
ATTACHMENT (9)

TRANSNUCLEAR CALCULATION NO. 1095-35 -

NON-PROPRIETARY VERSION

Calvert Cliffs Nuclear Power Plant, LLC
March 9, 2011



'V
Iv

NON-PROPRIETARY VERSION
CForm 3.1-1 tac. No.: 1095&35

TRANSNUCLEAR Calculation Rev. No.: 2
Title: NUHOMS 32P- Transfer Cask Structural Analysis Page: 1 of 21

Project No.: 1095
OCR No.: 10950-14

Project Name: NUHOMS 32P

Calculation Title: NU]HOMS 32P- Transfer Cask Structural Analysis

Number of CDs attached:

If original Issue, 10CFR72.48 review required?

[ No (explain) El Yes, SR No.

The NUHOMS 32P is not licensed. Calvert Cliffs (customer) will be performing 72.48's
as part of their site specific license.

I1. This calculation Is complete and ready for Independent review

Originato nI Signature omplteanreadforndepedentevie Date: 4/A //
/ r6," '- V %.

2. This calculation has been checked for consistency, completeness, and
arithmetic correctness.

,,V < I Date: Wt/,,j1r641Checker Signature

3. Calculation preparatn and check complies with procedure - package Is complete

Date: _ _PE's Signature

/



A Form 3.1-1 Cato. No.: 1095-35
TRANSNUCLEAR Calculation Rev. No.: 2

Ttle: NUHOMS 32P- Transfer Cask Structual ,4nalysls Page: 2 of 21

The purpose of this calculation is to evaluate the structural integrity of the CCNP onsite Transfer Cask
to reflect the increase in the DSC capacity from 24 to 32 fuel elements. Revision I of this calculation
was made to incorporate the comments in Reference 2. This revision (Rev. 2) is made to incorporate the
request by Reference 3.

2 - References

1) Transnuclear PACTEC Calculation No. 10399-01, Rev.0, "NUHOMS 32P-ISFSI Transfer Cask
Structural Analysis". This calculation is attached as Appendix 1 for easy reference.
(Pages 5, 62, 63, 68-73, 117 and Sections 2.3, 3.4.2, 3.4.3, 3.4.4, 4.1.8 and Tables 5.2.1 & 5.2.2
have been changed in this calculation).

2) Transnuclear DCR No. 10950-8, Rev.0.

3) Transnuclear DCRNo. 10950-14, Rev. 0

3 - Analysis Approach and Assumptions

See Reference 1, Section 3.0.

4 - Analysis and Results

See Reference 1, Sections 4.0 and 5.0, except page numbers 5, 24, 25, 62, 63, 68 to 73 which are
presented in this calculation. It may be noted that the changes on page 5 of Reference 1 are of
editorial nature. The changes in the remaining pages listed in this calculation are necessitated by the
revised transfer cask trailer system in Appendix 1, reference 34 and by the request of Reference 3.

Also, Reference 1 Sections 2.3 (pg. 16), 3.4.2 (pg. 23), 4.1.8 (pgs. 57, 58) and 5.2 (Tables 5.2.1 & 5.2.2)
have been revised to incorporate comments in reference 2. Section 3.4.3 and 3.4.4 have been revised to
incorporate changes requested in Reference 3.

The revised pages of reference I are included in this calculation. It may be noted that reference
numbers on these pages pertain to Appendix 1, Section 6.0 (with revised page 117).

5 - Conclusions

See Reference 1, Section 5.0.
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1.2 Investigation Approach

All Transfer Cask components will be analyzed for structural integrity. The maximum stress intensity of
each component when subjected to normal operating, off-normal and accident loads, as defined by the
licensing documents [4, 5, and 10], will be determined and compared to allowable ASME Section DI
stresses (9].

This calculation package addresses all the issues included in the previous calculation, However, in this
package the updated component weights from NUHOMS 32P - Weight Calculations of DSC / TC
System [35] and revised temperature distribution [36 & 37] will be used.

The.Transfer Cask geometry will be per the Baltimore Gas and Electric construction drawings [6]. For
Service Levels A, B, and C loads, elastic analysis will be utilized. For Service Level D loads, the
components will be analyzed either elastically or plastically where necessary per the ASIE Section 111,
Appendix F requirements [9].
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2. DBT Wind Pressure Loads

a. Stability Analysis.

The geometry considered for the analysis is shown below.

Wt of the Cask
Wt of the Skid
Wt of the Trailer
Total Weight

Area of Cask
Area of Skid
Area of Trailer

2 15 .0K- Section 2.3
[34]
[341

15.5'x89"/12 = 115.0 2

15.5'x 14.7/12 = 19.0 112
252/12 x 45.7/12= 80.0 ft2
Total Area 214.0 e2

[34]

qz = 0.00256 K. (IV)7

Where: V = 360mph
I = 1.07
K, = 0.8
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q= 0.00256 (0.8X1.07 x 360)2

=303.9psf < 397psf

Overturning moment = 214.0 x 397/1000 x 74.7/12 = 528.9 K-ft

Restoring moment - 264.7 x 72.0/12 = 1588.2 K-ft

Factor of Safety against overturning = 1588.2/528.9 = 3.00

134]

[34]

b. Stress Analysis

Cask Shell
Assume cask is simply supported and subjected to a uniform load P over entire length.
Use case 9c, Table 31 of Roark & Young [22]

Total Force, P = 397/1000 x 15.5 x 89"/12 45.64K

Distributed VWmd Load, p = 4 5 .64 K /186" = 0.245 K/in

8CAbIG isnaws

At top center,
Max cr2 = -0.492 B p R 314L-12 t-514

Max a2' = -1217 B ' p R1/4 L/2 C7 4

Max a, - -0.1188 B3 p R14 L1/ t27 4
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Win-- 39671b [10]

W--" 264,700 lb.

M,=3967/32.2 = 123.2 lb-m

Vi= 126 mph = 184.8 ft/sec

L = 45.7"+14.7" + 89" = 149.4" = 12.5 ft [34]

L,= 45.7" + 14.7" +89/2 = 104.9" = 8.7 ft [34]

R=6.0 ft

R, = 13.8 ft [34]

R 2 = 10.6 ft (34]

= 55A4 [34]

sin -- 0.823

coso 0.568

(o - (l)+ M.do2 where d. is the same as R2

(L)s /2 ' reR
2

rist 264,700 / 32.2 = 8,220.5 lb-m

R, cask radius

R, = 44.5" = 3.71 ft

Therefore:

V/2 (8,220.5)(3.71)2 = 56,574 ftlb-m

mrstd0
2 = 8,220.5 (10.6)2= 923,655 ftlb-m
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(Q, = 980,229 ftlb-m

Substituting:

0.823cos0 + 0.568sin0
13.82 x184.82 x123.2 2  +0.823

2(264,700)(10.6)[980,229 + 13.82 (123.2)]

Simplifying:

0.823cos0 + 0,568sin0 = 0,0175 + 0.823 = 0.841

Solving'.

0 = 1.90

This is the angle at which the cask stops rotating.

The minimum angle for tip-over of the cask occurs when the c. g. is directly above the
point of rotation.

0= 90= g- = 900 - 55.40 = 34.60

Since Otip is greater than 0, tip-over of the cask will not occur.

b. Stress Analysis

Analysis is performed separately for the cask shell and the cover plates.

Cask Shell:

The impact force is calculated by determining the force to maintain the cask in
equilibrium at the angle of rotation. This force is multiplied by a dynamic load factor of
2 to determine the statically applied force
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W,,,R2 eos(z +9)= F,'R, sin(s + 0) /

0 +0 = 55.40 +1.90 = 57.30

F,= 264.7 cot(57.3)= 169.9 s Kps

F =2 x F,'= 339.SKips

[In Appendix 1, this load was computed as F r1
368.8 kips, use conservatively this higher load
(F = 368.8 kips) for stress evaluation.]

To determine stresses on the cask shell due to this force, use a similar approach to that used for
previous D13T wind pressure analysis.

P 368.6p = -- = -- = 1.982K/in
L 186

The ratio between p for the DBT and the TGM:

RATIO = 1.982 = 8.09
0.245

Ratio all stresses from DBT wind pressure analyses by 8.09.

02 = 0.113 x 8.09 = 0.914 Ksi
a2'= 3.72 x 8.09 = 30.09 Ksi
a2 + 0r2' = 31.00 Ksi
oy = 1.20 x 8.09 = 9.71 Ksi
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Primary Membrane S.I. = (y1 = 9.71 Ksi

Membrane + Bending S.I. = 2 + c2'= 31.0 Ksi

Cover Plates

It is to be expected if the missile hits the cover plates, tip-over will be bounded by the case where
the missile hits the cask side. However, some sliding is likely to occur.

The force on the cover plates will be calculated based on the assumption that the casklskid/trailer
arrangement will slide.

Let V = velocity (in/sec)
m = mass (b-m)
W = weight (lb-f)

Note: The subscripts "a" and "cset refer to "missile" and "cask/skid/trailer" arrangement
respectively.

Using conservation of momentum:

m.mVm = msVeA
Vt = mmVm / W• = 3967 x 2218 / 264,700 = 33.2 in/se

The sliding distance is determined by equation the kinetic energy to the work done during
sliding.

KE =Work= F d
M2 MtV.7 = W.9 x

where, x sliding distance of the "cask/skid/trailer" arrangement

Solving for x:x = (1/2 M,ýVy•) / W.1,
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= (1/2 (Wmt/g)Va2) / W,
=- 2 V, 2 /g = ½/ (33.2)2 / 386 = 1.43 in.

Assuming constant acceleration of the "cask / skid / trailer" arrangement during sliding, the time

for sliding can be calculated as:

T = 2 x / V, = 2 (1.43) / 33.2 0.0861 sec

Acceleration, X , is given by

33.2 =385.6i n/see2 , orlg
t 0.0861

The impact force, FP, is the force needed to overcome both the frictional force, Ff, and the inertia
forces.

x

[O*TEON I~
MM - IF,

WCot

EF.1 =0 => F1=Ff+M,,R

Using the maximum possible value for the coefficient of friction, 1.0,
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Ff-- IWt - 264. 7"

Therefore, F1 = 264.7 + (264.7 / g) g = 529.4g

[Use Appendix 1, higher load (F = 55 7K) conservatively for stress calculations]

Ton Cover Plate. 3" thicK.

Assume Plate is simply supported at edges
Assume force is uniformly distributed over entire plate surface since frontal area of the massive
missile is assumed to be 20 sq. ft. and the 73.12"0 plate area is 29.16 sq. f.
Use case 10a, Table 24 of Roark & Young [22]

MO qa2(3+v)
16

P a2(3+v)P(3+v)
na2 16 167r

6M 6P(3- -+) 3 557(3+0.3)244 Ksi
t 16,t2 8 r(3.Oy2

Inner Bottom Cover Plate, 2" thick,

Assume plate is fixed at edges
Assume force is unifobmly distributed (See above)
Use case 10,b, Table 24, Roark & Young [22]

MO = qa2(0+V)
16

6M 6P a2(1.0+o) = 3 P(i.O+v) 3 557(1.3) 2.6Ksi
M a2 16t, 8 nt2 8 21.6.0)i
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31. Holman, J. P., "Heat Transfer", McGraw-Hill Book Company, Fourth Edition, 1976.

32. American Society of Metal, "ASM Handbook," Vol. 2, ASM, 1990.

33. Lambe & Whitman, "Soil Mechanics", John Wiley and Sons, 1969.

34. CCNPP Calculation No. CA04141, Rev.0001 and HOPPER Calculation No. HABGE-09/98-
0669, Rev. 2, April 2001, "NUTECH Horizontal Module System (NUJHOMS-24P), ISFSI
Transfer Cask Structural Analysis".

35. TNY, Calculation No. 1095-1, 'NUHOMS 32P - Weight Calculations of DSC / TC System,
"Revision 1.

36. TN Calculation No. 1095-6, CrNUHOMS 32P - Transfer Thermal Analysis, 1030 F Ambient",
Revision 0.

37. TN Calculation No. 1095-16, "NUHOMS 32P - Transfer Thermal Analysis, -3' F Ambient",
Revision 0.
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2.3 Main Component Weights

The following Main Component weights are based on the updated weight calculation (35].

Weight Summary
Item

I Cask without Head or Ram Access Cover Plate 116,021
2 Cask Head 5,290
3 DSC without Top Cover Plate/Basket/Fuel 22,842
4 DSC Top Cover Plate 1,214
5 Basket 20,520
6 Fuel 46,400
7 Water 12,176
8 Ram Access Plugs 570
9 Ram Access Cover Plate 147

Exact Sum Used in Calcs

Cask Lifting, Water and Loaded DSC 218,106 220,000
(1+3+5+6+7+9)
Cask Lifting, Sealed DSC, Transport Mode 212,434 215,000
(1+2+3+4+5+6+9)
Loaded DSC with Water 101,938 104,000
(3+5+6+7)
Sealed DSC 90,976 95,000
(3+4+5+6)
Cask Docked at USM with Sealed DSC 212,857 215,000

.(1+2+3+4+5+6+8)
Basket and Fuel 66,920 68,400
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3.4.2 Load Combinations

The Transfer Cask Load Combinations for normal, off-normal, emergency and accident loadings are
listed in Table 3.1, taken from [34].

Table 3.1 - Transfer Cask Load Combinations

-OC COdMos COMO

1-2 1 43 1 2 1 2 3 4 5 s 1 7

DdLoad/LIoLoad X XXX X X X X X X X X XX

<, -3-toIFko ntAbkaM x X X X X x X x x X x X X X1

huded X

Hmfladia LOW$s Thoapt x x x
w=oC.Owfa1 DSC 2T940L~ X x X

Sebm • - X XX -

ToM& Wind Loa& x

..... Ca•." Crop & Raft ) xHaropa I xL x

A~oSbMMSerdL"0 A A A A A B a C C C ID OD

Load Cmbkwbn toNo. AS AZ AS M4 AS I' Al II CI C2 M I1 SXI I3 In

Notes:
1. Off-normal temperature based on Table 3.6-2 of USAR [41
2. Load case is additional to Topical Report [10] requirements.
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3.4.3 Allowable Stress Criteria

The structural design criteria for the Transfer Cask is based on ASME Code Section MI, Division I,
Subsection NC, (Class 2) [9] as supplemented by Appendix F (9] and are given in Table 3.2 taken
directly from [34).

I

Table 3.2 - Allowable Stress Criteria

Stress Values(IW

Item Stress Type Service Levels Service LevelC "r" LevelaD

A & B Elastic Analysis asic

Smaller of2AS.4 Greater of
Transfer General Membrane S. 1.2 S. Or 0.7vS) 0.7S. or S, +

CasorS O(S - SOP)Structural150% of P.
Structural Local Mew + Bending 1.5S, 1.8 S. Limito) 0-9s.9S1
Shell Lmi 5

Primary + Secondary 3.0Sn N/A N/A N/A

Membrane and Meom + Smaller of Sy/6 N/A N/A N/A
Beading or S1/10,_

Trunnionsa Smaller of 0.6
Shear Sy/6 or 0.6 N/A N/A N/A

Fillet and P- Greater of 0.65w' Smaller of 1.2S. or 0.35S,
Partial Sm or 0.50S' _ malerof_1.2S__o__0,35S
Weldsro Primary + Secondary 0.75S. Smaller of 0.7 S N/A
__________ or 0.75 ______________

Notes:
1. Values of Sy, S,,,, and S,, versus temperature are given in Tables 2.2. 1a -e of this package.
2. Includes full penetration welds.
3. Includes a nonvohumetric inspected weld efficiency factor of 0.5, ASME Section VIII, Div. 1, Table UW-12 No. 5 [Ref

36].

4. Local primary membrane stress, PL, shall not exceed 150% of the P. limit.
5. An alternative elastic analysis limit for P. + Pb is that the static or equivalent static loads shall not exceed 90% of the limit

analysis collapse load using a yield stress which is the lesser of 2.3S, and 0.7S,,, or 100% of the plastic analysis or test
collapse load; for plastic analysis, an alternative to the primary stress intensity limits is that the static or equivalent static
loads shall not exceed 90% of the limit analysis collapse load using a yield stress which is the less of 2.38 and 0.7S,, or
100% of the plastic analysis or test collapse load.

6. For 0.5 efficiency factor, 0.6Smn is used for the allowable stress. However, it should be noted that even though an
efficiency factor of 0.5 is applied for all nonvolumetric inspected welds, an efficiency factor higher than 0.5 is allowed for
any individual welds installed by different methods. 0.65Sm is allowed for welds at Service Level C [Ref 1, Table 3.2-6].

7. Allowables ofANS1 14.6 for upper trunnion critical lifts. All other upper trunnion lifts and all lower trunnion lifts
governed by the same ASME Code criteria applied to the cask structural shell.
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3A.4 Applicable Documents

The Transfer Cask is designed to conform to the design and safety criteria outlined in the Topical
Report NUH-002 [10], USAR [4], and SER [5] documents. The Cask design shall meet the
limitsand requirements of the ASME Code [9] for Class 2 components, The Upper Lifting
Trhnnions will satisfy the criteria of ANSI-NI4.6 for non-redundant trmnions.
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1. Handling Condition:

Loading during critical lift - the inner bottom cover plate supports the weight of the DSC during
the lift condition. The weight of the basket is to be carried by the cask inner bottom plate through
the DSC bottom and may be represented by a uniform pressure on the inner bottom plate. The
weights of the DSC shell and top are to be directly carried by the cask shell without any significant
distribution of load on the cask inner bottom plate, since DSC shell is very close to the cask shell.
The load is increased by 15% to account for motion loads.

Assume that the fuel and DSC base assembly load the cask base

plate as a uniform pressure load:

Fuel weight = 46,400 lbs (35]

Basket Weight =20,520 lbs (35]

Base weight, estimated:

Lead, assuming a 4.25" thickness
= 0.411 (4.25) ('rr/4) (67)2 = 6,158 Ib

Steel, assuming a 2.5" thickness
- 0.29 (2.5) (.w/4) (67)2 = lb CA19 Al E'L0rr

8,714 lb

Total Weight = 46,400 + 20520 + 8,714 = 75,634 lb

Total Load = 75,634 x 1.15 = 86,979 lb Say 87,000 ]b

The uniform pressure applied is then:

Uniform pressure, q = 870001b / [0 (342 - 11.52)] = 27 lb/in2

Case 2b of Table 24 in Roark [22] for a uniform pressure load on a plate with outer edge simply
supported and inner edge guided:

Mmn~=Mi,,= K~xqxa2
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For b/a 11.5" /34" =0,34

K, - 0.2

M•m = 0.2 x 27 x (34)2 = 6,242 lb-in/in = 6.2 kip-in/in

F = M/d= 6.2/2.0- =3.1 K / in

Allowable Weld Stress = 9.35 ksi (page 58 of Appendix 1)

Therefore, Weld throat required (3.1 K /in) / 9.35 ksi 0.331 in

Actual Weld Size = 3/8 in.

Therefore, Weld Size is adequate.
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1.5.2 Load Combination Results

The maximum stress combinations for ASME Service Levels AB,C and D are added algebraically and shown in the tables
below. The component stress intensities have the capability to withstand all the design loading combinations, in compliance
with the requirements of ASME B + PV Code, Section MI, Subsection NC.

Table 5.2.1 - Load Combinations Level A

Load Combinations, Level A 1)
Al AS Allowable S.L

Component Stress Type
DW+ T + H DW+T+HT

Cask Structural Shell PM 127 6.18 21.7
PL 0.68 6.18 32,6

PL+Pa 0.68 30.50* 32.6
PL+PB +Q 29.18 59.68 65.1

Cask Inner Liner PM 0.68 11.78 18.7
PL 0.68 11.78 28.1

PL+P8 0.68 15.28 28.1
Pl+PL +Q 18.68 32.60 56.1

Top Flange PM 0.68 2.33 18.7
PL+PB 1.02 8.02 28.1

PL+P8 +Q 19.02 26.02 56.1

Top 3" Cover Plate PM 0.52 0.52 18.7
PL+PB 0.68 4.90 28.1

PL+P1) +Q 11.68 15.90 56.1

Bottom Support Ring PM 0.68 5,78 20.0 (@3000F) (361
PL+PS 1.02 29.60* 30.0 (@300-F) [36]

PL+PB +Q 19.02 48.62 60.0 (@3000F) [36]

Bottom 2" Cover PM 0.68 0.68 18.7
Plate PL+PB 11.16 10.48 28.1

PL+PB +Q 26.16 25.48 56.1

Bottom -34" Cover PM 0.34 0.34 18.7
Plate PL+PB 0.68 0.68 28.1

PL+PB +Q 21.68 21.68 56,1

Bottom 1" Cover PM 0.34 0.34 18.7
Plate PL+PB 0.68 0.68 28.1

PL+Pa Q 11.68 11,68 56.1

Ram Access PM 0.52 0.52 18.7
Penetration Ring PL+PO 0.68 0.68 28.1

PL+PB +Q 18.68 18.68 56.1

*Dead Weight Value from Table 5.1 not included because the transfer loads include a dead weight component,

I
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Table 5.2.2 - Load Combinations Level B

Load Combinations• Level B (lsi)
B2 Allowable

Component Stress Type DW + T + S..

Cask Structural PM 6.18 21.7
Shell PL 6.18 32.6

PL+PB 30.50* 32.6
PL+PB +Q 59.68 65.1

Cask Inner Liner PM 11.78 18.7
PL 11.78 28.1

PL-+P 15.28 28.1
PL+PB +Q 32.60 56.1

Top Flange PM 2.33 18.7
PL+PB 8.02 28.1

PL+PB +Q 26.02 56.1
Top 3" Cover Plate PM 0.52 18.7

PL+PB 4.90 28.1
PL+PB +Q 15.90 56.1

Bottom Support PM 5.78 20.0 (@300-F) [36]
Ring PL+PD 29.60* 30.0 (@300°F) [36]

PL+PB +Q 48.62 60,0 (@300-F) [36]
Bottom 2" Cover PM 0.68 18.7

Plate PL+P8 10.48 28.1
PL+PB +Q 25.48 56.1

Bottom ¾" Cover PM 0.34 18.7
Plate PL+PB 0.68 28.1

PL+PB +Q 21.68 56.1
Bottom 1" Cover PM 0.34 18.7

Plate PL+Pa 0.68 28.1
PL+PB +Q 11.68 56.1

Ram Access PM 0.52 18.7
Penetration Ring PL+PB 0.68 28.1

PL+P8 +Q 18.68 56.1
*Dead Weight Value from Table 5.1 not included because the transfer loads include a dead weight

component.



A Form 3.1-1 Calc. No.: 1095-35
TRANSNUCLEAR Calculation Rev. No.: 2

Title: NUHOMS 32P. Trnsfer Cask S.icturatl Analysis Page: 21 of 21

Appendix I

NUHOMS 32P ISFS Transfer Cask Structural Analysis

PAC TEC Calculation No. 10399 - 01, Rev.0.
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PROJECT NAME: I CLIENT:

NUHOMS 32P TNY

CALCULATION TITLE:
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1.0 Introduction

1.1 Problem Statement

The NUHOMS-24P Transfer Cask (or Cask) is designed for temporary on site storage and transport of the Dry
Shielded Canister (DSC) which contains radioactive Spent Fuel Assemblies (SFAs). The Cask is part of the
Independent Spent Fuel Storage Installation (ISFSI) at the Baltimore Gas and Electric Calvert Cliffs Nuclear
Power Plant. The Transfer Cask is intended for the transport of the DSC from the Fuel Pool to the Horizontal
Storage Module (HSM).

Hopper and Associates was requested to review the complete set of NUHOMS design calculations, produced by
others. The resulting Hopper and Associates report [1] led to Issue Reports numbered 1R3-005-169 and 172 [2]
'or the Nutech calculation packages "Transfer Cask Structural Analysis" numbers DGE001.0202 and 0202A
f[S,8]. In addition, a revised weight calculation for the DSC/Transfer Cask system [13] was performed. As a
result of these Issue Reports and the revised weight calculation, Hopper and Associates recommended that a
new calculation package be generated to completely re-analyze the Transfer Cask structure and address the
'above concerns. In addition, the Rolling Velocity calculation package number BGEOO 1.0223 [16] was replaced
in order to update weights for the DSC/Transfer Cask system [13]. The Tornado calculation package number
DtUK003.0412 [3] was also replaced.

The resulting calculation package, CCNPP Calculation number CA04141 [34] provided a re-analysis in order to
dIemonstrate the structural integrity of the Transfer Cask components for normal operating, off-normal and
accident conditions. It also demonstrated compliance with safety criteria specified by the Nutech topical Report
f 10], Updated Safety Report [4], and the Safety Evaluation Report [5] using a combination of hand calculations
-and computer analysis, The calculation package supplements Nutech calculations BGE001.0202 and 0202A:17,81.

'This calculation package is a revision of the above calculation to demonstrate capability of the Transfer Cask to
canry the DSC with a payload of 32 fuel elements as compared to the previously analyzed 24 element payload,
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1.2 Investigation Approach

All Transfer Cask components will be analyzed for structural integrity. The maximum stress intensity of each
component when subjected to normal operating, off-normal and accident loads, as defined by the licensing
documents [4,5, and 10], will be determined and compared to allowable ASME Section III stresses [9].

This calculation package addresses all the issues included in the previous calculation. However, in this package
the updated component weights from NUJOMS 32P - Weight Calculations of DSC / TC System [35] will be
used.

The Transfer Cask geometry will be per the Baltimore Gas and Electlic construction drawings [6]. For Service
Levels A, B, and C loads, elastic analysis will be utilized. For Service Level D loads, the components will be
analyzed either elastically or plastically where necessary per the ASvM Section III, Appendix F requirements
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1:.3 Results Summary

The analyses of [34] have been repeated using the additional weight described in Section 1,2, The structural
integrity of the Transfer Cask components is demonstrated for normal operating, off-normal and accident
conditions. All of the Transfer Cask components meet the applicable ASME Code requirements and comply
With the safety criteria specified by the licensing documents [4,5, and 10]. Stresses are summarized in Section
5.0, Conclusions.

.A,
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2.0 System Description

:2.1 Main Components

aThe main components of the Transfer Cask Assembly are shown below [6].

Ii

Transfer Cask Assembly - Elevation View

],,

it,

iI
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2.2 Mechanical Properties of Materials

The mechanical properties of matedals for the Transfer Cask are listed in the following Tables.

Table 2.2.1a - Mechanical Properties of Materials

She.ts Propertis O
Stres popetie InstantaneousC) Malstic Cofmolent or

Material Tenlperature tren ---- otl .0 k) Thtrmal

( r Wtam • StrengM Strength (E) (i IWU.
(Q,) (sV) (sJ

7tainlss 70 _376- 75.0 283 ,46

Steel too 20.0 30.0 .5.0

ASME 200 20.0 25.F 0 -i2ro "9568
sA240 300 20.0 22S 66.0. 27.0 9.46

p*o3O4 400 18,7 20.7 64A 26,0 9.80
ad 350 1.4 19.4 63. 25.8 10.10

BA479 600 16.4 T82 634 25.3 10.38
Typo 304 goo 15.2 16.8 62,7 24.1 10.19

Cron 70 - 360 58.0 29.5 6,41

___bop _ too 14,5W- 36.0 '- - 653

Steel 200 14.5 W 32, - 28.8 6.93
300 14.S•W 31.9 "'28,3 7.30

ASTM 400 14.5 W 30.8 - 27.7 7.66

500 6 50 - 27.3 s.W0
A36 600 14,5 0, 26.6 - 26,7 8.35

N% (alpples to Tables 2.2...o)

1. steel "dsa'ad thermal expmalson cooeffclnts were obtained fiom ASMB Roger and Pressur. Venal Code [14].
not: liTalantmeoua temnal expansion coefficients are large tman averaeg thermal expansion coeffickents

which Is consevadtve.
2. L~d data was obtained from CRC Handbook ofTables for Appledl Engneen Scia lx, e Edition, . IpII

and 118 (15],
3, Data obtained fiom naufacturez published ,n naton [71.
4. Age harden at 11507 In ac•ordance with noto(S) oftho ASMS Code, Appendix!, Table [-1.4 [9].
S," Allowable stm values (S) for component supports [143.
6. Allowable stress values (S) sad tht yield strength (S.) for A36 steel are given In Table 1.12.1 and Table I- 13.1,

respectively, of the ASME Boier and Pressure Code, Section 11M, Division 1, Appendbx [(9].
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Table 2.2.1 b - Mechanical Properties of Materials

W o . ... .. ..
(I¢•El, stil lnstantS,,l~ous

modulus coamolent Of(IC,))Modulus OI) Cooffllnto
Matedr Temperatura Stros Yield Ultimato (xA.0E3 kal) ()anna

Inteonsity Strength stirength (S) ftantoWs,, (S1V (k)( ,Lft./ -OF)

70 23.3 38.0 70.0 29.5 5.42

t0o 23.3 35.0 70.0 29.3 5.65
Carbon
Steel 200 23.l 34.6 70.0 28.8 6.39

Pate 300 22.5 33.7 70.0 28.3 7.04ASMiE
SA516 400 21.7 32.6 70.0 27.7 7.60

Grads70
500 20.5 30.7 70.0 273 8.07

600 18.7 28.1 10.0 26,7 8.46

70 45.0 10S.0 135.0 28.. 5.89

'TraF r 100 45.0 105.0 135.0 28.1 5.89

Cask 200 4$.0 97,1 135.0 27.6 5,90
Lilting ... ..

Tnuhinons 300 45.0 93.0 13S.0 27.0 5.90
SA-564 -

Or. 630 PH 400 43.8 89.8 131.4 26.5 5,91

0oo 42.8 87.0 129.5 25.8 5.91

600 42.1 37.7 126.7 25.3 5.96
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Table 2.2.1c - Mechanical Properties of Materials

Stress Properties (B)(kSS ) Estlo InstzIntaneouseu ~Moduausti Coefient of
MTmpamt YseWO Ultmate (xl0OEksl) EXPMaOU[o 1)(op ntodty Stlrenth Strenth (B) (p on t '

(S,, (W. S, •••.r

70 23.3 35.0 80.0 283 8AO

100 23,3 35.0 80.0 8.63
Trmsfcc

Cask 200 23.3 28.1 80.0 27.6 9.08

TnMAOU 300 22.5 25.0 75.9 27.0 9.46
Sleves -
SA182 400 203 22.5 73.2 26.5 9.80
P304N -

500 18.8 20.9 71.2 25.8 10.10

600 17.8 19.8 69.7 25.3 10.38
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Table 2.2.1d - Mechanical Properties of Materials

Allowable Sims VaIues for _,,t )
Material Temperature Class2 Componwts (S) () yioldStreng,(9]9 ( 0sl)

-20 25.0 105.0

+70 2S.0 105.0

NUm6MS-24P +100 25.0 105.0
Transer

Cak +200 25.0 9.0
Bolting

Materials +300 25.0 94.1
ASME BA-193

Orado B7 +400 25.0 91.5

+500 25.0 88.5

S600 .25.0 85.3
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Table 2.2.1e - Mechanical Properties of Materials

Sold Neutron Comprssive Modulus of
Shieldi o Stravtb Bl•atwll•,
Material po(kls) (1.0W3 k$)

DISCo NS-3 0.2 3.9 0.16

Doro-D11lwno NWA 0.45 N/A

Cooffic|ent of Appmxlmate
Yield Tksile' MOWu of Linear miPoing

Mteral Strongh Strength Einetrity " xpanton point

Common
Leadt 4  2.5 2 . 16.4 621

ASTM B29
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2.3 Main Component Weights

Tbhe following Main Component weights are based on the updated weight calculation [351.

Weight Summary

Item

I

2

3

4
5

LI 6

7

8

9

Cask without Head or Ram Access Cover Plate

Cask Head

DSC without Top Cover Plate/Basket /Fuel

DSC Top Cover Plate

Basket

Fuel

Water

Ram Access Plugs

Ram Access Cover Plate

1 16,021

5,290

22,999

1,214

20,520

46,400

11,598

570

147

Cask Lifting, Water and Loaded DSC

(1+3+5+6+7+9)

Cask Lifting, Sealed DSC, Transport Mode

(1+2+3+4+5+6+9)

Loaded DSC with Water

(3+5+6+7)

Sealed DSC

(3+4+5+6)

Cask Docked at HSM with Sealed DSC

(1+2+3+4+5+6+8)

Basket and Fuel

(5+6)

Exact Sum

217,685

212,591

101,517

91,133

213,014

66,920

Used in Calcs

220,000

215,000

104,000

95,000

215,000

68,400
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3.0 Analysis Approach

3.1 Assumptions and Requirements

The following assumptions are taken:

1. Since the source of flooding is site specific, the flood condition is defined according to the location of the
DSC during transfer and storage. The BGE ISFSI location is defined as a diy site [4]; therefore, no flood
loads are defined for this site. Furthermore, due to its short term and infrequent use, the NU1HOMS-24P
transfer cask is not designed for operation during flood conditions, and plant procedures will ensure that the
transfer cask is not used for DSC transfer during these conditions [10]. Thus, no flood analysis is required
for the Transfer Cask.

2. Transfer Cask internal pressure will not be considered due to the pressure boundary provided by the DSC.
[10]

3. Snow and ice loads for the Transfer Cask are negligible and thus are not considered since external surface
temperature and circular section of Cask will preclude build-up of snow and ice when Cask is in use. [10]

4. The NUHOMS HSM and DSC (and therefore the Transfer Cask) contain no flammable material and the
concrete and steel used for their fabrication could withstand any reasonable fire hazard. Loading due to and
internal explosion is not considered since no explosive gases are present within the DSC.

5. The Cask Shell and End Plug temperatures are conservatively assumed constant to their junctions with the
top, bottom and grapple rings. The temperatures are assumed to distribute linearly through the top, bottom
and grapple rings.

6. The design temperature for the Neutron Shield is 400°F.

7. The Neutron Shield is assumed to be lost in the event of accident condition.

8. Buckling of the Neutron Shield Panel will not occur since the load due to external pressure will be
transferred firom the Neutron Shield Panel to the Structural Shell by the Solid Neutron Shield.

9. The Trunnions are designed for a temperature of 4001F. [30], [361

A:
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10. ANSI N14.6 allowable stresses apply up to and including the weld of the Trunnion Sleeve to the Insert Plate
of Cask Shell.

i1. ASME allowable stresses apply for all Insert Plate and Cask Shell stresses.

12. All stresses obtained from the ANSYS analyses of the previous calculation [34] will be scaled up by an
appropriate scale factor to account for the increased weight of the payload.

13. Thermal stresses obtained from the ANSYS analyses of the previous calculation [34] will not be scaled up
due to the 32 element payload because the calculated temperatures do not vary significantly from those of
the previous thermal analysis.

1.4. The hand calculations which follow will use the appropriate weights as defined in Section 2.3.

J
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3.2 Calculation Method

'A combination of computer models (using the computer program "A}ISYS", [Ref. 11]) and hand calculations
Vere used in [34] to evaluate the various Transfer Cask Components under normal operating, off-normal and
accident conditions to demonstrate structural adequacy and stability.

1. The Transfer Cask will be analyzed for dead weight by applying a lg acceleration in the vertical and
horizontal directions. These dead weight stresses will be obtained by scaling the stresses due to the vertical
and horizontal drop condition by the appropriate factor.

2. The Transfer Cask thermal stress analysis will be performed using an axi-symmetric Transfer Cask ANSYS
model. Two boundary temperature distributions will be derived based on a -3TF minimum and a 1031F
maximum extreme ambient case. The resulting temperature loads will be used to calculate thermal stresses
for each cask component.

3. The Cask Shell handling stresses will be determined using conservative hand calculations.

4. The Seismic stress intensities will be obtained by appropriate factoring of the dead weight stresses.

5. An accidental top and bottom vertical drop analysis will be performed using an axi-symetrical ANSYS
finite element model, The respective impacted surfaces (bottom surface for a bottom drop, top surface for a

* top drop) are restrained and an equivalent static deceleration of 75g's is applied.

6. An accidental horizontal cask drop is performed using a 3-D ANSYS finite element model. A 3-D half
model of the cask will be created by rotating the axi-symmetric model 180 degrees about the centerline.
The 3-D model is restrained in the drop direction and a 75g deceleration applied.

7. An accidental top corner and bottom corner and bottom corner drop analysis will be performed using the
same 3-D half model. The respective comer surfaces will be restrained and a 25g vertical deceleration will
be applied.

8. The Cask assembly welds will be analyzed by hand calculations using the stresses obtained from the
ANSYS finite element model.

9. Stresses from tornado wind loads (DBT) and tornado generated missiles (TGM) will be hand calculated.
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10. The rolling velocity of the DSC and TC required for a massive impact load against the HSM will be hand
calculated. The design basis load is a 3967 lb. automobile traveling at 126 mph [10, 4].

11. Hand calculations based on the ASME Code Section NC [9] allowables for cylindrical shells will be use to
determine the allowable internal pressure of the Neutron Shield Jacket. Since the Neutron Shield is

- assumed to be lost in the event of an accident condition, the Neutron Shield Jacket will only be analyzed for
normal operating and off-normal conditions.

12. The Ram Access Penetration Ring Stress Intensities will be obtained from the ANSYS finite element model
stress results and compared to allowables,

13. The Upper and Lower Trunnions will be analyzed for 4 load conditions (3 handling and 1 transportation)
using a combination of hand calculations and ANSYS finite element models.

14. The Cask Lid Lifting Bolts will be analyzed using conservative hand calculations.

15. The Cask Head Bolts will be analyzed using conservative hand calculations.

16. The Bottom Cover Plate will be analyzed using stress results from the vertical drop accident condition of the
ANSYS finite element model.

Loading conditions for the Transfer Cask are given in section 3.4.1. Load combinations and allowable stress
criteria for the Transfer Cask are listed in Tables 3.1 and 3.2.
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3.3 Analytical Idealization

In [34], the Transfer Cask was analyzed using three (3) different ANSYS [(1] finite element models with the
appropriate model loading and constraints to simulate the actual loading conditions. The models include;

1. An axi-symmetrio Cask model for thermal loads and stresses.

2. An axi-symmetric Cask model including DSC end details for the top and bottom drop cases.

3. A 3-D half model for the horizontal and corner drop cases.

All ANSYS model assumptions, boundary conditions, and loading conditions are discussed in the appropriate
calculation sections where their results are shown, and the ANSYS input files are included in the Appendices.

In this analysis, finite element results given in [34] are factored by the 32P / 24P weight ratio. New finite
element results are not generated directly.
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3.4 Evaluation Conditions and Criteria

3.4.1 Loading Conditions

The following are the design loadings for the Transfer Cask analysis based on the USAR [4], Table 3.2-1. They
are taken directly fiom [34], except the thermal load is factored by 32/24 for the 32P design analyzed here:

Thermal: Normal and Off-normal Operating thermal load is a loaded DSC inside the Transfer Cask
rejecting 21.1 kW decay heat. Ambient air temperature range is -31F to 103°F. The
design temperature of the Transfer Cask is 400*F (USAR [4], Table 8.2-14),[36].

Handling: The normal operating handling load on the Cask Shell is a hydraulic ram load due to
friction of extracting loaded DSC: 23,750 lbs enveloping. The off-normal operating load
(for a jammed DSC) is a hydraulic ram load equal to 95,000 lbs. Nominal.

Seismic: The seismic load is a 0.25g (both directions) horizontal ground acceleration and a 0. 17g
vertical acceleration (3% critical damping).

Accident Drop:

Design Basis

Tornado:

Tornado Generated

Missile:

The accident drop load is an equivalent static deceleration of 75g for a vertical end drop,
75g for a horizontal side drop, and 25g for a corner drop with slapdown (corresponds to
an 80" drop height). Structural damping during drop is 10%.

The maximum wind velocity is 360 mph. The maximum wind pressure is 397 psf

This load is a 3967 lb automobile impacting the cask at 126 mph

and a 276 lb, 8" diameter object impacting the cask.
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s3.4.2 Load Combinations

The Transfer Cask Load Combinations for normal, off-nonmal, emergency and accident loadings are listed in
Table 3.1, taken from [34].

Table 3.1 - Transfer Cask Load Combinations

Normal Off-Normal" AcdeatCondlons
Load Caso Co o Conditions

1 2 3 4 5 1 2 12 3 4 5 7

DtdLoad/i..Load x x x x x x x x x X x x xx

Soto130f3AmbinatX xX X X XXXX X

n tV Loads al x
Tiled X

SHorizontal I

IMmadIln Loads Tlsp ort x x x
(N",.-, "liC a) DSC 'rnD ws r X X X

SCtMI, x x

' wadowiondLos 0 " - .x

Tom oadoGMn t 4 M oQ .. .... x

jva Crop&Bo x
MrOP Comer x

ASNM Code McaoIAval A A A A A "a c C c CD D D D

Lead CemWatioanHt. -- Al A2M 3A4 MD -C2 CwD D D

Notes:

1. Off-normal temperature based on Table 3.6-2 ofUSAR (4]

2. Load case Is additional to Topical Repoit [10] requirements.
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3.4.3 Allowable Stress Criteria

The structural design criteria for the Transfer Cask is based on ASME Code Section III, Division I, Subsection
NB, (Class 1) [9] as supplemented by Appendix F [9] and are given in Table 3.2 taken directly from [34].

Table 3.2 - Allowable Stress Criteria
Stress Values(13

Item Stress Type Service Levels Service Level D

A& Service Level Elastic Analysis Plastic Analysis

General Smaller of 2.4S. or Greater of 0.7S= or Sy
Membrane Sm 1.2 S(f 0.7S, + Y/3(S= -

Transfer Cask(2) Local Mem + 1..8 S+ 150% Of m LimitI 0

Structural Shell Bending

Primary + US= N/A N/A N/A
Secondary

Membrane and Smaller of 8/6 or N/A N/A N/A

Tmnnions~') Memr + Bending SJI0
Shear Smaller of 0.6 V/6 N/A N/A WA

,. or 0.6 SJ10

Fillet and Primary 0.5ss Greater of 0 .6 5 ' S. Smaller of 1,2Sm or 0.35S,
.Partial or 0.50Sy
Penetration Primar + Smaller ofo.9S or
PWendsri Srhndary +0.75%. N/A"Wls)Secondary 0.758y

Notes:
1. Values of Sy, S., and S,, versus temperature are given in Tables 2.2.1a -e of this package.

2. Includes full penetration welds.

3. Includes a nonvolumetric inspected weld efficiency factor of 0.5, ASME Section VIII, Div. 1, Table UW-12 No. 5 [Ref 36].

4. Local primary membrane stress, PL, shall not exceed 150% of the Pm limit.

An alternative elastic analysis limit for Pt + Pb is that the static or equivalent static loads shall not exceed 90% of the limit analysis
collapse load using a yield stress which is the lesser of 2.3S, and 0.7S,, or 100% of the plastic analysis or test collapse load; for
plastic analysis, an alternative to the primary stress intensity limits is that the static or equivalent static loads shall not exceed 90%

V of the limit analysis collapse load using a yield stress which Is the less of 2.3Sm and 0.?S,, or 100% of the plastic aualysis or test
collapse load.

.6. For 0.5 efficiency factor, ,6Sin is used for the allowable stress. However, it should be noted that even though an efficiency factor
of 0.5 is applied for all nonvolumetric inspected welds, an efficiency factor higher than 0.5 Is allowed for any individual welds
installed by different methods. 0.65Sm is allowed for welds at Service Level C [Ref 1, Table 3.2-6],

,7. Allowables of ANSI 14.6 for upper trunnion critical lifts. All other upper trunnion lifts and all lower trunnion lifts governed by the
same ASME Code criteria applied to the cask structural shell

I.
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'3.4.4 Applicable Documents

.The Transfer Cask is designed to conform to the design and safety criteria outlined in the Topical Report NUH-
'002 [10], USAR [4], and SER [5] documents. The Cask design shall meet the limits and requirements of the
ASME Code [9] for Class 1 components. The Upper Lifting Trunnions will satisfy the criteria of ANSI-N14.6
for non-redundant trunnions.

.1



...........

.V-

EC
atka

Title ISFSI Transfer Cask Struotural Anal&sis Calculation Number ,10399.01 Revision __.D_
Project Name LNUHOMS 32P Project Number 10399 . Page 26 of 117

4.0 Analysis

4.1 Transfer Cask Assembly Analysis

4.1.1 Dead Weight Stress Analysis

A transfer cask deadweight analysis is performed for two bounding deadweight cases, as discussed in the USAR
[4]. The fist is with a fully loaded cask hanging vertically from its lifting tmnnions; the second is the loaded
cask supported horizontally on its skid.

.Deadweight stresses for the two bounding cases are obtained by scaling down the 75g vertical and side drop
'stresses (See Sections 4.1.5 and 4.1.6). These results are then scaled up to conservatively include the effect of
%the increased payload weight. The total package weight increases from 200,000 lbs to 220,000 lbs[35], an
increase of 10%. However, this increase is due only to an increase of the basket and payload weight in the
DSC. This increases the DSC weight from. 70,000 lbs to 95,000 lbs, an increase ofnearly 36%. Because
.ceatain stresses in the cask are due primarily to the weight of the DSC, all cask deadweight stresses will
ionservatively be increased by a factor of 1.36. Maximum stresses per cask component are summarized in
Table 4.1.1.1.

.Allowable stresses are based on ASME Level A&B Service limits and a 400*F design temperature [4].

General Membrane:

Stainless steel

Carbon steel

Sm = 18.7 ksi

S. = 21.7 ksi

(20.0 ksi at 3001F)

(22.5 ksi at 300-F)

. Membrane + Bending:

Stainless steel

Carbon steel

1.5 Sm = 28.1 ksi

1.5 Sm= 32.6 ksi

(30.0 ksi at 300 0F)

(33.55 ksi at 300-F)

.iThe resulting deadweight stresses are significantly below code allowables,
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Table 4.1.1.1: Maximum Deadweight Stress Intensity Summary

Maximum Stress Intensity

(ksi) LevelA

Component Stress Type Vertical Horizontal Allowable

Orientation Orientation (ksi)

Cask Structural PM 0.16 0.68 21.7
'Shell PL 0.16 0.68 32.6

PL+PB 0.16 0.68 32.6

Cask Inner Liner PM 0.12 0,68 18.7

PL 0.12 0.68 28.1

PL+PB 0.12 0.68 28.1

Top Flange PM 0.33 0.68 18.7

PL+PB 0.33 1.02 28.1

Top 3 " Cover Plate PM 0.37 0,52 18.7

PL+PB 0.37 0.68 28.1

Bottom Support PM 0.33 0.68 18.7

ing PL+PB 0.33 1.02 28.1

Bottom 2" Cover PM 0.23 0.68 18.7
:Plate

PL+PB 0.23 0.86 28.1

Bottom %" Cover PM 0,12 0.34 18.7
!Plate

PL+PB 0.12 0.68 28.1

Bottom 1" Cover PM 0.08 0.34 18.7
:plate

PL+PB 0.08 0.68 28.1

Ram Access PM 0.24 0.52 18.7
Penetration Ring PL+PB 0.24 0.68 28.1

f

i
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.4.1.2 Thermal Stresses

This section addresses the structural integrity of the transfer cask subjected to thermal expansion loads
:associated with normal and off-normal conditions.

Using an ANSYS analytical model, two transfer cask temperature distributions are derived, representing
:.bounding thermal conditions. The resulting temperature loads are then applied to calculate thermal stresses for
each cask component. Since the ANSYS results were obtained from the smaller payload case of the previous
calculation package [34], a new analysis was completed to reflect the increased payload and the new basket

!configuration [36]. The new analysis resulted in temperatures very close to those calculated previously. This is
'assumed to be due to the large amount of conservatism included in the previous model. Therefore, the thermal
stresses used in the previous stress analysis are applied unchanged in this calculation. The maximum resulting
'stress intensities for individual components are compared to ASME Level A allowables.



-Dp~o Ec
Title ISFSI Transfer Cask Structural Analysis Calculation Number I039,0 Revision ...Q

Pro/ect Name AIUHOMS 32P Project Number fI0399 Page 29 of 117 .

.:Transfer Cask Model

In [34], the transfer cask thermal loads are calculated for two bounding temperature cases using a 2D £

axisymmetric ANSYS model:

."Hot" ambient condition, 1030 F, including solar heat.

"Cold" ambient condition, -3*F, neglecting solar heat.

From the USAR [4]: Under normal operating conditions, ambient air temperatures fluctuate from -3 IF
:minimum (winter) to 103°F maximum (summer). These temperatures represent the historical extremes
recorded near the Calvert Cliffs ISFSL Off-normal conditions are the same as normal conditions. ,

The cask model is an axi-symmetric prototype, including the structural shell, the inner shell liner, the outer
shell, the radial lead and neutron shielding materials, and the cask top and bottom cover plate assemblies. Cask
components have been modeled with detailed geometric accuracy based on nominal dimensions as obtained
form the latest revision drawings [6].

-Two runs are made for each ambient case; a thermal run to determine the temperature distributions; and a
structural run to determine the stresses induced by the temperature loads. Temperature distributions are color
plotted in Figures 4.1.2.1 and 4.1.2.3 of [34). The resulting stress intensity contours are color plotted in Figures
4.1.2.2 and 4.1.2.4 of [34].

Thermal Load Input

Fuel Decay Heat

A loaded DSC carrying 24 fuel assemblies rejects 15.8 kW (53,900 BTU/hr) of decay heat power [4]. The heat
for 32 assemblies is therefore 32/24 x 15.8 = 21.1 kW (71,900 BTU/hr). This heat flow is assumed uniform
along the transfer cask inner surfaces, and applied to both models as a surface load.

TC inner surface area, Al= (2 7; 34)(173.5) + 2(7t 342) 44,328 in2

Heat flux per unit area, Q/Ay= 71,900 / 44,328 = 1.62 BTU / hr in2

Solar Heat

.,-p



C
JLncksgibg lnr--

Title ISFSI Transfer Cask Structural Analysis Calculation Number 10399-Qf Revision .
Project Name NUHOMS 32P Project Number AI .39 Page 30 of 117

f

A bounding solar heat flux for normal operating conditions of 62 BTU/hr ft2 (0.43 BTUJ/hr in2) was used for
analysis in the Topical Report [10]. This solar flux is applied as a heat generating body load uniformly
distributed along the cask outer surface length, assuming the cask rests horizontally. Solar load is applied to the
"hot ambient" model only.

Heat Loss

Convection coefficients are based on simplified equations for heat loss from various surfaces to air found in
Holman, Heat Trzalnx [31]. Assume turbulent flow, and AT= 83.3 C.

Horizontal cylinder: h', = 1.24 (AT) 3

= 1.24 (83.3) "r

= 5.42 Whn 2 oC

= 0.0066 BTU/hr In.2 OF

Cask end plates: h'P= .95 (AT) 13

.95 (83.3) 03

=4.15 W/m 2aC

0.0051 BTU/hr in.2 'F

Convection coefficients are applied as surface loads along transfer cask outer surfaces in both models.
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Thermal Conductivity

Material

Stainless steel

Lead

Carbon steel

BISCo NS3

Thermal
Conductivity

(BTU/hr in. O)

0.867

1.584

2.034

0.079

Assumed
Temperature

(OF

400

200

300

150-250

Reference

[14]

[32]

[14]

[17]

Thermal Expansion

Values of instantaneous coefficients of thermal expansion for the above materials are found in Section 2.2. For
other material properties see NUTECH ANSYS input [7] (values assumed correct).
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The transfer cask thermal distributions are color plotted in Figure 4.1.2.1 (hot ambient) and Figure 4.1.2.3 (cold
ambient) of the previous calculation [34]. The hot and cold ambient resulting stress intensity contours are color
plotted in Figures 4.1.2.2 and 4.1.2.4 of [341, respectively. Maximum thermal stress intensities, ignoring
concentrated peak stresses (F stresses), for each transfer cask component are conservatively taken from the
color contours and summarized in Table 4.1.2.1 of [34] and repeated in Table 4.1.2.1 of this calculation.

The allowable thermal (secondary) stresses are based on a 400 F design temperature:

Stainless steel

Carbon steel

3.0 Sm = 3.0 (18.7) 56.1 ksi

3.0 S. = 3.0 (21.7) 65.1 ksi

Resulting stress intensities are significantly below allowable limits.

Very localized stresses, as high as 55 ksi for the hot ambient case and 42 ksi for the cold ambient case occur at
the discontinuity junctions between the cask structural shell and the top and bottom support rings. High stresses
are expected at these joints since the carbon steel shell has a greater coefficient of thermal expansion (7.6xl 0)
than the stainless steel support rings (9.8xI0"). These concentrated localized stresses are classified as peak, F,
stresses. Concentrated peak stresses are ignored when selecting the stress values that appear in Table 4.1.2.1.

G
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Table 4.1.2.1: Maximum Thermal Stress Intensity Summary

Maximum Stress Intensity

(ksi) Code Allowable

Component Stress Type Hot Ambient Case Cold Ambient (ksi)
Case

Cask Structural
Shell

PL+PB +Q 28.5 24.0 65.1

C ask Inmer Liner

PL+PB +Q 18.0 15.0 56.1

Top Flange

PL+PE+Q 18.0 15.0 56.1

Top 3" Cover Plate

PL+PB +Q 11.0 9.0 56.1

Bottom Support
Ring PL+PB+Q 18.0 18.0 56.1

Bottom 2" Cover
:Plate

PL+PB+Q 11.0 15.0 56.1

Bottom " Cover

Plate PL+PB +Q 18.0 21.0 56.1

Bottom 1" Cover

Plate PL+PB +Q 11.0 9.0 56.1

7Ram Access
PenetrationRing PL+PB +Q 11.0 18.0 56.1

I. I
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4.1.3 Handling Stresses

Cask Shell and Cask Plate Handlina Stresses

The following handling conditions are considered in the Cask Shell handling stress analysis, as described in
.[34]:

1. Vertical

2. Tilt

3. Horizontal.

4, At HSM

5. Transfer

.nly the critical conditions will be analyzed. Cases which are bounded by others will not be considered. Local
stresses due to trunnion loading are analyzed in Section 4.4, trunnion analysis.

I.) Vertical Handling Condition

The critical vertical handling condition occurs at the fuel pool. The cask loading includes the DSC with fuel
Assemblies and water occupying the free space.

Total Load = 220,000 lbs (Section 2.3)

Maximum Lonitudinal Shell Stress

P
A

A =nDgvt
= C(79"XI.5")

= 372.3in 2

220K2
372.3in 2 0.59 Ksi
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Maximum Hoop Stress Due to Watr Pressure

y h

where h = 186.13"

conservatively using the full length of the cask. [61

62.4 lb/ft3 *186.13 in = 6.72psi
(12 inft)3  =

y Pr = 6.72psi*39.5" = 177.Opsi
t 1.5"

Ihmer Bottom Cask Plate Bending Stress

Total Load = Loaded DSC with Water = 104,000 lbs per Section 2.3

Use 68.0" as the effective plate diameter for maximum bending.

Total Load 104,000lbs
qAre= = A (68in)2 = 28.6 psi

Conservatively assume a simply supported circular plate and using [22], Table 24, Case I Oa with re = 0
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q= q a'(3 +v)
16

(0.029ksi)(34") 2(3 + 029) = 6.89 K-in/in
16

6M 6(6.89K-inlin) 10.34ksi
t (211)2

,2)Tjit Handling Conditim~

Tilt handling condition stresses, which occur when the cask is supported between the trunnions and the tilt ring,
are bounded by the transfer handling stresses. Therefore the tilt condition stresses need not be considered.

3.) Horizontal Handling Condition

The horizontal'handling stresses are considered with the cask supported in the horizontal position by the
trunnions and the tilt ring, The horizontal handling stresses are bounded by the transfer stresses and, therefore,
need not be considered.

4.) Handling Condition at the HSM

The applied loads to the cask at the HSM consist of a 23,750 Ib normal operating force firom the ram and a
95,000 lb force from the ram with the canister stuck within the HSM. These forces are transmitted from the ram
to the cask and then to the HSM.

Since the 215,000 lb force acting on the cask during transfer handling bounds the 23,750 lb and 95,000 lb loads
at the HSM, this loading condition need not be considered.
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5.) Transfer Handling Conditions

The acceleration loads at transfer are:

I g vertical

1 g axial

Ig horizontal

1U2g in all directions, simultaneously [30]

The cask shell stresses are analyzed for the cask simply supported between the upper and lower trunnions. The
forces are assumed to be uniformly distributed over the length of the cask shell.

The weight of the cask with the DSC and fuel assemblies during transfer 215,000 lbs per Section 2.3.

The resulting applied forces are then:

ii g vertical = 2 15K'

1g axial = 215r"

lg horizontal = 2 15K

1/2g combined = 107 .5K +107 .5K +10 7 .5K
The distributed loads are:

Vertical 2 15K/ 180 .8 8 " = 1.19 K/in

Horizontal 2 15Ky/180.88" = 1.19 K/in
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Bending Stress Due To I a Vertical Acceleration

Lower Trunnion Upper Trunnion

w = 1.19 K/in
t

4$
I

.88 Lf

AA fAill

IR R
-180.88"--

ZML=O0: RR(124.0)-(1.19K/in)(Ie0.88')(68.56) => RR=119K
EFYv=0: 119+Rr.-1.19(180.88)=0 =:> RL=96.2y'

Maximum shear and maximum moment for the above loading are found to be 76 .7 K and 1769 k-in,
respectively.

For the Structural Shell section:

I -n ((80.511)4 - (77.59')4 = 290,529in 4

64

Mc (1769k-in)(80.5/2) =25Ks
I 290,529in4

P 76.7 O2
av= A It(7911)(1.5 11)=021Ksi

0S. 25+ =-.02 + + 0.21' :0.37 Ksi2i 2 (
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Bending Stress Due To 1 g Horizontal Acceleration

Since the horizontal loading is the same as the vertical loading, the resulting stress is the same.

a b = 0.25Ksi

Axial Stress Due to Axial Acceleration
P 215____

Ap 2-5 = K = 0.58 KsiA -x(79")(1.5")

Stress Due to V2 g Combination Accelertion

Factoring the Ig results by V2:

1/2g vertical = 0.13 Ksl

1/2g horizontal = 0.13 Ksi

1/2g axial = 0.29 Ksi

1/2g shear = 0.11 Ksi

For the combined 2 g loading case, shear can be neglected.

S = +(' +012 =C 2 K12
2

SB =t0. 1 2es0.29 o[(0.29 2 0.l3 ) 2 1 ( 12sk 0.35 Ksi

Bendina Stress on Cask End Plate Due to Axial Accel (Cask in horizontal position)

Total Force on Plates = DSC + End Plate Mass x 1g

Conservatively using the Top Cover Plate Mass,

Total Force = 92,613 + 5290 = 97,903 Use 98,000 lbs
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Top Cover PL. 3". Sjmply Supported w! Uniform Load

q = 9 K = 0.023 Ksi
7; (73.12")2 /4

M =q a'(3 +v)

16
(0.023ksi)(36.6")2 (3 + 0.29)

16
=6.33 K-in/in

6M 6(6.33 K -in/in) = 4.22ksi

ta (311)2

Inner Bottom Cover PL, 2", w/uniform load

Conservatively assume that the plate is simply supported at the inner and outer edges. Using [22], Table
24, Case 2c, where:
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a 68/2 34

b =23/2= 11.5

Resulting in b/a = 0.34 giving Km = 0.0502

M = Kqa2

= 0.0502 9 2) (3,4)2 =1.77 K-in/in
L(68'- 23 1)

6M 6(1.77) = 2.66Ksi
t= 2 2

Alternately, consider the lid as a simply supported plate without a center hole using [22), Case lOa:

16

(68 98(4)\(3)2 ( 2"7Lj (6 4")2 ( .9

6.41 K-in/in
16

s 6(6.41K-in/in) t 9.62Ksit2 (211)2

This is the worst case.
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Ping-hed/Jammed DSC in Cask at HSM

This load case considers the impact on the transfer cask inner shell due to the DSC becoming jammed during
HSM loading.

Transfer Cask.

Length = 186" [6]

I.D. = 68"

Dry Shielded Canister:
Length = 172.75" [6]

O.D. 67.25"

Assume a worst case of the DSC
becoming jammed while in the
Transfer Cask.

Determine the angle between the DSC and the Cask when "jamming" occurs:

Gap between DSC and Cask = 0.75"

Stan-C( = 0.250 =' say 0.50(x= •172.75)

Determine the force transmitted to the cask
inner shell, assuming a 0.50 angle between
the cask and the DSC due to a Hydraulic
ram load equalto 95K.

Assuming a point load contact at the inner shell,

Pt 9 5' sin(0.50) = 0 .83K

pO 9 5 K cos(O.5 0) - 94.9y

Membrane Stresses (from [22], Table 31, Case 9a

172.76"

0.75"

SUAFACE 

FP
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0.4t 0.4(0.83) =0.752
949 CA'SKINNER949 =lO.54Ksi )0C

(12 ,)(0.75)

,(assuming a 12" contact length)

'Bending Stresses (fiom [22], table 31, Case

9a): CQNTACTAREA.

b 2.4Pt= 2.4(0.83) =
t 0752  

-

Theiefore the membrane stress is:

P, =&PO = 0.59 + 10.54 = 11.1 Ksi

Membrane plus bending, PI, + PIb = 11.1 + 3.5 = 14.6 Ksi

This load case envelops the operating handling case of 23,750 lb ram load.

All other component transfer S.I.'s will be negligible and will not be calculated in this section.

* I
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Upper Trunnion ANSYS9 Model

Based on a previous finite element model of the upper trunnion and insert plate / structural shell ([7],
ANSYS computer run l0g), the following component stress intensities are obtained under transfer handling
condition. These stresses are then scaled up by a factor of 1.1 to account for the Increased DSC weight. As
shown in Section 2.3, the maximum combined weight to be used in the calculations is 215,000 lbs. The
weight used in the previous calculation (34] was 200,000 lbs resulting in the 1.1 factor. The ANSYS
analysis referenced above includes a dead weight component in each of the load combinations evaluated,--
Therefore, the stresses given here include the effect of the cask dead weight. This is described in detail in
the original Nutech calculation (Reference 7), The Load Combination Results given in Section 5.2 for the
Cask Structural Shell (Bottom Support Ring) will not include the dead weight value calculated separately in
Section 4.1.1 above, since the effect of the dead weight load is included in the ANSYS result.

Jý: I. Cask Structural Shell:

S,I.=, = 5.0 Ksi

S.I.m.x = 27.7 Ksi

Pm @Node 178
PL + Pb @ Node 167

Scaling up

S.I.mx = 1.1 x 5.0 Ksi = 5.5 Ksi

S.I.m = 1.1 x27.7 Ksi= 30.5 Ksi

Pm @Node 178

PL + Pb @Node 167

2. Top Flange Ring:

Sl.m = 1.5 Ksi

S.1.mx = 6.4 Ksi

Pm@ Node 71

PL + Pb @ Node 222

Scaling up

S.I.m. = 1.1 x 1.5 Ksi = 1.7 Ksi
S.I,ýa = 1. 1 x 6.4 Ksi =- 7.0 Ksi

P,,, @Node 71

PL + Pb @ Node 222
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Lower Trunnion ANSYS Modgl

Based on a previous finite element model of the lower trunnion and structural shell ([7], ANSYS computer
lun log), the fbllowing component stress intensities are obtained under transfer handling condition. Again,
these results are scaled up by a factor of 1.1 to account for the increased DSC weight. The ANSYS analysis
referenced above includes a dead weight component in each of the load combinations evaluated. Therefore,
the stresses given here include the effect of the cask dead weight. This is described in detail in the original
Nutech calculation (Reference 7). The Load Combination Results given in Section 5.2 for the Bottom
Support Ring will not include the dead weight value calculated separately in Section 4.1.1 above, since the
effect of the dead weight load is included in the ANSYS result.

Bottom Support Ring:

SJ.,Ia,. = 4.6 Ksi

S.m = 26.9 Ksi

Pm @Node 180

PL + Pb @•Node 169

Scaling up:

S.L., = 1.1 x 4.6Ksi=S.1 Ksi

S.I.mx = 1.1 x 26.9 Ksi =29.6 Ksi

Pm@ Node 180

PL + Pb @ Node 169
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Table 4.1.3.1 Handling Stress Intensity Results

Component Stress Type Element Stress Intensities

(Ksi)

Vert /Fuel Pool Transfer

Cask Structural Pm 0.59 5.5*
Shell Local Membrane ........ 5.5*

PL + Pb ....... 30.5*

PL+Pb + Q

Cask Inner Shell P. 11.1

PL+Pb ......... 14.6

PL+Pb+Q .

Top Flange Ring P. ...... 1.65*

PL+Pb ....... 7.0*

PL.+Pb+Q ----

Top 3" Cover PM
plate PL + Pb ........ 4.22

PL + Pb +Q

Bottom Support Pm 5,1*
Ring PL + Pb ..... 29.6*

PL+Pb+Q ------

Inner Bottom 2'" P., ..
Cover Plate PL + Pb ------ 10.3 9.62

PL+Pb+Q ......

LFrom truunion ANhYS model
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4.1.4 Seismic Analysis

As discussed in Section 8.2.3 of the Topical Report [10], the maximum expected horizontal and vertical ground
accelerations are 0.25g and 0.17g, respectively. Seismic stresses, summarized in Table 4.1.4.1 are obtained by
factoring the worst component deadweight stress by two (conservative). The deadweight stress has been
increased by a factor of 1.36 (as described in Section 4.1.1) to account for the increased payload. This
conservative method assumes the weight of the entire CaskIDSC assembly increases by 36% instead of the
more accurate 10% used above in the trunnion analysis. This is done because some components, such as the
inner liner, are loaded primarily by the DSC and thus the stresses would be underestimated using the 10%
assembly weight increase. The reported stress intensities are significantly below allowables.

Seismic allowable stresses are based on ASME Level C limits and a 400°F design temperature.

General Membrane:

Stainless steel

Carbon steel

1.2 Sm = 1.2 (18.7) = 22.4 ksi
1.2 S,,,= 1.2 (21.7) = 26.0 ksi

Membrane + Bending:

Stainless steel

Carbon steel

1.8 Sin= 1.8 (18.7)=33.7 ksi

1.8 Sm = 1.8 (21.7) = 39.1 ksi
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table 4.IA.1: Maximum Seismic Stress Intensi Summarv
Maximium Stress

Intensity Level C

Component Stress Type (ksi) Allowable

Seismic (2g) (ksi)

Cask Structural PM 1.4 26.0

Shell PB 1.4 39.1

PL+PB 1.4 39.1

Cask/ncr Ltncr PM 1.4 22.4

PB 1.4 33.7

PL+PB 1.4 33.7

Top Flange PM 1.4 22.4

PL+PB 2.0 33.7

Top 3" Cover Plate PM 1.1 22.4

PL+PB 1.4 33.7

Bottom Support PM 1.4 22.4
Ring PL+PB 2.0 33.7

Bottom 2" Cover PM 1.4 22.4
Plate PL+PB 1,8 33.7

Bottom W" Cover PM 0.7 22.4
Plate PL+PB 1.4 33.7

Bottom 1" Cover PM 0.7 22,4
Plate PL+PB 1.4 33.7

Ram Access PM 1.1 22.4
Penetration Ring PL+PB 1.4 33.7
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"4.1.5 Vertical Drop Analysis

This section addresses the structural integrity of the transfer cask under a postulated accidental vertical end
drop.

The transfer cask is designed for a bounding drop from a height of 80 inches onto a 36-inch thick under-
reinforced concrete slab. As discussed in Section 8.2.5.1 of the Topical Report [13], a resulting static
equivalent deceleration of 75g's has been conservatively established for the postulated vertical orientation drop
accident.

Structural qualification of the transfer cask subjected to top and bottom 75g end drops are based on linear elastic
analyses using ANSYS computer models. The maximum resulting stress intensities for individual transfer cask
components are compared to Level D elastic analysis allowables.

The detailed description of the analysis is given in [34]. This includes the model, loading conditions and
boundary conditions. The results have been selectively scaled to reflect the increased weight of the loaded
DSC. In the end drop, nearly all of the DSC load is taken by the underlying end components of the cask.
Therefore, the stresses in these components have been increased proportionately to the increase in DSC weight.
The scaling factor is 68,400/45,189 = 1.51. The remaining stresses in the cask are left unchanged since the cask
weight is unchanged from the analysis in [34].

Results Summay

Maximum stress intensities, ignoring concentrated peak stresses (F stresses), for each transfer cask component
are conservatively taken from [34], scaled as described above and summarized in Table 4.1.5.1.
Vertical drop allowable stresses are based on ASME Level D elastic analysis limits and a 400'F design
temperature [4].

General Membrane:

Stainless steel 2.4 S. = 2.4 (18.7) 44.9 ksi

Carbon steel 0.7 S,, 0.7 (70.0) 49.0 ksi

Membrane + Bending-

Stainless steel 1.0 S,, = 10 (64.4) = 64.4 ksi

Carbon steel 1.0 S. = 1.0 (70.0) 70.0 ksi

Resulting stress intensities are significantly below allowable limits.

Concentrated localized stresses (classified as peak F stresses) occur at the neutron shield bottom support ring to
cask bottom structural ring junction during a bottom drop, and at the neutron shield top support ring to cask top
structural ring junction during a top drop. Additionally, vely localized peak stresses occur at the edges of the
top cover plate and top structural ring due to impact of the neutron top casing shell during a top drop.
Concentrated peak stresses are ignored when selecting the stress values that appear in Table 4.1.5.1.
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Table 4.1.6.1: Vertical Drop Maximum Stress Intensity Summary

Maximum Stress Intensity

(ksi) Level D

Component Stress Type Top Drop Bottom Drop Allowable(Qksi)

CaskStruchira, Sh PM 8.75 8.75 49.0

P: 8.75 8.75 70.0

PL+PB 8.75 8.75 70.0

Cask Inner Liner PM 6.50 6.50 44.9

PB 6.50 6.50 64.4

PL+PB 6.50 6.50 64.4

Top Flange PM 17.8 4.25 44.9

PL+PB 17.8 4.25 64.4

Top 3" Cover Plate PM 30.2* 6.50 44.9

PL+PB 30.2* 6.50 64.4

Bottom Support PM 6.50 26.9* 44.9
Ring PL+PB 6.50 26.9* 64.4

Bottom 2" Cover PM 13.3 20.1*. 44.9

Plate PL+PB 13.3 20.1* 64.4

Bottom ¾" Cover PM 6.50 6,4* 44.9
Plate PL+PB 6.50 6.4* 64.4

Bottom 1" Cover PM 4.25 6.4* 44.9
Plate PL+PB 4.25 6.4* 64.4

- Ram Access PM 8.75 20.1* 44.9

Penetration Ring PL+PB 8.75 20.1* 64.4

* Values Increased y a factor of 1.51 to account for Increased payload weight.

1*
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4.1.6 Horizontal Drop Analysis
A 75g static equivalent deceleration has been conservatively established for the postulated side drop orientation,
as discussed in Section 8.2.5.1 of the Topical Report (10]. A transfer cask side drop analysis is performed using
the 3-D ANSYS computer model illustrated in Figure 4.1.6.1. A 3-D half-model was generated by rotating the
.2-D axi-symmetrie cask model (Figure 4.1.5.1) 180 degrees about the axis of symmetry. A side drop is
simulated by restraining the nodes along one side of the cask and applying the 75g deceleration.
'Previous side drop evaluations were performed using non-axisymmetrio loading on a 2-D axisymmetric cask
model (see Section 4.1,5 of the Nutech Calculation Package [7] and Appendix C,3 of the Topical Report [10]).

"Impact, content, and self-weight loads were applied as pressure resolved into Fourier harmonies, Under such
loading, the cask shell is squeezed between the concrete impact load and the opposing DSC and cask self
weight loads. The rest of the transfer cask is entirely unloaded.
The effect of the added weight of the current payload is resolved by increasing the stresses in the Cask
Structural Shell and Inner Liner by a factor of 1.1 which reflects the increase of the weight of the Cask and
DSC. This is conservative in that the current basket design spreads evenly along the length of the Cask, while
the former basket included Spacer Plates which, as calculated below, apply concetrated pressure loads at the
Spacer Plate locations. The stresses of the end components of the Cask are not changed, in that they do not see
the effect of the increased payload.
The detailed description of the analysis is given in [34]. This includes the model, loading conditions and
boundary conditions. The results have been selectively scaled to reflect the Increased weight of the loaded
DSC. The remaining stresses in the cask are left unchanged since the cask weight is unchanged from the
analysis in (34].

Results Summary

Side drop allowable stresses are based on ASME Level D elastic analysis limits and a 4001F design
temperature.
The stress intensities due to the revised content weight are scaled from the stress results using the previous
content loading. The revised stress results are shown in Table 4.1.6.1 below.

Resulting stress intensities are below allowable limits.
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Maximum Stress
Intensity Level D

Component Stress Type (ksi) Allowable
Side Drop (0si)

Cask Structural 1PM 41.3 49.0
Shell PB 41.3 70.0

PtL+PB 41.3 70,0

Cask Inner Liner PM 41.3 44.9

PB 41.3 64.4

PL+PB 41.3 64.4

Top Flange PM 37.5 44,9

PL+PB 56.3 64.4

Top 3" Cover Plate PM 28.1 44.9

PL+P] 37.5 64.4

Bottom Support PM 37.5 44.9
Ring PL+P3 56.3 64.4

Bottom 2" Cover PM 37.5 44.9
Plate PL+PB 46.9 64.4

Bottom ¾" cover PM 18.8 44.9
Plate PL+PB 37.5 64.4

Bottom I" Cover PM 18.8 44.9
Plate PL+PB 37.5 64.4

Ram Access PM 28.1 44.9
Penetration Ring PL+PB 37.5 64.4
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Cask Drop onto a Curb

During transport of the DSC from the fuel building to the ISFSI, the transfer cask is hauled along a paved road,
In the very unlikely event of a sideways tip-over, the cask may impact the curb at the side of the road.

Asphalt or lightly reinforced concrete roads along the transport route do not have the shear capacity to
withstand the impact from an object as massive and stiff as the transfer cask. Punching shear failures would be
expected to occur for deceleration values as low as 2.6g's for a side drop [10]. A cask drop onto a 6-inch curb,
then, would drive the curb right through the surface of the road and subgrade, such that the underlying soil
would bear the load.

Assume that the transfer cask is a rectangular footing. To determine the ultimate bearing capacity of a
rectangular footing equation (14.12) from Lambe and Whitmans' Sul Mecbanios [33]:

_~
B =(q ) /2yBN 1-o.31-03 +ydNq(+0.2)

BLL) ( L

where B is the footing width (varies with depth), L is the footing length (neutron shield length = 165.5"), and d
is the "effective depth" (taken as the centroid of the buried circular segment). Bearing capacity factors Ny and
Nq are based on an assumed friction angle 4) = 449. The soil density, -/, is assumed to be 150 lb/It.

Bearing capacity is calculated for increasing footing width and "effective depth". A calculation given in [34]
shows that 10.1 inches of penetration is required to absorb the impact energy. The product of the footprint
(9667.8 in., column 13) and the soil capacity (530.7 lb/in3, column 15) divided by the weight of the transfer
cask (190 kips) gives a deceleration of about 27g's. Note that the 190 kips used in the above calculation is
conservative in that the actual weight (215,000 lbs) will require a greater crush depth and thus decreased
acceleration.
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4.1.7 Corner Drop Analysis
A 25g static equivalent deceleration has been conservatively established for the postulated comer drop
:orientation, as discussed in Section 8.2.5.1 of the Topical Report [10]. Two transfer cask comer drop analyses,
ýa top comer drop and a bottom corner drop, were performed using the 3-D ANSYS computer model illustrated
in Figure 4.1.6.1. Comer drops are simulated by restraining the respective top and bottom corner surfaces and

.applying a resultant 25g deceleration. The previous analysis using the lower gross weight is used in the,
s following calculation to define the model pressure loadings. In lieu of rerunning the analysis for the heavier
.gross weight, the results of the previous analyses are scaled up be a factor of 215,000/200,000 1.1 to account
for the increased gross weight.

'RPesults Surmm=:"

Maximum stress intensities, ignoring concentrated peak stresses (F stresses), for each transfer cask component
are conservatively taken from [34] and are summarized here in Table 4.1.6. 1.

'The resulting stress intensities are below allowable limits.
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Table 4.1.7.: Comer Drop Maximum Stress Intensity Summary

Maximum Stress Intensity

(ksi) Level D

Component Stress Type Top Corner Drop Bottom Corner Allowable

Drop (ksi)

caskst urI She PM 30.9 30.9 49.0

PH 30.9 30.9 70.0

PL+PB 41.3 41.3 70.0

Cask Inner Liner PM 30.9 30.9 44.9

PB 30.9 30.9 64.4

PL+PB 41.3 41.3 64.4

Top Flange PM 41.3 20.7 44.9

PL+PB 51.6 20.7 64.4

-Top 3" Cover Plate PM 30.9 20.7 44.9

PL+PB 30.9 20.7 64.4

Bottom Support PM 10.3 41.3 44.9

Ring PL+PB 10.3 41.3 64.4

Bottom 2" Cover PM 10.3 41.3 44.9
Plate PL+PB 10.3 41.3 64.4

Bottom ¾" Cover PM 10.3 41.3 44.9

Plate PL+PB 10.3 41.3 64.4

Bottom 1" Cover PM 10.3 20.7 44.9
Plate PL+PB 10.3 20.7 64.4

Ram Access PM 10.3 20.7 44.9
PenetrationRing PL+PB 10.3 20.7 64.4

'4,

''i
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4.1.8 Weld Stresses

* Check Weld at top flange ring/cask outer structural shell:

Full penetration weld used, therefore no analysis is required.

* Check weld at bottom flange ring/outer structural shell:

Full penetration weld used, therefore no analysis is required.

0 Check weld at bottom support ring/imner bottom cover plate:

Full penetration weld used, therefore no analysis is required.

* Check weld at inner bottom cover plate/ram access penetration ring:

This weld will be analyzed for loading during the critical lift handling condition and the vertical
bottom drop condition.

Ram Access Penetration Ring Weld Configuration
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1. Handling Condition:

Loading during critical lift - the inner bottom cover plate supports the weight of the DSC during the lift
condition. The load is increased by 15% to account for motion loads.

3.

Wt ofDSC and Internaals w/Ful = 9 5 .0 K (Section 2.3)

Total Load = 95.0K x 1.15 = 109 .25 - Say 1 1 0.0 K

Assume that the fuel and DSC base assembly load the cask .

baseplate as a uniform pressure lbad: I
Fuel weight = 46,400 lbs

Base weight, estimated:

Lead, assuming a 4.25" thickness 0

0.411 (4.25) (rr/4) (67)2 =6,158 lb

Steel, assuming a 2.5" thickness

= 0.29 (2.5) ('rr/4) (67)2 =

8,714 lb

Total weight evenly distributed = 46,400 + 8,714 = 55,114 lb

The pressure applied is then:

Q = P/A = 55,114/ [qr/4 (682- 232)] = 0.02 K/in2

The remaining weight of the DSC, which includes the basket, shEll and _p4•,.1te, can conserv atively be
represented as a pressure load that decreases toward the center of the plate. Using Roark, Table 24, Case 3b:

The total force, F, can be expressed as the product of the shear force per inch at the outer edge of the plate times
the circumference

F = Q. (2ra)

But Qa can also be expressed as a finction of the maximum pressure, q, and the dimensions of the loading
'onfiguration:
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(2a- -( a2 r ')
6a

Combining and solving for q:

3F
. q = •~~(2a2 ra1•

The force, F, is

F = 95,000 - 55,115 = 39,885 lbs

With a= 34" and r.= 11.5"

3(39,885) - 0.021 K/in 2

q (2(34)2 _11.5(34)(11)2)

With a 34" and b = 11.5", b/a = 0.34 and a uniformly decreasing pressure load as shown in Case 3b, a KMb of
0.076 can be interpolated. Thus the maximum moment can be calculated:

Mrb = KMb q a2 = 0.076 (0.021) (34)2 = 1.845 K-in/in
.I,

Similarly, for the uniform pressure loading calculated above and using a K, obtained from Case 3b for a b/a of
0.34:

Mb KMqa2 = 020(0.02)(34)2 = 4.624 K-in/in

The maximum moment is then:

MT = 1.845 + 4.624 = 6.469 K-in/in

The force on the weld is

F = MT I d = 6.47 / 2"= 3.24 K/in

The allowable weld stress (using stainless steel allowables) 0.5 Sm 0.5 (18.7 Ksi) 9.35 Ksi

Weld throat required is 3.35 K/in / 9.35 Ksi = 0,35"

Since the minimum weld leg is 0.38" as shown below, the weld is adequate.



Proprietary Information Withheld Pursuant to 10 CFR 2.390

:Title ISFSI Transfer Cask StructuralAnalvls

Project Name NUHOMS 32P Prelect

Calculation Number_..JlQLJ..L.. Revision o

Vlumber ,1099 - Page 59of7117

I

I

2. Vertical Drop Condition (level D)

Weld stress based on stress contour plots shown in Section 4.1.5 of the previous calculation [34] due to vertical
bottom drop and scaling up to reflect the current increase in gross weight:

SI. -- 13.25 x 1.1 -- 14.58 Ksi

Allowable S.I. = Smaller of 1.2 Sm or 0.35 Su

Using Stainless Steel allowables (18.7 Ksi and 64.4 Ksi) the minimum allowable SI. 22.4 Ksi. Therefore the
weld stresses are well within allowables.

(

Check weld at Cask Inner Shell Plate/Top Flange Ring-

Weld stress is based on stress contour plots due to
vertical bottom drop (Section 4.1,5, [34]):

S.I.= 11.0x 1.1 = 12.1 Ksi

Shear Force =12.1 Ksi x (314")(1")

= 9. 0 8K per inch of weld

Tweld = 0.75"- 0.0675"

= 0.6875"
£ 9 .0 8 K

f" 9.=1 = 18.67 Ksi
0.707(0.6875')(1")

The allowable weld stress = 1.2 S,

22.4 Ksi > 18.67 Ksi
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Thus the existing cover fillet is OK.

Check weld at Cask Inner Shell/Bottom Flange Ring:

Full penetration weld, therefore OK.

4.1.9 Tornado Stresses

L Apprach

The characteristics of the Design Basis Tornado (DBT) are obtained from Table 1 of the Regulatory Guide 1.76
for Region 1 [23].

A. Maximum wind speed = 360 mph [10, 4]

B. Maximum rotational speed = 290 mph

C. Maximum translational speed = 70 mph

D. Minimum translational speed = 5 mph

E. Radius of maximum rotational speed = 150 ft

F. Pressure Drop = 3.0 psi

G. Rate of Pressure Drop = 2.0 psi/sec

In addition, the maximum wind pressure load will be 397 psi [10, 4]. The maximum velocity pressure qbased
upon the maximum tornado velocity, V, was calculated using the relationship given in ANSI A58.1 - 1982
Section 6.5 [24].

% = 0.00256 K (IV) 2

where: V = Wind Speed

I = Importance Factor [4]

K, = Coefficient [4]

In addition, per NUREG-0800, Paragraph 3.5.1.4 [25], three types of tornado missiles are postulated to strike
the cask at 35% of the maximum horizontal wind speed of the DBT.
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1. Massive Missile

A massive high kinetic energy missile which deforms on impact. This missile is assumed to be a 3967
pound (I 800Kg) automobile with a frontal area of 20 square feet impacting the cask at a velocity of 126
mph.

2. Penration Resistance Missil

A rigid missile to test penetration resistance, this missile is assumed to be a 276 pound (125 Kg), 8-inch
diameter hardened steel object impacting on the cask at notmal incidence.

3. Protective Barrier Missile

A small rigid missile of a size sufficient to just pass through any opening in protective barriers. This
missile is assumed to be a 0.15 pound (0.067 Kg), 1-inch diameter, solid sphere impacting on the cask in
the most damaging direction.

* For the cask, item 3) above is bounded by item 2) and therefore only item 2) will be evaluated for
penetration resistance and also for stresses. Item 1) will be evaluated for stability and for stresses.

" The analysis presented in this package will only consider the case when the cask is mounted in a
horizontal position, The case when the cask is in a vertical position is not plausible cause since this
only happens in the fuel pool building where the cask is protected from DBT effects.

" The following analysis will be peaformed for the cask and components,

a) Stability

b) Penetration Analysis

c) • Stress Analysis

" It will be assumed that the neutron shield is lost in the event of a DBT. Hence, the neutron shield is
not considered in the analysis.
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2. DBT Wind Pressure Loads

a. Stability Analysis:

The geometry considered for the analysis is shown below.

I S

Wt of the Cask

Wt of the Skid

Wt of the Triffer

Total Weight

Area of Cask

Area of Skid

Area of Trailer

- 2 15 .0K Section 2.3

8.7• [28]
K 228]

- 2 7 8 .4 K

- 15.5'x89"/12=

- 15.5' x 14.7/12

= 262/12 x 43/12

Total Area

115 IV

- 19.0ifl

= 72.2 ft
= 212.2 fe

'-I

where:

qz = 0.00256 K.(IV)2

V = 360 mph

I = 1.07

K, = 0.8
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q= = 0.00256 (0.8)Q.07 x 360)2

= 303.9 psf < 397 psf

overturning moment = 212.2 x 397/1000 x 73.4/12 = 515.3 K-ft

restoring moment = 278.4 x 71.9/12 = 1668.0 K-ft

Factor of Safety against overturning = 1668.0/515.3 = 3.23

b. Stress Analysis

Cask Shell

Assume cask is simply suppoited mid subjected to a uniform load P over entire length.

Use case 9c, Table 31 of Roark & Young [22]

Total Force, P 397/1000 x 15.5 x 89"/12 = 4 5 .64 K

Distributed Wind Load, p 4 5 .64 K /186" = 0.245 K/in

4.

.1.

At top center,

Max O2 = -0.492 B p R3 4 L;"' t 5 /4

Max cr2' = -1.217 B' p R]"4 L t" f 714

Max a, = -0.1188 B3 PR 1/4 L "7n 4
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Where: B = [12(l -_u2 )]U8

ai and c2 - meridional and circumferential membrane stresses

Ot' and c2' = meridional and ciroumferential bending stresses

Substituting:

B = [12 (1-u2)]u8 = [12(1-0,32)]111

a2 -0.492 (1.348) ( 0.245) (39,5)3"4 (186q"2 (1.5)"54

Cr2' -1.217 (1.348)- (0.245)(39,5)"4(186)2 (1,5)-"4

i =-0.1188 (1,348)3 (0.245p) (39.5)"4 (186)m (1.5)- 71 4

* Primary Membrane

s.7 C2" )+ 4r 2YI2 1.2o Ksi

* Membrane + Bending

S.r =o'2 +a2' = 0.113 + 3.72 = 3.83 Ksi

Top Cover Plate

Assume plate is simply supported at edges.

Use case 10a, Page 363, Table 24 of Roark & Young [223

= 1,348
= 0.113 Ksi

= 3,72 Ksi

= 1.20 Ksi
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M0 - qa2(3 +u)= 16 'i

0.397 36.6'(3+0.3)
144 16

=0.76K-in

6M 6(0.76) 0.5lKsi
t2 3.02

Inner Bottom Cover Plate

Assume plate is fixed at edges

Use case IOa, Table 24 of Roark & Young [22]

v. qa (1+U)
16

0.397 342(1+0.3)
144 16

- 0.259 K - in

S= (.59) = 0.39 Ksi
t2 22

3, TOM Loading (Massive Missile Impact)

a. Stability Analysis:

Analyzed for the most critical impact which occurs when the missile hits the cask on the
side. Assume the missile hits the topmost part of the cask as shown. From the
conservation of momentum:

(Hi)0 = (H.).
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where:

(HOe = angular momentum about point o before impact

(H = angular momentum about point o after impact

(Ho = RIVimn

(Koo = R,2(oimm + (Ic)ocol

~mberJ10399-01L. Revision Q.

0399L. Page 00 0117.

where

RI = distance from pointo o
to the impact point c

VI= impact velocity of "

missile

m. = mass of the missile

m, = angular velocity of the -
missile about point o
immediately after impact

= mass moment of inertia of the cask about an axis through point o

Therefore:

RiVimm =RICD2M. +(1.).)w1

1 = R=VR m.+
h R, MM + (I.).

From the conservation of energy:

KE, + PH = KF4 + PEf

Where KEi = initial kinetic energy of the cask and the missile

-(.),M2 + Ro)2m.
2 2
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and KEf = final kinetic energy of the cask and the missile

-(Io~o + Rofm,

2 2

(PE) = initial potential energy of the cask and missile 0

(PB) = final potential energy of the cask and missile = Wch + 0

W . weight of the cask

Wm weight of missile

h = change in height of the C.G. during impact

W=t weight of cask / skid / trailer arrangement

(oOj + Woh+ +

2 2 2 2

2 ((I.o +R M.')n - 2Woh
() + R1m,.I

From geometry of the figure shown above,

h =R, (sin( +o)- sin$)

Hence,

R12 V1
2 m.' 2

v, -mm -2WR,(sin(( +o)- sin4)

(IQ +R1mm

The cask stops rotating when angular velocity, or= 0. Also, sin(ý+O) = sinx cosO +sinOcosý.

Therefore,

sin ý cosO + sinO cos= R mco=M.
2W.,,R 2[(Uo)o +R'm.]

In order to determine 0 from the following equation, the following parameters are used:
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We= 39671b [10]

Wc-f= 278,4001b (2a) previously

MA=3967/32.2 = 123.2 lb-m

V1= 126 mph= 184.8 ft/sec

L = 43" +14.7" + 89" = 146.7":= 12.2 ft

Li= 43" + 14.7" +8912 = 102.2" 8.5 ft

R=6.0 ft

Ri = 13.6ft

R2 = 10.4 ft

5 4.80

sink = 0.817

cos+ = 0.576

(IO =(I,)g+ MedO2 where 4 is the same as R2

278,400 /32.2 8,646.0 lb-m

R0 = cask radius

44.5" = 3.71 ft

Therefore:

(WS) = Y' (8646.0)(3.71)2 59,502 ft21b-m

8646.0(10.4)2 = 935,151 ft21b-m

lation Number 10J399-01 Revision ... __

10399 Page 68 of 117
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Q,= 994,653 fi~lb-m

Substituting:

O.8l7cosO +O,576sinO
13.32184.82123.22 +0.817

2(278,400)(10.4)[994,653 + 13.62 (123.2)]

Simplifying:

0.817cosO + 0.576sin9 = 0.016 + 0,817 = 0,833

Solving:

0 = 1.7'

This is the angle at which the cask stops rotating,

The minimum angle for tip-over of the cask occurs when the c.g. is directly above the point of
rotation.

0tip = 90*- 4b 901 - 54.80 = 35.20

Since Olp is greater than 0, tip-over of the cask will not occur.

b. Stress Analysis

Analysis is performed separately for the cask shell and the cover plates.

Cask Shell:

The impact force is calculated by determining the force to maintain the cask in equilibrium at the
angle of rotation. This force is multiplied by a dynamic load factor of 21to determine the
statically applied force
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W.R2 co(4 +0) = rj'Rin( +G)

F., =' w cot(+o) + .

S+0 54.80+1.70 56.50

FI' 278.4cot(56.5)= 184,3Kips -"

F =2 x F,'= 368.6Kips

To determine stresses on the cask shell due to this force, use a similar approach to that used for previous
DBT wind pressure analysis.

P 368.6P = -- = = 1.982K/in
L 186

The ratio between p for the DBT and the TGM:

1.982
RATIO = 9 = 8.09

0,245

Ratio all stresses from DBT wind pressure analyses by 8.09.

a2 0.113 x 8.09 = 0.914 Ksi

a' 3,72 x 8.09 = 30.09 Ksi

(2 + az' = 31.00 Ksi

cra = 1.20 x 8.09 = 9.71 Ksi
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Primary Membrane S.I. = = 9.71 Ksi

Membrane + Bending S.I =a 2 + a2' =31.0Ksi

Co=e Pia

It is to be expected if the missile hits the cover plates, tip-over will be bounded by the case where the
missile hits the cask side. However, some sliding is likely to occur.

The force on the cover plates will be calculated based on the assumption that the cask/skid/trailer
arrangement will slide.

Let V = velocity (in/see)

m = mass (lb-m)

W = weight (lb-f)

Note: The subscripts "m" and "cst" refer to "missile" and "cask/skid/trailer" arrangement respectively.

Using conservation of momentum:

mmVn, = motVost

Vst = mmVm/ Wt = 3967 x 2218 / 278,400 = 31.6 in/see

The sliding distance is determined by equation the kinetic energy to the work done during sliding.

KE = Work= F d

/2 MatVCS = Wot X

where x = sliding distance of the "cask/skid/trailer" arrangement

Solving for x:

x = (1/2 MwtVt 2) / W.,t
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= (1/2 1=,/g)VC 2) / Wt

VA Vt 2/g = (31.6)2 / 386 = 1.29 in.

Assuming constant acceleration of the "cask / skid / trailer" arrangement during sliding, the time for
sliding can be calculated as:

T = 2 x / Vt = 2 ( 1.29) /31.6 = 0.0816 sec

Acceleration, R , is given by

y = V = 31.6 2387in/sce' orig

t 0.0816

The impact force, Fi, is the force needed to overcome both the frictional force, Ff, and the inertia forces.

X-•-- ,"'

-11 Fl

WM

ZF,,=O0 => F,= Ff+ M,ý,t

Using the maximum possible value for the coefficient of friction, 1.0,
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Fr =pWcýt = 2 78 4AK

Therefore, F1 = 278.4 + (278.4 / g) g = 557K

Top Cover Plate, 3" thick.

Assume Plate is simply supported at edges

Assume force is uniformly distributed over entire plate surface since fiontal area of the massive missile
is assumed to be 20 sq. ft. and the 73.12"0 plate area is 29.16 sq. ft.

Use case 10a, Table 24 of Roark & Young [22]

M, qa2(3 +u)16

p a 2 (3 +v)P(3+ u)
na2 16 16n

6M = 6P(3 +o) 3 557(3+0.3)24.4 Ksi
t 162tt 2  8 (3.0)2

Inner Bottom Cover Plate. 2" thick.

Assume plate is fixed at edges

Assume force is uniformly distributed (See above)

Use case 10b, Table 24, Roark & Young [22]

Ma qa 2( +o)
16

6M 6P a2(1.0+u) = 3 P(L.O+u) 3 557(1.3) 21,6Ksi
t2 Ca 2 16t 2 8 nt2 8 7 (2.0)2
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4. Penetration Resistance Missile

a. Penetration Analysis

Two (2) formulas are used to determine penetration distance

Assume 276 Ibs, 8"0, rigid missile

Velocity = 126 mph = 184.8 Ws = 2218 in/s

(1) The minimum required thickness for puncture resistance is that given by Nelms [26]:

T= [2~)6 031

where KIB = kinetic energy =2 mV2

m =mass of missile 276 / g = 0.715 lb sec2/ in

V = velocity of missile = 2218 in / s

Su ultimate strength of cask material = 70 Ksi

D = diameter of missile = 8.0"

T- mV2  10.71
-L4.8S uDL'J

0.715 (2218 1. 0.499"
4.8 (70,000)(8.0)"6

Thickness of the cask shell = 1.5"

Thickness of the top cover plate = 3.0"

Thickness of the inner bottom cover plate = 2.0"
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Since the thickness of the cask exceeds the minimum thickness required for penetration
resistance for all components, the containment will not be penetrated.

(2) As an alternate method, use the fobmula developed by the Ballistic Research Laboratory [27]:

icB213
T--

672D

whe'e KE = kinetic energy = 1 mV2

m = mass of missile = 8.57 Lb seC2 / ft

V = velocity of missile = 184.8 ft / see

D = diameter of missile = 8.0"

T =- 1/2 (8.57)184.8)213 = 0.52"
672(8.0)

Both methods used to calculate penetration resistance produce consistent results. Thus, the cask will not
be penetrated by the missiles specified in NUREG 0800,

b. Stress Analysis

Impact force, F, is calculated fiom the following relation:

F At = Gnna - Ginttal

Where At = time of contact (assumed to be 0.05 sec [26])

Ggw = linear momentum at the time t t tf= mVf

Ginitial = linear momentum at time t = t, = mV1

V = velocity

m = mass

Then
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F m(VI - Vf) m(VIV)
tr - tJ At

Assume Vj= 0
(276228

F (V) = ,386221 =31.7K
At 0.05

Using a maximum dynamic load factor of 2.0 makes the impact force, F =63.4 K.

Cask Shel

Use correlation from Roark & Young [22], Table 31, Case 9.

For a cylindrical shell with closed ends and end supports with a radial load, P, uniformly distributed
over a small area, A, near midspan, the following applies

R/t = 39.5" / 1.5" - 26.33

A / R2 7r(892/4) / 39.52 = 0.0322

From the formula table, (linearly interpolating),

a(2'(t2/P) = 0.83, q2(Rt/P) 4.24

Solving,

2'= 0.83(63.4)/1.52 -23.4 Ksi

q2= 4.24(63.4)/(39.5)1.5 = 4.5 Ksi

a2 + 02' = 23.4 + 4.5 = 27.9 Ksi

Top Cover Pt

Assume simply supported boundary conditions at the edges, apply Case 16, Table 24 of Roark and
Young [22]
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where: a - plate radius = 36.6"

r0 = missile radius - 4,0"

v = Poisson's ratio = 0.3

W = impact load = 63.4K

634 =4- +0.)" + 1 19.6K-in/in

6M • (19.6) 13.Ksi
" =~t' 3.02

Inner Bottom Cover Plate

Assume fixed boundary conditions at the edges, apply Case 17, Table 24 of Roark and Young [22]

M, I+U ,,
a 7 Ln 1 0)]

f34 (1 +o.3 4 =14,0 K -in/in

6M 6 (14.0) 21.0 Ksi
t 2 2.02
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Table 4.1.9.1 Stress Intensity Results for Design Basis Tornado and Tornado Generated
Missiles

Component Stress Type Element Stress Intensities

DBT TGM

Cask Structural P, ..... 1.20 9.71
Shell PI + Pb 3.83 31,0

PI + Pb + Q ......

Cask Inner Pm ......

Shell PI + Pb

PI + Pb + Q .......

Top Flange Pm ------

Ring PI+Pb ------ .....

PI + Pb + Q ".....

Top 3" Cover Pm
Plate PI +Pb ------ 0.51 24.4

PI+Pb+Q -----.......

Bottom PM ------
Support Ring P, + Pb ------

PI+Pb+Q ......

Inner Bottom Pill
2" Cover Plate P + Pb-- 0.39 21.6

PI+Pb+Q ------.......

Inner Bottom Pm..
Y4" Cover Plate P, + Pb ----..

P1 + Pb + Q ------
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4.1.10 Velocity Resulting in Massive Impact Load

This section calculates the required velocity of a loaded dry shielded canister (DSC) or transfer cask rolling into
and HSM to create the same amount of kinetic energy as the HSM design basis maximum impact load. To do
this, first the kinetic energy of the design basis load impacting the HSM is found. Then, this kinetic energy is
used to find the conrsponding velocity of the DSC and cask.

The design basis load is a 3967 lb automobile traveling at 126 mph (Table 3.2-1) [10]

Kinetic energy, T = 1 MV2

T = A (3967 lb / 32.2 ftlse 2)(126 mph x 1.466 ft/sec/mph)2 = 2,101,770 ft lbs

Find the velocity of a 95,000 lb loaded dry shielded canister that would result in the same kinetic energy
as calculated above. Assume a homogenous cylinder:

OD
~I =ll2nmr2

V

,w =V/r r

T=I/2mV
2 +1/2I(2/

T= I/2mV 2 + 1/2(/2mr2Y)V)

T = lI2mV2 +l/4mV 2

T=3/4mV2

Solving for V, and using the energy and weight given above:
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(4 1V2  ( 21070 112_
VI(,Tm =(4 21 =30.8ft/sec or 21.1mph

3m) ~3 95,000/32.21

2b) The velocity of the transfer cask loaded with the dry shielded canister using the same approach as was used
for the loaded dry shielded canister:

Kinetic energy, T - YmV2 - 2,101,770 ft lbs

Velocity of a 215,00 lb loaded transfer cask (cask docked at the HSM with a sealed DSC) that would
result in the same kinetic energy

T =1/2mV2 + 1/21om

T = 112mV
2 + 1/2(1/2mr2)Y)

T = 1/2mV 2.+1/4mV
2

T=3/4mV2

Solving for V, and using the energy and weight given above:

V (4T)'12 I4 2,101,770 ,,
V=|4.f 215 l-77,] = 20.5 ft/see or 14,0 mph

r~~m [311(215,000 /3.)
Calculate the velocity of dropping 80" per Topical Report, Section 8.2 [10].

d= V/ qe

t = (2 d/q)1 2 = (2 (80 / 12) / 32.2] r2= 0.643 sec

At V/32.2 =0.643

V 20.7 ft / see, essentially equal to 20.5 ft / see

Therefore, on a flat road, a speed of 20.5 ft / see is not credible.

A:
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4.2 Neutron Shield Analysis

This calculation determines the pressure rating for the Transfer Cask Neutron Shield Panel.

Hand calculations based on ASME code [9]. Allowables for cylindrical shells are used to determine the
allowable internal pressure of the neutron shield panel. The neutron shield is assumed to be lost in the event of
an accident condition; therefore, the neutron shield panel will only be analyzed for normal operating and off-
normal conditions (Levels A&B3).

In addition, neutron shield panel local shell stresses at trunnions will be checked along with the NSP support
rings.

Materials:

Neutron Shield Panel: ATSM A 240, Type 304

NSP Support Angle: ASTM A 240, Type 304

Assumptions:

1. Material allowables are based on a design temperature of 400 F,.

2. Buckling of the neutron shield panel will not occur since the load due to the external pressure will be
transferred from the neutron shield panel to the cask structural shell by the solid neutron shield.

Check Neutron Shield Panel Internal Pressure:

Allowable internal pressure is given by [9], NC - 3324.3:

a.) Circumferential

StP =
R + 0.6t

where S = maximum allowable stress value, psi
R = inside radius of shell course

t = minimum required shell thickness

Based on ASME, Section II, Part D, Subpart 1 [14]:

S = 16.2 Ksi (for SA240, Type 304 @ 400°F
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Substituting values:

p= 16.2 (0.25) 0.0912Ksi = 91.2psi

44.25+0.6(0.25)

b.) Longitudinal

plaw 2St 2(16.2)(0.25) =6.1835Ksi=183.5psi

R- .4t 44.25- 0.4(0.25)

The governing allowable internal pressure of the cask
neutron shield panel is 91.2 psi. The neutron shield panel
pressure relief valve is set to a maximum of 95 psi [6] (to
relieve the internal pressure due to off-gassing of the NS3
:neutron shielding material) which will result in minor overstressing of the neutron shield panel at the design
temperature of 400 'F. At the normal operation temperature of 247 *F [4, Table 8.1-14]

S = 17.2Y-4 [14]

17.2(0.25)1000 96.8psi > 95psi

44.25+0.6(0.25) 9 p s

Check Bottom End Plate Bending Due To Pressure in Bottom Neutron Shield:

The bottom end NS-3 %/" thick annular plate is checked for bending due to pressure in the neutron shield
cavity.

From Roark and Young [22], Table 24, Case 2q, assuming
simply supported boundary conditions on the Inner and outeredges: t _J •.,, [..

;: ~a =36",. b =11", t =0.75" -

b/a= 0.31 giving Ki, mjm=0.0539

'For SA 240, Type 304:

Sn= 18.7 Ksi @ 400 'F (Table 2.2.1a)
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Allowable PL + PB = 1.8 S. (Table 3.2, Service Level C)

1.8 Sm =1.8 (18.7) = 33.66 Ksi

crgiow,= 6MLow / tý

Solving for Ma1ow and substituting:

i" ~ow =33.66 (0.75) / 6 = 3.156 K-in/in
Mmiax = Kmma q a2

Soving for q and substituting:

Q = 3.156 K-in/in / [0.0539)(36)) = 45.2 psi

The bottom neutron shield pressure relief valve is set to a maximum of 45 psi [6] to prevent overstressing of the
cask bottom end plate.

Neuron Shield Panel Local Shell Stresses at Trunnions

.The stress at the trunnion/cask shell intersections was conservatively calculated based on the assumption that
the total load is carried by the inseit plate / structural shell. The neutron shield panel will carry a portion of the
trunnion load proportional to the structural shell. The relative stiffness of the shells are proportional to te.

r

UPPER TRUNNION $1ETION

Maximum stress in the cask structural shell at the upper trunnion/cask shell intersection;

S.I. = 30.5 Ksi (see Table 4.1.3.1)

Therdore the local stress at the trunnion/neutron shield panel intersection due to trunnion loads is:
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S.I. = (30.5 Ksi)(0.25) 3 / (1.5) 3 = 0.14 Ksi

Thermal stress at the trunnion / cask shell intersection is:

SI. - 25.0 Ksi (Based on contour plot, Section 4.1.2 of [34])

Total Stress = 25.0 + 0.14 25.14 Ksi < 3.0 Sm 56.1 Ksi

Check Neutron Shield Longitudinal Supports:

Since the neutron shield jacket weld is a full penetration weld, the load due to the internal pressure will be
carded entirely by the neutron shield panel. Therefore, the longitudinal supports will not be analyzed for
internal pressure loading. Since the NS3 solid neutron shield will resist compressive loads, the loads due to
vertical and horizontal handling conditions will be carried by the cask structural shell. Loads on the neutron
shield panel due to axial accelerations will be supported by the neutron shield panel support rings as shown
below.

IbD1'TPr
VIA

AXIAL ACCOL

I1

SUwPOAu100

* Check Neutron Shield Panel (NSP) Support Ring:

The loading on the support ring is due to 1 g acceleration of the NS3 material and the neutron shield
panel. The maximum stress intensity in the neutron shield panel support ring due to the vertical
bottom drop condition is:
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S.I. = 26.2 Ksi (based on stress results in section 4,1.5: Bot ring, Bat drop; Top ring, Top drop)

Ratioing the maximum S.I. by 2g / 75g, the maximum SI. in the neutron shield support ring is:

S.I. = 26.2 Ksi (2/75) = 0.70 Ksi

Allowable S.I. = 3.0 S. = 3.0(18.7 Ksi) = 56.1 Ksi

Therefore, OK

Maximum thermal stress intensity:

S.I. = 14.5 Ksi (Based on contour plot, Section 4.1.2 of [34])

Normal Stress on NSP Support Ring:

Total Stress =.0.70 + 14.5 = 15.2 Ksi < 56.1 Ksi OK
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Check Weld at Neutron Shield Panel Support Ring/Bottom Flange Ring:

The maximum shear stress for level A and B loading is taken as the stresses resulting fi'om the 75g vertical
bottom drop case x (2/75).

S.I. = 26.2 Ksi (based on. the stress results given in Section 4.1.5 [34])

Shear stress @ weld = 26.2 Ksi (2g175g) = 0.70 Ksi

Primary allowable weld stress = 0,5 Sm= 0.5 (18.7) = 9.35 Ksi

Fv = Aweld Orltow

For a unit length of weld:

:i . Req'd weld throat = (0.70Ksi) (3/4") (1") / 9.35 Kai 0.06"

The existing throat provided from a 5/16 " fillet weld on both sides
all around:

E Existing throat = 2(0.707) (5/16') 0.44" > 0.06" OK

(See dwg BGE-01-3002, 84-025-E, [6])

V 4'" Fillet Weld at Neutmn Shield Panel/NSP Support Ring

The weld forces will be insignificant since the loads on the neutron shield panel are transmitted to the cask
structural shell by the NS3 neutron shield material. Therefore, the weld is ok.

4.3 Ram Access Ring Penetration Analysis

:For stresses at the RAM access penetration ring, see the analysis results table and load combination results
-tables in section 5.0, These stresses were calculated in the dead weight, thermal, seismic, and drop sections of
-this package. Handling stresses are negligible.
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, 4.4 Trunnion Analysis

The upper and lower tnnnions are analyzed for 4 load conditions (3 handling and I transportation). The total
design weight of the transfer cask lifting with and loaded DSC is 220,000 (actual weight is 217,685 Ibs, Section

.2.3). The total design weight of the cask lifting with the sealed DSC and transport mode is 215,000 (actual
weight is 212,5 91 lbs).

The trannions are analyzed using a combination of hand calculations and ANSYS Finite Element Models. All
trunnion allowables are given in Table 3.2 of the calculation package. Allowables for the upper trunnions for
critical lifts (handling cases 1, 2, and 3) are governed by ANSI N14.6. Lower support trunnions and upper lift
trunnions for all remaining loads (transoort case) are governed by the same ASME code criteria applied to the
cask structural shell.

Materials:

Upper Trunnion:

Trunnion-: SA 564, Or. 630 PH

Sleeve: SAl 82 F304N

Shell Course: SA-516, Gr. 70

Lower Trunnion:

Trunnion: SA 479, Type 304

Sleeve: SA182 F304N

Assumptions:

1. The trunnions are designed for a temperature of 400 *F [30].

2. ANSI N14.6 allowable stresses apply up to and including the weld of the trunion sleeve to the insert
plate or cask shell.

3. ASME allowable stresses apply for all insert plate and cask shell stresses.
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Design Loads:

The trunnions are designed based on the total design weight of the transfer cask lifting with water and loaded
DSC is 220,000. The total design weight of the cask lifting with the sealed DSC and transport mode is 215,000.
All handling conditions (cases 1, 2, and 3) include a 15% load increase for motion loads as required by CMAA
#70. The handling loads are summarized below and on the following page.

I.
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Upper Trunnion Load Application Points
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Lower Trunnion Section w/ Load Application Point [6]

i
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1', Upper Trunnions:

Cheek Trunnion Body At Section A

Applied Loads:

There are no transportation loads applied at Section A other than the self weight of the trunnion
body beyond Section A which is negligible.

The maximum handling load 126.5K

VA = 126.5

MA 126.5 x 1.75" = 221.4 K-in.

Section A Properties:

O.D. of Trunnion 8"

I.D. of Trunnion = 4"

Material: SA564 Or 630 PH

Area = n(Do2 - D1
2)/4 = 7r(82 - 42)/4 -. 37.7 2

Section modulus, S = n(Do4 - D1
4)/(32Do) = (84 -44)/(32*8) 47.1 in3

Stresses:

Shear stress, a, = 126.5/37.7 3.4 Ksi

Allowable is (0.6/10)S8 = 7.88 Ksi => OK

(S, -= 131.4 ksi, Table 2.2. lb).

Bending stress, (Fb = 221.4/47.1 = 4.7 Ksi

S.I. = 4.7/2 + ((4.7/2)ý + 3.42)"2 = 6.5 Ksi

Allowable is SdlO= 13.1 Ksi . OK

Check Trunnion Body at Section B

Handling Loads:

VA= 126.5

MA = 126.5 x 5.5" = 695.8 K-in. (governing)
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Transportation Loads: (from Transfer Handling Conditions of Section 4.1.3)

VA= 119

MA = 119 x 2.13" =253.5 K-in.

Section B Properties:

O.D. of Trunnion= 12"

I.D. of Trunnion = 9"

Material: SA564 Or 630 PH

Area = -(D 2 - D,2)/4 = ir(12 2 - 92)/4 = 49,5 in2

Section modulus, S = x(Do4- D1
4)/(32D0) = n(12' - 9")/(32* 12) 116 in3

Section B Stresses:-

Shear stress, a, = 126.5/49.5 = 2.6 Ksi

Allowable is (0.6/10)Su = 7.88 Ksi = OK

Bending stress, a% =695.8/116 = 6.0 Ksi

S.L = 6.0/2 + ((6.0/2)2 + 2.62)" = 7.0 Ksi

Allowable is Sdl0= 13.1 Ksi =, OK

Check "Sleeve Body" at Section C

Handling Loads:

VA = 126.5

MA = 126.5 x 9.75" 1233.4 K-in. (governing)

Transfer Loads:

The transfer load case stresses will conservatively be calculated using enveloping loads from the
transport cases.

Vm= = 119 (Case 4a)

Pm. = Radial Load 119 (Case 4b)
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m = 119 x 6.38" = 759,2 K-in.

Section C Properties:

O.D. of Trunnion = 17"

ID. of Trunnion = 12"

Material : SAl 82 F304N

Area= ro 2 -DI 2)/4 = n(17 2 - 122)/4 =113.9 in2

Section modulus, S =7r(Do4 -Dt 4)/(32Do) n(17 4 - 124)/(32* 17) 362.6 in3

Section C Stresses:

Shear stress, cr- 126.5/113.9 1.11 Ksi

Allowable is (0.6I6)S. = 2.3 Ksi = OK
Bending stress, o-b = 1233.4/362.6 = 3.4 Ksi
S.I. 3.4/2 + ((3.4/2?2 + 1. 112)"2z = 3.73 Ksi

Allowable is SY/6 = 3.75 Ksi = OK

Check Weld Stresses at Section B

Throat at failure plane 1 = 1.25(2)l12 1.77"

Throat at failure plane 2 = (1.252 + 0.3 8 2)ln 1.31"

Section Loading:

V =126.5K

M 126.5 x 5.5" = 695.9 K-in

Weld Properties,

Failure Plane 1:

A =-dt = n(12 + 1,25)(1.77)= 73.7 in2

S =xr2t =-7(6,0 + 1.25/29(1.77) = 244 in'

Failure Plane 2:
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A = atdt = 7c(12 + 0,38X1.31) = 50.9 in2

s =nrAt =n(6.0 = 0.38/2)2(1.31) = 157,7 in3

Weld Stresses:

Failure

Stress Plane

(Ksl) 1 2

Shear 1.72 2.49

Bending 2.85 4.41

S. 1. 3.66 5.53

Allowable for these welds assuming the weld material is the same as the base metal:

Allowable = S. /10 = 7.3 Ksi = OK

Cheek Weld Stresses at Section C

Failure plane throats

1 = 2(1.25 /cos30*) = 2.89"

2 = 2(1.252 + 1/42)t' = 2.55"

3 = 2(1.25 + .25) = 3.00"

Section C Loading:

V =1 2 6.5x

M = 126.5 x 9.75"

1233.4 K-in

Weld Properties:

Failure Plane 1:

r = 7.25"
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A 2nrt = 2i(7.25)(2.89) = 132 it2

S =%r7t= n(7.25)2(2.89) = 477 in3

Failure Plane 2:

t = 7.25"

A = Zmt = 27(7.25)(2,55) = 116 in2

S =imr2t =x(7.25)2(2.55) = 421 in3

Failure Plane 3:

r = 7.25"

A = 2nrt = 2n(7.25)(3.00) = 137 in2

S -- r2t =:(7Y.5)2(3.00) = 495 in3

1'

Weld Stresses at Section C:

,.:. Failure

Stress Plane

(KsP) 1 2 3

Shear 0.96 1.09 0.92

Bending 2.59 2.93 2.49

.11. 2.91 3.29 2.7T

Allowable for these welds = S /10 = 7.32 Ksi
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2. Lower TDunnions: (Governed by the same ASME code criteria applied to the cask structural shell)

Check Trmuion Bod/lee Intersection

LOWER
TRkUtNrNI

I RI = Pb/L = 2 (215(52.58)/124) "-45.6e / trmnionx 1.15 = 52.41

R2 = PaL = Y, (215(71,42)/124) = 61.9K / trunnion x 1.15 . 71.2r

Section Properties:

O.D. of Trunnion = 12"

I.D. of Trunnion = 10"

Material: SA479 Type304

Area = n(Do2 - D,2)/4 = 7(12 2 - 102)/4 = 34.6 in2

Section modulus, S = ic(Do4 - D1
4)/(32D0) = ir(12 4 - 104)/(32* 12) = 87.8 in3

Section Stresses:

Shear stress, cry = 52.4/34.6 = 1.51 Ksi

Bending stress, COb= 52.4(1.87)/ 87.8 = 1.11 Ksi
S.I. = 1. 11/2 + ((t.11/2)2 + 1.5 12)"2 = 2.2 Ksi

Allowable is 1.5S., = 28.1 Ksi

Check Trunnion Sleeve / Cask Shell Intersection Stresses

=> OK
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Applied Loads: 4 5 .6K at a moment amn of 6.37" (Load Case 2)

Section Properties;

O.D. = 14.5"

I.D. = 12"

Material: SA182 F304N

Area =x(D.2 - Di2)/4 = 7(14.52- 122)/4 = 52.0 ir 2

Section modulus, S = 7(D,4 - D1 )/(32D) = ic(14.54 - 124)1(32* 14.5) 158.9 in3

Shear stress, ay - 52.4/52.0 = 1.01 Ksi

Bending stress, ab = 52.4(6.37)/158.9 = 2.10 Ksi

S.I. = 2.1/2 = ((2,1/2)2 + 1.012)2 = 2.51 Ksi

Allowable is 1.5Sm = 30.5 Ksi => OK
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Cheek Weld Stresses at Trannion / Sleeve Intersection

Failure plane throats

I = 2"ý (1/2) = 0.707"

2 = (1/4 + 1/22)"" = 0.559"

3 = V" + ¼" = 0,75"

Section Loading (Case 3):

v= 52 .4K

M = 52.4 x 1.87" = 97.99 K-in

Weld Properties:

Failure Plane 1:

Failure Plane 2:

Failure Plane 3:

r = 6.25"

A = 2-nrt = 2r(6.25)(0.707) = 27.8 in2

S =,' 2t =n(6.25)2(0.707) = 86.8 in3

r =6.125"

A = 27crt = 2-n(6,125)(0.559) = 21,5 in2

S =nrr 2t =nC(6.125) 2(0.559) = 65.9 in3

r = 6.00"

A = 2nit = 27t(6.00)(0.75) = 28.3 in2

S -nr2 t =n(6.00)2(0.75) = 84.8 in3

Weld Stresses:

Failure

Stress Plane

(Xsi) 1 2 3

Shear 1.88 2.44 1.85

Bending 1.13 1.49 1.16

S. L 2.53 3.30 2.52
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Allowable for these welds = 0.5 Sm= 10.2 Ksi = OK

Check Weld Stresses at Trunnion Sleeve / Cask Shell Intersection

Failure Plane Throats

1. = 2(1.25 + 0.25) = 3.0"

2. = 2(1.252 + 0.252 )' = 2.55"

3. =2(1.25 /cos3O0 ) =2.89"

Since the failure plane 2 has the smallest
effective throat, this case will result in the
highest weld stress. Thus, cases land 3
need not be analyzed.

Section Loading

V = 5 2 .4 k

M = 52.4 x 6.37" = 333.8 K-in.

Section Properties:

(Failure plane 2)

A = 2-at = 27r(7.25)(2.55) = 116.2 in 2

S =-n=r(7.25)2(2.55) = 421.1 in3

Material: SAl 82 F304N

Section Weld Stresses:

Shear stress, o', = 52.4/116.2 = 0.45 Ksi

Bending stress, ab = 333.8 / 421.1 = 0.79 Ksi

S.I. = 0.7012 + ((0.70/2)2 + 0 .4 2)I2 = 0.92 Ksi

Allowable is 0.5S. = 10.2 = OK
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4.5 Cask. Lid Liffing Bolts Analysis

1. Vertical Lift:

The weight of the cask lid is supported by one bolt for the 'vertical lift.

Bolt = 1" Eyebolt

2. Horizontal Lift:

4 Bolts support the cask lid weight.

Bolt = %" Eyebolt

1

Cask Lid weight:

Weight = 5290 lb [13] use 5300 lb

¾" Eyebolt No. 3026T16 = 6,500 Lbs/Bolt

1" Eyebolt No. 3026T18 = 13,000 Lbs/Bolt

Use lifting impact factor of 1.5.
Check Bolgts:

Vertical Lift: 1.5 x 5300 = 7950 lbs < 13,000 lbs

Horizontal Lift: 7950 lbs / 4 bolts = 1987.5 per bolt < 6500 lbs

Check Weld at Standoff Rod/ To, 3" Plate:

",$

3
I

=>OK

=>OK

Using P = 7950 / 4 = 1987.5 lbs Say 2,000 lbs.

Normal load on weld = 2000 / (3.0 7c)

= 212 lbs/in, tension

Max shear = 2000 / (3.0 ,n) = 212 lbs/in

Allowable weld stress = 0.5 Sn, = 9.35 Ksi

Required fillet weld is, therefore = 212 / 9350 = 0.02"

3/8" fillet all around is OK

p
r3/4' EYEGOLT
3141

STA OFF
A 5.r;A24OWPOE304

N53 MTRON.7
.rOP 3' COVER PLATE
'TASTM A240 TYPV $04
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4.6 Cask Head Bolt Analysis

Cask Head Bolt Loading- -

The critical loading will occur during the cask top comer drop accident condition since the bolts will be loaded
in tension due to the force of the DSC and in shear due to the forces transmitted through the cask lid.

Weight of DSC and Internals = 22,999 + 22,000 +46,400 = 91,399 lbs Section 2.3

Weight of Top Cover Assembly = 1,"1 4

Total = 92,613 lbs = 93,000 lbs

force =93K x 25g - 232 5K

Allowable bolt stress 0.7 Sm 77 Ksi

Therefore the required bolt area 2325 /77 = 30.19 in2

Bolts provided: 16, 1 /4¾" dia bolts

Effective area per bolt = 1.9 in& [19], Table 1, pg 8 - 10

Therefore, area available = 16 (1,9 in2 ) = 30.4 in2

30.4 in2•> 30.19 in2  = OK

Shear does not exist due to oversize holes. Therefore bolts are adequate.
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.4.7 Bottom Center Cover Plate Analysis

The maximum stress in the bottom center cover plate results from the vertical drop accident condition.

Please see Table 4.1.5.1 of Section 4.1.5 of this calculation package.

Check bolts:

8, W" diameter bolts, ASME SA-193, Or B7

Tension stress P/A

P = 147 Ibs

P x 75g = 11,025 Ibs

A = .19 in- per bolt

c' = 11,025 /(8(0.19)) = 7.3 Ksi => OK
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4.8 Miscellaneoius Component Analysis

Trunnion ½" End Plate and Screws [21]

The trunnions are designed to carry 12 6 .5K / trunnion longitudinally (critical lift case). The majority of the load
will be carried by the trunnion insert plate. The amount of force transmitted to the liners is based upon their
stiffiaess. The longitudinal moment contributes most significantly to the neutronjacket trunnion weld stress.
Assuming that the trunnion acts as a rigid attachment, the moment will be distributed between the plates based
on their relative stiffhesses which are proportional to t3.

ML= 1150(126.5/115.6) =1258 K-in [21]

The portion of ML in the Insert Plate

= 1258 (2' / (2' + (0.25)')) = 1256 K -in

The portion of ML in the Neutron Shield Jacket

= 1258 (0.25' / (2' + (0,25)')) = 2.45 K - in

It can be seen that the moment in the neutron shield is almost negligible and therefore the stress is not
significant.

In no design scenario are the end plate and screws subjected to any load. However 1/3 max vertical load will be
conservatively applied to them as accident case.

Load = 1/3 ( 12 6 .51) 4 2 2 K

Capacity of the 3/8 "screws : 8K (using 75 Ksi minimum tensile strength).

8 screws total capacity = 8(8) = 64 K > 42 .2K y OK

Load to the plate, W = 42.2 / (r 102/4) = 0.537 K / in.
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- Wa2 c9
b c8

a =5" b = 3" v = 0.29

09= '.2 n 1- 0-29 (13~ 0,266

S(+ 0.29 +(1 - 0.29)(3 " = 0.773

S- -0537(5 0.266
Mm5 3 0.7 -=1.54 K-in/in3 0.773

" = 6M/t2 = 6(1.54)/0,52 = 37.0 Ksi

0.537(5)V = =1.79 Ksi
3(0.5)

=.SJ. +f(37.J 2 +1,792]/ 37.1 Ksi

This is less than the 70 Ksi P,-+Pb Level D allowable.

Loading to the plate, however, should not occur.

,l'
tJ .
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TempQorar Shield Plug [21]
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Loads

The only loads on the temporary shield plug are the transfer g
loads. I g in any direction or V g in all directions simultaneously. -

Loads are expected to be small - use a 2g vertical applied load to
envelope worst case conditions.

Weight of Assembly

Donut

Stainless steel

Wd,' 2 (302 122 )(0.5) + 2n (6.25)(0.4)+ 2- (14,25)(0.4)]0.283 183 lb

Bisco

Wd~b Z(292 4132)(4)1 0.064 =135 lb

Lid

Stainless Steel

A,, r [2 -(302(0.5)+ 2-n(11.25)(0.4)]0.283 =136 lb

Bisco

Wd., = [r(232 (4)]0.064 = 106 lb

Total weight, WT= 183 lbs + 135 Ibs + 136 lbs +106 lbs = 560 lbs

Applying the 2g vertical load, F = 1120 lbs
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Thus, use of ¼ "fillet welds for all joints or groove welds where appropriate is adequate.

Width of the bracket = 2.5"

Shear stress on the weld= 1121 / (2.5 (0.707) (0.25) 2) = 1.27 Ksi (Weld is on two sides).

Temp. Shield Plug Lid Bracket [211

Assume all load is carried by one bracket.

Shear area = 2 (0.5) = 1 in2

, = W(2g)/shear area = 274 (2)/1 548 psi

Weld shear - 1.27 Ksi

Weld bending

Moment, M = 274(2)(2.5) 1370 in-lb

S = bd = 2.5 (0.5) = 1.25

-= 1370 / (1.25 (1000)) = 1.1 Ksi

OK

Bending in Plate

I = 2.5 (0.5)3 / 12 = 0.02 in4

a 1370 (0.25) / 0.02 =17.13 Ksi <1.5 Sm =28.0 Ksi OK

t
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5.0 Conclusions

-6.1 Stress Analysis Results
The Stress Analysis Results for the Transfer Cask components are as follows:

Table 5.1 - Maximum Stress Identitv
Component -Stss Lading (Ksi)

Dead Handling Theraal Drop TOMB Sebmlo
Vertical Thronstb Vertical ' Horz Corner D1T TGM

Cask. .. 59 75 7. 74. 30.9 1.2 7.7 1.4
Stnictural
Shell P1. 0.68 5.5 8.75 41.3 30.9 1.2 .IA

PL+Pa 0.68 30.5 - 8.75 41.3 41.3 3.83 31.0 IA

Q - , 28.5 -

Cask T Fner P 078 11.1 -41.3 30- -.
Ltner Pt. 0.68 11.1 6.5 41.3 30.9 - 1.4

PL+PB 0.68 14.6 - 6.5 41.3 41.3 1.4

Q 118.0 - -
Flan I '_ N9 I -I 1 37 1 41.3 IAd. 1-,

Ring
P~. + P0

Q
1.02 7.0

18.0

17.8 56.3 51.6 2.0

Top 3" Cover Pa 0.52 30.2 28.1 . - .. 1
PL+PR 0.68 4.22 - 30.2 37.5 30.9 0.51 24.4 1.4

Q 11.0 - -

Inner P. -020720. 37.5 43- -.
BattenS."

Cover Plate P,+PD 0.86 10.3 9.62 20,1 46.9 41.3 039 21.6 1.8

I Q I - 15.0 - - I - -

Bottom V 0.68 5.1 26.9 37.5 IA.1.4
Support Ring

PL + Pa 1.02 29.6 26.9 56.3 41.3 2.0

Q - 18.0 -

Bottom 34" P. 0.34 6 18.8 4.3 07
Tnd Plate* PL+PD 0.68 - 6.5 37.5 41.3 4IA

Q 21.0 1 -

Outer Bottom Pa= 0.34 6A *,T8 20. - 0.7Cover PlateS P PL+Pa 0.68 6.4 37.5 20.7 1.4

Q .-1.0

Ram Acces P. 0 -20.1 28.1 20.7 1.1
' Penetration
Ring PL+FP 0.68 20.1 37.5 20.7 1.4

Q 18.0I
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6.2 Load Combination Results
The maximum stress combinations for ASIME Service Levels AB,C and D are added algebraically and shown
in the tables below. The component stress intensities have the capability to withstand all the design loading
combinations, in compliance with the requirements of ASMB B + PV Code, Section M, Subsection NB.

Table 5.2.1 - Load Combinations Level A
Load Combinations, Level A(ksi)

Al A5 Allowable

Component Stress Type DW + T + Hv DW + 7+ HT S.I

Cask StructuralShell k 1.27 6.18 21.7

0.68 6.18 32.6

PL+PB 0.68 30.50* 32.6

PL+P9 +Q 29.18 59.68 65.1

Cask, Thner Liner PU" 18.7

PL 0.68 11,8 28.1

PL+P 0.68 1528 28.1

PL+P. -Q 18.68 32.60 56.1

L TOP FranD90 pb 0.65 2.33 18.7

PL+PB 1.02 8.02 28.1

PL+P8 +Q 19.02 26.02 56.1

"Top 3" Cover Plate PM 0.52 0.52 18.7

P.L+P, 0.68 4.0 28.1

SPL+N -+Q 11.68 15.90 56.1

Bottom guppor0 Ring PM 0.6. 5.78 20.0 (@300PF)

PL.+IB 1.02 29.60* 30.0 (Q300-0

PfL+P9 +Q 19.02 48.62 60.0 (@300MF)

Bottom 2" Cover Plate PM 0.68 0.68 18.7

Pt.+P 1116 10.48 28.1

PL-P,. +Q 26.16 25.48 56.1

Bottom Ile Cover Plat Pill 0.34 0.34 18.7

PL+PU 0.68 0.68 28.1

?L+P3 +Q 21.68 21.68 56.1

Bottom 1" Cover Plate PM 0.34 0.34 18.7

P1'+PV 0.68 0.68 28.1

PL+PD +Q 11.68 11.68 56.1

Ram Access Penetration Ring FM

PL+PeFL+P,,,Q

0.52

0.68

18.68

0.sz

0.68

18.68

15.7

28.1

56.1
J 1 ___________________ .1.

*Dead Weight Value from Table 5.1 not Included becuse the tansfer loads include a dead weight component.
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Table 6.2.2 - Load Combinations Level B

Load Combinations, Level B(ksi)

B2 Allowable

Component Stress Type DW + T + TS.L

Cask Structural Shell PM 6.18 21.7

PL 6,18 32.6

PL+PB 30.50* 32.6

PL+Pý +Q 59.68 65.1

Cask Inner Liner PM 11.78 18.7

PL 11.78 28.1

PL+PB 15.28 28.1 -

PL+PB +Q 32.60 56.1

Top Flange PM 2.33 18.7

PL+IP 8.02 28,1

PL+PB +Q 26.02 56.1
Top 3" Cover Plate Po 0.52 18.7

PL+PB 4.90 28.1

PL+Pa +Q 15.90 56.1

Bottom Support Ring PM 5.78 20.0 (@300-F)

PL+PB 29.60* 30.0 (@300F)

PL+PB +Q 48.62 60,0 (@300'F)

Bottom 2" Cover Plate PM 0.68 18.7

PL+PB 10.48 28.1

PL+PB +Q 25.48 56.1

-Bottom ¾V Cover Plate PM 0.34 18.7

PL+Ps 0.68 28.1

PL+PB +Q 21.68 56.1

Bottom 1" Cover Plate PM 0.34 18.7

PL+P3 0.68 28.1

PL+PB +Q 11.68 56.1

lRam Access Penetration PM 0.52 18.7

PL+PB 0.68 28.1

PL+PB +Q 18.68 56.1

*Dead Weight Value from Table 5.1 not included because the transfer loads include a dend weight component.
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-Table 5.2.3 - Load Combinations Level C

Load Combinations, Level CQksl)

C2 C3 Allowable

Component Stress Type DW + T + HT + E DW+T+ HT+DBT S.L

Csk Structural Shell PiM 7.58 7.38 26.0

PL 7.58 7.38 39.1

PL+PB 32.98 35.01 39.1

Cask Inner Liner PM 13.18 11.78 22.4

PL 13.18 11.78 33.7

PL+PD 16.68 15.28 33.7

Top Flange PM 3.73 2.33 22.4

PL+PB 10.02 8.02 33.7

Top 3" Cover Plate Pi 1.62 0.52 22.4

PL+PB 6.30 5.41 33.7

Bottom Support Ring Phi 7.18 5.78 22.4

PL+PB 32.62 30.62 33.7

Bottom 2" Cover Plate PM 2.08 0.68 22.4

PL+PB 12.28 10.87 33.7

Bottom 3/4? Cover Plate PM 1.04 0.34 22.4

PL+PH 2.08 0.68 33.7

Bottom 1V Cover Plate P 1.04 0.34 22.4

.PL+P 2.08 0.68 33.7

Ram Access Penetration P•i 1.62 0.52 22.4
ling PL+ps 2.08 0.68 33.7

Note: 1. Load comblnation Cl from Table 3.1 is b-ounded by combination C2.

2. "Q" loads do not contribute to Level C stresses [9].
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Table 5,2.4 - Load Combinations Level D

Load Combinations, Level Csi

DI D2 D)3 D4 Allowable

Component Stress Type DW+T*+DLr DW+T*+DLc DW+T*+ D1I DW+TGM S.L

Cask Stucturel Shell PM 9.43 31.58 41.98 10.39 49.0

PI 9.43 31.58 41.98 70,0

PL+PB 9.43 41.98 41.98 31.68 70.0

Cask Inner Liner PM 7.18 31.58 41.98 - 44.9

PL 7.18 31.58 41.98 64.4

PL+PB 7.18 41.98 41.98 64.4

Top Flange Phi 18.48 41.98 38.18 44.9

PI+PD 18.82 52.82 57.32 64.4

Top 3" Cover Plate PM 30.72 31.42 28,62 44.9

PL+PB 30.88 31.58 38.18 25.08 64.4

Bottom Support Ph 27.58 41.98 38.18 44.9
Ring PL+PB 27.92 42.32 57.32 64.4

Bottom 2" Cover PM 20.78 41.98 38.18 44,9
Plate PL+PB 20.96 42.16 47.76 22.46 64.4

Bottom W" Cover PM 6.85- 41.64 19.14 - 44.9
Plate PL+PB 7.18 41.98 38.18 64.4

Bottom 1" Cover Phi 6.74 21.04 19.14 44.9
Plate PL+PB 7.08 21.38 38.18 64.4

Ram Access PM 20.62 21.22 28.62 44.9

Penetration Ring PL-PB 20.78 21.38 38.18 64.4

• ihenmal strMs or "Q" stresses are not considered ider Level D conditions

J*
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