I 0 14.5 72.0 3.97
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Table 2.7.1.4-5 Pm Stresses-30-Foot Bottom 750 Oblique-Drop, Thermal Condition 1 

Allowable Margin 
Cylindrical Stress Components (ksi) Stress of 

Section Angle S S S, S, S, SZ S" 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 -3.2 -0.1 0.2 7.3 48.0 5.58 
3 0 -8.6 -16.5 -18.6 0.3 -1.5 2.5 11.8 48.0 3.06 
4 10 -15.0 -19.8 -9.4 -0.6 -1.4 -4.8 13.9 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 2.3 -0.6 -0.8 -1.3 20.6 48.0 1.33 
8 20 -9.8 -22._3 -4.5 -1 .2 -3.5 -2.4 19.9 48.0 1.41 
9 20 -12.6 -24.6 -6.1 0.3 -4.7 2.4 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 2.2 -0.9 7.8 27.2 48.0 0.76 
12 10 -23.4 -21.0 -4.9 0.0 -2.3 0.1 18.8 48.0 1.55 
13 0 11.9 -15.2 -3. 0.0 1.7 1.8 12.6 48.0 2.80 
14 10 -21.4 -30.9 -13.0 0.3 -2. 8.2 2 4 7 1'0 S- 8..- . . .4 4 7 .3 1 .0 2 

15 10 -12.4 -2S.6 -11.1 -0.2 -2.8 5.6 23.2 47.3 1.04 
16 50 -0.1 6.3 1.4 -0. 1 -11.4 -0.3 23.3 473 1.03 
17 60 0.0 3.6 -0.2 0.0 -7.5 -0.1 15.6 47-3 2.03 
s 0 -0.3 5.6 19.2 -0.9 -0.5 0.1 19.7 473 1.40 

19 0 -03 5.1 21.9 -0.9 -0.2 0.0 22.4 47-3 1.11 
20 0 -03 3 22.0 -0.8 02 -0.1 224 47.3 1.11 
21 0 -0_3 5.8 19.0 -0.8 0.7 -0.2 19.4 47.3 1.44 
22 60 0.0 4.5 09 -0.1 8.6 0.5 17.7 47.3 1.68 
"3 0 -04 0.7 0.0 -11.1 0.3 23.6 45.9 0.94 
24 ý0 0.2 1.7 0.1 -0.1 -11.2 -0.2 2.5 45.9 1.04 

60 -0.1 2.6 -1.0 0.0 -7.8 -0.1 16.0 45.9 1.86 
20 -0 8 6.3 164 -07 -0.6 0.1 17.4 45.9 164 

0 08 69 19.5 -0.8 -02 0.0 20.4 459 1.25 
2S 0 0 8 6.9 19. -0.8 0.2 0.0 20.4 45.9 1.25 
2 -0 7 71 16.5 -07 0.6 -0.1 17.5 45,9 1.63 
30 600 00 3.9 0.1 01 8.4 0.1 17.2 459 1.68 
31 50 0 1 4.9 -0.1 12.7 0.4 25.7 45.9 0.79 
32 7 0.2 4 6 -1.1 0.3 8.9 0.9 18.8 48.0 1.55 
_. 80 10 -0.8 5.6 03 12.1 480 296 
34 60 2 38 22 0.9 10.3 05 20.7 48.0 1.31 

0 -1 15 03 10 0.1 -2.7 174 480 1.77 
36 80 2 16.0 -1.8 21 0.4 3.0 19.7 480 143 

(,7 -87 -09 -0.1 00 0.0 -0.2 8.6 480 4.56 
0 -9 7 -48 -0.3 0.1 0.0 -04 9.4 480 4.08 

39 -104 -8.6 0. 01 -0.2 -0.6 10.9 480 3.41 
40 If) -87 - 11.6 -4.6 0 2 -0.5 -0.5 7.1 480 57 
41 0 140 70 10 -0.6 - 25 8.3 480 4.77
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Table 2.7.1.4-6 Pm + Pb Stresses-30-Foot Bottom 75' Oblique-Drop, Thermal Condition 1 

Allowable Margin 
Cylindrical Stress Components (ksi) Stress of 

Section Angle S S, S, S,- S.Z S, SI (ksi) (psi) Safetu 
I 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 -2.4 -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 29.1 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 -2.2 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 -23.7 -2.4 0.4 2.1 -1.6 29.4 69.4 1.36 
13 0 -33.3 -23.9 5.0 -0.7 - 0.2 38.5 69.4 0.80 
14 10 -25.8 -20.7 24.9 0.6 -2.4 -4.2 51.5 70.9 0.38 
15 0 9.0 -5.2 47.3 0.8 -1.6 3.8 53.1 70.9 0.34 
16 50 -0.2 11.3 1.6 -0.2 -14.5 -0.3 30.5 70.9 1.32 
17 0 0.2 25.4 21.1 2.6 -0.5 0.1 26.1 70.9 1.72 
1s 0 0.2 28.3 28.4 2.9 -0.3 0.1 29.4 70.9 1.41 
19 0 -0.2 29.3 31.6 -3.0 -0.2 0.0 32.1 70.9 1.21 
20 0 -0.2 28.0 31.4 -2.9 -0.1 -0.1 31.9 70.9 1.22 
21 0 -0. 1 23.6 26.7 -2.4 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 

40 -0.4 -8.3 1.8 -0.1 -16.6 0.8 34.9 68.8 0.97 
24 40 -0.4 6.3 -0.4 -0.3 -14.4 -0.1 29.6 68.8 1.33 

0 0., .. 16.9 2.2 0.5 0.1 24.3 68.8 1.83 
2 0 -0.7 29.0 25.1 -2.7 -0.3 0.1 30.2 68.8 1.28 
7 0 -0.7 -2.0 29.2 -3.1 -0.1 0.0 33.3 68.8 1.07 
28 0 -07 1. 6 29.0 -3.0 0.1 0.0 32.9 68.8 1.09 
29 0 -06 29.0 25.1 -2.7 0.3 -0.1 30.1 68.8 1.29 

10 0. 242 2 -2)..3 0.6 -0.1 252 68.8 1.73 
1 40 -0.4 5.4 -2.2 -0.2 19.0 0.1 38.7 68.8 0.78 

50 02 3 -5.2 0.1 12-7 0.2 27.0 62.7 1.32 
60 -44 2.2 6.8 -5.3 9.6 0.6 22.4 62.7 1.80 
50 -0.1 -1.0 -7.7 0.2 14.0 -0.9 28.8 62.7 1.18 
40 -0.7 -99 0.1 0.2 10.2 0.3 22.6 62.7 1.78 

20_. 4 -19.0 1.0 1.8 0.4 1.6 21.1 62.7 1.98 
7 0 -84 4.4 -0.1 0.0 0.0 -01 12.8 63.0 3.91 

38 1.6 -Lu -0.3 0.0 0.0 -0.4 13.2 63.0 3.76 
3 0 17.2 -5.3 2. 5 0.2 02 6 20. 63.0 2.10 
40 0 6.8 -7.0 3.5 06 0.0 1.3 14.4 63.0 3.38 
41 0 19.7 -7.4 -3 0.8 -0.3 1.0 16.5 72.0 3.35
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Table 2.7.1.4-7 Critical Pm Stress Summary-30-Foot Bottom 750 Oblique-Drop, Thermal 
Condition I

Allowable Margin 
Component Section Angle SI (ksi) otr ) of Safety 

1 4 10 13.9 48.0 2.46 
2 9 20 21.6 48.0 1.23 
3 13 0 12.6 48.0 2.80 
4 14 10 23.4 47.3 1.02 
5 16 50 23.3 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 45.9 1.04 
9 31 50 25.7 45.9 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 4.77

Table 2.7.1.4-8 Critical Pm, + Pb Stress Summary-30-Foot Bottom 75' Oblique-Drop, 
Thermal Condition 1

2.7-28

Allowable Margin 
Component Section Angle S! (ksi) SItress"(iksi) of Safety 

1 4 10 16.2 72.0 3.58 
2 9 0 49.1 69.7 0.42 
3 13 _ _0 38.5 69.4 0.80 
4 15 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 34.9 68.8 0.97 
8 27 0 33.3 68.8 1.07 
9 31 40 38.7 68.8 0.78 
10 34 50 28.8 62.7 1.18 
11 39 0 20.3 63.0 2.10 
1 41 0 16.5 2. 3.35



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

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 comer-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. tis g' te 

the conservation -of total lead volume: 

7E i r2  r •(rn -r,2H -=(rb2 -ri )H 

where subscript!"a" indicates quantities after s!ump,,.b-,•ef& upHjs itWe 1' ea 
ri and r, are the inner and outer lead radii, respectively, U.s!ing the transp A ornem.j 
dimensions, the computed slump height is 

HbHa= 180.0-176.95= 3.05inches 

Note that the slumped lead is allo0wed to fill the gap_between the before- -jgad outer ra•dus 
and the outer she nner pthecalculattn.hg a'e 

2.7.1.5-1. Dose rate calculations on the basis of this 3.05-in. axial lead slump show that the peak 
1 m total dose rate is 47 mrem/hr for the cask loaded with design basis PWR fuel assemblies and 

64 mrem/hr for the cask loaded wvith 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 ash sn Jwni__j 5- : An evaluation of the side-drop accident 
shows that the lead may sag at the opposite side by a maximum of 0.91 inch. P M a-, [! 9 i_ 
is computed y equ thea bo-d ater-drp ros areas: 

-r2 - )2 m .. n +
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i ~ 3 ea ea _ bone qAMead., 

!nIgranscendentl_.. i 1 §Inches-. able 

- - -- I 

r, r,, =38-51 -37.599 0.91linch 

Dose rate calculations on the basis of this 0.91-in. 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 Analysis - Hypothetical Accident Conditions 

Removable upper and lo~ver 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 simultaneouslvy (b) flat on one impact limiter at either end, or (c) oblique on one 

impact limiter at either end.  

Detailed analysis of the impact limiters for normal conditions of transport and hypothetical 

accident conditions is provided in Section 2.6.7.5. The analysis is based on the assumptions that 

the cask impacts on an unyieldin, surface and that the impact limiter remains in position on the 

cask during all impact events. A NAC International proprietary computer program. RBCUBED 

[33] is used to analyze the impact limiters for an impact event to determine the dynamics of the 

event, the forces generated dunrng that event, and the depth of crush. Results of the analysis arc 

provided in Section 2 6.7.5.  

As demonstrated b\' the results, the deceleration g-loads predicted by the RBCUBED analysis for 

the 30-ft cask drop conditions are lower than the 2-loads for which the Universal Transport Cask 

and the Transportable Storage Canister are designed.
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.able 2.7.1.5-.1 Lead Slump Calculation Parameters

Inner Radius 58 

b ute'read R-a'dius pre) 

..quer~ja Raius (post)

Led Gap 

Preý Sh-i-ed- H-eig,-h-t100 

ýJhiejJVo'lu'rne_____ 

Po-st S-h~ie--d-H-jei-gh~t 

Axial.Gap ~5 

Radial 
Pre Slumnp Ara .2) 

Slump Lowe"r Area 32hQ2 

Slump Upper Area ý.10E+62' 

Total.Sturn 'Area 6.32'E+62'2 

Difference 0.Q 

ka~dia"4.$im ______ 

1. Inches 3 

2. Inches 2
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2.7.1.7 Closure Analysis 

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 is conservatively selected), and (2) lid deformation or rotation at the 0-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)(l) 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 
are a summary of the NUREG/CR-6007 evaluation based on a calculated preload of 8.'68Q 
lb/bolt as presented in Section 2.6.7.6. Maximum stresses result during the top-end pporner drop 

(23.35" froro axial plane of cask). Two load cases are considered for this evaluation. The first 
case includes the accident conditions except puncture. which tends to counter the moment 
prodLiced h\ internal pressurization. The second case conservatively applies puncture without 

internal pressurization (when considering prying).  

2.7. 1.. I Closure Bolt Stress Evaluation 

Case l--Accident Conditions (no puncture) 

The tensile bolt force per bolt, Fa/pt, due to preload and thermal is: 

F.,pt = PL + Pt= 134,877 pounds 

where PL = 111,680 pounds, preload 

Pth= 23,197 pounds resulting from ihermal expansion
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Te tenisil force per bo\,F/ah frp al othier credible lo6ads i-s-: 

F.a = P 0 + Pi + Pý6 -- 147,231 pounds 

v here: 
P" = 667 Ibs, load resulting from 0-ring compression ad operation 

P, = 6,549 lbs, load resulting from internal pressureof '80 psi"g 

P60 = 140,015 lbs. load resulting from 60 g top-end corner impact.  

Since Faai is greater than Fa *,, the total te'nsile bolt load, Fa, iqiaalitoi~IE 

Fa = 147,231 pounds 

The shear load is: 

Fý I PP 0  , +P(I0 = 38,008 1b 

,1 here: P 1 15,245 lb. load resulting from internal pressure (80 psi) 

P1,, -57,647 1b, load resulting from temperature difference between the 

cask lid and upper forging, and 

1),,o 4,394 lb, load resulting from 60g top-end comer drop.  

The hending moment is: 

Mb = -675 'i.nch-poQu~n-.ts _thea .load (othe. oads.do not 

contributeduedto..ckl.ia design).
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The resulting tensile stress in the bolt is 

1.2732 F 
C - D -- 53.138 psi.

where D = 1.878 in., minimum bolt diameter.

The shear stress is: 

1.2732 F 
"T -- -s -- 13,718 psi D2

vý here 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, 

t,•,,e, = cya = 53,138 psi < 0.7 Su = 122,168 psi.  

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

is the smaller of 0.42 S, or 0.6 S,. This is expressed as 

G,,•,•, = -r = 13,718 psi < 0.42 Su = 73,301 psi.  

For the combined state of stress that includes tension plus shear, the computed average tensile 

stress dlvided bv the allo,,able tensile stress plus the average shear stress divided by the 

allo\\able shear stress must be less than 1. This is expressed as 

. IS 13.718 
122.108 . .73301 1

2.7-35



SAR-UMSýI Universal Transport Cask 

Docket No. 71-9270 

Case 2-Accident conditions (with puncture)

May 2000 

Revision UMST-0OA

This case applies the puncture load to the center of the cask lid. For conservatism, internal 

pressurization is ignored (for prying 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 

PpU =` -40,865 lbs 

and the associated pr%'ing load (including the effects of the thermal expansionpf the lid) on the 

bolt is: 

Ppr• = 68,466 lb 

The tensile bolt force per bolt, Fapt, due to the preload and thermal expansiogn.i:s 

FPapt = 134,877 lb 

The tensile bolt force per bolt, Falal, due to all other credible loads is: 

Faiai = Po + Pi = 7,216 lb 

Therefore, since Fap, is greater than F,/,i, the tensile bolt force, Fa/c due tQ nron-prying.loads-i.s 

equal to Fa/pt: 

F,/, = 134,877 lb 

Therefore, the maimum axial force becomes 

F, = + p± Pp 203,343 lb 

The shear load is: 

Fs= !Pi+ P'iJ =.42,402 -ib
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The resulting tensile stress in the bolt is 

_ 1.2732F, _ 73.390 psi.  
D 2

where D = 1.878 in., minimum bolt diameter.

The shear-stress'is: 

1.2732 F, D'- 15,304 psi

where D = 1.878 in., min'imum 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, 

171 = 73,390 psi < 0.7 S, = 122,168 psi.  

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

is the smaller of 0.42 S,, or 0.6 S,. This is expressed as

G ' 11 j , 1: 1 : T = 15,304 psi < 0.42 S, = 73,301 psi.

For the combined state of stress that includes tension plus shear, he] sqiuaregof the computed 
aseraize tensile stress divided by the allowable tensile stress plus the square of the average shear 
stress di ided by the allow able shear stress must be less than I. This is expressed as: 

- 1 =0(.40<1 
1 2 , I I( 8., _
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lid Edge beflecion 

To ensure that the closure lid bolts are not subjecte(dto a4yorcýre.tqg. I . nte oftjhe 

cask lid and protecting lip of the cask top forgng.flan 7ejtao f thf ld qed 
flange during the 30-foot drop .mpact are examined. The,.side& and_. tere 

considered bounding forthe lid/flange interaction. The def ectionriaand stress results for the lid 
edge and cask flange are obtained from the cask finite element, analyses corresponding ýtthese 

drop conditions (Sections 2.7.1.2 and .2.7.1.,3).  

The nominal. radial gap that exists between the cask lid an dange (7& _-, ,.0!8_ 
inch. To determine the amount of change in the'normnal g"the radial de ltitonsaea ode 
on the top outer radius of the lid and the adjacent flange node. 2 "btained to 
both the side and top-corner impacts. The change of. rad ial gap, due tp' the -drop events.,is 

calculated as: 

Radial gap change = UXnage- UX~id 

Where: 

UXtlange is radial deflection of the flange node.  

UXlid 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 maximium gap closure is,-0.0019 .inc For thejtp-comer l drop, the 

maximum gap closure is 0.0005 inch. Since these gap closures are m ucIss theasnthe nnmii 
radial gap of 0.08 inch, no contact results between the-lid and cask flange,. The-re ore, the cklid 
closure bolt will not be. subjected to forces due to the def.ormation, of_.the l-cask protective-lip 

(flange) during the 30-foot dropsL 

The stresses at the cask protective, ip _(flange). are also evaluated_'for the30-.fo.t side and.  
top-corner drops (Sections 2.7.1.2.and 2.7.1.3). , _The m. aximumrn us ess ajto tecas.flaigen(a.  
Section location 36 Fig2..2.24) is 22.4 ksi for primary membrane stresses anda24.0 ls for.  
the primary membrane plus' ben.ding stresses...The _correspondingmargi.nsof safety arel.f!4ann 
1.61 for membrane' and membrane pius-bending, respectively.
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2.7.71.7.2 Conclusion 

Using consistently conservative assumptions, the Universal Transport Cask closure assembly is 
shown to satisfy' the performance and structural integnty requirements of 10 CFR 71.73(c)(1) for 
hypothetical accident conditions.
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2.7.2 Puncture 

In accordance with the requirements of 10 CFR 71 for puncture (hypothetical accident condition) [I], 

the Universal Transport Cask is 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 unyielding 

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 OF -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 w\ith the puncture effect. The following initial conditions are considered for 

each load case:
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Condition 1: 

Condition 2: 

2.7.2.1

Puncture drop, thermal gradient resulting from maximum decay heat, maximum 

insolation, and ambient temperature 100°F.  

Puncture drop, uniform temperature of -40'F. For the stress evaluation, only the most 

unfavorable load case, condition 1, will be considered.  

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 unyieldin g surface.  

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

simplified model is performed.

2.7.2.1.1 Finite Element Model Description

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

are obtained. For analvsis 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 ANSYS 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 is represented by a local pressure acting on a surface equal to that of the bar 

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

The limiting bar impact force is that imposed by the dynamic yield stress (flow stress), S,[, of the bar 

material. wý hich is related to the static yield stress bv of the following expression:
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"ý D ,'p 
S t> S ( + -, S>'k D

where: S, 

E

47.000 psi

= static yield stress of bar material, SA-36, 36,000 psi 

= strain rate of bar material during drop = 100 sec-1

p = material constant Ior mild steei = 

D = Material constant for mild steel = 40.  

The impact force is 

F=47,000 x 7t x R =47,000 x x3 = 1.3-19 x 106 lb 

;•here R = radius of bar.  

The resultant impact deceleration, a, is

S .),7R 

E4
(47,000)(Z)( 9) 

260.000

wý here W\ = 260,000 lb, conservative ,eight of UNIS cask xxith impact limiters.  

To attain the design \xei Tht of the cask for the model, the density of the Type 304 material is 

increased as required: the ,, eight density assigned to the model material is 1.5 lb/in. For the 

matcrial mechanical properties, a uniform temperature, 280'F, is used.
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2.7.2.1.2 Analysis 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 IIl, Subsection NB. Assuming the 
bar behaves as an integral attachment to the cask body, the bending stresses appear as a discontinuity 
effect 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: 

Q _ PFA: 
Q- - 25.637 psi 
A 271Re 

i herc: Pp = Punch head pressure (dynamic flow stress) = 47.000 psi 

Ap = Punch cross sectional area, in.: 

R = Punch bar radius = 3 in.  

e = Outer shell thickness = 2.75 in.  

The shear allowable is 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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Figure 2.7.2 1-1 Cask Body Model for Puncture Analysis
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Figure 2.7.2. 1-2 Location of Sections for Evaluation
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Local Membrane Stresses - Puncture Cask Side

Stress Components (psi) Principal Stresses (psi) 

Section Sx Sy Sz Sxy Syz Sxz SI S2 S3 SI (psi)

A 

B 

C 

D 

1,

4955 -19510 

2S28 -21040 

9'71 -22810 

I86 -22640 

1232 -23140 

-27520 -29390 

-13370 -28690 

4487 -254o0 

1161 -21840 

1750 -26910 

-27160 -31170 

.12150 -30460 

-13600 3370 

4578 -29100 

980 3-1(140 

,27900 312-0 

I 0("00 -3420 

11360 -33I00 

12320 -4820 

22r4 ~335{Q 

W6OO -43370 

50')2 I0 -3,17(0 

2320 -39160 

126380 -387)0 

3863~ -34-40

-286S0 1859 -892 

-28680 3568 -1832 

-28110 6410 -3056 

-26390 7851 -3852 

-25650 8229 -4513 

-34140 6915 -773 

-30980 9511 -1649 

-26480 11980 -2938 

-2790 11700 3826 

-25720 11200 -4237 

-35620 -731 -427 

-30400 9716 -982 

31460 15040 -2009 

-25790 16540 -3159 

-26200 14520 -3608 

-35480 726 -418 

-"2360 107 10 -2 

-29470 15690 -1166 

29450 19620 -1948 

-24660 18550 -227 

-40950O 12110 -416 

-29790 13220 -639 

-30440 16860 -822 

-30350 22050 -1233 

-23140 20700 -1340
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17870 12740 -19430 -36540 

16130 9836 -20620 -36110 

12740 6609 -21420 -35130 

9921 6419 -20280 -33320 

7240 4828 -19850 -32530 

19390 -9938 -29430 -51680 

17730 -467 -27830 -44-740 

15330 13420 -22990 -37880 

10990 7709 -23990 -38180 

7497 6649 -22100 -35430 

14860 14020 -31680 -48260 

14480 -1838 -29530 -41650 

14060 -925 -30240 -47070 

1180 13710 -23900 -40120 

6637 17 -24300 -9280 

12320 16340 -32040 -46380 

10480 -7759 -32520 -42670 

943 931 -29360 -4'040 

9157- 696 -28900 -48390 

4059 10340 -24120 -42240 

120360 3890 -41880 -76()7 

8134 -12'70 1540 -41710 

7448 -13480 -3118(1 S 210 

6705 851 -S30360 ý6440 

2079 12970 -22990 4370

G 
tt 

11 

K 

M 

N 

() 

P 

Q 

R 

S 

1 

'A 

N

49280 

45940 

41740 

39730 

37 360 

41740 

44280 

51300 

45890 

42080 

34240 

39810 

46140 

5 3820 

46600 

30040 

14910 

42-10 

4900( 

52580 

42810 

32490 

38830 

47790 
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Table 2.7.2.1-2 Stress Evaluation - Puncture Cask Side

2.7-47

Temperature Allowable, S. SI 
Section Node I Node J (OF) (psi) (psi) MS 

A 197 866 280 67000 49280 0.36 

B 222 891 280 67000 45940 0.46 

C 247 916 280 67000 41740 0.61 

D 272 941 280 67000 39730 0.69 

E 297 966 280 67000 37360 0.79 

F 196 867 280 67000 41740 0.61 

G 221 892 280 67000 44280 0.51 
H 246 917 280 67000 51300 0.31 

I 271 942 280 67000 45890 0.46 

J 296 967 280 67000 42080 0.59 

K 195 868 280 67000 34240 0.96 

L 220 893 280 67000 39810 0.68 

NI 245 918 280 67000 46140 0.45 

N 270 943 280 67000 53820 0.24 
0 295 968 280 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 269 944 280 67000 49090 0.36 

T 294 969 280 67000 52580 0.27 

U 28 1 280 67000 42810 0.57 

V 29 3 280 67000 32490 1.06 

'V 3() 4 280 67000 38830 0.73 

X 31 5 280 67000 47790 0.40 

Y 32 6 280 67000 56750 0.18
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2.7.2.2 Puncture - Lid Center 

For this evaluation, the cask is 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 companison with data derived from destructive testing.  

The main closure of the Universal Transport Cask consists of a single bolted lid. 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 N07718 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.  

2.7.2.2.1 Lid Center Analysis 

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 is assumed to occur at 275°F (maximum upper 

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

To adequately analyze the cask lid, a two-dimensional axisymmetric model of the lid and top forging 

recion 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) 

elements are used to model the lid and top forging. The lid is modeled by using material propcrties 

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 CONTACT52 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 

properties of the nickel-based bolting alloy., SB-637, Grade N077 18. Bolt properties are combined 

into one pseudo-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 cylindrical shape.  

The conficuration analyzed includes 48 bolts (2-8 UN) on a 73.86-inch diameter bolt circle. The 
bolt tensile area 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:

2.7-48



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

-b -=0.7854 in-, 
64 

1b =48 x It = 37.699 in4.  

The.preload assumed for each b01.iLs 1 16,8 Ob flb e, fo r:-an assumed totalpre of5360,63 
pounds force. The actual applied pre! o0d is _11 3,5selb o .Thi's n. !cn.serv. ,because 
the actual preload exerts a larger clamp ng force -at the edgeof thelithnheS.,su _dpeoad. The 
shear deflection factor for a cylinder is taken to be 1.11. The stiffness of the head of the bolt is 
conservativelv 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 is 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 
-cometrv 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 is simulated w\ith an evenly distributed pressure load equal to the dynamic flow stress 
of the pin. \ hich is taken to be 47.000 psi (Section 2.7.2.1). Preload torque is included as an initial 
strain. The initial 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 linearized across critical sections to determine the membrane and bending stresses which 
are compared 'L ith allo\\ able stress intensities.  

-. 2 . Lid Center Analysis Results 

The maximum nodal stress is 59,193 psi. For conservatism, this stress is compared with stress 
alloxmables at 300'F. For Type 304 stainless steel, the allowable stress limit is 61,500 psi (3.6 Sm or 
S,. ýhichevcr is less) for primary membrane and bending., \here the value of Sm is 20,000 psi. The 
primary membrane stresses are limited to 48.000 psi (214 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 
conservatise. A table comparing some maximum stresses to allowable stresses and resulting 
margins of satcty is presented as follows
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Pm and Pm+Pb Stresses (psi) for Lid Pin Puncture

Pm Allo\wable MS Pm+Pb 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) is +.08, occquingzat the centerline of the lid.
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Fig. 2.7.2.2-1 ANSYS Model for Cask Lid

lid thicknes

I bolt circle 
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2.7.2.3 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 geometrv is a 5-inch thick outer plate and a 4.25-inch thick inner plate 

enclosing a 1-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 axisvmmetric 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 is evaluated at a temperature of 280'F.  

2.7.2.3. 1 Finite Element Model Description-Center of Cask Bottom 

An axisvmmetnc ANSYS model is used to characterize the behavior of the cask for the puncture 

load acting at the center of the cask bottom. Figure 2.7.2.3-1 showvs the model and boundary 

conditions.  

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

dimensional modeling of solid structures.  

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

head. Dunng impact, the puncture pin applies a pressure of 47,000 psi (assumed dynamic flowý 

stress of mild steel) in the inward normal direction on the bottom over a 6-inch diameter region 

at a centerline of the extenor surfaces. The limiting bar impact force is that imposed by the 

dxnamic vield stress (flow stress), Sj, of the bar material, which iS related to the static Nield 

stress by the follo\ýing expression:
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S'D =S 1-'- =47,000 psi

Sy 

p 

D =

static yield stress of bar material, SA-36. 36,000 psi 

strain rate of bar material during drop = 100 secl 

material constant for mild steel = 5 

material constant for mild steel = 40

The impact force is 

F = 47,000 x iT x R2 = 47.000 x 7t x 3:= 1.329× 106 lb

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 cffects of the cask contents and wxeight 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

PL a 76.997 x 5.18 'A 7x33.81P 11 1 psi

Pý = analzed contents weight, lb 

a = impact deceleration, Cy 

A• = bottom area, in2

2.7 -53
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where: Pph = lead weight. 47,434 Ibm 

ph, = lead weight density,. Ibm/in" 

hph = lead height, in 

Aph= internal cavity lead surface. in2 

a = impact deceleration, g 

Shell End Pressures 

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

computed w\eight of the model is 28,187 lb then, the remaining weight. PR, is therefore 

P. = 256,500- Pc - Ph - 28,187 = 103,882 Ibm.  

The pressure P, on the shells is

a
48-, psi = 490 psi

here A, = 1.115 in inner and outer shell area.  

. Anul7s-s Results -Center of Cask Bottom 

Stress is categorized in accordance wý ith the ASME Code, Section III, Subsection N13. Maximum 

prlmary membrane and primarN 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 
the maximum stress intensities and allowable stresses is provided in Table 2.7.2.3-2.  
reference to Figure 2.7.2.3-2, the maximum stress intensity is Slmax = 49,960 psi in Section 

and the corresponding margin of safety is 0.341.

of 

In 

A

A simplified evaluation can be carried out for shear stresses by using 

bottom shell corresponding to the punch cross section.

the lateral surface of the

Q PP XAp "- - P A - 14,100 psi 

A 27zRe 

Pp = punch head pressure = 47,000 psi 

Ap = punch cross section 

R = punch bar radius = 3 in.  

e = bottom shell thickness = 5 in.

The shear limit is 0.5 S, = 0.5 x 67.000 = 33,500 psi > 14,100 psi.

,ý here:
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Bottom Puncture Finite Element Model and Boundary Conditions
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Fieure 2.7.2.3-2 Location of Sections for Evaluation
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Cask Bottom Puncture Stresses

Stress Components ipsi) 

NodeJ Sx Sxv Sz Sxy SI 

167 -27260 -9534 -9534 0 -9534 

168 -27170 -9517 -9509 2242 -9237 
169 -26590 -9454 -9355 4333 -8420 

170 -25480 -9337 -9069 6380 -7120 

171 -23630 -9163 -8284 8472 -5257 

172 -20130 -8781 -7108 10600 -2437 

173 -12950 -8254 -5266 11510 1146 

174 -6428 -7619 -3889 10460 3454 

175 -3945 -7037 -3681 8823 3467 

176 -2470 -6551 -3597 '541 3302 

374 -712 -254 -1535 58 -247

Principal Stresses ipso 

S2 S3 SI 

-9514 -27260 17730 

-9509 -2745(1 18210 

-9355 -27630 19210 

-9069 -27700 20580 

-8284 -27540 22280 

-7108 -26480 24040 

-5266 -22350 23490 
-3889 -17500 20950 

-3681 -14450 17920 

-3597 -12320 15620 

-720 -1535 1289

M\emnrane i+ Bending Node Ii Stress Components (psi) Principal Stresses (psi 

Section Node I Node J Sx Sy Sz Sxy S$ S2 $3 SI 

A 204 167 -44970 -606O -60650 0 -44970 -60650 -60650 15680 
B 205 168 -45530 -60010 -60490 2242 -45190 -60350 -60490 15300 
C 206 169 -45440 -58300 -S9290 4333 -44120 -S9290 -59620 15500 

D 207 170 -45230 -'5590 -57500 6380 -42190 -7500 -58630 16440 
1 208 7 46 7 0 -1920 53870 8472 -40550 13870 -58240 17680 
1 2109 172 -41590 -46670 -48180 10600 -33230 -4SISO -5S030 21790 

(C 210 173 20910 -40570 -40800 1150 -15610 -40800 -45880 30S0 
It 21 1 74 -2206 -343S0 -34500 10460 896 3400 -3"480 38370 
I 212 15 -1370 -29070 31810 8823 1201 -31(04() -380 33050 

J 213 -265 -24830 -29480 7541 1866 -26960 -20480 31350 

K 37 74 -5S 2300 -48 2302 -60 -1748 4050 

MLehrarne- Bcndil (Node J; Strcs Comporents (ps)I Pr cipal Srcste es ipsi) 

SC :eloi N Nod I Nodc J S S" Sz S x SI S2 $3 SI 

A 204 ](7 -8,79 41580 41580 0 41580 41580 -8379 49960 
B 20W 168 -7s12 -0980 41470 2242 41470 41080 -7I1 49390 
" 200 169 -7490 39390 40570 4333 40570 39790 -87 48460 

17 2) 70 -6913 36920 93-60 6380 39360 3780 -7,23 47180 

I 2t 171 -4(74 33600 7'00 8472 3700 5390 -6465 430 

1: 20) 72 -6046 29110 33960 10000 31)60 32060 -8992 42950 
G 210 173 -5233 24060 30260 11-10 30260 28040 -0214 39480 
11 211 17 -4;94 19140 26720 10460 26720 23090 -8146 35270 

I 212 1 -3920 14990 24490 8823 24490 18470 -96 31880 

-213 176 -3326 11730 22290 7541 22290 14860 -6454 28740 
K 3h(, 374 -183 -2808 -1122 58 -1322 -180 - 12 1490

2.7-58
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Section 

A 

B 

C 

D 

E 

F 
G 

J 
K

Node 1 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

376
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Puncture Stress Evaluation Results

Limits* (psi)

Section 

A 

B 

C 

D 

E 

F 

G 

H 

J

Node I 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213
K 3176

Node J 

167 

168 

169 

170 

171

S (M) 
PI' 

P", 
PM 

Plý 

P",

172 P,,• 

173 P,, + Pb 

174 P,:, + P.  
175 P,", + Pt' 

176 pl: + Ph 
374 P. + P,

Stress Intensity (psi)

S (1) 

15680 

15300 

15500 

16440 

17680 

21790 

30270 

38370 

33050 

31350 

4050

S (J) 

49960 

49390 

48460 

47180 

43770 

42950 

39480 

35270 

31880 

28740 

1490

S (M) 

17730 

18210 

19210 

20580 

22280 

24040 

23490 

20950 

17920 

15620 

1289

*jj=46M90 psi (0 -17 Sýi 

P,, P,- = 67.000 psi (S,

2.7-59

NIS1) 

3.273 

3.379 

3.323 

3.075 

2.790 

2.075 

1.213 

0.746 

1.027 

1.137 

15.543

Evaluation 

MSOJ) 

0.341 

0.357 

0 383 

0.420 

0.531 

0.560 

0.697 

0.900 

1.102 

1.331 

43.966

MS(M) 

1.645 

1.576 

1.441 

1.279 

1.105 

0.951 

0.997 

1.239 

1.617 

2.003 

35.384

Stress Intensity'/psi)
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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 is assumed 

to be in a horizontal position and dropped 40 inches onto a 6-inch diameter, mild steel bar, oriented 

vertically on an unyielding surface. The structural evaluation of the port cover is performed by 

classical elastic analysis methods.  

2.7.2.4.1 Analysis description 

This evaluation considers a port cover geometry typical of port covers on the UMS Cask. The 

primary difference betveen the port covers is 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 is analyzed.  

The cover centerline is located 9 inches axially from the cask end. In this region, the cask body is 

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 

in\\ard normal direction. The port cover rotation at its mating surface with the cask body is 

restrained bx 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 
forg ing.  

"2.7.2.4.2 Detailed Analysis 

Local Impact Recion-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, Case 6 [28] for a uniformly loaded 

circular plate '.ith fixed edges. The inýyard deflection of the port cover is 

3q aH1-') 3qa- =- 1.5x 1()- in 
16Eti

2.7-60



SAR - UMS"• Universal Transport Cask 

Docket No. 71-9270

May 2000 

Revision UMST-OOA

q

wvhere: q 

a 

t 
E 

X,

47,000 psi 

= in 

= 1.25 in 

= 27 x 106 psi at 300'F 

= 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 hy using the lateral surface of the cover plate: 

a edge) S -q _ 18,800 psi.  

Because the maximum port cover temperature is less than 300'F. the ultimate strength of the port 

co\er (conservatr`elv 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 

valve exceeds 1.5 x 10-4 in.  

272.5 Puncture Accident - Shielding Consequences 

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

71.51.
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2.7.3 Thermal 

In accordance wvith 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.  

3.7.1.1 Summary of Pressures and Temperatures 

The maximum thermal accident condition temperatures are summarized in Tables 2.7.3.1-1 and 

2.3.1 2 for the various PWR and 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. Cask closure bolts are qualified for a maximum pressure of 80 psig, 

which en\elopes the maximum pressure developed during the fire.  

The U'nivcrsal Transport Cask inner and outer shells, lid, and lid bolts are demonstrated to be 

structurally adequate against loss of containment followving a Thermal (fire) accident. Therefore, 

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

_7 Diff erential Thermal Expansion Stress 

Di tcrential thermal expansion stresses and through-thickness thermal gradient stresses are 

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 and Pressure Vessel Code. Limits on secondarx stresses do not apply for acciden 

condition,,, the secondars stresses, in themselxes, do not compromise the integrity of the cask.
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Table 2.7.3.1-1 Maximum Component Temperatures-Hypothetical Accident Conditions 

Fire Accident (PWR Cask) 

Component Temperature Time Temperature Limit 
(OF) (Hours) (OF) 

Cask Lid Bolt' 306.10 5.8 

Upper O-ring 286.45 13.0 3753 

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 - Q58 

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.  

3 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 (OF) (Hours) (OF) 

Cask Lid Bolt' 1 287 5.8 

Upper O-ring 266 13.0 375' 

Cask Lid O-ing 286 5.0 375' 

Cask Radial Outer Surface 1,376 0.5 

Lead Gamma Shield 457 2.9 600 

Maximum Fuel Rod Claddin 2 - 796 

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

Notes: 

1. Cask lid bolt is not explicitly modeled-maximum temperature taken to be 

maximum temperature of cask lid.  
2. Estimated b\ adding maximum temperature gradient betw\een 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 is 375°F for duration of 10 hours or less.[45]
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Table 2.7.3.1-3

Table 2.7.3.1-4

Summary of Maximum Canister Pressures Duning Hypothetical Accident 

Conditions

Summary of Maximum Cask Cavity Pressures During Hypothetical 

Accident Conditions

2.7-65

Canister Internal Canister Internal 

Pre•ssure• Condition Pressure (PWR) Pressure (BWR) 

Fire Accident and 

100% Rod Failure O.60atm.2psia7,3psjg .  

Priessure used fori 

CýSAni najl~ysis 7O84ksjig

Cask Cavity Internal Cask Cavity Internal 

Pressure Condition Pressure (PWR) Pressure (BWR) 

Firc Accident and 
100%- Rod Failure -.9._7a.tmAp74.56 psja_.59,86.psig 3.02 p m.2ig 

Cask Lid Closure' 
Analysis =s0 19_g 

Cask Body Finite 

Element Analysis I50 psig 57 psig
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2.7.4 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 lb (500 kg) and the cask and contents have an overall density greater than 62.4 

lb/ft3 (1,000 kgm1).  

2.7.5 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 ft) 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 Packagyes 

According to the requirements of 10 CFR 71.73(c)(6), a package must be subjected to water 

pressure equialent to immersion under a head of water of at least 15 meters (50 ft) for 8 hours.  

Paragraph 630 of IAEA Safert Series No. 6 requires that a package be immersed under a head of 

,dater of at least 200 meters (656 ft) for not less than one hour. A head of xAater of 200 meters 

(656 ft) is equivalent to an external pressure of (656)(0.433) = 284 psig. In addition, 10 CFR 

71.61 requires that a package's undamaged containment system be capable of withstanding an 

external w\ater 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 

(Items 3 throuOh 6 in the above list) are evaluated using 

the formulas in Roark [28], Table 24, Case 10 for simply

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 is 

qa(3 + v) 

16

M, = bending moment (in-lb/in) 

q = pressure load (lb/in 2) 

a = outer radius (in.) 

\' = Poisson's ratio.

"-. .... j q 

V

The bending stress at the center of the plate is then calculated as, 

6 \I
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where (Th = bending stress at center (lb/in 2 ) 

M, = bending moment (in-lb/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 Ic for cylindrical thin-walled shells with capped ends 
under external pressure loading. The formulas are as follows: 

qR qR .  c•-2t and c•
- t 

wk here cT axial stress (lb/in 2) 

(7- hoop stress (lb/in 2) 

q external pressure (lb/in 2) 

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 
in the ensuing sections. In addition, a comparison to the allowable stress is made for each stress 
calculated. Because this is considered to be an accident condition, the calculated stresses are 
compared to Stress allowahlcs as follows (refer to Section 2.1.2): 

P:,: < the lesser of 2.4S... and 0.7S, 

P. + Ph < the lesser of 3.6Sm.. and S, 

The stress allo\ ables for this evaluation are conserVativel\ taken at 400"'F since the maximum 
temperature of the cask is 368-F.  

The cask inner 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 a temperature
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of 400 'F, SA240, Type 304 stainless steel has an ultimate strength, Su, of 64.4 ksi and a design 
stress intensity., Sm, of 18.7 ksi. Therefore, the stress allowables are:

Pnrmary Membrane: 

Primary Membrane + Bending:

44.88 ksi (2.4Sm) 

64.4 ksi (Sn).

The cask bottom forging, top forging. and lid are constructed of SA336, Type 304 stainless steel.  
At a temperature of 4000F, SA336, Type 304 stainless steel has an ultimate strength, Su, of 60.0 

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

Primary Membrane: 

Primary Membrane + Bending:

42.0 ksi (0.7Su) 

60.0 ksi (Su).

2.7.6.1 Membrane Stresses in Cask Outer Shell (away from ends)

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

(- 290 psi)(39.93 in.) 1 

2(2.75 in.) = ,105 psi 

44.880 psi MS= 1=+f20.32 
2.105 psi 

'290 psi)(34.93 in.) 
2 _74,211 psi 2.7 5 '1n.

2.7.6.2

44.880 psi 
MS - I = + 9.65 

4,2 1l psi 

Bendinu Stress in the Bottom Foriing (at center)

At a temperature of 400'F, SA336, Type 304 stainless steel has a Poison's ratio, , = 0.31. The 

bending_ stress in the bottom forging at the center is calculated as follows:
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(-290]b/in: )(34.805in.) (3 +0.31)

16
=- 72,676in- lb/in

6(- 72,676in- lb / in) 
b - (4.25in.)2 = - 24,142 psi

60.000 psi 
MS =1,+ 1.48 24,142 psi

BendinL Stress in the Cask Lid (at center)

At a temperature of 400'F, SA336, Type 304 stainless steel has a Poisson'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 he half of the bolt circle):

M- 2901b/ inM2 )36.9.in.)'(3+0.31) 
NI 16

6{- 81,821in-lb/in) 

(6.50 in.)-

60,000 psi 

11,620 psi

-81,821in-lb/in

11,620 psi

I =-4.16

2.7.6.4 IBendine 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 lid at the center is calculated as followvs:

-2901b/ in' )(41.305in.)6(3+0.31) 
16 - 102,356in -lb/in
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6(- 102,356in - lb/in) 
(5.o00n) =- 24,565 psi

64,400 psi 
MS- 1- = + 1.62 

24,565 psi 

Bendin2 Stress in the Port Cover Plate (at center)

At a temperature of 400'F, SA240, Type 304 stainless steel has a Poisson'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):

M (- 2901b / in2 )(2.0625in.)2 (3 + 0.3 1) 
16 

6(-255in -lb /in) cs = -979 psi 
(1.25 in.)' 

64.400 psi 
MS =1 -= +64.78 

979 psi

-255in- lb/in

The minimum mar-in 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 is demonstrated.  

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

package that is used for the domestic and international shipment of radioactive materials.
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2.7.7 PWR Transportable Storage Canister Analysis - 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 is 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 geometr,' 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 is 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 dce eloped 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 
cav ity. 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 
analy'sis. Recardless of the angle of the drop, the canister wall is uniformly supported along its 
length hb 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 
ahove the side-drop conditions. Therefore, oblique orientations other than the comer drops are 

not considered 

In addition, the evaluations are performed with and without the 25 psig internal pressure. For the 

side, top-corner, and bottom-corner drop orientations, basket orientations of 0' and 45' are 

c aluatted. The angles describe the orientation of the basket elements with respect to the 
svi mm etrv plane of the model. A value of 0' onents the ligaments in the basket elements parallel 

and perpendicular to the symmetry plane. A value of 450 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: solar insolation, and maximum decay heat are 

considered.
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2.7.7.1 Analysis Description 

The Transportable Storage Canister is 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 is 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 1II, 

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 "-_a 

For the canister structural lid we~d,,(Seqti• on. 13; Figure 2.6..12,3-.i.1), base.nmet •"J"'"t"es 'ause 
to define the allowable stresslimits since the weld filler r.od tensile p e 

base metal,. Also, the allowable stress is multiplied by a stress i'ducti.5in aciS}! fT028periS Ni 

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 comer, and side impact orientations. The ANSYS 
finite element model is the same as that used for the evaluation of the 1-ft drop impacts exaluated 
for normal conditions of transport. The model is described in Section 2.6.12.2.  

2.7,7.2 Analysis Results - PWR Canister 

"The results of the analysis for the 30-ft side, top and bottom comer, and top and bottom end
drops aic piesented in Tables 2.7.7.2-1 throuah 2.7.7.2-10. Onlv the load cases that result in the 
%ý orst case margins are presented for each of the drop onentations considered. For the side-drop, 

the worst configuration is without pressure and the basket oriented at 45'. For the bottom drop, 

the wýorst case occurs x% ith the canister internal pressure. For the top-end drop, the most severe 

condition occurs x\ithout pressure. For the bottom comer and top-corner drops, the worst case 

stresses occur x ithout pressLIre and the basket oriented at 0.
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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 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 
bearin2 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 

is 399"F (Section 3.4.2., which occurs in the center portion of the canister wall (Sections 5 and 6 
described in Figure 2.7.7.2-1. The impact of this temperature increase is addressed by 

evaluating the margins presented at Sections 5 and 6 w,,here 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 Sm for y 304L stainless 

steel is 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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Table 2.7.7.2-1 PWR Canister Pm Stresses - 30-Foot Side-Drop L ,i5O Basý,_kt n;entatqn"

Pm 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 -12.6 -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 -0.4 -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 38.4 7.01 
5 9 -2.1 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 0.4 4.7 38.4 7.1 
7 9 2-.3 2.4 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 -10.0 -2.9 3.4 1.1 31.5 38.4 0.22 
10 9 25 2.7 -13.5 -5.3 2.1 0.8 29.2 38.4 E2_8 
11 9 -17.7 1.0 -9.5 0.9 2.3 0 19.3 38.4 1.0 

12 0 -39.7 -8.1 -17.6 -7.1 1.8 0.8 35 38.4 0.09 
13 0 -30.9 -9.5 -12.8 0.2 1.4 -1.5 22 J072* 0'46 
14 0 -2.9 0 1 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 
16 0 -1.6 0 0.4 0 0 0 2 38.4 18.25 

* Allowable stress includes a stress reduction factor for the weld: 0.8 x aflowable'sti•ss, 
Note: All of the allowable stress values presented in this table are based on SA240, •yp 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 subsequentlN slightIN 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 2.7.7.21-2 PWR Canister Pm + Ph Stresses - 30-Foot Side-Drop •'B-ast 

Orientation

Pm + Pb Stresses (ksi) 
Angle of Allow.  

Section peak stress SI Stress Margin 
Location location Sx Sy Sz Sxv Syz Sxz (ksi) (ksi) of Safety 

1 0 -23.9 -0.1 -14.1 0.8 0.1 -1.6 24.1 57.5 1.39 

2 0 -17.1 1.1 -10.9 -1.7 -0.9 -1.3 18.8 57.5 2.06 
3 45 -3.5 -17.8 -3.6 1.6 1.3 -4.2 18.9 57.5 2.05 
4 9 -2.3 0.9 3.6 0.1 0.4 0.9 6.3 57.5 8.19 

5 9 -2 2.8 2.4 0 0 0.7 4.9 57.5 10.71 
6 9 -2 3.3 2.4 0 -0.1 0.7 5.4 57.5 9.62 
7 9 -2.3 3 3 0 -0.3 0.8 5.8 57.5 8.88 
8 72 0.1 -0.8 0 -5.5 -1.9 -0.1 11.7 57.5 3.91 
9 9 -21.8 15.8 -7.9 -2.7 3.9 3.0 39.2 57.5 0.47 

10 9 -26.9 0 -11.9 -7.4 Ji.6 0.5 3 57.5 

11 9 -42.1 13 6.2 ý.4 1,6 ýýK- 57.5 054 
12 0 -49 -11.5 -21.2 -7.1 2.5 1.1 40.6 57.5 0.42 

13 0 -49.1 -19.1 21.7 -0.3 2.1 -0.8 31.2 40,0" 

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 29.9 
16 ) -1.2 0 0.9 0 0 0 2 57.5 27. 23 

* Allowable stress includes a stress reduction factor for theweld: 0...x allow.able stre..ss 

Note: All of the allo\ýable stress values presented in this table are based on SA240. T-7 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 lo, er allowable stress 
x alics and subsequently slightly lowoer margins of safetN for sections 5 and 6 than those 

presented in the table. Ho\ke\er. this difference is negligible as discussed in Section 2.7.7.2.
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Table ,.7.7.2-3

* Allowable stress includes

PWR Canister Pm Stresses - 30-Foot Bottom End-Drop Jiteal-Pressuse

a stress.reducti•on factor fort-he weld:,0.8_ x ailowable 7Se

Note: All of the allowable stress values presented in this table are based on SA240, )-ype 304L 
stainless steel at a temperature of 380'F unless otherwvise 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 
piesented in the table. However, this difference is negliiblIc as discussed in Section 2.7.7.2.

.7/-79

Pm Stresses (ksi) 
Angle of Allow.  

Section peak stress SI Stress Margin 
Location location Sx Sy Sz SxV SVz Sxz (ksi) (ksi) of Safety 

1 180 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 4.43 
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 38.4 11.5 
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 
13 180 0 -2 -1.2 0 0 0.1 2 -O,ý72" .4...  
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 38.4 186.72 
16 90 -0.2 0 -0.2 0 0 0 0.2 38.4 223.94
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Table 2.7.7.2-4 PWR Canister Pm + Pb Stresses - 30-Foot Bottom End-Drop l-L.llr_...a 
p'esr

* Allowable stress includes a stress reduction factor for the_weld:. 0.8_x al•-wa1ob-ises 

Note: All of the allo\mable stress values presented in this table arc based on SA240, Type 304L 
stainless steel at a temperature of 380"F unless otherwise stated. Localized peak temperatures in 

the central portion of the canister shell reach 399FT-resulting in slightl. lower allol able stress 

\ alues and subsequentl\ slightly lower margins ot safety for sections 5 and 6 than those 

presented in the table. 1]oý\eer, this difference is negligihle as discussed in Section 2.7.7.2.

2.7-80

Pm + Pb Stresses (ksi) 

Angle of Allow.  
Section peak stress SI Stress Margin 

Location location Sx Sv Sz Sxy Syz Sxz (ksi) (ksi) of Safety 

1 180 0.4 -2.9 -0.2 0.3 0.1 0 3.4 57.5 16.11 

2 180 0.4 -9.5 -2.1 0.1 0.1 0.2 9.9 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 ISO 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 -3.4 0.3 0 -0.2 0 4.1 57.5 13.03 

9 90 -2.4 -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 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 3.3 57.5 16.27 
13 11S 2.3 0.1 0.1 0.4 0.1 0.2 2.4 46.0* i7 1 

14 0 0.1 -1.2 0.1 0 0 0 1.3 57.5 43.49 

15 81 3.6 0 3.6 0 0 0 3.6 57.5 14.82 

16 Si -1.8 0 -1.8 0 0 0 1.8 57.5 31.14
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PWR Canister Pm Stresses - 30-Foot Top End-Drop

Pm 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 38.4 5.65 
2 0 -3.8 3.7 5.5 0.9 -0.1 0.6 9.5 38.4 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 -2.2 0 0 0 0 2.2 38.4 16.27 
5 153 0 -2.8 0 0 0 0 2.8 38.4 12.75 
6 153 0 -3.4 0 0 0 0 3.4 38.4 10.43 
7 180 0 -3.9 0 0 0 0 3.9 38.4 8.77 
8 180 0.1 -3.7 0.1 -0.1 0 0 3.8 38.4 9.07 
9 180 0.1 -2.8 -0.5 -0.1 0 0 2.8 38.4 12.49 
10 144 -0.2 -2.7 -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 38.4 13.74 
12 36 -0.1 -2.1 -0.2 0.1 -0.1 -0.1 2.1 38.4 17.05 
13 180 0 -2.2 -0.3 0 0 0 2.2 •O-7-• , 
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 

' Allow' able' stress inclludes ,a s tress• ,du t.8 aw sts 

Note: All of the allowable stress values presented in this table are based on SA240, yp 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 subsequentlN slightly lower margins of safety for sections 5 and 6 than those 
presented in the table. Hoever, this difference is negligible as discussed in Section 2.7.7.2.
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Table 2.7.7.2-6 PWR Canister Pm + Ph Stresses - 30-Foot Top End-Drop

Pm + P1, Stresses (ksi) 
Angle of AIIow.  

Section peak stress SI Stress Margin 
Location location Sx Sv Sz Sxv Syz Sxz (ksi) (ksi) of Safety 

1 0 -4.3 -14.2 0.2 0.1 -0.1 0.2 14.4 57.5 2.99 
2 0 -1.9 27.1 13 2 -0.1 1.1 29.4 57.5 0.96 
3 0 -1.6 32.5 16.9 -0.1 0 1.4 34.2 57.5 0.68 

4 162 0 -2.3 0 0 0 0 2.3 57.5 24.44 

5 153 0 -2.8 0 0 0 0 2.8 57.5 19.63 

6 171 0 -3.4 0 0 0 0 3.4 57.5 16.14 
7 180 0 -3.9 0 0 0 0 3.9 57.5 13.64 
8 180 0.3 -3.6 0.1 -0.2 0 0 3.9 57.5 13.71 

9 135 -0.3 -3.2 -0.3 0 0 0.3 3.2 57.5 17.13 
10 ISO 0 -3.1 -0.6 0 0 0 3.1 57.5 17.78 

11 135 -0.3 -3 -0.3 0 0 0.2 2.9 57.5 18.74 
12 ISO 0.1 -2 -0.2 -0.2 0 0 2.2 57.5 25.09 
1 1SO -0.1 -2.3 -0.4 -0.1 0 0 2.2 46.0T 19.91 
14 90 -20.4 -03 -20.4 0.2 -0.4 0 20.2 57.5 1.85 
15 81 0.3 - 1 0.3 0 0 0 1.3 57.5 44.4 

16 0 (. 1 -1.1 0.1 0 0 0 1.2 57.5 47.14 

Allowable stress includes a stress reduction factor for thpeweld: 0..8 ýxAlpo N.alesr 

Note All of the allmoable stress values presented in this table are based on SA240, x 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 
\alues and subsequentl\ slightly lower margins of safety for sections 5 and ( than those 
presented in the table. Hoe'e\er. this difference is negligible as discussed in Section 2.7.7.2.
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Table 2.7.7.2-7 PWR Canister Pm Stresses - 30-Foot Bottom Corner-Drop

Pm Stresses (ksi) 
Angle of Allow.  

Section peak stress SI Stress Margin 
Location location Sx Sv Sz SxV SVz Sxz (ksi) (ksi) of Safety 

1 0 -15 -3.3 -6.1 -0.5 -0.1 -1.9 12.1 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 -2.7 0.6 -0.1 -1.1 9.6 38.4 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 38.4 4.68 
6 180 0 -6.5 -0.2 0 0 0 6.5 38.4 4.92 
7 180 0 -5.8 -0.2 0 0 0 5.8 38.4 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 32.5 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 -1.4 -12.2 -0.4 2 -0.3 35.8 38.4 0.07 
12 0 -23.2 -5.3 -7.5 -3.8 1.3 -1.2 20.1 38.4 0.9 
13 0 -23.6 -7.4 -7.7 0.3 1.4 -2.1 17.8 •_.72 O.7T 
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 38.4 43.06 

* 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, Type 304L 
stainless steel at a temperature of 380°F unless otherwise stated. Localized peak temperatures in 
the central portion of the canister shell reach 399DF-resulting in slightly lover allowable stress 
values and subsequently slightly lower margins of safety for sections 5 and 6 than those 
presented in the table. Ho,,ever. this difference is negligible as discussed in Section 2.7.7.2.
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Table 2.7.7.2-8 PWR Canister Pm + Pb Stresses - 30-Foot Bottom Comer-Drop

P±, + P[) Stresses (ksi) 
Angle of Allow.  

Section peak stress SI Stress Margin 
Location location Sx Sy Sz Sxv Svz Sxz (ksi) (ksi) of Safety 

1 0 -16.3 -2 -6.2 0.8 0.1 -2 14.8 57.5 2.89 

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 -2.1 18.2 57.5 2.15 
4 0 -0.4 -6.1 2.8 0 0.1 0.7 9 57.5 5.37 

5 0 -0.4 -4.8 2.6 0 0 0.6 7.5 57.5 6.64 

6 0 -0.5 -3.9 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 57.5 8.81 

8 18 0.4 -2.7 -1.3 1 1.8 -0.7 5 57.5 10.54 
9 0 -30.5 7.2 -11.3 -2.5 1.8 0.4 38.2 2 57.5 0.51 

10 0 -14.3 -0.9 -4.2 -4.2 1 -1.4 16.3 57.5 2.53 
11 0 3-2.9 8 -10.2 -0.2 2 0.5 41.2 57.5 0.4 

0 -30.2 -7.8 -10.2 -3.7 1.7 -0.8 24.5 57.5 1.35 
13 -38 -15 -14.3 -0.1 1.9 -1.5 25.5 0 
14 0 -1 -1 0.5 0 0 0 1.5 57.5 37.12 

15 81 3.9 0 4.3 0 0 0 4.3 57.5 121.39 

16 0 -2.7 0 -1.9 0 0 0 2.7 57.5 20.31 

* Allowable stress includes a stress reduction factor for the weld: 0.89 lw.able.,e-ss 

Note: Al of the allow\able stress values presented in this table are based on SA240) , 304L.  
stainless steel at a temperature of 380'F unless otherwise stated. Localized peak temperatures in 
the central portion ot 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. Hovever. this difference is negligible as discussed in Section 2.7.7.2.
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PWR Canister Pm Stresses - 30-Foot Top Corner-Drop

Pm Stresses (ksi) 

Angle of Allow.  
Section peak stress SI Stress Margin 

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

1 9 -2.1 -7 -4.8 0.7 -1.1 -1 5.9 38.4 5.53 

2 0 -38 -1.4 -10.4 -5.2 0.7 -0.2 38.1 38.4 0.01 

3 0 -12.1 -2.5 -2.6 -5.3 0.5 -0.3 14.5 38.4 1.65 

4 180 0 -2.7 -0.2 0 0 0 2.7 38.4 13.07 

5 180 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 8.39 

S 45 0.1 -3.9 0.1 -1.1 -1.2 0.1 5.2 38.4 6.31 

9 0 -31.3 -4.8 -10.8 -3.4 0.9 -0.1 27.5 38.4 0.39 

10 0 -21.1 -9.8 -8.9 -4 0.2 -0.7 14.2 38.4 1.7 

11 0 -30.8 -14.9 -12.3 -1.5 0.7 -0.7 18.9 38.4 1.03 
12 0 -27.7 -13.5 -9.2 -5.6 0.4 -1.1 20.7 38.4 0.85 

13 0 -26.9 -17.7 -9.7 -1.6 0.4 -1.9 17.9 0.L72* Q7,22 

14 90 -1.4 0 -0.3 0.1 -0.3 0 1.7 38.4 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.  

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

stjinless 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 lowver allowable stress 

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

presented in the table. Hoýýever. this difference is negligible as discussed in Section 2.7.7.2.
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Table 2.7.7.2-10 PWR Canister Pm + P1 Stresses - 30-Foot Top Corner-Drop

Pm ,,+ Pb Stresses (ksi) 
Angle of Allow.  

Section peak stress Sl Stress Margin 
Location location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) of Safety 

1 0 -28.1 -15.6 -10.7 -7.5 -0.1 -1.1 21.2 57.5 1.71 
2 0 -37.9 17.6 -5.7 -2.1 1.6 0.5 55.8 57.5 0.03 
3 180 -1.4 29.4 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 2.6 0 0 0.6 3.6 57.5 15.02 
6 0 -0.4 -1.6 2.6 0 -0.1 0.6 4.3 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 -2.4 0.9 0.4 32.8 57.5 0.75 
10 -23.1 -12.1 -8 -6.7 0 -1.3 18.7 57.5 2.08 
11 0 -34 -18.9 -12.5 - 2.5 0.9 -1.3 22.1 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 -3-1.3 21.6 -12.2 2.7 0.7 -1.8 20. 2 ... . .  

14 72 -19.1 -0.3 -17.3 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 str. _t..ewe. 0.8 x allw stres..  
•~~~~~~ ,tre .s-sr dU.Ctin. factor, for. theweld: -. _0 , o.w~abe stres~s..  

Note- All of the allowable stress values presented in this table are based on SA240, Type 304L 
stainless steel at a temperature of 380-F unless otherwise stated. Localized peak temperatures in 
the central portion of the canister shell reach 399IF--resulting in slightly lower allo,, able stress 
values and subsequently slightly lower margins of safety for sections 5 and 6 than those 
presented in the table. Hovcever, 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) Pm 0.09 12 

Side 30-ft impact (45 degree basket) Pm + Ph Q091 1, 
Bottom end 30-ft impact + pressure (25 psi) Pm 4.01 4 

Bottom end 30-ft impact + pressure (25 psi) PM + Pb 4.84 2 

Top end 30-ft impact Pm 3.03 2 

Top end 30-ft impact Pm + Ph 0.68 3 

Bottom 30-ft impact Pm 0.07 11 

Comer 

Bottom 30-ft impact Pm + Pb 0.4 11 

Comer 

Top Comer 30-ft impact Pm 0.01 2 

Top Comer 30-ft impact Pm + Ph 0.03 2

- See Figure 2.7.7.2-1 for section locations.
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2.7.7.3 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 

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 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 60 2 deceleration load was used for all the 30-ft drop canister analyses that are presented in 

Sections 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.  

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 ICsults from the dynamic shell analyses (ANSYS) are screened for the maximum 

\Lalues of the longitudinal 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 anNywhere regardless of location within 

the PWR canister shell are combined. Combining the maximum stress components in this v~ax 
produces a conservati\e, bounding-case buckling evaluation of the PWR canister, one which 

en~clopcs all 3()-ft PWR canister drop cases including those presented in Tables 2.7.7.2-3 and 
-1./..25s 

The geometr\ parameters used in the PWR canister evaluation are the same as those presented in 

Iable 2.6.1 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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I ahle 2.7.7.3 -1 lzIuckline L\ulciatiotL ResLIlts for the lPWR (Cranister for 30-Foot lnd Drop

LIongitudinal (ircunmferential In-plane Elastic Buckling Plastic Buckling 

(Axial) Stress* (hoop) Stress* Shear Stress Interaction Equations Interaction Equations 

ioad ('ondition S. (wJi) S" (psi) So• (psi) Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 

I -Ft Top lind I)r op 390))) 1))00 700 .012 .084 .015 .012 .084 .015 .084 .015 

I -Ft Bottom End I)rop 7TW0 1 1500 100 .142 .159 .219 .142 .159 .219 .159 .219 

Component str-Csscs incliUdc ther-mal stresses.  
* ('ompr cssivc str esses.
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2.7.8 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 is 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 III, Division 1, Subsection NG [15]. In addition, the stainless steel/BORAL composite 
(Lie! tube is evaluated for a postulated impact load.  

The fuel tubes are not structural components and are not considered in the basket evaluation.  
The tice 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 ok•n weight in the 30-ft end-drop 
accident loadinL, condition. The end-drop loading condition of the spacers is a classical, closed
form anail\sis, and the spacers are evaluated independently of the finite element basket model.  
Two finite clement models of a single disk 'are used to perform the support disk structural 
e\aluation. Figure 2.6.13.2-1 shows the PWR support disk model for the side drop evaluation, 
For further details of the basket, refer to Section 2.6.13.  

S./.S I Stress Evaluation of Support Disk 

To determn e structue eqacdipf..tle suppg disks,. 3O-ftdropaccidenJmptQoads are 
evaluated for the worst-case radial orientations of the basket0, The..... ""A . .. 
cask orientations considered are side-dropend-drop, anl oblique dr0os ZO'i0:223 30j 
400, 500, 600, 700, 750, 800. and880).,
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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 Iout worst

case radial onientations--0. 18.22', 26.280, 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.  

Twpimtn budry iditions" (th rma1 QaeA_'Aa,6dB)' Woie ed JiITRj (-eý_~ t nSe e 
Section 2.6.13.3 for case definition)."Note that temperature. s ýee 
determine materiual aowa-_esior stress evaluation.alh s 
the buckling evaluation (Section 2.7.8.3).  

The stress evaluation for the support disk is performed according to the ASME Code;Section IfWm 
Subsection NG. According to this_subs.ection, _lineanzed stresses of__c.__ss ecin._jsfj!__ 
structure are to be compared against the allowable strsses • b 
and Accident conditions are taken from Subsectin. NG a 'shown R l. 

Accident _(Level D) 
Pm 0.7 Su 

PmtPb 1.0 SU 

The allowable, hrmitjs 0.7 S. or 2 .4 Sn, wyhicheveris lss Fo the supppQor Isk2 4S 07S 

therefore,0.7 Su.is limiting.
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2.7.8.1.1 Finite Element Model Description 

Finite element analyses are performed for the basket support disk for hypothetical accident 
conditions: the 30-ft side-drop impact condition (60 g) and 30-ft end-drop impact condition 
(60 g). _t _andt a eyvaluated ba onthe stressrsuj.Ltrodlten 
Lrmpggactans ide_!.papct anaa~ssy.mte~~mntodelsar m'~s•!r t!-bset•d ~a 
•nd,, end• i~mpactva1•vu t spxel_ y.Th esLe jmodels are the:kane a iel sedS itle 

e valuation_ for.no0rmaLtan sportcondtoin iR s :jjjemodels are d~escribed1in S~ec.ion2.. !3.2' 

2.7.8.1.2 PwRnsumpprt aniak Impact Loading Conditions 

The lateral impact load applied to the support disk for a side-drop accident includes the inertial 
,,,eights 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.S. 1.3 PWR Support Disk Side-Drop Analysis Results 

Finite element stress analyses for the 60 g side impact load cases are performed for s different 

radial basket orientations--0°, 18.22°, •~28 , and 450. The analyzed section locations are 

defined ~ e inSe tions~61 .2ndi Figre 261.-tihruhe 132-.  

. &r 2- L--' 

The calculated sitessest foar .the sections wihpthe 40s lowerst marginsof accdetyinrcude•esthe inet 

membrane plus primry benting ostress at sect vio107 foi Thermalction 2.6.13.2. Te he-trafer 

basket oinentaton eqfal, thJe.22.idable 27o8ndi9) Tihe miniomnum margjnsf e o sde

drop analysis r.esul!ts are sumnmari'ze~din Table 2.7._8,1-!.  

2.7.S.1.4 PWR Puppot Disk SEnd-Drop Analysis Results 

Finite element stress analyses of the PWR basket support disk are performed for a 60 g end 

impact (30-ft end-drop) •,Irtnrm ase,•n•nms 
disk faor t o.end t ' 18.22', ' and 45'- The..-alyzed section locatio•• :ar bendingtressentrhe' sw te min exh __er_ ýatjiI
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Tandte 2•deo. Theqrop. (-)edire !uetinte eval s gi s et 

preesenedr inTabes e 
TaluatesoblTqee rstresseasn, e .trhes scfuppo0.rteimsk 9•a'.f.t f u 
described in ctiob 21.86 b-for-, e7 e t 
considers various c'a's-k diýý04 00,_2 _~ 045 nOM0d 3-Ed 
96Q0) as- well as h ake~o 

and the side, drop'ý=9 dit~n are') lue nt Va" oa 
all cask drop aingles; 

The mnaximum .strIe Isses -in .- the -,suppt dikfrtý~0f 

summarized in Ta ble 2.7.8.121
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Summary of Stress Evaluation of Support Disk-30-Foot Side-Drop

Basket

Table Number 

2.7.8.1-2 

2.7.8.1-3 

2.7.8.1-4 

2.7.8.1-5 

2.7.8.1-6 

2.7.8.1-7 

2.7.8.1-8 

2.7.8.1-9 

2.7.8.1-10 

2.7.8.1-11 

2.7.8.1-12 

2.7.8.1-13 
2.7.8.1-14 

2.7.8.1-15 

2.7.8.1-16 

2.7. 8. 1-17

Orientation (deg) 

0 

0 

0 

0 

18. 22 

18.22 

18.22 

18.22 

26.28 

26.28 

26.28 

26.28 

45 

45 

45 
45

Thermal Case 

A 

A 

B 

3 

B

Stress 
Evaluation

Pm 

Pm +Pb 

Pm 

Pm +Ph 

Pm 

Pm +Pb 

Pm 

Pm +Pb 

Pil 

Pm 

Pm, +Pb 

Pm 

Pm +Ph

Minimum 

Margin of Safety

La±8 

L82 

Lt.D1A 

F-

dQA3
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Table 2.7.8.1-2

107 
123 
25 
20 
29 

.112 
96 
27 
28 
26 

'114 
98 
115 
99 
24 
21 
23 
30 
22 
2 

95 
111 

116 
100 
19 

121 
105 
31 
32 

113 
97 
4 
8 
37 
51 
101 
117 
49 
35 
68

Pm Stresses for Support Disk--30-Foot Side-Drop, 0' Orientation, 

Thermal Case

735.5 
?35.5 
20.7 
18.4 
0.0 

13.6 
13.6 
18.5 
8.9 
8.9 
8.9 
8.9 
8.7 
8.7 

0.0 
8.1 
8.1 

-21.3 

10.4 
6.8 
6.8 
0.0 
0.0 
0.0 
0.1 
0.1 

-18.1 
:1 8.1 

-4.9 
-.4.9 

-10.9 

-5.6 

6.9 
6.9 
4.2 
.0.2 

0.0

jks-i 
-27.7 
•27.7 
".22.2 
:17.4 

-32.4 
15.7 

-15.7 
'29.1 
•-16.6 
-16.6 
:19.4 

-18.4 
-18.4 

-26.7 
-13.7 
-13.7 
-24.8 
-23.9 
-12.5 
,16.2 
-16.2 
-22.6 
.22.6 
-21.1 -21.5 

-21.5 
-14.8 
-14.8 
719.8 
-i9.8 

,18.2 :7.1 

717.6 -:17.6 

79.9 
-9.9 

-12.4 

512.4 
?%15.7

18.3 
018.3 

0.0 
0.0 
0.0 
0.6 
:0.6 
0.9 
6,3 

O.3 * 1.6 

-5.2 
5.2 
0.0 
0.0 

-12.7 

2.7 
0.0 
b.o 
0.0 
-0.2 
0.2 
4.4 

-0.4 
0.4 
0.0 
0.0 

1.1 

2.0 

0.0

Stress 

50.3 

112.8 
55.7 
32.4 
29.4 
29.4 

28.4 
28.4 
28.4 
27.3 
27.3 
26.7 
24.1 
24.1 
24.8 
23.9 
22.9 
23.6 
23.6 
22.7 
22. 7 
21.1 
21.5 
:21.5 
21.2 
t21.2 
19.8 
19.8 
18.2 

8.'2 
17.7 
1737 
17.2 
X7.2 
16.7 
f6.7 
15.7

93.5 

P2.2 

90.4 
02A8 

92:2 

92_2 

•3b0 

90.4 •Ob 

90.5 
88.1 

91.7 
91,1 
01;4 89.1 

92.5 

93.4 
93.4 
91.9 
9 l.9j 88:f 
•0.5 
90:4 
90.,.4 
90.4 
91.9 
91.9 
90.4 
90.4

0.86 

b.86 

,153 

Z'2 

'44W Zý4 
r4i 

2;..1 

Z-79 2.84 
ý189 
2.89 
3.02 
3.02 
ý.23 
3.29 
3.29 
3.40 

K4oi 

4.33 "4.40 

4;42 

•.82

".7-96
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Table 2.7.8.1-3 Pm + Pb Stresses for Support Disk-30-Foot Side-Drop, 00 Orientation.  

Thermal Case E

"2.7-97

Section 
107 
123 
2,5 
26 

20 
23 
21 
30 
29 
2'7 

112 
96 

115 
99 
31 
32 

111 
95 
98 

114 
24 
22 
37 
5i 

110 
94 

117 
101 
i4 
i2 

100 
1 1.  
2 

1f3 
97 
9 

121

(ksi) 

E7a 

20.7 

-2,3.  

.0.4 

S.2 

5ý,2 

b8.6 

-23.2 

18'4 

25.1 
25.1 
0.0 

72 

9251 

-20.6 

13.4 
134 
Y2 9 

i§2 

!0.,9 
to" q 

0:9 2

•580 

i5 ...  

:92 

:.1.7.4 
.29.1 

-20.6 
'21.) 

L2i7 

: 6.7.  -23.1 

.;23_.1 
-23.9 

0.5 

FJO.  
•_24.1 

UX23 

ý5:3

-80 

Q.L8 

93 

-0.7 

V.O 

r4.1 

'LA 

0.02 
Q.8 

4.7 

Z[9_ 
U._÷ 

F4

Stress 

~2_0 

-3 

•3.3 

ý9.2 

26.7 26,7O 

25,3 

25.1 

245, 

2.4.5 

24.1 
ý,6 

24,i 

23, 1 

•3.•

ULU 

472.  

1.291:1 

ITM 

110

Y31,3 

.-23 

1Z3T, 

13221

EgF 

03l 

FN
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Table 2.7.8.1-4 Pm Stresses for Support Disk--30-Foot Side-Drop, 0' Orientation, 

Thermal Case 9

"2.7-98

107 

23 

22 

116 

71 

29 

105 

i30 
27 

21 

.22 

35 
iI

rii.9 

US 

:3513 

81.1 

OJO 

bI.2 

1.8 
8.1 

11.2 
N.7 

4J~ 
0.1' 
0.1D 

r$J2

:2.2 

'16.0 

FL6.0 

EM2.4 
'22:

-212 
_aL9.  

_ail 

SK5, 
rý)-

5.0ý 

9271

0:.0 

0.0 

O0 

(MT) 

.4 

D: 

"Zj~

23.  

ýý,4 

t 

2Z4 

Z1.3

934 

93.  

K45 

94:5 

__P 

94.5

a43 

IN 

4M 

02
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Table 2.7.8.1-5 Pm + Pb Stresses for Support Disk-30-Foot Side-Drop, 0' Orientation, 

Thermal Case -

2.7-99

Secýtion 
oQ7 

13 

.23 
.27 ý3 

99 

27 

112 

24 

212 

§4 
37 
114 
12 

L17 
i.01 

98 

165 

1.11 

l24

58L.4 

-23.8 
:23.8 

10.4 
1-0.4 

6.7 

12.9 
.129 

M,• 

P.O 

g7g8 

Z5A• 

-21.

•22.1 

h22,j 

"-22.7_ 

jgks 

_9J 

'22.1 

r16e 

TiJ

9:7O 

Flo 

Wo• 

02 

KQ.  

LI0•

a0 f1A 

U05 

29.,5 

NO 

29.a 
29.5j 

2£2 

KU,4 

25..4 
O.2 

ý.4A

b15l3_• 

1-a.p 

1t35..0 

1a.a_.

FIB 

03z
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Table 2.7.8.1-6

OIQ7 

Y id 
21 
123 

9.  

t25 
20 

27 
23 
26 
51 
19 

22 
10 

24 

11.4 
116 
42 

30 

2$ 
64 

115 
121 
Y4 
47 
72 

1-0-4 
a

Pm Stresses for Support Disk-30-Foot Side-Drop, 18.-' Orientation, 

Thermal Case

"2.7- 100

r101 

.54 
P.A.  

h2 

1..9 

-.1.  :7.4 

"W0ý2 
;.7,7 

•- A,.

VY 

W.- 

ro0_ 

-2 

-2.4 

IZ2.  

M 
EM 

Mf f 
83 

M31

ig 

0.4 

34 

K12.  

24 

k0i 4.8 

jC6

8fresi 

2-0 

Mi2 

r95 

a,7 
MI.-

2A,:

~03 

92.

03i 

IMB 

IMi 

CHa 

rM
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Revision UMST-OOA

Table 2.7.8.1-8

.270 

2L5 

26 to 

22 
42 
116 
24 

30 
_15 

!.4 

121 
49 

19

Pm Stresses for Support Disk

Thermal Case k

VIM' 

8.0 

_50J 

4•9 

'o.i 

145J 

3.1 

a2 

In&

L2Q 

'29_.7 
M:20 

_10 
rý;O 
,16J 

gA 

IMO 

grw

tw~o 

ra 

R:6, 

52 

018 

$T2

-30-Foot Side-Drop, 18.5 Onentation,

20 

5;3 

5_3, 
In.  

10

14W 

as 
23 
943 

04ýs

2.7-102

•w 

ROM 

mi 

M• 

FE
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Table 2.7.8.1-9

Section 

1~07 

23 

112 
95 

120 

izi 

51 
64 

63 

42 
ý8 
35 

ti1 
48 
22 

25 
14 

27

Pm + Pb Stresses for Support Disk-30-Foot Side-Drop, 18.E 

Orientation, Thermal Case ý

'92 kL•q 

41.  

WK4 

,4-4.4 

040 
-i6.1 
L36.9 

19.J 

:4j.4 

4,4 

44.4 

-30.7 

N_2_.9 

:1 3.9.  

;_6.,7 
*g28,O

Si.  

t_5.,4 

i23j 

i563 
:5K_4 

-57.3 
-43-.9 

4K3 

35,4 

•1:8" 

MR3 
E26j

E7,s7 

LIQ 

A3.  

j2,3• 

6,0 
12N3 
12,5 

h23 

100 

1174

Stress 
biýp_ t-Y 

M8.§ 

Bj 

20 

V2"I9 

4104 

ka

& 'oabl• 

LIM.  

LMr 

2MT 

rig

90"'A"M 
5A-f-e-jy' 

Uj 
Ma 
OR 
00 
to 
M 
EM 

152 

Ui 
M 
IN 

im 
EN 

LN 
M 
IM 
M 
In 
MD 
IM 
0-2

2.7-103
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Table 2.7.8.1- 10 Pm. Stresses for Support Disk 30-Foot Side-Drop ,.~renain 

Thermal Case E 

Sectiontiii 

123 ý :34U a I 

23 PfA KA V, M 3 I 

29 :0.2 ;68 ~ 
27 :17.5 -r24 '' 
26 L 29'2 M,~ W 4w 
25 VA2a F4 I 

i61 732-1 -3 2-
20 $.,8 MA. 4 Q 

22 127 :1•4 23r O.  
49 -15.5 :. j2.2.  
72 r19.4 41. 5.7 22~5 91.-O 

64 -2.3 Ij 22.2 L 
24 00. o-Q W 
40 207 :V14 Yu~ 2 
28 431 5I o2 _ 

63 DiJ .2ýl- 4 
3014 0 ~0091 

116 .01 Q.2 Q:Q 2Q.2 VI j -2 

1064 :1.2Io2 
U5 E3 Tlq_ 

121 P9 - -4 F.  
66 ý1.- 0$I RJ5 -0 0

2,0 M2 IM~ 0-11 g 

80 kL3 K6 yt7 4,725

2.7-104

Mav 2000
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Table 2.7.8.1-11 Pm + Ph Stresses for Support Disk-30-Foot Side-Drop, • 

Orientation, Thermal Case N

"2.7-105

Section 

407 

I

48 20 
56 

112 

34 

63 
48 
64 

120 

28 

22 

42 

3ý6 
50 
4Q 

12 

92 

4.4

-39J 

-539, 

.76 
-45.  

-49.  

4K~6 

-44.$ 

',4 .90 

43.8 

L-7 

-31.  
:9.9 

"3-4.4

-aJY.  

N27

Sy57 

PAZ.  

'i 

49.87 

2:5L7 
o;%T3 

21171 

S0$" 

-M9_:• 

.4Z5_.4 

E-L"O' 

"$U.

jK4 

7I 6 

DO¶

D925 •30.  

M5A 

50.9 

M35 

U4,

l6wible 

329.J 

129.: 

TZ2.S 

:•13i4 

13TO 
1-:96: 

131,TO 

i~a8 

yz 33QJ

UA9 

rZ43 

LD7 iaji 

IM 

Ito 

02
1 ."2
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Table 2.7.8.1 -12 Pm Stresses for Support Disk-30-Foot Side-Drop, .2. 2 Orientation, 

Thermal Case

2.7-106

12Q 
197 
21 
1J2 
s2 

114 
27 

26 

25 
49 
22 

20 
119 
72 

,40 
64 

28 
42 
24 
14 

i64 

11 3.0 

28 
42 

164 

101 

66 
121 

80

12.7 

9 

•021 

k-'.  

147.  

7o~1 

-13.2 

8.7 

JOJ 

-13.2 

J$.0 

-0126 

L0:8

ry 

:27._Q 

-8.2 
L•8.2 

zL4A9 

4:1 

8.6 

i-a 

-_32. I 

4.7 
-.18.6 

3E4,U 

i9.12

TY.4 

19.4 

6,1 
i.9 

11.2 

b,8 

0,0 

4j 

9.1

2M~ 

M, , 

20.0 •2 
21.0 

20,3 

L.3

BR3 

94_, 

04"-

L43 

Z 
M 

M-3 
=2 
3M, 

LM 
5ý9 
3-11 
5ai 
M 
Ka 
07; 

FM 
4-21
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Table 2.7.8.1-13 Pm, + Pb Stresses for Support Disk-30-Foot Side-Dropm$] 

Orientation., Thermal Case D,

2.7-107

63 

65 

120 

351 

363 
40 
48 

14 

115 

99 

12

49.0 

:63.4 

6375 

4Z5 

"744 

~47.5 

-54.8 

47.8 

-.54.7 

1A9.  

-50.  

Y:32.

-57 

544A 

4-45.  

44.1 

j7'.3' 

N .O 

R-5Q 

a41.

11,4 

13T8 

J2, 

2J 

f17Z2

NTh4 

58,0 

RTo 

92M 

49.1 

Zi7

Lkllpwable 

r3-5OQ 

DD5 

UYQ7 

ao& 

M-07 
UX56 

ff,53 

, 579

MOIR 
§UCTý 
Qj-Q 
Um 
ID 

E46 

ffA 
F,7:1 

U17 
U-2 
Ell 

lio 
M 
DO 
UA
ZA
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Table 2.7.8.!144 PStres-ses for. Spport i~ 

theTir"1 Case'

2.7-108

102 

149 

72 ý8 
64 

111 
112 

42 
26 
41 
27 

28 
36 
22 
123 

43 
124 
29 
54 
"14 
46 
63 
96 

5_ 

39 
25 
66 
104

a --Q62 

22.5 

:122.8 

.218 

-22.8 

-12.3 

-15J 4.5 
!5• :6..9 

-.2157 

:03 
-217 

J3.2 JA.4 

49, 

,.4:1

'12,2 

.. 4 

10D 

~aj 

D:42 

--_M; 

z2Q

2_.  

124

•4o 

)ci9 

0.8 

KP

astr.  

•12ti 

M.  

52M5 

2l73 

a18j,

blA 

9,2 

E2J 
07 

M22.

L,2g 

2m 

gZB 

Ef.1 

414



SAR-UMSý Universal Transport Cask
Docket No. 7 1-9270

May 2000 
Revision LTMST-OOA

Table 2,71.-8,1-.15 PM±SLtress~fior SUPp00-is 0~- 00t S Onetai 

~e~a Casj

2.7-109

Seý ct ion' 
107 

49 

48 

37 
2,1 
34 
2o 
63 
96 
64 
95 

40 
112 
28 
36 
22 
50 
8 
7 

51I 
72 
98 
14 
54 

80 
44 
30 
39 
t5

~57 

F57.2 
-62.  

-6,0.7 
'60.2 

47.2 
r63.2 

-!52.3 
-45.8 

-44.7 
-59.9 
754.8 
.-24.4 

-22.8 

52,.' 
ý33 

48.2 
37:3 

2M, 

43,8 
'-26.66

W-9A 

,52.~3 

'57.1.  

-629 

-, 4.1 

648.  
3.2 

-5,2.  
:-4.  
-5.18

140 

a13J 
V16.  

K1.  

_0.  

:4.3 

943 

2.2

62.4 

Y6f4 

j6Q

Allowiable 

T320 

13 -II 

129,3 

.3J 376 
i I F1 

19-1

iQm@f 
we-Uy 

ni 
mg 
m 
0 
LU 
rd 
Ed 
0 

Dj 
Dj 
DO 
Im 
DO 
FXO 

ED 
,M:4 

D5.  

LM 
r:Yý 
L73 

11-ý$ 
DR 
Y12- ý 
D'i -
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,Table 2!7,8.1716

SecIon, 
107 

211 

1 29 

£112 

72 
28 
4o 

95 
41 
26 

28 
43 
27 

63 
96 
12.3 
124 
46 
54 
i4 

79 

104

I~n~sej6Jp6rt, Dis -0 
m ei~ii P =ill'

Si2~ 

40.  

23.  

:12.9 
:1.9 

-19.7 

-8.  

45.96 
M15.  

503

~j2 

DO) 

:1'-' 

48A..  

23.1 

:17.  
r8.

9i.  

2.0 

U .4 

LO 

0.2

Strip
C. ,, 

290

ullobl 

K4: 

24.5 

ý4L4 

ý424 

24.5

L±7§ 

Liso 

2h1.

2.7-1 10
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,Table 2.7.8.1 -1 Pm jýtres es fo Sup i~Q.~o ieDr nntation.  
Theti 7-CasJ,.

2.7-1 11

Seci~on, 
107 

4
3$ 
2.3 

37 

34 
20 
63 
96 
64 
95 
76 
I1I 

112 

28 

22 
7 
51 
50 

.80 
79 

98$ 

114

A3

.42.8 

:53 

-59.6 
.4z 8 .5 

6J .8 

-642 

.54.4

OiQA 

,61.7 

' 7.  

ýt43 

54.2 

.,..04 

45,.4 

M-72

.635 

K15 

9-~0 

K.6 

LLD 

9.0 

E1B 

ES

Stress 

214 

L64 

65.42 
R1.  
59.61 

D2A 

52u

Allowkable 

13'Ifi.0 
M250 

,173s.M 
WOO~~ 

J3f.O 

-13-5-9 
JY135~ 

i-W-9

M7-9350-1 
5 irelý 

QA3 
D-4$ 

rd 
n-8 raup

F-14 
rx
EN 
m, 
LZ6ý 
ftý7
D5 
D-ý 
D-8
U 
E4ý 
n,4 

r$-I
EW 
fuý 
13ý 
M 
nj 
m 
Eul-
IrlU 
Fa 
M2 
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Summary of Stress Evaluation of Support Disk-30-Ft End-Drop
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table Ndi~ber •gj:oad Cas V ".fSafety 

2.7.8.1-.19 '60 A 3 

.7.02 BO' 078
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Pm+Pb Stresses for Support Disk-30-Ft End-Drop, Thermal Case F

2.7-1 13

Sectio'n 
40 
42 
5$4 

t6 

28 
39 
53 

67 
83 
99 
115 

74 
106 
90 
122 
55 
41 
27 
13 
82 
if 14 
98 
66 
72 
i b4 
120 
88 

19 

47 

*1

17.2 

.517.2 

-17.2 
7ý9 

Z11.2 
f 1.2 
5.1 

5.1 

5.1 
15.1 
15.1 15.1 
15.1 

6.7 
6.7 

-10.4 

-10.2 
10.2 
10.2 

9.6 

9.6 

0.0 
415.2 

-14.  
* 14;A

6.15 .  

1.5.4 
jf.2 5.4O 

47.4 

4. 7 

•J 
4.j 

'4.7 
-1.0.4 

OjO 

9,6 
9_.6 

10.2 
10.2 

d50.2 

N10.  

:15.2 

F-.-&.

VAi 

0:Q• P.O 

10*0 
K-7 

P.O 

O:JQ 

ko& 

0.6 

!04 

•6.  

-6.  

0.Qo 

0.0 
0,0 

0.Q

Stress 

a3A 

~1 TI 

UJ 

i E6 

UR 
ý5,9.z

M32.  

!32.,8_ 

132,8.  

132.  

U275 

,1.25,9.

M.6 

ui6 

'E1g 

M.L,.  

Z±31 

ED3 
013A 

E.3A 
2N
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T be "2. .81_- 2_' Pm+Pb Stresses for Support Disk-30-Foot End-Drop, Thermal Case E
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urnmary of S -tress Evaluation of Support Dis-Ft.fAngle- "

TUherma! Section Drop Basket P PC, m MUm  MbSI M12 

Case :rnumber A\ng-le ýknge (kp) kip)j in-kip) (iin:Kip ý nj i 
A19 45.5,0 0.0 j.12 56.5 2.0 8,0 j j ).59 

B 29 70.0 0.0 23.3 67.2 -2 5 01. 5 •
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2.7.8.2 Stress Evaluation of Tie Rods and Spacers

The structural adequacy of the tie rods and spacers in the PWR basket is evaluated following a 

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 imit of 

0.7 S,.  

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-lb preload. Under drop 

conditions, the preload is 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 support disks, the aluminum heat 

transfer disks, one end plate, and their o~kn weight. The load is resisted by the effective area of 
eight spacers. The comprcssi.e stresses are calculated on the effective area of the spacer.  

The material allow\able stress is conservatively selected at a hounding temperature of 500 F. The 

temperature near the outer edge of the support disks is below¼ 50()F.

2.7.S.2.1 Desien Criteria

Stress limits 

Loading criteria (I) 

E, aluation temperature

= 0.7 S, (accident condition) 

(more limiting than 2.4 Sm) 

= 60 0g (accident condition) 

= 500WF
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Basket Parameters

Fuel basket weight 

Bottom weldment weight 

Fuel tube weight (24 tubes) 

Rod diameter 

Spacer OD 

Materials [21] 

Tie rod 

Spacer 

Material Allowables 

Type 304 stainless steel [21]

-- 6 48 lb 
= .22lb 
= lb 

= 1.625 in.  

= 3.0 in.  

= SA 479 Type 304 Stainless Steel 

= SA 479 Type 304 Stainless Steel 

rSm = 17,500 psi (500'F) 

SSu = 63.500 psi (500'F)

1.7.8 .2.2 30-Foot End-Drop Condition - Results

The deceleration assumed for the PWR basket in the 30-ft end-drop is 60 g. The spacers are 
loaded with the weight of the support disks, the aluminum heat transfer disks, one end plate and 
their owýn \weiht. These loads are calculated as follows:

Total ,,elght of basket 1 6, 489 lb 

Less ,'eiguht of bottom weldment 2527 lb 

Less ,,eight of fuel tubes = 3,676 lb

I g-load on spacers 

Applied g, level

t~286 I h
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= 2J866o =x601b

The effective area of one spacer at each of eight locations supporting the weight of the support 

disks is equal to the net area of the spacer and is calculated as 

3.14 x (3.0-- 1.75') 
A= -= 4.66 in

4 

The a~erag• compressive stress, S., in the spacer is 

_737,160: 

S- 8x4.66 19,774 psi.  

The allo\\ able stress I'r SA479, Type 30,4 SS under accident conditions is 0.7 S: 

S,, = 63,500 psi 

0.7 S•, 0.7 x 63,500 = 44,450 psi.  

0.75 
The marxin ot safet\. hich is defined as 1, is calculated as S 

44,450 
MS 1 19,774 -1-+1.24 19,774 ..  

Thherefore, the spacers are structurally adequate for a 60 g' end impact under accident conditions.  
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2.7.8.3 Bucklin2 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 -. iiding'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 inpia.e pr out-of-plane loadings 
require that buckling of the support disk be a design consideration.  

Buckling of the support disk is evaluated in accord with the ehods and a et 
of NUREG/CR-6322 [16]-. J The tuppr 6di'sk3 cT 30.  

stainless steel plate., The properties are evaluated at the actual temperature of th 
sections where buckling evaluations are performed..  

2.7.8.3.1 Support Disk Buckling Analysis 

The buckling evaluation of the support disk web is based on the Interaction Equations 31 and 
32 in NUREG/CR-63 2 2" 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 momenfts areortejned -for the -end-OpConidition -and jfor-fQir 
different radial rnentations.ofjthespp rtd.skfrthe .si•de-dpohgfnIdti9n based, Cn1t-e'f.-in 
element', analysis results:. :-The-fgrces_ a. nd m.oments, forthe cask ._boleý i dr p-conditons are 
determined from the end and side drop results based on the'drop angle._The buc:kingvuatfponp 
account for both in-plane (about the• strong axis of.heweb)ando0ut-of-Plan(ab~out Vewe 
axis of the web) buckling -modes. Evaluation forstrong axis buckling is perf-or•eo•..•• ort 
side drop condt on_ since t.is_ the .gvqeMrng cnAsEaluation for .  
performed for all end drops and dblique drops (00,23 3O_,'4.02 .4590_ 0 
805 and 880).
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Detailed bukig aclton flad sn 

tile bicklii g e~v-aluati~o'n met'h gy/eo uations aesummnzdý 

Symbos andlUiits

M = moment, kips-in.  

P, = allowýable axial compressive load, kips 

P, = critical axial compression load. kips 

P, = Euler buckling loads. kips 

1, = 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 in interaction equation 

N.I, = critical moment that can be resisted by a plastically designed member in the 

absence of axial load, kip-in.  

Ni, = plastic moment, kip-in.

2.7-120



SAR-UMS Universal Transport Cask May 2000 

Docket No. 71-9270 Revision UMST-00A 

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 

I = unbraced length of member, in.  

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

1 : =allowable reduction factor, dimensionless 

From NUREG/CR-63. 1 . the following equations are used to evaluate the support disk: 

+ C, I <1.0 

• Mr,. l

P MI 

P l.S NI 

,,here: 

P, = 1..7xAxF,
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F, = a forP = P, 

A

I-
42 

4

1.1 1 + 0.59, + 0.1 7?, - 0.28X3Iand , = I 
7T r

P, = 1.92 xAxFF, 

F 1. 9 k (non-austenitic) 

r

FT E 
.-I (austenitic)

C,,, 0.S5 for members with joint translation (sideways).  

NII = S, x Z,

MN 11 = N:: I 1 .07

' E

.1 . 0 , 

3160 <NI
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Luaa Cdon dition's 

~ ~ecto 6 *42-hE c spon 

ofe th secti-T ons31' ated e 
loadng P~qondtio(jh ueNRGX -3 

the conservative maximu necin~~fi~ Tjs~to ie k 
are.: 

-P2 =P/Ps, M2 = IM (PI + M1 •1) (Eq. 32, NUREG/CR-6322)

Thim'~rgins, ZTfeycacie

(based on Eq: ,31', NUREG/CR-6322)
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PMS2 1- (ba-sed on Eq. 32, NUREGICR-6322)

The. f o o. ...W +ng _1.Ple-su. mm arze~s+ hqqjnm~_ +•._9uctng~mr_ !• •a 

anda thenn-al case for the accide'nt conditions.  

L-oading Stress Thermal gection P.tp Basket J p M g w bMw R52 

Strong Axis Budding 
Accident P A 2 90,00 45.00 5.6 81.$. _.3 A-4 Z 30,6 0,4 (W 

P+Q A 2 ~o.0 _4 5Q ýO '.4Wo 

P B 10-7 9Q,00 0.00 13ý9 .4 QJ V. o. Lu 
P+Q B 107 90.00 O0w I134.0 J .1_ 0, L12 LD 

Weak Axis Buckling 
Accident P A 107 80.00 0.00 12.9 ý9.6 PO V7 31 A-4 L.56 

P+Q A 2 85.00 0.00J 7.2 59.6 0PA) V5 4 L212 lAB 
P B 107 80.00 0.00 12.8 33.2 00 ®• 4.2 1,51 1,9b 

P+Q B 107 P80.00 S.00 129 =Pi3.a 0.0 0.)•-- Seonar S 
*P = Primary Stress, P+Q = Primary t Secondary-Stresses

As the results demonstrate, the PVRusupport disks meet the requirements' of.N•R•GCR-k-632..
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2.7.8.4 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 wkeldment. 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 lb, 

(60 rg x 153 lb). The maximum compressive and bearing stress in the fuel tube is 5,432 psi 
(9180/1.69). Limiting the compressive stress level in the tube to the material yield 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 Z 9,4)0 psi at a conservatively high temperature of 
500-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.  

2.7.8.4.2 Fuel Tube Side-Impact Analysis 

Dunng the cask side-impact 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 4bou.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)(., 6.2)/30 = . lb 

Shear area of tube = (0.048)(.:)(2) = M245 in 

Shear stress of tube = P, ZO4(.45 "t79 ps9 .  

The yield strength of Type 304 stainless steel at 75_ is J 3,,7 0 psi. Using an allowable shear 
stress equivalent to half the yield strength of the tube wall material, ,6j 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.  

The load transfer of a fuel assem b j6th _.f-. . ...... ,-• • .... ..  
a side impact will be,-throughl dir _aigand..c20_M s .- e 
assembly through the fuel tube to the supprt disk web. -lpe _a]alysas "ons M as., 
load as a distributed pressure on the inside tube surface.  

The load transfer of the, weight f the fue•l assembly to the •uel b.gk L: i_ 
impact is through direct ,Na.nga ps of thedisrbutekd l 
through the fueltube to _6o o pi we.T o nditins on 
tubee-evaluation._The firstgc9nsdersdtte fuel asse alUdd s a Y 

c fue tube. The secondthat the fuel surface of thelief -- --- __ ý ' _ 
of the span between the suppr diknd prdcsalczd dist- ue Iaetef.~y 

areaof the grid.  

ihejoJIwig 

conmos sin t e Iea'b cI y-4tis~niifine".hw aasd 

in the develope _P..1of0 the i P lQasr load on _tifulg te1 I
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Typical S upport Disk 
Location--Gap Elements

The tube is modeled with the ASL~j~~ adiatrl shell . lmet 
disks are represented ' ______ _ outer inodesi o0 the a reem ts' 
restrain~ed 'in' al'l *t-ýeýýrt'm'~-dt~--ýa--ire-ip --
represent, lodvmmeetury.z~~te 0 

deceleration of the -. a jzpesi nsd ae o 

The finite ele-~---.- 'Iq ma u s h ~es2. s~vi~1 
local thte o f 

Tpe. 304-s t~il6Yýq 

,MS -1=4-1.65
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Tenaysis Shows thtte maximum otlstrain is 0.026 inch/inch. Definn~g j_acc.qeptable 
elaticplstlrep~ne f~je sailes seelasone half of tlheinaterial fi t~faiiln 04 

in../in.. at,75Q0 F I~,t rsling pwai~i~~ft s 

0.26 

Simiflarly, the ma rgin~ of Isafety ( or lat-lastic stress bec~omes: 

ýMS= 1= 6.05 
23.8 i7.3 

Where the yield strength, ofye34ainless. steel is'Tksia~t75O0F.  

Th-e se~cond finit'e eIe'mýe~nt -m-o'd~el i's -us-e-dto-evýaUte -the load coniidi a_6--Sýnj 
grid. located at the center of t~he spun betweentwo -suppot'disk: The fe_~i~~j 
localized ditiueja t 
model isa aquaterymer#er:i setonoA 

used for 'th e -di's't'i'ib~-d res-s'ur-e cse hsý m' odel cssratvl a fult" be 6gall 
thickness of0.048. ic.-,The BORAL jkte 0.9Q75.  
inch) aecnevtvy---70 in th76-nmodel 7T-h-et'ub~e ~wallis mýodeledwitANY 
SIJELIA3 elements.' The, sup'port disks-are modelie with ICONTAC52* element s 

Based on' thýejL-aw-re'n.e-ývero 6 6 

[43] 7T ue ue .se'le 
resulti~ng from i men4 -thfuel tj 

maximum dis qqipq,ý the onpbdik will '
"thickness" oft rdpcikjhciJeisac ewe te 
outer. surface~o qL.ejpUIrodý ara3Wehds~cmit6 hfUb ~c~ h 
"tthickness"ýg the _gn spce~the fasifr e ucae flifp 

tube and t 

Therfr,-,ni -I adc sioen ml a nt 

conservativelyaplid
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Simnilarly,tt~ fi 

posJition,,within the suppotbse~ai& 

IAssur'anc'e -tha t e 

loads produce'd, byteBRj ~t dtilss~ 

calculated as: 

F..= (g)(p)(t)(w)(I) i. Lad exerted jyP BQAJtainqIe Sý,t~ee thmn 

where: 

g =accele -ra tion_(g) 
p =density of m t rialj(lb/n)Ch tniyoauinýn(~9 

used for ~the BORA.L' 

W =)yidthGof mate-rial"6h.  
1 length o-f rn-a-te-ri-ad-e-ctioninjH 

Th e force s o'n'the' wieild dc' toa1-nhciofB _____ 

steel- plate, F)ae: 

4.4 lbs 

=32.8 lbs
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I•t,-h load a1nch oantacistweldfor aIn 

Ftýý ~ ~ lb =J.-bs Y ý6.2 lb 

Attachment . -, 
W e ld - 1 in . o n . ./ . . . l . _ .. .: . .. . .. . . - .. .. -,.• - . .  Weld-i.in. Load ... BORALand.  
12 in. centers _______~g esS cvr ,~ ~ ~~ ~ ~ ~ ~~ ~~~ ~ . . . . . . . .. . . - ".. ., z •, - t in le s s ,-s te e l c o ~ie r : 

The resulting weld stress is: in)P. 2 
Since the weld material is Type 304 stainless steel the marginof safety•50oi~s! 

*MS= 1730 - + 7.2 
-o 2,117 " 

Therefore, the B ORAL remainseinciosed o'neachouter surfaceof thefWiueltulT•all.

2.7-131



SAR-UMS R Universal Transport Cask May 2000 
Docket No. 71-9270 Revision UMST-OOA 

2.7.8.5 Basket Weldment Analysis 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. L 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 

the node'a"k thqebietiqesof th0,.planes and then solving for the intermediate 
temperatures. eThs _ ____•_______o____ , ______ n_____t___ 

analysis with 4T me 
stresses are based.n `nt-e.'m'a-xmnu6m empeit' _e w ffoi or 
conditions with' fodF ambient temperature and lmainq.rea e_ 

During the temperature solution portion of the analyses, ANSYS three-dimensional thermal shell 
elements (SHELL57) are used to construct the finite element models. During the structural 

eCalLuation portion of the analyses, ANSYS three-dimensional, six-degrees-of-freedom, elastic 
shell elements (SIIELL63) in the weldment plate and structural support plate regions are used to 
construct the finite element models. BEAM4 elements are used to model the top nut/pads.  

Contact between the structural support plates and the structural support ring (wkhere applicable) 

are modeled usine CONTACT52 elements. The finite element models represent one-quarter 

sectons of the \keldments.  

The top and bottom ,\eldments arei.0-iOjn.and125n;ticki respectl-. and are fabricated 

from SA-240, Type 304 stainless steel. The top weldment supports its own \,,'eight and 24 fuel 
tubes (\xithout the fuel assemblies) during a top-end drop. Eleven structural support places, eight 
tie-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 

Ficures2.6.13.13-1 and 2.6.13.13-2. respectively.
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2.7.8.5.1 Results of Basket Weldment Analyses (30-Foot End-Drop) 

The maximum stress intensities (SI), for primary membrane plus primary bending (Pm + Pb), for 
the 30-ft end-drop analysis Land the corresponding minimum margins of safety are,: 

Component/Condition Pm + Pb (ksi) S, (ksi) MS 

Top Weldmentl30-ft Drop -7-62 62.56 

Bottom Weldment!30-ft Drop 12.99 63.22 .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: 

Pm + Ph < 3.6 Sm or S,, whichever is less.  

(Note: For Type 304 stainless steel in these temperature ranges. Su is smaller than 3.6Sm.) 

The margin of satety (.IS) is calculated as 

Allowvable Stress 
IS= - 1.  

Nodal Stress Intensity
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Top Weldment Structural Rib Buckline Evaluation

The structural ribs on the top weldment are subjected to axial loads duning 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 (Pc,) 

is determined by 

T-2EI P~ = (KL.)2

where: 

Evaluating a 

Li \ es

I = moment of inertia, 

E = modulus of elasticity.  

L = length of the column, and 

K = effective length factor (K = 2 for a column with one end fixed and the 

other free).  

1 -in. section of one of the ribs at the maximum weldment temperature of 515 F

~2(257X1O6.l1 X.) 

(2x 8.15 )2
=8.0 xlO lb04 

S... d._ • lbx

For the 30-ft top-end drop, the sum of the forces on the nodes representing the ribs is a maximum 

of 1,422 lb.  

Thus, the niarin of safet\ for buckling of one of the structural ribs of the top weldment dunn2 a 
3()-ft top-end drop is: 

8.0x 104,..

IS I_ 4 = + Lar2e "i - 1,4ý22:.
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2.7.8.5.3 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 (Pr). Therefore, the 

top and bottom weldments are structurally adequate.
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2.7.9 BWR Transportable Storage Canister Analysis - Accident Conditions 

Evaluation of the BWR Transportab]e Storage Canister for the hypothetical accident conditions 
is 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, and 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 are 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 g deceleration 
load. The loads dcxe`loped in the basket are transferred through the canister w,,all 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 loads are maximized for the end-drops and corner-drop conditions.  
The lateral loads aire 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 bh 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 
abo\e the side-drop conditions. Therefore, oblique orientations other than the comer drops are 

not considered.  

In addition, the cvaluations are performed with and x\ithout the 25 psig intemal pressure. Also, 
for the side. top corner, and bottom corner-drop orientations, basket orientations or 0" and 45• 
are exaluated. The angles describe the orientation of the basket elements xkith respect to the 
s~rnrnetr-% plane of the model. A value of 0' orients the ligaments in the basket elements parallel 
and perpendicular to the symmetry plane xshile a v'alue of 45' orients the basket ligaments at 
+/-45 from the sy mmetry plane. The exaluations consider the maximum temperatures present 
dui ing the normal conditions cxaluated with 100 F ambient: solar insolation, and maximum 

decax heai,
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2.7.9.1 Analysis Description 

The structural design criteria for the canister are contained the ASMIE Code, Section II, 
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. 0.the canister stri ijdeld w .. . ....  

base metal pro~perties are used to define' the allowable strsiirnits si ce.fiel FiMj1lH 
p~roperties_are greaterha. nthe-base _. e-Yt i6 stitA ,e a',i~u p b - st rdci_ n fator f 8pe r IS-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-comer, 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.  

2.7.9.2 Analysis Results - BWR Canister 

The detailed results of the analysis for the 30-ft side, top and bottom comer, 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 \ýorst case configuration is without pressure and the basket oriented at 00. 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-comer drops, the worst case stresses occur 
wkithout pressure and the basket oriented at 0'. For the top-comer drops, the worst case occurs 
• ith pressure for primary membrane and without pressure for membrane plus bending.  

A drop accident stress evaluation is performed for the 30-ft side-drop. top and bottom-end drops, 
and for the top and bottom-comer 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 k\all 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 comer drops are 

not considered.  
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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 02 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 

effects of the design chan2es 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 followýIing evaluation.  

The allo%\ able stresses presented in the tables are for Type 304L stainless steel. The shield lid is 
constructed of Type 304 stainless steel, which possesses higher allowable stresses, resulting in a 

conser\ative evaluation. These allowables are evaluated at 380'F, unless otherwise indicated.  

Re\ie\\ of the thermal analyses show\s that the maximum temperature of the canister is 372"F 

(Section 3.4). so the presented margins of safety are conservative.

2.7-138



SAR - UMS' LUniversal Transport Cask 

Docket No. 71-9270
May 2000 

Revision UMST-00A

Figure 2.7.9.2-1 Identification of Sections for Evaluating Linearized Stresses in BWR 
Canister
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Table 2.7.9.2-1 BWR Canister Pm Stresses - 30-Foot Side Drop

Pm Stresses (ksi) 
Angle of Allo-wable 

Section peak stress St Stress Margin 
Location location Sx Sy Sz Sxy Syz Sxz (ksi) (ksi) of Safety 

1 0 -18.3 0.4 -10.7 -0.2 -0.2 -1.7 19.1 38.4 1.01 

2 0 -10.4 0.2 -10.2 -0.6 -0.5 -1 11.6 38.4 2.31 
3* 0 -7.4 -0.1 -8.7 -0.4 -0.5 -0.9 9.8 38.4 2.92 

4_ 90 0 0.3 0 2.1 0 0 4.4 38.4 7.73 
5 180 0 -4.5 -0.6 0 -0.1 0 4.7 38.4 7.17 

180 0 -4.6 -0.6 0 0 0 4.8 38.4 7.00 
7" 0 -1.6 2.4 0.1 0 -0.2 0.2 4.3 38.4 7.93 

8* 0 -0.6 6.2 -2.7 -0.1 1 -0.1 9.6 38.4 3.00 
9 9 -22.7 5.7 -9.6 -2.7 3.3 1.0 29.7 38.4 0.29 
10 0 -24.4 2.5 {13 '5.1 2 M 38.4 

11 9 -16.3 1.0 -8.9 0.9 2.3 -0.07 18.0 38.4 1.13 

12 0 -38.7 -7.9 -16.8 -6.9 1.8 0.7 34.1 38.4 0.13 

13 0 -30.2 -9.3 -1 0. 1.4 -1.6 21.6 3•-O72* 4 
14 0 -2.4 0 0.S 0 0 -0.1 3.3 38.4 10.66 

15 0 -1 0 0.4 -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 increasedoby 5% to account for the heavieyr.•Wu 

bas.ket/fuel.  

* llow'able stress includes a str~ess reduction factor for the, weld: 0.8 x allowable stress
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BWR Canister Pm + Pb Stresses - 30-Foot Side Drop

Pm + Pb Stresses (ksi) 
Angle of Allowable 

Section peak stress SI Stress Margin 
Location location Sx Sy Sz SxV SVz Sxz (ksi) (ksi) of Safety 

1 0 -22.6 -0.1 -12.3 0.6 0 -1.7 22.8 57.5 1.52 
2 0 -12.2 0.7 -8.6 -1.1 -0.5 -1.5 13.6 57.5 3.23 

3* 0 -8.8 0.6 -6.9 -0.8 -0.5 -1.3 10.8 57.5 4.32 
4* 0 -1.6 1 3 0 0.1 0.5 4.9 57.5 
5* 0 -1.7 2.6 2.8 0 0 0.2 4.7 57.5 11.23 

,* 0 -1.7 3.1 2.8 0 -0.1 0 5.0 57.5 10.5 
7* 0 -1.6 3.1 2.5 0 -0.2 0.3 5.1 57.5 10.27 

8* 0 -0.3 6.1 -4.9 -0.1 1 -0.3 11.8 57.5 3.87 
9 9 20.5 14.9 -7.5 -2.5 3.6 2.8 37.0 57.5 0.55 
10 0 -26.2 1) i_1i.4 L7; • 0 _ 57.5j9 

I1 0 -41.2 12.5 -14.7 Q.0 2.4 1.5 54 57.5 
12 0 -47.8 -11.3 -20.4 -6.8 2.4 1.1 39.5 57.5 0.46 
1. 0 -48 -18.7 -20.9 -0.3 2.1 -0.8 30.7 46670 5 
14 0 -2.5 0 0.8 0 0 -0.1 3.3 57.5 16.41 
1 0 -0.3 0 1.5 -0.1 0 0 1.8 57.5 31.74 
16 0 -1.2 0 0.9 0 0 0 2 57.5 27.39

SStresses 

basketlfu

at these !ocations.are increased.by 

el.
5% .9to accqount for the heavier BWRuej

** Allowable stress includes a stress reduction factor for the weld: O.8 x allowabl st'ress.
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Table 2.7.9.2-3

* Stresses at 

basket/fuel.

BWR Canister Pm Stresses - 30-Foot Bottom-End Drop, Internal Pressure

these locations are increased .by. 5%.to account for theb jeavier WBW•R-,e1

Allowable stress includes a stress, re d'uctijon factor f0o.r "the- weld:_0.8. wa b.ae stress.

2.7-142

Pm 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 -0.1 -2.8 -0.4 0.2 0.1 0 2.8 38.4 

2 180 0.6 -6.5 -1.2 0.3 0.1 0.1 7.1 38.4 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 38.4 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 0.5 -3.1 0.3 0 0 0.3 3.8 38.4 9.03 
97 -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 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 •2Qj E 

14* 0 0.1 1. 0.1 0 0 0 1.3 38.4 9_4 

15 180 0.2 -0.1 0.2 0 0 0 0.2 38.4 186.72 
16 90 -0.2 0 -0.2 0 0 0 0.2 38.4 223.54
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BWR Canister Pm ,-+ Pb Stresses - 30-Foot Bottom-End Drop, Internal 

Pressure

these locations. are, increased _by_ 5% to account forthe heavier,.V_.'; 6J.

Allowable stress includes a stress reduction factor for the weld: 0.8xallowab tes

2.7-143

Pm + Pb Stresses (ksi) 
Angle of Allowable 

Section peak stress SI Stress Margin 
Location location Sx Sy Sz SxV SVz 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 -9.4 -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 -2.4 -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 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 3.3 57.5 16.27 
-1 180 2.3 0.1 0.1 0.4 0.1 0.2 2.4 L * 

14* 0 0.1 -1.1 0.1 0 0 0 1.4 57.5 ___ 

15 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
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Table 2.7.9.2-5 BWR Canister Pm Stresses - 30-Foot Top-End Drop

"Stresses at 
basket/fuel.

these locations are increased by.5% to account for the heavier? BWR :fiiel

** Allowable stress includes a stress reduction factor for the weld: 0.8 x al1owable stre.ss.

2.7-144

Pm 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 2.3 7.7 0.5 0 0.7 9.3 38.4 3.12 
4 135 0 -2.4 0 0 0 0 2.4 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 38.4 9.45 
7 171 0 -4.3 0 0 0 0 4.3 38.4 7.91 
8 180 0.1 -4 0.1 -0.1 0 0 4.2 38.4 8.23 
9 180 0.1 -3 -0.5 -0.1 0 0 3 38.4 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 2.7 38.4 13.19 

12* 36 -0.1 -2.1 -0.2 0.1 -0.1 -0.1 2.3 38.4 15.69 

13* 180 0 2.3 -0.3 0 0 0 2.4 ,5.,Z*,* FU"7 
14 90 -0.7 0 -0.7 0.2 -0.4 0 1.1 38.4 32.64 

15* 0 0 -1 0 0 0 0 1.1 38.4 33.91 
16* 0 0 -1.1 0 0 0 0 1.3 38.4 28.55

for the heavier1BWW-.-, fiiel
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* Stresses 

basket/fu

Mav 2000 
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BWR Canister Pm + Pb Stresses - 30-Foot Top-End Drop

at these locations are increased: byv .5%, to account for the, heavierL,_BWR fuel 
el.

** Allowable stress includes a .stress reduction fac~tor for the weld-: 0.8 x_a w'absgtresJ

2.7-145

Pm + Pb 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 -2.1 -11.9 1.9 0.4 -0.1 0.2 13.8 57.5 3.16 
2 0 -2.2 24.6 12.6 1.8 -0.1 1.1 27.1 57.5 1.12 
3 0 -1.7 23.7 13.8 1.2 -0.1 1.2 25.6 57.5 1.25 
4 180 0 -2.4 0 0 0 0 2.4 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 -0.2 -0.1 0 4.3 57.5 12.47 
9 135 -0.4 -3.5 -0.4 0 0 0.3 3.4 57.5 15.88 
10 180 0 -3.3 -0.7 -0.1 0 0.1 3.3 57.5 16.37 
11 135 -0.3 -3.1 -0.3 0 0 0.3 3 57.5 18.14 

12* 180 0. -2) 1 -0.3 -0.2 0 0 2.4 57.5 22.81 
13* 180 -0.1 -2.5 -0.4 -0.1 0 0 2.4,• 4.ij
14 81 -21.9 -0.3 -21.9 0.2 -0.4 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 0.1 -1.1 0.1 0 0 0 1.2 57.5 45.55
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Table 2.7.9.2-7

* Stresses at 

basket/fuej,

BWR Canister Pm Stresses - 30-Foot Bottom-Corner Drop

these locations are increased uby5%. to.accounto!rthe.heayier.BWR uei

** Allowable stress includes astress reduction -factor for the- weld-: 0.8 -x lowable-stress'

2.7-146

Pm 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 -3.2 -5 -0.5 0 -2 38.4 
2 36 -0.2 -8 -1.3 -0.2 0.3 -1.7 9 38.4 3.25 

S36 -0.3 -8.2 -1.4 -0.1 0.2 -1.5 9.5 38.4 3.04 
4'* 0 -2.6 -7.9 0.2 0 0 0.1 8.5 38.4 3.52 
5* 180 0 -7 -0.2 0 0 0 7.4 384 4.19 

180 0 -6.7 -0.2 0 0 0 7.0 38.4 4.49 
7 180 0 -6 -0.2 0 0 0 6.3 384 5.10 
8* 72 0.1 -3.5 0.1 -0.8 -0.4 0 4.2 38.4 8.14 
9 0 -29.5 0.8 -10.1 -2.9 1.8 -0.2 31.1 38.4 0.23 
10 0 -13.5 -0.8 -5.8 -2.6 1.4 -1 14.2 38.4 1.7 
11 0 -35.9 -1.5 -11.6 -0.4 2 -0.3 34.8 38.4 0.1 

12• 0 -22. 4 -5.2 -6.9 -3..7 1 -1.3 19.5 38.4 0.97 
10 23 -7. -7.3 0.3 1.4 -2.2 17.5 '3,.72"t .  

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
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* Stresses at.  
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BWR Canister Pm + Pt Stresses - 30-Foot Bottom-Corner Drop

these locations are.-increased.by 5% to account fqr_ theheavieerBWVR ftiel

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

2.7-147

Pm + Pb Stresses (ksi) 

Angle of Allowable 
Section peak stress SI Stress Margin 

Location location Sx Sy Sz SxV SVz Sxz (ksi) (ksi) of Safety 
1 0 -16.3 -2.3 -5.5 0.6 0.1 -2 15.1 57.5 2.81 
2 27 -0.6 -12.5 -3.5 -0.2 -0.3 -1.8 12.7 57.5 3.53 

3* 36 -0.8 -11.6 2.1 -0.1 0.2 -1.8 12.6 57.5 3.56 
4'* 0 -2.7 -7.3 2.3 0 0 0.3 10.2 57.5 4.63 
5* 0 -2.7 -6 2.3 0 0 0.3 8.7 57.5 

0 -2.6 -5 2.3 0 -0.1 0.3 7.8 57.5 6.37 
7* 0 -2.6 -4.3 2.3 0 -0.1 0.3 57.5 

8* 18 0.5 -3 -1.4 0.9 1.5 -0.6 E 57.5 __ 

9 0 -29.4 6.5 -10.8 -2.5 1.8 0.3 36.5 57.5 0.58 
10 0 -13.8 -1 -3.8 -4.1 1 -1.4 15.8 57.5 2.65 

-0 _32.1 7.6 -9.8 -0.2 1.9 0.4 39.9 57.5 0.44 
12 0 -29.1 -7.5 -9.5 -3.6 1.7 -0.9 23.7 57.5 1.43 
13 0 -37 -14.6 -13.7 -0.1 1.9 -1.5 25 4 

14* 0 -0.9 -1 0.4 0 0 0 1.6 57.5 
15 Si 3.9 0 4.4 0 0 0 4.4 57.5 12.18 
16 18 -2.7 0 -2 0 0 0 2.6 57.5 20.89
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Table 2.7.9.2-9

* Stresses at 

basket/fuel.

BWR Canister Pm Stresses - 30-Foot Top-Comer Drop, Internal Pressure

these locatons are increased by _5 toac.coqunt .9rA , heerB

A] Allowable stress includes a stress reduction factor for the w-eld: 0.8 x alowablestres

2. 7-148

Pm 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 -3.3 -2.8 1.3 -0.9 -1.1 4.9 38.4 6.83 
2 0 -20.2 -1.9 -5.8 -1.7 0.4 -1 18.8 38.4 1.04 

3* 0 -14.7 -2 -3.8 -1.7 0.4 -1 14.0 38.4 1.74 

4" 0 -2.6 -1.8 1.5 0 0 0.3 4.3 38.4 7.93 
5* 180 0 -3.2 1.1 0 0 -0.1 • 38.4 

6* 180 0 -3.6 1.1 0 0 -0.1 38.4 
7ý 0 -2.5 -3.9 1.3 0 -0.2 0.3 5.6 38.4 5.86 

8* 54 0.5 -4 0.3 -1.1 -0.8 0.3 5.8 38.4 5.62 
9 0 -30.7 -4.7 -10.3 -3.3 1 -0.2 27 38.4 0.42 

10 0 -20.8 -9.6 -8.4 -3.9 0.2 -0.8 14.1 38.4 1.72 

11 0 -30.4 -14.7 -11.8 -1.5 0.7 -0.7 19 38.4 1.02 

12* 0 -2 .1 -13.2 -8.7 -5.5 0.4 -1.2 21.6 38.4 0.78 

13* 0 26.6 17.3 -9.3 -1.6 0.4 -1.9 18.9 •0•2.  

14 90 -1.1 0 -0.1 0.1 -0.2 0 1.3 38.4 28.89 

15* () -0.4 -1 0.1 0 0 0 1.2 38.4 31.88 
16* () -0.6 -1.1 0.2 0 0 0 1.3 38.4 g-,58
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"S Stresses-at 

basket/fuel.
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BWR Canister Pm + Pb Stresses - 30-Foot Top-Corner Drop

these locations are increased by .5%to.account for the heavierBWRjif1•.

*.* Allowable stress includes a stressrNeduction factor for the weld; 0.8 x,!.o-wab1e~stress,
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Pm + Pb 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 -20.3 -11.3 -5.7 -3.8 -0.1 -1.6 16.3 57.5 2.53 
2 0 -18 18.3 1.3 1.3 0.9 -0.1 36.4 57.5 0.58 

0 -13.4 14.1 1.6 0.4 0.8 -0.3 29.0 57.5 0.98 
4' 0 -2.8 -1.8 2.2 0 0 0.3 5.4 57.5 9.65 
5* 0 -2.5 -1.8 2.2 0 -0.1 0.4 57.5 

"6*" 0 -2.1 -2.3 2.9 0 -0.1 1 5.7 57.5 
7, 0 -2.7 -3.9 2.3 0 -0.2 0.3 6.5 57.5 
8" 54 0.3 -4.2 0.3 -1 -1 0 5.6 57.5 
9 0 -31 0.3 -11.3 -2.3 0.9 0.3 31.7 57.5 0.81 
10 0 -,22. 5 -11.9 -7.5 -6.5 0 -1.3 18.5 57.5 2.11 
I1 0 -33.4 -18.6 -12 -2.4 0.9 -1.4 22.1 57.5 1.6 

12* 0 -29.2 -12.7 -9.2 -4.5 0.8 -0.9 22.7 57.5 
13* 0 -30.9 -21.3 -11.7 -2.7 0.7 -1.8 21.2 2 
14 90 -20.6 -0.3 -19 0.2 -0.3 0 20.3 57.5 1.83 

15* 72 -0.2 -0.9 0.4 0 0 0 1.4 57.5 41.24 
16* 0 -0.5 -1 0.2 0 0 0 57.5 41.87
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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 Pm 0.13 12 

Side 30-ft impact Pm + Pb DO".06 
Bottom end 30-ft impact + pressure (25 psi) Pm 3.85 4 

Bottom end 30-ft impact + pressure (25 psi) Pm + Pb 4.95 2 

Top end 30-ft impact Pm 3.12 2 

Top end 30-ft impact Pea + Pb 1.12 2 

Bottom Comer 30-ft impact Pm 0.10 11 

Bottom Comer 30-ft impact Pm + Pt 0.44 11 

Top Comer 30-ft impact; internal pressure Pm 0.42 9 

Top Comer 30-ft impact Pin + Pb 0.58 2

* See Figure 2.7.9.2-1 for section locations.
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2.7.9.3 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 iMn Section 

2.7.12.3 (for the cask inner shell).  

A 60 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 
values of the longitudinal 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 

envelopes all 30-ft BWR canister drop cases including those presented in Tables 2.7.9.2-3 and 
2.7.9.-5 

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 

equation 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.
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BIICkl ing II v aILnatiori Results for the BWR Canister for 30-Foot End Drop

iLongitud(linal (ircumferential In-plane Elastic Buckling Plastic Buckling 
(Axial) Stress* (hoop) Stress* Shear Stress Interaction Equations Interaction Equations 

Load Condition S" (psi) S, (psi) S", (psi) QI Q2 Q3 Q4 Q5 Q6 Q7 Q8 
3(-FI' Top Fnd D)rop -1300 1(00 700 .021 .093 .015 .021 .092 .014 .093 .015 

3(1-It Bottom End D)rop 71001 130(1 1 300 1 .122 .152 .188 .122 .152 .188 .152 .188 

Componcnt stresses include thernIal stresses.  

* Compressive stresses.

2.7-152



SAR - UMS Universal Transport Cask May 2000 
Docket No. 71-9270 Revision UMST-OOA 

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 confi2uration of the basket is shown in Figure 2.6.15-1. Design of the basket and its 
components is discussed in 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 
analvses and buckling evaluations are performed and documented. The structural analysis of the 
basket components is in accordance with ASMIE Code, Section 111, 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 
finitc clement model of a single disk is used to evaluate the support disk structural evaluation.  
FiLure 2.6-15-2 sho\\s 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, k•hich would nominally fit 
into a 6.27S-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 ý ill reduce the thickness of the ligament at the outer most comer. However, the 
sizc of the ¼ch (.65 inch) is not changed. Therefore the oversized slots will not affect the 

huckling calculations, since they pertain to the in-plane and out of plane buckling of the webs. In 
an inspection of the maximum stresses of the BWVR basket, 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 comer is still significantly controlled by the .8-inch ligament. Therefore, 

the use of oversized holes is not considered to alter the model of the BWR basket Which enmplovs 

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 ,xorst-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. Theý,• loads are transmitted to 

the canister and to the inner shell by a conservative number of disks, the top weldment, and the 

bottom ' cldment. The support disk configuration is analyzed for five worst-case radial 

orientation, (0), 31.82, 49.46, 77.92, and 9001 to bound the possible maximum stress cases. The 

S1.S2. 49.46, and 77.921 orientations are located at the thinnest radial section of the disk 

pCi meter.  

For the end-drop condition, the support disk is loaded by the inertia of its own weight multiplied 
bh the c :v end-drop amplification factor. Thermal Case 4 is the limiting boundary condition 

(See Section 26.15.3 for case definition).  

I0 calculate the stresses in a support disk, the ANSYS computer code is used to perform a finite 

element anal~sis. In accordance with the ASME Code, Section III, Subsection NG, the 

max\imum primary membrane stress intensity calculated in the support disk is compared with the 

a]losýahle stress limit, 0.7 S, or 2.4 S,,. whichexe- is less. The material strength is taken at the 

ma\imum support disk temperature. For the support disk, 2.4 Sm > 0.7 S, therefore, 0.7 S, is 

Iirmniine 

I empcraturc boundaiy conditions arc preseniLud in Section 2.6.13.3.
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2.7.10.1.1 Finite Element Model 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 corner-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 
gencrated b\ changing the PLANE42 elements of the side-drop model to SHELL63 elements.  
The shell elements 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 
elements, and contact elements in the side-drop model are deleted for the end-drop model.  

2.7.10.1.2 Impact Loadin, Conditions 

The lateral impact load applied on the support disk for a side-drop accident, includes the inertial 
•veiehts of the canister, fuel assemblies, and stainless steel tubes and the weight of the support 
disk itself. A detailed 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 I 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 

summarized in Table 2.7.10.1-1.  

2.7.10.1.4 End-Drop Analysis 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 arc 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 
liaer, and primary membrane plus bending stress at the bottom layer. 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 safety is 

MS = (Allo\s able/Stress) - 1.  

For con.scrvatism, the allowable 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 

low\est margin of safet',, + 0.01. principally as a result of bending loads, using an allowable stress 

intensit% of 90 ksi.  

The allom able stresses are taken at a temperature of 500%F. which is conservative, 2iven the fact 
that the maxirmum stresses occur at the outer edges of the disk where the temperatures are lower.
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Summary of Stress Evaluation of Support Disk - 30-Foot Side-Drop

2.7-157

Basket Thermal Stress Minimum 
Table Number Orientation (deg) Case Evaluation Margin of Safety 

2.7.10.1-2 0 1 Pm + 0.49 

2.7.10.1-3 0 1 Pm +Pb + 0.61 

2.7.10.1-4 0 2 Pm +0.47 

2.7.10.1-5 0 2 Pm +Pb + 0.60 

2.7.10.1-6 31.82 1 Pm +0.75 

2.7.10.1-7 31.82 1 Pm +Pb +0.16 

2.7.10.1-8 31.82 2 Pm +0.72 

2.7.10.1-9 31.82 2 Pm +Pb +0.15 

2.7.10.1-10 49.46 1 Pm +0.82 

2.7.10.1 -11 49.46 1 Pm +Pb + 0.36 

2.7.10.1-12 49.46 Pm +0.60 

2.7.10.1-13 49.46 2 Pm +Pb + 0.32 

2.7.10.1-14 77.92 1 Pm +0.46 

2.7.10.1-15 77.92 1 Pm +Pb +0.35 

"2.7.10.1-16 77.921 Pm +0.46 

2.7.10.1 -17 77.92 2 Pm +Pb +0.35 

2.7.10.1-18 90 1 Pm + 0.12 

"2.7.10.1- 19 90 1 PJ +Pb +0.59 

2.7.10.120 90 2 Pm + 0.13 

2.7. 10.1 -21 90 2 P, +Pt + 0.59
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Table 2.7.10.1-2 Pm Stresses for Support Disk 30-Foot Side-Drop, 0' Orientation, Thermal 
Case 1

2.7-158

Stress (ksi) Stress Stress Margin of 

Section Sx Sy Sxy Intensity .ksi) Allowable (ksi) Safety 

293 14.9 j -27.4 -0.3 42.4 63.0 0.49 

294 17.8 -23.7 -0.8 41.6 63.0 0.52 

298 -0.3 -40.3 0.0 40.3 p 63.0 0.56 

227 13.5 -25.7 0.0 39.2 63.0 0.61 

232 -0.2 -37.6 -0.5 37.6 63.0 0.68 

299 -0.2 -36.7 0.7 36.8 63.0 0.71 

290 -0.2 -35.6 0.1 35.6 63.0 0.77 

300 10.7 -24.9 0.2 35.6 63.0 0.77 

""28 14.5 -20.8 0.7 35.3 63.0 0.79 

284 10.8 -23.8 -0.1 34.6 63.0 0.82 

,-0. -33.22 -2 33.2 63.0 0.90 

301 9.1 _22 4 -4.0 32.6 63.0 0.93 

218 9.8 22.2 0.4 32.0 63.0 0.97 

"-"3 0.1 -31.9 -0.8 31.9 63.0 0.98 
2S5 12.0 19.8 -0.6 31.8 63.0 0.98 

296 -1.5 -31.6 0.2 31.6 63.0 0.99 

"59 "12.0 -18.6 3.6 31.4 63.0 1.01 
291 -0.2 31.0 0.6 31.0 63.0 1.03 

281 -0.2 -31.0 0.1 31.0 63.0 1.03 

263 11.7 -16.6 5.9 30.8 63.0 1.05
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Table 2.7.10.1-3 Pm + Pb Stresses for Support Disk 30-Foot Side-Drop, 0' Orientation, 
Thermal Case 1 

Stress (ksi) Stress Stress Margin of 

Section Sx Sy Sxy Intensity vksi) Allowable (ksi) Safety 

16 -31.2 -35.4 -22.4 55.8 90.0 0.61 

15 -29.3 -32.8 19.6 50.7 90.0 0.77 

301 7.1 -36.7 -10.8 48.8 90.0 0.84 

293 14.0 -29.0 -1.5 43.1 90.0 1.09 

297 -14.2 -39.9 -8.5 42.5 90.0 1.12 

294 8.5 -33.3 -0.4 41.8 90.0 1.15 

298 -0.3 -40.6 0.0 40.6 90.0 1.22 

234 3.9 -31.3 9.8 40.3 90.0 1.23 

"227 18.1 -2 .1 -1. 2 40.3 90.0 1.24 

232 -0.4 -39.7 -0.4 39.7 90.0 1.27 

299 -0.5 -39.6 0.7 39.6 90.0 1.28 

263 35.0 -3.6 -4.1 39.4 90.0 1.28 

235 -2.8 -35.6 10.6 39.2 90.0 1.30 

31 -11.8 -36.8 7.1 38.6 90.0 1.33 

300 10.8 -24.9 7.3 _38.6 90.0 1.33 

259 2)0.7 . 16.8 1.3 37.6 90.0 1.39 

230 -5.5 -36.0 7.1 37.5 90.0 1.40 

262 15.2 -21.9 2.4 37.4 90.0 1.41 

26 22.7 -14.1 -1.8 37.0 90.0 1.44 

2S8 -14.2 -33.6 -7.8 36.3 90.0 1.48
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Table 2.7.10.1-4 Pm Stresses for Support Disk 30-Foot Side-Drop, 0' Onentation, Thermal 
Case 2

2.7-160

Stress (ksi) Stress Stress Margin of 

Section Sx Sy Sxy Intensity Zksij Allowable (ksi) Safety 

293 15.2 -27.6 -0.3 42.8 63.0 0.47 

294 18.0 -23.7 -0.8 41.7 63.0 0.51 

298 -0.3 -40.6 0.0 40.6 63.0 0.55 

227 13.8 -25.9 0.0 39.6 63.0 0.59 

232 -0.2- -37.9 -0.5 37.9 63.0 0.66 

299 -0.2- -36.8 0.8 36.8 63.0 0.71 

300 11.7 0.1 36.7 63.0 0.72 

290 -0.2 -35.8 0.1 35.8 63.0 0.76 

22 14.5 -20.9 0.7 35.7 63.0 0.76 

284 10.8 -23.9 -0.1 34.9 63.0 0.81 

"224 -0.2 33.5 -0.2 313.5 63.0 0.88 

101 9.1 -4.4 33.4 63.0 0.88 

218 9.8 -22.4 0.4 32.3 63.0 0.95 

23 -321 0.8 32. 2 63.0 0.96 

296 12.0 -31.9 0.1 31.9 63.0 0.98 

285 1.5 -19.8 -0.6 31.8 63.0 0.98 

259 12.0 -18.7 3.6 31.71 63.0 0.99 

2-1 -0.2 31.2 0.1 31.2 63.0 1.02 

263 -0.2 -16.9 -0.6 31.1 63.0 1.02 

291 1 1.-17 -31.0 0.6 31.0 63.0 1.03
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Table 2.7.10.1-5 Pm + Pb Stresses for Support Disk 30-Foot Side-Drop, 0' Orientation, 
Thermal Case 2 

Stress (ksi) Stress Stress Margin of 

Section Sx Sy Sxy Intensity (i) Allowable (ksi) Safety 

16 -32.0 -35.3 -22.6 56.3 90.0 0.60 
15 -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 9.9 41.4 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 -22.2 -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 -3.4 -4.1 39.8 90.0 1.26 

23-12.4 -37.6 7.3 39.5 90.0 1.28 

300 11.5 -25.3 -7.0 39.4 90.0 1.39 

59 20.9 -17.0 1.4 38.1 90.0 1.37 

230 -5.7 -36.3 7.2 37.9 90.0 1.37 

260 23. -14.0 -1.9 37.5 90.0 1.40 

262 15.0 -22.1 2.5 37.4 90.0 1.41 

2S8 14.4 -33.8 -7.8 36.6 90.0 1.46
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Stresses (ksi) 
Sv 

10.0 
-18 .4 
-18. 8 
-13 .7 
-31 .8 
-21.0 

9 .4 
-28. 5 

3 .8 
-27 .8 
-27 .6 

- .2 
-18 .3 
-10 .2 
-16.4 
-18 .3 
-14. 9 
-14 .  

.4 8 
S5.

Sxv 
11 .3 
12 .2 

9 .2 
15 0 
-! 4 

7 0 
6. 3 
-. 8 
8 .8 

-2 0 
-2 0 
-2 1 

6.8 
9 .6 

5.7 
7.2 

10 31 
9 .3 
1. 4 

i'-'.9

Stress 
Intensity ?"Gb 

35.9 
34.9 
34.4 
32 .0 
31. 8 
29. 3 
28. 7 
2c .5 
28 .5 
28. 0 
27. 8 
27 .5 
27. 0 
26. 3 
26. 3 
26.3 
25.4 
25 .  
24 .9 
24. 9
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Pm Stresses for Support Disk 30-Foot Side-Drop, 31.82' Orientation, 
Thermal Case 1

Section 
246 
234 
300 
235 
298 
293 
243 
299 

229 
232 
290 
245 

301

Sx 

-17. 9 
6.4 

10. 3 
-2 .4 

- .3 
4 .7 

-. 4 
.2 

-18. 6 
.2 
.2 

27. 3 
5 .0 
78 

7 3 
3 .6 

-8 3 

-6 .4

Stress 
Allow(ksi) 

63 .0 
63 0 
63 0 
63 0 
63 0 
63 .0 
63. 0 
63 .0 
63 .0 
63 0 
63 0 
63 0 
63 0 
63 .0 
63 .0 
63. 0 
63 .0 
63 0 
63 0 
63 0

Margin of 
Safetv 

.75 

.81 
:33 

98 
L 15 

1 20p 

1 .21 

1. 25 
S.27 
S.29 

1 .33 
1 .39 
1 .40 

1 .40 
1 .48 

1. .52 

1 .53 
1 . 3
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Table 2.7.10.1-7 Pm + Ph Stresses for Support Disk 30-Foot Side-Drop, 31.820 Orientation, 
Thermal Case I 

Stresses (ksi) Stress Stress Margin of 
Section Sx Sy Sxy Intensity ?sKi) Allow(ksi) Safety

274 -46.2 
208 -47 .6 
266 -55 .9 
200 -56. 6 
275 -43 .7 
209 -48 .7 
267 -54.2 

74 -46.3 
137 -48 .2 

82 -45.2 
173 -51. 5 
238 -50.7 
- 45 -46. 6 
201 -52 8 

18 -61 -7 

32 -62 .0 
34 -1 .2 

176 -52 .4 
21 -60 7 
41 -49 . 1

-73. 0 
-72 .5 
-67. 6 
-67.2 
-67. 2 
-65 .5 
-61.6 
-66. 0 
-65 .8 
-63 .6 
-62 .3 
-61. 8 
-62 .8 

59. 9 
55 .1 

-5 5 .6 

-54 9 
-58. 3 
-50. 8 

-7 c

12 .5 
11.7/ 
12. 6 
12. 0 
12 .3 

10.6 
12. 1 

9 .2 
9 .1 

I C .8 

9. 8 
10. 5 
10.2 

9.4 
7 0 
6.1 

18 .4 
9.2 
7.1 

1i0 4

77.9 
77.2 
75 .6 
75. 0 
72 .4 
70. 6 
70.5 
69.6 
69. 6 
68. 6 
68. 1 
68. 1 
67.7 
66.4 
66.2 
65.7 
65 .  
65. 1 
64 .4 
64 .2

90. 0 
90. 0 
90.0 
90.0 
90. 0 
90.0 
90 .0 
90. 0 
90. 0 
90. 0 
90. 0 
90.0 
90. 0 
90.0 
90. 0 
90. 0 
90. 0 
90.0 
90. 0 
9O.0

.16 

.17 

.19 

.20 

.24 

.27 

.28 

.29 
.29 
.31 
.32 
.32 
.33 
.36 
.36 
.37 
.38 
.38 
.40 
.40

2.7-163
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Table 2.7.10.1-8 Pm Stresses for Support Disk 30-Foot Side-Drop, 
Thermal Case 2

31.821 Orientation,

Stresses (ksi) 
Sy 

10.2 
-18 .7 
-18 .4 
-13. 7 
-31. 9 

4 . 0 
-21. 1 

10 .0 

11 .3 i00 

-7 
-27 .6 
-16 .4 

- .2 
-18. 5 
-18 .2 

6 .2 
-15 

13 .8

Sxv 
11.8 

9 .7 
12 .8 
15.4 
-1.5 

9 .1 
7 1 

6.2 
- .8 

10.2 
-2 1 
-2 .1 

5 .9 
-2.2 

7 .4 
6. 9 

11. 6 
10 . 7 

9 .6

Stress 
Intensity WO 

36.7 
35. 8 
35. 5 
32. 6 
32. 0 
29. 5 
29. 5 
29. 2 
28. 9 
28 .4 
27. 8 
27 .8 
27.8 
27.7 
26 .9 
26. 8 
26 .4 
26.3 
25.4 
25. 2

2.7-164

Section 
246 
300 
234 
235 
298 
229 
293 
243 
299 
277 
290 
232 

3 D1 

294 

263

Sx 
-17 .9 
11 .4 

6 1 
-3 0 

-3 
-19 3 

4 8 
-16 5 

- .2 
8 7 

2 

8 7 
-27 5-, 

3 9 
4 8 

-6 3 

-8.

Stress 
Allow(ksi) 

63 .0 
63 .0 
63 .0 
63 0 
63 0 
63 0 
63 .0 
63 .0 
63 0 
63 0 
63 .0 
63 .0 
63 0 
63 0 
63 0 
63 .0 
63 0 
63 0 
63 0 
63 0

Margin of 
Safety 

7 2 
'7 6 

778 
93 
97 

2131 

.14 
15 

1.18 
1 . 2 
1 26 

.27 

1 27 
1 28 
1 34 
1 35 
1. 38 

1 48 
1 50
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Table 2.7.10.1-9

May 2000 
Revision UMST-00A

Stresses (ksi) Stress Stress Margin of 
Section Sx Sv Sxy Intensity Fksi- Allow(ksi) Safety 

274 -46.7 -73.6 12.6 78.6 90.0 .15 
208 -48.2 -72.9 11.7 77.5 90.0 .16 
266 -55.0 -67.7 12.5 75.3 89.8 .19 
200, -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 10. 7 71 .5 90. 0 .26 

74 -45.8 -65.3 9.1 68.9 89.8 .30 
2 3 S -51.3 -62.3 10.5 68.7 90.0 .31 

2 45.3 -63.7 10.7 68.6 90.0 .31 
173 -52 .1 -62 .7 9.8 68 .6 90. 0 .31 
137 -472 -64 .7 8 .7 68.3 89. 8 .31 
145 -46.6 -62.5 10.0 67.3 90.0 .34 

-53.2 - '5 9.5 67.1 90.0 .34 
2 7 -56 5 19.0 66 .6 90.0 .35 
- - 3 -59.1 9.4 66.0 90.0 .36 

-43 5 -58. 9 12 .1 65 .5 90.0 .37 235 -11.8 -59.1 18.4 65.4 90.0 .38 
, I -49.9 -59.2 1 .5 65.3 90.0 .38 

--6c . 15 -55 i 6 . 65 .1 8 .8 .38

2.7-165

Pm + Pb Stresses for Support Disk 30-Foot Side-Drop, 31.82' Orientation, 
Thermal Case 2
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Table 2.7.10.1-10 Pm Stresses for Support Disk 30-Foot Side-Drop, 49.460 Orientation, 
Thermal Case 1

ection Sx 
246 -19.3 

27 -18. 1 
85 -25. 6 

300 10. 0 
2134 3 .6 

245 -28 .3 
269 -28. 3 
243 17 .9 
235 -4 5 

2 9 -26 .8 

I10D3 - 11 .2) 

65 -13. 1 
2 _ -16 .  

25771 -!181 6 
2 42 -23 .8 

L -io 6 
2 -1 9~

Stresses (ksi) 
Sv 
8 0 
7 0 
2.5 

-13.7 
-13 6 

- 9 
8.1 

-9 9 

- 2 

78 

-5 4 
35 

- 2 
-5 6 

31 0 

-. 3

Sxy 
10. 6 

8.4 
5 .3 
8 .9 

11. 8 
1 .8 

3 
5 

13 .1 
- .6 
9 .2 

12 .1 
8 .0 
9 .6 

1 .9 
-6 .7 

I0.3 

9 .9 
5 .1 

-2 .1

Stress 
Intensity Fk~ii 

34.5 
30.2 
30.0 
29.7 
29. 2 
28. 4 
28 .3 
28 .2 
26 .8 
26 .8 
26 .4 
25 .4 
2 . 3 
24. 6 
24. 0 
23. 9 
23. 9 
23. 3 
23. 2 
23 .1

2.7-166

Stress 
Allow(ksi) 

63 0 
63 0 
63 0 

63 .0 
63 0 
63 0 
63 .0 
63 .0 
63 0 
63 0 
63 0 
63 0 
63 0 
63 0 
63 0 
63 0 
63 0 
63 0 
63 0 
63 0

Margin of 
Safety 

82 

1 09 
1.10 
1 1.2 
1 1.5 

1 23 

1 23 
1.35 
1.35 
1.39 
1 48 
1 .49 
1.56 
1 .63 
1 .63 
1 .63 
1 .68 
1 .72 
1 .72

S
S
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Table 2.7. 10. 1 -11 Pm + Pb Stresses for Support Disk 30-Foot Side-Drop, 49.46' Orientation, 
Thermal Case 1 

Stresses (ksi) Stress Stress Margin of 
Section Sx Sy Sxv Intensity ýKsi7) Allow(ksi) Safety

74 
137 

27 
274 
208 

24 
21 
18 
75 

266 
200 

32 
138 

209 
82 

275 

13 

`46

-46.5 
-47.3 
-62 .1 
-42 .1 
-43 .3 
-62 . 0 
-60 .7 
-60.3 
-45 .4 
-51 .7 
-51. 1 
-58. 6 
-47 .3 
-43. 6 
-44. 8 
-40.3 
-47 .8 
-47. 3 
-50 . 9

-60.1 
-59. 1 
-16. 6 
-59 .5 
-59.3 
-30. 5 
-38. 6 
-43 .  
-55 .1 
-52 .1 
-51 .9 
-43 . 6 
-52. 6 
-53. 6 
-53 .4 
-53 .4 
-51 .9 

-51 .2 
-45 .8 

-6. 6

11.0 
10.5 
11 .7 
10. 5 
1i0 .0 

7.7 
7 .0 
6.7 

10.7 
10.1 

9.3 

i07 

9 .2 

9.0 
10. 1 

8 .7 
9 .2 
9.5 

11.9

66.2 
65.2 
64.9 
64. 4 
64 .1 
63 .8 
62 .7 
62. 6 
62. 0 
62 .0 

60. 9 
60.4 
60 1 
59. 0 
59. 0 
58. 9 
58.8 
58. 6 
58 .2 
57. 5

90. 0 
90.0 
90 .0 
90. 0 
90.0 
90.0 
90. 0 
90.0 
90.0 
90. 0 
90. 0 
90. 0 
90.0 
90.0 
90. 0 
90 .0 
90 .0 
90. 0 
90. 0 
90.0

.36 

.38 

.39 

.40 

.40 

.41 

.44 

.44 

.45 

.45 
.48 
.49 
.50 

.52 
.52 
.53 

53 
.54 

55 
57

2.7-167
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Table 2.7.10.1-12 Pm Stresses for Support Disk 30-Foot Side-Drop, 49.46' Orientation, 
Thermal Case 2

Stresses (ksi) 
SNv 

11 3 
10 5 

- .2 
-13 .5 

2 .1 
-13 .4 

5. 5 
1 .3 

-9 9 
8.1 

.2 

3 6 

.2 
-14. 0 

.3 

-23 5 
1 3

Stress 
Intensity iks s 

39.3 
32 .1 
31. 3 
30 .1 
30. 0 
29.4 
28.2 
27 .4 
27 .2 
27.2 
26.4 
26. 0 
25 .9 
2 . 8 
25 .1 
24 .7 
24 .2 
23 .7 
23 .6 
23 .3

2.7-168

Section 
246 
243 
245 

300 
85 

234 
27 

269 

103 
242 

2 29 

65 

294 144 
240 

) 6

Sx 
-21 1 
-19 6 
-31.2 

10 .0 
-25 .2 

3 .1 
-17 .  
-27. 3 

-4 8 

-26 2 

-16.4 
-12. 9 

-25 0 

24 .  

-23 .6 
.89

Stress 
Allow(ksi) 

63 0 
63 0 
63 .0 
63 .0 
63 .0 
63 0 
63 0 
63 .0 
63 0 
63 0 
63 0 
63 0 
63 0 
63 .0 
63 .0 
63. 0 
63 .0 
63 0 
63 0 
63 0

Margin of 
Safety 

60 
1?6 

1.10 
1 14 
1 .24 
1 .30 
1 .31 
1 .32 
1 .39 
I ,142 

1 . 44 
1.51 
1.[55 
1 .61 

1 66 
1 .67 
I . 61

Sxv 
ii. 1 

5.7 
-1.9 

9.4 
6.2 

12 .2 

8.4 
1 .4 

13 .4 
9 .4 

-2. 0 
9. 9 
8 .2 

12 .4 
-. 9 

.6 .9 

1.4 
1i.4 
5 .8
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Table 2.7.10.1-13 Pm + Pb Stresses for Support Disk 30-Foot Side-Drop, 49.460 Orientation, 
Thermal Case 2 

Stresses (ksi) Stress Stress Margin of 
Section Sx Sv Sxy Intensity (ksij 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 11.0 66.9 89.8 .34 
24 -64.3 -34.1 7.6 66.1 90.0 .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 90.0 .41 

266 -52.4 -54.1 10.3 63.6 89.8 .41 
18 -60.7 -44.8 6.6 63.1 89.8 .42 

200 -52.1 -53.5 9.6 62.5 89.8 .44 
209 -45.8 -56.4 10.0 62.4 90.0 .44 
238 -50.6 -53.9 10.0 62.4 90.0 .44 
173 -50.6 -5 4 . 2  9.5 62.0 90.0 .45 

32 -59.4 -45.0 5. 6  61.3 89.9 .47 
267 -53.0 -49.4 i1 .1 61.4 90.0 .47 
138 -48.7 -53.9 9.6 61.3 90.0 .47 
246 -58.6 -5.3 ii.9 61.1 90.0 .47 

82 -45.2 -55.2 9.2 60.7 90.0 .48

2.7-169
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Table 2.7.10.1-14 Pm Stresses for Support Disk 30-Foot Side-Drop, 77.920 Orientation, 
Thermal Case 1

Stresses (ksi) 
Sy 

14.3 
12. 9 
10. 5 

9 .1 
- .1 

12 .2 
- .3 

-18 .4 
9 .6 
- .3 

13. 5 
2.3 

11.2 

-4 

-47

Sxv 
7.4 
9. 6 
4. 1 
1. 3 

- .4 
4 .8 

-1.6 

12 .3 
3 .9 

-1 .9 
6 .8 

-6 .0 

2 .8 
-1.8 
4.7 
2.3 

.5 
12 .8 

1 .2

Stress 
Intensity hksi

43. 1 
42 .5 
41 .8 
40 5 
37 9 
37. 1 
36. 1 
34. 1 
33 .2 
33. 1 
33. 1 
31. 9 
31.8 
31 .4 
31. 1 
30. 6 
28. 7 
28. 3 
28. 3 
27 7

"2.7- 170

Section 
27 

246 

85 
269 

29 
243 
245 

5 
24 
26 

-8 

240 

242 
o-,4 
23 

244 
Th

Sx 
-26.3 
-25 .2 
-30. 5 
-31. 4 
-37. 9 
-23. 6 
-36 .I 
-24. 4 
-22. 7 
-33. 0 
-16. 6 
-30 .7 

-31. 8 
-19 .7 
-31 . 0 
-21. 2 

.8 5 
-28 .3 

16. 7 
15.2

Stress 
Allow(ksi) 

63 0 
63 0 
63 .0 
63 .0 
63 .0 
63 0 
63 0 
63 .0 
63 .0 
63 .0 
63 0 
63 0 
63 0 

63 -0 
63 .0 
63 .0 
63 .0 
63 0 
63 0 
63 0

Margin of 
Safety 

46 
.48 
51 
55 

.66 

.70 
.74 

.85 

.90 

.90 

.90 

98 
1.00 
1.03 
1.'_1 6 

1 .19 
1 .22 
1 .23 
1.27
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Table 2.7.10.1-15

May 2000 
Revision I TMST-00A

Pm + Pb Stresses for Support Disk 30-Foot Side-Drop, 77.92' Orientation, 
Thermal Case I

Stresses (ksi)
Sx 

-64 .6 
-64 8 
-61 1 
-54 7 
-54.6 
-49 .8 
-53 .8 
-54.3 
-45.1 

-54 .9 
56 .2 

- 83 8 
-43 .9 

- 3 
-48 .2 
-49 9 
-5 0 . 1

Sv 
- .4 

-22.4 
-37. 9 
-12 .7 

1.6 
-42. 0 
-35 .9 
-14 . 1 
-37.3 
-36. 3 
-14 .3 
-25.2 
-33. 8 

45 .8 
.0 

4C,- . 7 
-35.1 

-35 .1 
-22 .4

244 -42 3 -31

Sxy 
11.1 

7 7 

8.4 
17 .7 
11. 6 
12 .0 
10 .2 
13. 6 
16.3 

7 3 
5. 8 
4 .4 
6.2 

10. 6 
/.5 

"0.9 
9.3 
6 .4 

. 4

Stress 
Intensity (ksi) 

66.6 
66.2 
63 .8 

61. 1 
60.9 
58.5 
58.4 
58.4 
58. 0 
57.4 
57. 0 
56.3 
55.6 
55.5 
55. 0 
54 .1 
53. 0 
52. 3 
51.9 
51 .8

2.7-171

Section 
27 
24 
22 
65 

246 

54 

9 
1" 

243 
"21 

31

Stress 
Allow(ksi) 
90. 0 
90.0 
90. 0 
90.0 
90.0 
90. 0 
90. 0 
90.0 
90.0 
90. 0 
90.0 
90.0 
9O 0 
90. 0 
90. 0 
90.0 
90.0 
90. 0 
90 0 
94 C 0

Margin of 
Safetv 
.35 
.36 
.41 
.47 
.48 
.54 
.54 
.54 
.55 
.5 7 

.58 

.60 

.62 

.62 
64 

.66 

.70 
72 

.73 

.74

Revision UMST-OOA
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Table 2.7.10.1-16 Pm Stresses for Support Disk 30-Foot Side-Drop, 77.92c Orientation, 
Thermal Case 2

Stresses (ksi) 
S y 

13 4 
14 1 
10 6 

9.2 
12. 8 

- 3 

-18 .6 
9 .7 
- .3 

13 8 
.2 

11. 2 

-4 .8 
-7 6

Sxv 
9 .7 
7.4 
4. 1 

4 .5 
.4 

1 .6 
12 .3 

3 .7 
1. 9 

6 .5 
I .0 
2 .9 

-6.0 
1 .8 
4.3 

12. 9 

-2 3 
- .4

Stress 
Intensity ksi) 

43 .2 
42 .6 
42. 1 
40.4 
37. 6 
37 .4 
36 .3 
34. 1 
32 .9 
32. 6 
32 .6 
32. 1 
31. 5 
31. 5 
31. 2 
31. 2 
28. 5 
28. 5 
28. 3 
28 . 0

2.7-172

Section 
246 

27 
85 

269 
243 

29 
245 

26 

265 
256 
240 

28~

Sx 
-25.2 
-25 .9 
-30.7 
-31 .2 
-23 7 
-37 .4 
-36 .2 

-24 4 
- .2 4 

-32 .  
-16. 1 

-32 . 1 
-19 .8 

-30 . 3 
-31 .  

--. 1 .49

Stress 
Allow(ksi) 
63. 0 
63 .0 
63 .0 
63 .0 
63 0 
63 0 
63 0 
63 0 
63 0 
63 0 
63 0 
63 .0 
63 .0 
63 0 
63 0 
63 0 
63 .0 
63 0 
63 0 
63 0

Margin of 
Safetv 

46 
48 
50 
56 

.67 

69 
774 
85 
91 
93 
93 
96 

1 . 00 
1 .00 

1 . 02 
1 o 2 
1.21 
1. 21 
1"•22



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

May 2000 
Revision UMST-00A

Table 2.7.10.1-17 Pm + Pb Stresses for Support Disk 30-Foot Side-Drop, 77.920 Orientation, 
Thermal Case 2

Stresses (ksi) Stress Stress Margin of 
Section Sx Sy Sxv Intensity Wksi) 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 90.0 .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 90.0 .57 
243 -55.4 -13.4 5.4 56.1 90.0 .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 -33.1 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 
/4 -44.1 -39.2 10.6 52.6 89.8 .71 

244 -490 -31 .7 85 52 .5 90. 0 .71 
238 -49.7 -34.6 9.3 52.3 90.0 .71 
10 3 r . 49._ 9.9 51.3 90.0 .76 

49.4 6.8 51.2 90.0 .76

2.7-173
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Table 2.7.10.1-18 Pm Stresses for Support Disk 30-Foot Side-Drop, 90' Orientation, Thermal 
Case 1

Stresses (ksi 
SN' 

25 .4 
28 .8 
28 .8 
26 6 
26 6 
19.4 
19.4 

- .2 
6 .7 

13 .6 
- .4 

-30.4 
-30. 4 

37. 0 
3 7 .0 

12. 1 
12) 1 

.3 

3

Sxv 
.0 

4.5 
-4 .5 

.2 

.2 
.3 
.3 

o 

.0 

.0 

.0 
11.3 
11 .3 

.4 

.4 

.2 

.2 

.3 
3 
0

Stress 
Intensity v ) 

56.4 
48 .7 
48 .7 
47.4 
47.4 
44.2 
44.2 
43 .6 
42 .5 
40 . 3 
38 .4 
37.4 
37. 4 
37 .0 
37 .0 
34. 9 
34. 9 
33 .8 
33. 8 
33. 6

2.7-174

Section 
27 
77 

269 
85 

277 
54 

246 
29 
28 
24 
26 

6 
5 

/73 

81 
51 

53 

23

Sx 
-31. 0 
-19. 0 
-19. 0 
-20. 9 
-20. 9 
-24 .8 
-24 .8 
-43. 6 
-35. 8 
-26. 8 
-38. 4 
-19. 1 
-19. 1 

.3 

.3 
22.8 

-22 .8 
-33. 8 
-33. 8 
-33 .6

Stress 
Allow(ksi) 
63. 0 
63 .0 
63 .0 

63 0 
63 0 
63 0 
63 0 
63 0 
63 0 
63 .0 
63 0 
63 0 
63 0 
63 .0 
63 .0 
63 0 
63 0 
63 0 
63 0 
63 0

Margin of 
Safety 
._12 
.29 
.29 
.33 
.33 

43 
.43 
.44 
.48 

56 
64 

.68 
68 
70 
'70 

:3 0 
80 
'96 

86 
.88
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Table 2.7.10.1-19 Pm + Pb Stresses for Support Disk 30-Foot Side-Drop, 900 Orientation, 
Thermal Case 1 

Stresses (ksi) Stress Stress Margin of 
Section Sx Sv Sxv Intensitvy si) Allow(ksi) Safety 

77 -15.9 40.4 3.8 56.8 90.0 .59 
269 -15.9 40.4 -3.8 56.8 90.0 59 
27 -31.0 25.4 -2.3 56.6 90.0 .59 

246 -33.6 15.4 -2.5 49.2 90.0 .83 
54 -33.6 15.4 2.5 49.2 90.0 .83 
85 -20.3 28.6 -.8 48.9 90.0 .84 

277 -20.3 28. 6 .8 48 .9 90.0 .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 

29 -43.6 -.2 .2 43.6 90.0 1.06 
273 7 41.2 .4 41.2 90.0 1.19 

81 7 41.2 -.4 41.2 90.0 1.19 
24 -26.8 13.6 -4.0 41.1 90.0 1.19 

257 -35.3 1i70 -10.8 40.5 90.0 1.22 
63 -35.3 -1.0 10.8 40.5 90.0 1.22 
26 -38.4 -.4 -.2 38.4 90.0 1.34 
10 -29.6 -19.7 -10.6 36.3 90.0 1.48 

9 -29.6 -19.7 10.6 36.3 90.0 1.48 
3 -33 .6 -1 .3 6 .7 35 .5 90. 0 1.54
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Table 2.7.10.1-20 Pm Stresses for Support Disk 30-Foot 
Case 2

Side-Drop, 90' Orientation. Thermal

Stresses (ksi)
Sv 

25 .4 
28. 8 
28. 8 
26. 5 
26.5 
19 .4 
19 .4 

- .2 
6.7 

13. 5 
- .4 

-3 . 5 
-30 .5 

36 .9 
36.9 
12 .1 
1.2 .1

Sxy 
.0 

4 .5 
-4. 5 

.2 
-. 2 

.3 
-. 3 

0 
0 
0 

.0 
11 3 
11 3 

.4 

.4 

.2 

. 3 

.3 

.0

Stress 
Intensity (ksi) 

56.0 
48.4 
48.4 
47. 3 
47 .3 
44 . 1 
44. 1 
43. 1 
42 . 1 
39 .9 
37. 9 
37.4 
37 .4 
36. 9 
36. 9 
34. 8 
34. 8 
33. 7 
33. 7 
33 .I

"2.7-176

Section 
27 
77 

269 
85 

277 
54 

246 
29 
28 
24 
26 

6 
5 

273 
81 
51 

5 245

Sx 
-30. 6 
-18. 8 
-18 .8 
-20.8 
-20. 8 
-24. 7 
-24 .7 
-43 .  
-35 .4 
-26 .4 
-37. 9 
-19. 0 
-19 . C 

.3 

.3 
-22 .8 
-2)2 .8 

-33 .7 

-33 .7 
-33.

Stress 
Allow(ksi) 

63 .0 
63 0 
63 0 
63 0 
63 .0 
63 0 

63 0 
63 0 
63 .0 
63 .0 
63 0 

63 0 

63 0 
63 0 
63 0 

63 0 
63 0 

63 0 

63 0

Margin of 
Safety 

.3 
30 
30 

.33 
33 

.43 

.43 
46 
50 
.58 
.66 

69 
69 
"71 

81 
81 
87 
87 
9 90
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Table 2.7.10.1-21 Pm + Ph Stresses for Support Disk 30-Foot Side-Drop, 900 Orientation, 
Thermal Case 2 

Stress (ksi) Stress Stress Margin of 
Section Sx 1 Sy SxV Intensity (ksi) Allow (ksi) Safety 

77 -15.7 40.2 3.9 56.4 90.0 .59 
269 -15.7 40.2 -3.9 56.4 90.0 .59 
27 -30.6 25.4 -2.2 56.1 90.0 .60 
246 -33.5 15.4 -2.4 49.1 90.0 .83 
54 -33.5 15.4 2.4 49.1 90.0 .83 
85 -20.2 28.6 -0.8 48.8 90.0 .84 

277 -20.2 28.6 0.8 48.8 90.0 .84 
28 -35.4 6.7 7.1 44.4 90.0 1.03 
5 -25.3 -34.9 13.0 44.0 90.0 1.05 
6 -25.3 -34.9 -13.0 44.0 90.0 1.05 

29 -43.1 -0.2 0.2 43.1 90.0 1.09 
-0.7 41.1 0.3 41.190.0 1.19 

81 0.7 41.1 -0.3 41.1 90.0 1.19 
24 -26.4 i 13.5 -3.9 40.7 90.0 1.21 

257 -35.3 -1.0 -10.8 40.6 90.0 1.22 
65 -35.3 -1.0 10.8 40.6 90.0 1.22 
26 -37.9 -0.4 1-0.2 38.0 90.0 1.37 

1 () -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 35.4 90.0 1.54

"2./-177



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

Table 2.7.10.1-22

May 2000 
Revision UMST-OOA

Summary of Stress Evaluations of Support Disk - 30-Foot End-Drop
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Pm + Pb Stresses for Support Disk 30-Foot End-Drop, Thermal Case 1

-3.0 S,= 3.0 x 30.0 ksi at 500"F.
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Pm + Pb Stresses for Support Disk 30-Foot End-Drop, Thermal Case I

3-.0 S,, = 3.0 x 30.0 ksli at 500"F.
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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 Su in accordance with Section M11, Subsection NG of the ASIME 

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-lb 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 
effectivc area of six spacers. The compressive stresses are calculated on the effective area of the 

spacer.  

The material allowxable 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 500'F.  

"2.7.10.2.1 Design Criteria

Stress limits 

Loading criteria (g) 

Evaluation temperature 

Basket Parameters 

Fuel basket weight 

Bottom weldment weight

= 0.7 Su, (accident condition, more limiting 

than 2.4 S,,) 

- 60 g (accident condition) 

S500'F

- 6 I b 
=ýJ 12 hb
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Fuel tube weight (56 tubes) 

Rod diameter 

Spacer outer diameter 

Materials [21] 

Tie rod 

Spacer

= 4665 lb 

= 1.625 in.  

= 3.0 in.  

= SA 479 Type 304 Stainless Steel 

= SA 479 Type 304 Stainless Steel

Matenral Allowables 

Type 304 stainless steel: Sm = 17,500 psi (500T) 

S, = 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 

loaded 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 

Less weight of bottom weldment 

Less weight of fuel tubes 

1-g-load on spacers 

Applied g level

= 1i8,199 lb 

= 623 lb 

= L,665 lb 

12,9.11 lb 

= 60 g

Therefore. Accident condition 

load on spacers 1=2,9i1 x 60 -774,6.60 lbh

As a result ot the end-drop, all spacers are compressed, thus distributing the load through the 

entire wýall of the split spacer. The split spacer at each of six locations supporting the weight of 

the support disks is equal to the net area of the spacer and is calculated as 

A (=3.14 x('.0 - 1.7 /(4) = 4.66 in.  

The average compressive stress, S,. in the spacer is
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Sc = (77,600)/(6 x 4.66) =7,79 psi.  

The allowable stress for SA479 Type 304 SS under accident conditions of transport is 0.7 Su: 

S, = 63,500 psi 

0.7 S, = 0.7 x 63,500 = 44,450 psi.  

The margin of safety, which is defined as 0.7S - 1, is 
S, 

(44,450 / 27,706) - 1 = + 0.60.  

Therefore, the spacers are structurally adequate for a 60 g end impact under accident conditions.  

_/.10.3 Buckline Evaluation of Support Disk 

During the impact folloxking a 30-ft side-drop of the Universal Transport Cask onto an 
unyielding surface, 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) max also be applied. The compressive in-plane loadings in 
conlunction w\ith 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 

NTREG/CR-6322.  

_. 1(Tý3.1 3 Method of Support Disk Buckline Analysis 

The support disk buckling evaluation is based on the acceptance critena of NUREG/CR-6322, 

kkhich requircs that both normal conditions of transport and hypothetical accident conditions be 

addressed.  

The BWR fucl basket support disk material is SA 533, TYPE B, Class 2 with the following 

characteristics-

2.7-183



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

The yield strength S, = 59.3 ksi at 750'F (Conservative) 

S, = 70.0 ksi at -40cF (Thermal Case 1) 

S, = 60.5 ksi at 650°F (Conservative) 

The modulus of elasticity E = 24.60 (10)3 ksi at 750F (Conservative) 

E = 29.90 (10)` ksi at -40'F (Thermal Case 1) 

E = 25.56E (10)- ksi at 650'F (Conservative) 

The dynamic amplification factorg = 60 g for the 30-ft side-drop 

= 55 g for the 30-ft end-drop 

Thermal Case 2 or 4 is bounding for Thermal Case 3. Conservative temperatures are used in the 

analysis.  

2.7.10.3.2 Detailed Support Disk Buckhing Analysis 

Four thermal conditions arc defined in Section 2.7.10.1.1. For these thermal conditions, the 

maximum forces and moments are determined for the side-drop condition for different radial 

orientations of the support disk. The buckling evaluation of the support disk kkeb is based on 

Interaction Equations 3)1 and 32 in NUREG/CR-6322. These two equations adopt the "Limit 
.\nal\sis Design- approach for structural members that experience stresses beyond the yield limit 

of the material, i.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.  

BucklinL stresses arc calculated for both the strong and the ,weak axes of the support disk ývebs.  
In a side-drop condition, the bending moments are in-plane and are about the strong axis. For the 

"\cak axi,, buckling evaluation. the compress•\e forces from the side-drop are combined with the 

moments resulting from the end-drop.  

Detailed calculations for the accident condition buckling evaluation are performed in a 

spreadsheet format by using the equations from NU'REG/CR-6322. The load amplification 

lactor,,, arc 6(0 . for the side-drop and 55 g, for the end-drop. The calculational methodology is 
the same as the one discussed in Section 2.7.S.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. 0.431 

b 0.66 in. P, A x S, = 24,956 ksi 

A 0.413 in- F, 43.22 

L 6.278 in. C, 91.32 

I b t-/12 = 0.0134 in4  PCT 30.31 

r 0.18 F, 250.42 

K 0.800 P, 198.33 

KL/r 27.83 Mp 3.83 

Z bt- /4 = 0.0614 Mm 3.83 

E 25,560 ksi Cm 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 conseratlive maximum interaction coefficients.  

For weak axis buckling, the minimum margin of safety is +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 in Figures 2.6.13.14-2 through 2.6.13.14-5.  

StronE-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 x S, = 24.091 

A 0.406 in- F, 42.687 

L 6.278 in. C, 90.491 

I b tC/12 = 0.014 in4  Pcr 29.481 

r 0.188 F, 260.68 

K 0.800 P, 203.334 

KL/r 26.766 MP 3.91 

Z bt- /4 = 0.066 MM 3.87 

E 24,600 ksi Cm 0.85 

S. 59.3 ksi 

1_sing 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 location 

of the maximum force and the maximum moment max 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.  

For strong-axis buckling, the minimum margin of safety is +0.33 for the 31.8' radial basket 

orientation at Section 274 (thermal stresses are included).  

The calculated minimum margins of safety for the drop orientations discussed in Section 

2-6.13.6.1 are presented in Table 2.7.10.3-2. The location of the sections identified in the table 

are sho\ýn in Figures 2.6.15.6-2 through 2.6.15.6-5.
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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 1 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 1 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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Minimum Margins of Safety' from Buckling Evaluation of BWR Support 

Disk (Strong Axis)

"2.7-188

Section G-Load Disk Drop Heat Case MS1 MS2 
No. Orientation 
298 60 0 1 +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 1.63 1.160 
81 60 90 2 1.268 ).889 
53 60 90 + thermal 1.320 ).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 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. 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 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.  
The BWR fuel tube bearinE analysis is bounded by the PWR analysis based on weight (See 

Section 2.7.8.4.1 for details).  

2,..10.4.2 Fuel Tube Side-Impact Analysis 

During the cask side-impact load configuration, the fuel tube is supported by the fuel basket 40 
stainless 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 5.90 in.) and support the full length of the 
luel tube. Considenng the fuel tube subjected to the 60 Q side impact deceleration and the 
support locations provided by the basket support disks, the fuel tube shear stress is 

Impact shear load = (60).70)/0 ...05= 0 lb 

Shear area of tube (0.048)(5.9)(2) 6.566 in: 

Shear stress of tube = ,Q5Q0.566 = ,8.5 psi.  

temperature-of 750_F .is2conseg.rvativelyused t determine the allowabjeStress The yield 
strength of Type 304 stainless steel at 7,590 F is .7300 psi Using - psi. an allowable shear 

strcss equivalent to half the vield strength of the tube wall material, results in a large positive 
margin of safet\. The conservative evaluation of the tube loading resulting from its own mass 
during the side-impact configuration indicates that the tube structure ,ill maintain position and 

will function.
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The finite-element analysi's '_sultss.  

750'F the ultimate strength for, 6.4t l_6 fl.he gi.eyi.  

63.1-.. ' ..  
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elastic-plastic response of th~e st nlesssteel as fone halfofthe ,at lail'-'-e s-tr 0 
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The res Wetilng wed -st.s.siýs:;,;L4 7P[Aý•,(7_3b.7._lbs/l2)!..I(inL T_..Ol_ 

Sin cethe eld Haen .lypeaOstainJessi sntoe.el_ g safe.  
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iMS - I +7.5 

Threfore, the B ORAL re.mans enclos&edoqah e outer 

2.7.10.5 Basket Weldment Analysis for 30-Foot End-Drop 

The responses of the top and bottom w\eldment plates of the fuel basket assembly to a 60 g 
accident condition deceleration load are examined. fý' 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 analyses, the steady-state temperature distribution in the top and bottom 

\,eldment models is determined by applying fixed temperatures to the outer circular edge .. q 
the node at the intersectionof the symmetry planes. These fixed tmrtýseob ed fr m 
the normal condition thermal_analysis with -40 _F. am•ientrt um heat 

generation. -The material allowable stresses are based on the maximujte ratture_,gf,..  

wedments determined for normal conditions with 100F ambient temper'at ).eýand maijimu 
heat generation.  

l)uring the temperaturC solution portion of the analNses, the finite element models are 
constructed b\ using ANSYS three-dimensional thermal shell elements (SHELL57). During the 
structural evaluation portion of the analyses, the finite element models are constructed b\ using 

ANSYS three-dimensional, six-degrees-of-freedom, elastic shell elements (SHELL63) in the 

\kcldment plate and structural support region. The top nuts/pads are modeled by using BEAM 4 

elements. Contact bet\\een the structural supports plates and between the structural support ring 
k•ere modeled bv using CONTACT 52 elements. The finite element models represent one

quarter sections of the ýkcldenints.  

The top and bottom wveldments are 1.0 in. thick and '.re fabncated from SA-240, Type 304 

stainless steel. The top weldment supports its owkn weight and 56 fuel tubes (wvithout the fuel 
assemblies) dunng 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 (Prm + Pb) 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 show n below: 

Component/Condition Pm + Pb (ksi) Allowable Su (ksi) MS 

Top Weldment/30-ft Drop 49.49 62.56 _Q26 
Bottom Weldment/30-ft Drop 56.93 63.'22 40,,11 

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 
maximum temperature is overly 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 

ohith the maximum allow able 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: 

Pm + Ph < 3.6 Sm or S .whichever is less.  

(Note that for Type 304 stainless steel in these temperature ranges, S, is smaller than 3.6 Smn.) 

The mrarin of safety is 

Allowable Stress 
MS = -1.  Nodal Stress Intensity
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2.7.10.5.2 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 (Per) is determined by 

,7El 
P (KL) 

,,here: I = moment of inertia 

E = modulus of elasticity 

L =length of the column 

K = effecti`"c length factor (K 2 for a column, one end fixed- other end free).  

Evaluating a 1-in. section of one of the ribs at the maximum weldment temperature of 515'F 

yiclds 

,71 n ) 2 1.0 in)(0.5 in)' 
P -. 12=1 - = 6,288 lb.  

2 x10.25 In)

For the 3(0-tt top-cnd-drop, the sum of the forces on the nodes representing the ribs is a maximum 

of 26',945 lb. Thus, the maximum load (P) on a I -in. section of one of the structural ribs is 1,152 

lh.  

Thus. the margin of safety for buckling of one of the structural ribs of the top weldment during a 

3(1-It top-end-drop is 

6,2881b 
%IS 5 =4.45 

1,152 lb J
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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 (Pcr). 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 

secondarý bhy 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 showvs 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 

eValuation of indixidual cask components for a sustained external pressure of 290 psi shows that 

the cask meets kxorst case immersion requirements.  

In a 30-t hypothetical corner-drop accident, the upper impact limiter may crush to a maximum 

depth of 31. 1 in. As sho\\ n in Section 2.7.1.6, this has no structural consequences.  

Based 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 / Pm 17.5 48.0 1.74 

(on end) '/ /"/ V / P, + Pb 33.5 62.7 0.87 

Noncontainment V/ V" / V/ V/ Pm 23.4 45.9 0.96 
(on end) ' V" V'/ / Pm+ Pb 22.9 70.9 2.10

C ontainment 

(on side)

V- V/ 

9-

Noncontainment**" 

(on side) ,/

Containment'* 

(on corner)

,/

V/ V/

V/ ,/ 

V/ /

9' 9/ 

'7 9'

9' Pm 
V/ P" + P1b

V .7 

/ 9'

,/ ./ 

V/ V'

PH.  

Pm + Pb

Pm 

Pm + Pb

Noncontainment- V/

(on corner) ,/

V 9' 

/ vs

"/ " +" Pm

Containment

(oblique)

Noncontainmnent" / 

(oblique) V

vs / vs v p
S '/ '/ V/ P111 

V/ V/ V" / P ý!+ P ,

9' V
V V/

28.5 

62.6

Pri 29.8
V P" +Pm +b 61.5

48.0 

69.7 

47.3 

70.9

"Conditions: I. Ambient Temperature 

2. Insolance 

3 Decay Heat 

4. Internal Pressure 

5. 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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31.0 

62.4

32.1 
68.2

18.9 

32.0

48.0 

65.0

47.3 

70.9

48.0 

62.7

0.55 

0.04

0.47 

0.04

1.54 

0.96

25.8 

36.7

45.9 

70.9

0.78 

0.94

0.68 

0.11 

0.59 

0.15
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Table 2.7.11-2 

40-In. Free Drop 

Containment

(lid)

Noncontainment**' 

(on mid-length)

Summary of Maximum Calculated Stresses in Cask- Puncture

I 

100°F -40(F 

V

V-

Noncontainment 

(on bottom center) v/

Conditions Maximum Calculated 

2 3 4 5 Stress 

Type Value (ksi) 
/ / V/ V Pm + P 56.81

V/ V/ 

V1 V/

V Pm+ Pb 56.75 

Pr, + Pb 49.96

Allowable 

Stress 

(ksi) 

61.5

66.9 

66.9

Margin 

of 

Safet' 

0.08

0.18

0.34

Conditions: 1. Ambient Temperature 
2. Insolance 

3. Decay Heat 

4. Internal Pressure 

5. 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 Buckling Analysis 

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.  

"I.7. 1I. 1 Analysis Methodologv 

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 
ge ormetry parameters. shell fabrication tolerances, shell material properties, theoretical elastic 
buckling stress values for the shell, and membrane stress components in the shell. The internal 
stress field that controls the buckling of a cylindrical shell consists of the longitudinal (axial) 
membrane, circumferential (hoop) membrane, and in-plane shear stresses. These stresses may 
e",t singl, or in combination, depending upon the applied loading. Only these three stress 
components are considered in the buckling analysis.  

For each dynamic loading case, the stress results from the ANSYS dynamic shell analyses 
(Sections 2.6.7.1 through 2.6.7.4 for 1-ft cask drops and Sections 2.7.1.1 through 2.7.1.4 for 30-ft 
cask drops) are screened for the maximum values of the longitudinal compression, 
circumferential compression, or in-plane shear stresses for the individual drop load cases, 
regardless of where in the shell they individuallN occur. This was performed for all cask drop 

orientations.  

The ANSYS analyses for both the I-ft and 30-ft drops were performed with an internal pressure 
of 150 psig The internal pressure tends to stiffen the inner shell. To compensate for this, and to 
bound the % orst case situation, 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 arc satisfied, thus demonstrating that buckling of the Universal Transport Cask inner 

shel Idoes not occur.  

2 12.3 Detailed Code Case N-284-1 Buckline Evaluation 

A step-b,-step anal\sis procedure presented below as an example of implementing the procedure 

recommended in Code Case N-284-1. This same procedure was followed to determine the 

results presented in Table 27. 12-1.  

In the huckling e\ aluation. the symbols o, 0, or 00 CorTespond to the longitudinal (axial) direction 
or stress component, circumferential (hoop) direction or stress component, and in-plane shear 

slress component. respectivel;. as used in Code Case N-284-1.  

In the e\aluation, the formulas for cvlindncal shells (unstiffened) are used. Each of the 14 load 

cases presented in Table 2.7.12-1 is evaluated in the manner detailed below for Load Case "N",
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the hypothetical accident condition of a 30-ft bottom oblique (750) 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 1. Determine Stresses: For the 30-ft bottom oblique (750) 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) So = 11,840 psi (Compression) 

Hoop Stress (ANSYS) So = 16,880 psi (Compression) 

Shear Stress (ANSYS) So = 12.440 psi.  

To these values are added the effects of an internal pressure. IP = 150 psig. The tensile load due 
to internal pressure. Acting on the area of the cask lid with an area AL 3,590 in2, the internal 
pressure creates a force, F = 538,521 lb. Cross sectional area of the inner shell As = 216 in2.  

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 

\here D, = internal diameter = 67.61 in.  

t = shell thickness = 2.0 in.
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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: 

S, = 14,338 psi (axial compression) 

S = 19,415 psi (hoop compression) 

So0 = 12,440 psi (shear).  

Step 2. Determine Capacity Reduction Factors: (Code Case N-284-1, Paragraph-1500) 

The reduction in capacity due to imperfections and nonlinearityv in geometry and boundary 

conditions is provided through the use of Capacity Reduction Factors. Capacity' Reduction 

Factors, based on the parameters in Table 2.7.11-2 are as follows: 

UOL = 0.231 

C4)L = 0.8 

C)O0L = 0.8.  

To directiN use the Capacity Reduction Factors, the tolerance requirements of Article NE-4220 of 

the ASME Boiler and Pressure Vessel Code, Section III, Subsection NE must be satisfied.  

Article NE-4221.1 and Article NE-4221.2 set forth the "maximum difference in cross-sectional 

diamctcrs" and "'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 configiuration constraints are met dunng manufacturing: 

Max ID 67.67 in.  

Min ID = 67.57 in.  

NMa\ ID - Min ID = 0. 10 in.  

Allo\ýahle deviation (per Subsection NE) = Nominal ID/100 = 0.677 in.  

0.10 in. < 0.677 in.
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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 = S,(FS)/S, = (14,338)(1.34)/(2.07x10 4 ) = 0.928 

For 0.55 < A < 1.6, 

i"1o = 0.45/A +0.18 = (0.45/0.928) + 0.18 = 0.665 

b. Hoop Compression 

A = S0(FS)/S, = (19,415)(1.34)/(2.07xi0 4 ) 4 1.257 

For 0.67 < A < 4.2, 

rl• = 2.53/(1 + 2.29A) = 2.53/(1 + 2.29 x 1.257) = 0.652 

c. Shear 

"A = S,(FS)/S, = (12,440)(1.34)/( 2.07x10-) = 0.805 

For 0.48 < A < 1.7, 

il,, = 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,, = LfI(Rt)s = 180/(34.81x2.0) 5 = 21.57 

EUR = [26.5(10)•' x 2.0] / 34.81 = 1.5228(10)6 psi 

a. Axial Compression 

ForM, > 1.73, Co= 0.605 

S,),L = C,) (EUR) = 921,276 psi 

b(1 ). External Pressure - No End Pressure 

1.65(Rt) = 28.71 

For 3.0 < M,) < 1.65(RT).  

Co, = 0.92/(M -1.17) = 0.0451 

Si -cL = Src, = Cr (EUR) = 68,659 psi 

b(2). External Pressure - End Pressure Included 

For 3.5 < NI, < 1.65(Rt).  

Ct, =0.92/(Mo - 0.636) = 0.0439 

S-,= Coh (Et/R) = 66,908 psi 

c. Shear 

8.69(Rt) = 151.23 

For 26 < MNI < 8.69(Rt), 

C5, = 0.746/(MN0) 0.161 

So,)i'L = C.ot (Et/R) = 244,571 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 

Sa = akLSOLL/FS = 159,050 psi Axial Compression alone 

Sha = aoLSheL/FS = 39,945 psi Hydrostatic External Pressure 

Sra = a0LSreL/FS = 40,991 psi Radial External Pressure 

a = a,0S~OeL/FS 146.012 psi In-plane Shear alone.

a. Axial Compression plus Hoop Compression (for K < 0.5) 

K = SJSA/ = 0.74 > 0.5 Therefore, go to (b) below.  

h. Axial Compression plus Hoop Compression (for K > 0.5) 

No interaction check is required if So/ Sh < 0.5 

SO/ Sh,, = 14,338/39,945 = 0.359 

Thcrefore. no interaction check is required and 

QI = 0.0 

c. Axial Compression plus Shear 

(S',/S,,) + (SoI/S ) < 1.0 

(14.338/159,050) + (12.440/146,012)2 = 0.097

2,7-_20.7.
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Therefore, Q2 = 0.082 < 1.0 

d. Hoop Compression plus Shear 

(SjVSa) + (So(VSa)2 < 1.0 

(19,415/39,945) + (12,440/146,012)2 = 0.481 

Therefore, Q3 = 0.419 < 1.0 

e. Axial Compression plus Hoop Compression plus Shear 

K, = I - (SO(VS~a)2 = 0.993 

Substituting K into Equation (b): 

(S¢-.5ý*K,Str,)/(KS,S,-.5*KSh,) + (SjVKSha)2 __ 1.0 

However. since QI = 0.0 from Equation (b). then 

also Q4 = 0.0 

Step 6. E\aluate Inelastic Bucklin2: (Code Case N-284-1. Paragraph-1713.2) 

First, the inelastic huckling allowable stresses for specific loading cases are calculated. This is 

Iollow cd h\ deterrmining the individual elastic interaction ratios. Q5 through QS.  

Inelastic buckling allow able stresses are 

S,. =l0S,= 105.739 psi Axial compression alone 

Sr, -IIISri 26,741 psi Radial external pressure 

S_. = I,S,= 92.567 psi In-plane shear alone.  

a. A\ial Compression or Hoop Compression

.7*-.208
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Axial Compression: S,/S,, < 1.0 

14.338/105,739 0.136 

Therefore, Q5 = 0.136 < 1.0 

Hoop Compression: SoVS,,-< 1.0 

19,415/26,741 = 0.726 

Therefore, Q6 = 0.726 < 1.0 

b. Axial Compression plus Shear 

SJS", + (SjSV•)e < 1.0 

14.338/105,739 + (12,440/92,567)2 = 0.154 
Therefore, Q7 = 0.154 < 1.0 

c. Hoop Compression plus Shear 

SIýSl + (S(S" 2) < 1.0 

19,415/26,741 +(12,440/92,567)2 = 0.744 

Therefore. Q8 = 0.744 < 1.0

May 2000 
Revision UMST-OOA
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BIuckIII2 1! aluatIon IL.oad ( 'ascs amd Results for the 1Tniversal Transport Cask

0 ongitudinal ('irciumterential In -plane Elastic Buckling Plastic Buckling 

I oad (Axial) Stress* (1 loop) Stress* Shear Stress Interaction Equations Interaction Equations 

'ase 1.oad (oRiditioi SO (psi) Sf (psi) SN (psi) Q I Q2 Q3 Q4 Q5 Q6 Q7 Q8 

A I T Top I-Aid 16,808 8,135 1,410 .129 .158 .296 .129 .345 .328 .345 .328 

B I -Ft Bottom End 16,478 7,325 1,370 .108 .155 .267 .108 .334 .276 .334 .276 

I -Ft Side 9,418 8,235 4,230 .052 .089 .30(1 .052 .131 .334 .131 .335 

1) 1 -Ft Top (Corner 16,708 6,915 2,470 .102 .157 .252 .103 .342 .252 .342 .252 

E I l-Ft Bottom (orner 8.478 1 5.165 2,05(1 .552 1.0801 .552 .269 .109 .951 .109 .951 
F 1 Ft Top Oblique (75") 12,608 7,105 430 .064 .119 .261 .064 .217 .267 .217 .267 

G l-Ft Bottom Oblique (75"') 9,668 8,585 3,760 .063 .091 .313 .063 .137 .358 .137 .358 

I1 3(1-Ft Top End 8,528 12,805 1,120 .021 .054 .314 .021 .054 .361 .054 .361 

I 3(1I-Ft Bottom Eind 9,648 13,565 990 .041 .061 .331 .041 .067 .394 .067 .394 

J 30-Ft Side 12,308 17,125 13240 .129 .086 .426 .132 .104 .584 .127 .607 

K (1Mt Top Corner 11,858 12,555 4,940 .040 .076 .307 .041 .097 .346 .098 .348 

L 310-)t Bottom Corner 14,I98 18,005 4,550 .179 .093 .455 .180 .142 .674 .143 .675 

NI 3(1-Ft Top Obliquc (75') 12,008 14,115 13,140 .068 .084 .352 .070 .099 .421 .122 .443 

N 30-Ft Bottom Oblique (75") 1 1-1,338 19,415 12,440 .196 .097 .481 .20W .136 .726 .154 .744

* Compressive stresses.
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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 34.81 

R/t 17.40 

Lo= Length (in) 180.00 

(Rt)05 8.34 

L,0 = 27zR = circumference (in) 218.7 

M 0 = LJ(Rt)0 5 21.57 

MO = 1Lj(Rt°5 26.21 

v = Poisson's ratio 0.275
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