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1 - Purpose

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 1 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) Traosnuclear DCR No. 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 ! 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). .
§ - 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 Il
stresses [9].

This calcﬁlation package addresses all the issues included in the previous calculation. However, in this
package the npdated 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 ASME 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 = 215.0% Section 2.3

Wt of the Skid = 18.7% [34]

Wtof the Trailer = 31.0€ (341

Total Weight = 264.7

Area of Cask = 155" x89%/12 = 11502

Area of Skid = 15.5'x14.7/12 = 19,0 f2

Area of Trailer =~ 252/12x 45.7/12 =__80.0_f? [34]
Total Area = 21402

q, =0.00256 K, (IV)*
Where: 360 mph
1.07
K. =08

P
ot
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q, = 0.00256 (0.8X1.07 x 360)?
=303.9psf < 397 psf

Overturning moment = 214.0 x 397/1000 x 74.7/12 = 528.9 K-ft (34]

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

[34]

Factor of Safety against overturning = 1588.2/528.9 = 3.00

b. Stress Analysis

Cask Shell

Total Force,
Distributed Wind Load,

At top center,
Max 6y =-0.492 Bp R¥M 12 ¢4
Max oy’ =-1.217 B p R L2 ¢4
Max oy =-0.1188 B* p R L"2 t™

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

P =397/1000 x 15.5 x 89"/12 = 45.64%
p = 45.64% /186” = 0.245 K/in




R=60#

R;=138ft [34]
R,=10.6ft [34]
¢ = 55.4° [34]
sing = 0.823
cosd = 0.568

(L)o = (I)g+ Mod,?  where d, is the same as R;

(L) =% mR?
Mgy = 264,700/ 32.2 = 8,220.5 Ib-m
R, = cask radius

R.=44.5"=371 f

Therefore:

(1)e = % (8,220.5)(3.71)* = 56,574 f¥1b-m
Megds” = 8,220.5 (10.6)% = 923,655 f2lb-m
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W= 39671b {10}
Wes= 264,700 1b.
M=3967/32.2 = 123.2 |b-m
V=126 mph = 184.8 ft/sec
L=45T7"+147"+89"=1494"=125 ft {34
Li=45.7"+ 14,7 +89/2 =104.9"=8.7 f [34]




A Form 3.1-1 Calc. No.: __1095-35
TRANSNUCLEAR Calculation Rev. No.: 2.
Title: NUHOMS 32P- Transfer Cask Structural Analysis Page: 7 of 21
Reyvised Page 69 of Appendix 1
(o)o = 980,229 f*1b-m
Substituting:
2 2 2
0.823c0s6 +0.568sin6 = 13.8° 71848 x1232 +0.823
2(264,700)(10.6)[980,229 +13.8°(123.2)]
Simplifying:

0.823c0s8 +0.568sin@ = 0.0175+ 0.823 = 0.841

Solving:

0=19°

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.

Brp = 90°- § =90° - 55.4° = 34.6°

Since 0yp 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.,R, cos(g +6)= F,'R, sin(¢ +8)

. E'=W_, cot(p+6)

¢+6=554°+1.9°=57.3°

F,'=264.7 cot(57.3) = 169.9 Kips

F=2xF'=339.8Kips lF“'

: \

[ In Appendix 1, this load was computed as F = ¢ %

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 DBT wind pressure analysis.

The ratio between p for the DBT and the TGM:

RATIO = ~20% 8,09
0.245

Ratio all stresses from DBT wind pressure analyses by 8.09.

02 =0.113 x 8.09 = 0.914 Ksi
Gy’ = 3.72 x 8.09 = 30.09 Ksi
o2 + o2’ = 31.00 Ksi
o1=1.20x 8.09=9.71 Ksi
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Primary Membrane S.I. = 6, =9.71 Ksi

Membrane + Bending S.I. = o6; + 02’ = 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 cask/skid/trailer
arrangement will slide,

- Let V = velocity (in/sec)
' m = mass (Ib-m)
W = weight (1b-f)

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

Using conservation of momentum:

MV =M Vey
Vst = Mg Vi / W = 3967 x 2218 / 264,700 = 33.2 in/sec

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

KE=Work=Fd
Y MVt = West X

where, x = sliding distance of the “cask/skid/trailer” arrangement

Solving for x:
x = (1/2 MestVest?) / Woa,
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=(1/2 (Wcst/g)thz)/ West
=Y Vg =% (33.2)*/386 = 1.43 in.

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

T=2x/Vx=2(1.43)/33.2 =0.0861 sec

Acceleration, X , is given by
V., 332

p=rar = 332 g5 6in/sec?, orl
X =T T 00861 nisee, orlg

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

YF, =0 = F=F +M,X

Using the maximum possible value for the coefficient of friction, 1.0,
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Fr= (iWog = 264.7%
Therefore, Fy = 264.7 + (264.7/ g) g = 529.4%

[Use Appendix 1, higher load (F = 557%) conservatively for stress calculations]

Tol ver 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”@ plate area is 29.16 sq. fi.
Use case 10a, Table 24 of Roark & Young [22]

M. = qa’(3 +v)
¢ 16

__P a’(3+v) PE+v)
m? 16 167

_ M _ 6PB+v) _ 3 557B+03) ,, . v

2 162t 8  a(3.0)

(o2

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]

2
M, =2 (t+v)
16
2
o =M _ 6 a00+v) _ 3 RQ0+0) 3 5STI)_ ) oy
t? m? 1617 8 m 8 7(2.0)
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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 (NUHOMS-24P), ISFS]

Transfer Cask Structural Analysis”.

35. TNY, Calcuiation No. 1095-1, “NUHOMS 32P — Weight Calculations of DSC / TC System,

“Revision 1.

36. TN Calculation No. 1095-6, “NUHOMS 32P ~ Transfer Thermal Analysis, 103° F Ambient”,

Revision 0.

37. TN Calculation No. 1095-16, “NUHOMS 32P — Transfer Thermal Analysis, -3° F Ambient”,

Revision 0.
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Revised Section 2.3 (Page 16) of Appendix 1

2.3 Main Component Weights

Weight Summary

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

- 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
(142+3+4+5+6+8)
Basket and Fuel

The following Main Component weights are based on the updated weight calculation [35).

116,021
5,290
22,842
1,214
20,520
46,400
12,176
570
147

ExactSum Used in Calcs

218,106
212,434
101,938

90,976

212,857

66,920

220,000
215,000
104,000

95,000
215,000

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

Nommal Opensting | Off-Normal
Losd Cass Conditions Conditions Accident Coudkions
11313)41}15 1 2 112)3)41516]7
Dead Load/Live Load XIXIX1X| X x X | X{IX|X|IXIXIX|X
T ] 3w 100 Amblent® | X | X x|x]x X
Vertleal b4
Handling Loads Thhted x
(Critical Lifts) Horizontal x
Handling £.oads Tranaport X X X
(Non-Critical) DSC Transfer X X X
Solunic XiX
Tomado Wind Loads 9 X
‘Tomado Geneested Missile @ X
Vertical (Top & Bottom) X X
Drop Coraer -
ASME Code Service Level AlAlALALA B B clelel|ptpiD}D
Load Combination No, AMMla|Aasimlas)' m R iclaloinimio|n
Notes:

1. Off-normal temperature based on Table 3.6-2 of USAR [4]
2. Load case is additional to Topical Report [10] requirements.
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3.4.3 Allowable Styess Criteria

The structural design criteria for the Transfer Cask is based on ASME Code Section III, Division I,
Subsection NC, (Class 2) [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'”
Item Stress Type Service Levels Seri . Service Level D
A&B ervice Level C Elastic Analysi Plastic
as 8IS Analysis
Greater of
Transfer General Membrane Sa 128, Smt:)l:%r ;) ;%4;38,,. 0.78,0r S, +
Coakc® 150"/. fP 1245 SV)(S)
g&*;mfﬂ Local Mem + Bending 1.5, 1.88, Li!;j(:(s) m 0959
Primary + Secondary 3.08, N/A N/A N/A
Membrane and Mem + | Smaller of Sy/6
Rendin or S,/10 N/A N/A N/A
Trunnions™ Smaller of 0.6
Shear $,/6 or 0.6 N/A N/A NA
5/10 ()]
Fillet and . Greater of 0.65
Partial Primary 0.58, S o7 0,508, Smaller of 1.2S, or 0,355,
TomeMSo" | Primary + Secondary 0.758m Smolf’g_?,ggf Sa N/A

Notes:

36}

4. Local primary membrane stress, Py, shall not exceed 150% of the Py, limit.
5. An alternative ¢lastic analysis limit for Py, + Py, is that the static or equivalent static loads shall not exceed 90% of the Jimit
analysis.collapse load using a yield stress which is the lesser of 2.35,, and 0.78,, or 100% of the plastic aunalysis 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, 0.6Sm is used for the aliowable stress. However, it should be noted that even though an
efficiency factor of 0.5 is applied for all nonvolumetric ingpected welds, an efficiency factor higher than 0.5 is allowed for
any individual welds installed by different methods. 0.658m 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. Al other upper trunnion lifts and all lower trunnion lifts

1, Values of Sy, Sy, and S, versus teruperature are given in Tables 2.2.1a -¢ of this package.
2. Includes full penetration welds.

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

govemed by the same ASME Code criteria applied to the cask structural shell.
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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
limitsand requirements of the ASME Code [9] for Class 2 components, The Upper Lifting
Trunnions will satisfy the criteria of ANSI-N14.6 for non-redundant trunnions. -
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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 Ioad the cask base
plate as a uniform pressure load:

Fuel weight = 46,400 Ibs (35]
Basket Weight = 20,520 [bs [35]
Base weight, estimated:
Lead, assuming a 4.25” thickness
=0.411 (4.25) (w/4) (67)* =6,158Ib Y
Steel, assuming a 2.5” thickness
= 0.29 (2.5) (w/4) (67) =2.556 b CASE 1 VERTZCAL LIPT
8,714 1b

Total Weight = 46,400 + 20520 + 8,714 = 75,634 Ib
Total Load = 75,634 x 1.15=86,9791b  Say 87,000 b
The uniform pressure applied is then:
Uniform pressure, g = 870001b /[0 (34 ~ 11.5%)] = 27 Ibfin®
Case 2b of Table 24 1n Roark [22] for a wniform pressure load on a plate with outer edge simply
supported and inner edge guided:

Mimax = M = K % g x &

I
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For b/a=11.5"/34"=0,34

K =02

Muax = 0.2 % 27 % (34)% = 6,242 Ib-in/in = 6.2 kip-in/in
F=M/d=62/20=3.1K/in

Allowable Weld Stress = 9.35ksi  (page 58 of Appendix 1)
Therefore, Weld thioat 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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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 III, Subsection NC,
Table 5.2.1 ~ Load Combiunations Level A
Load Combinations, Level A(ksi)
. Al AS Allowable S.L
Component Stress Type
DW+T+Hy DPW+T+Hy
Cask Structural Shel} Pu 127 6.13 21.7
Pe 0.68 6.18 326
P+Pp 0.68 30.50* 32.6
Py+Pg +Q 29,18 59.68 65.1
Cask Inner Liner Py 0.68 11,78 18.7
PL 0.68 11.78 28,1
P 4Py 0.68 15.28 28.1
_ Py+Py +Q 18.68 32.60 56.1
Top Flange Pu 0.68 233 18.7
Py+Pg 1.02 8.02 28.1
P+Pg +Q 19.02 26.02 56.1
Top 3" Cover Plate Pu ~0.52 0.52 18.7
PPy 0.68 4.90 28.1
‘ PP +Q 11.68 15.90 56.1
Bottom Support Ring Pu 0.68 578 20.0 (@300°F) (36]
PPy 1.02 29.60* 30.0 (@300°F) [36)
PP +Q 19.02 48,62 60.0 (@300°F) [36]
Bottom 2” Cover Py 0.68 0.68 18.7
Plate P+Pg 11,16 10.48 28.1
PytPp +Q 26.16 25.48 56.1
Bottom %" Cover Pu 0.34 0.34 18.7
Plate P+Pg 0.638 0.68 28.1
PL+PB +Q 21.68 21.68 56.1
Bottom 1” Cover Pum 0.34 0.34 18.7
Plate P +Pg .68 0.68 28.1
P+Ps +Q 11.68 11.68 56.1
Ram Access Py 0.52 0.52 18.7
Penetration Ring P+Ps 0.68 0.68 28.1
Py+Ps +Q 18.68 18.68 56.1
*Dead Weight Vatue from Table 5.1 not included because the transfer loads include a dead weight component.
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Table 5.2.2 - Load Combinations Level B
Load Combinations, Level B (ksi)
B2 Allowable

Component Stress Type DW + T +Hy S.I

Cask Structural Pm 6.18 21.7

Shell P 6.18 326

Py +Pg 30.50* 32,6

P +Pp+Q 59,68 65.1

Cask Inner Liner Pm 11.78 18.7

P 11,78 28.1

Pp+Pg 15.28 28.1

P+Pp+Q 32.60 56.1

Top Flange Pm 2,33 18.7

P +Pg 8.02 28.1

Pi+Pg +Q 26.02 56.1

Top 3” Cover Plate Pum 0.52 18.7

P +Ps 4.90 28.1

P+Ps +Q 15.90 56.1
Bottom Support Pum 5.78 20.0 (@300°F) [36]
Ring Pi+Pg 29.60* 30.0 (@300°F) [36]
PuPs +Q 48.62 60.0 (@300°F) [36]

Bottom 2” Cover Pum 0.68 18.7

Plate P +Pg 10.48 28.1

PL+Pp +Q 25.48 56.1

Bottom %” Cover Pum 0.34 18.7

Plate Py +Pg 0.68 28.1

PP HQ 21.68 56.1

Bottom 1” Cover Pu 0.34 18.7

Plate Pi+Pg 0.68 28.1

P +Ps +Q 11.68 56.1

Ram Access Pum 0.52 18.7

Penetration Ring Pi4Pp 0.68 28.1

Py+Pp +Q 18.68 56.1

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

component.
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Appendix 1

NUHOMS 32P ISFSI Trausfer Cask Structural Analysis

PAC TEC Calculation No. 10399 - 01, Rev.0.




CALCULATION PACKAGE

NUHOMS 32P ISFSI Transfer Cask Structural Analysis

PROBLEM STATEMENT OR OBJECTIVE OF THE CALCULATION:

The Transfer Cask structural analysis is revised in this calculation to reflect the increase in the DSC
capacity from 24 to 32 fuel elements.

Initial Release

ﬂ,EAC n ”Eb File No: 10399
kaging fd,:xim ¢ COVER SHEET Calc. No; 10399-01
pony Page 1 of 117
PROJECT NAME: CLIENT;
NUHOMS 32P TNY
CALCULATION TITLE:

PHIL Noss
.z




[DacEC
: kegivg A-echmology, Inc,
Title ISFSI Transfer Cask Structurel Apalysis ________ Calculation Number _10399-01 __ Revislon _Q __
Profect Name _ NUHOMS 32P Project Number,_______LQ;ﬁﬂ__ Page _2 of 117
Table of Contents
ORI 11 (o Te 3T {1 o O OO USRS 4
141 PTODIEI SEAIBIMENL c..e.evevov oo eerveeesresessmessssssessesiosesesmsesssseessessamsesssesessessseessesasessesensesseessmseeess 4
i 1.2 Investigation APPIO8CH ... e e e 5
" 1.3 Results SUMMANY ....o.uevvccrmmannnee eeereeessemaseseree et R8 e ees e ameene e e ses e seesesaesenpeeess e 8
2.0 System DescCriPtion ....c..cceceervciccrirrrerirmmneerrsenecsireseesessmmacereros RN 7
- 2.1 Main COMPONENES ....uoiiiiciiiinceiarsir et st s s b et e sy st s 7
- 2,2 Mechanical Propertios of Materials...........ccvvmcrresrsnninmninesvsiisnssseisessssesessessesssssesens S 11
2.3 Main COMPONENE WEIGHLS ..vvvovevusinnesssceeneessossussssssssesssssssssssssssssssseserssssssssssnnsrssssrsssssssssanes 16
3.0 ANAIYSIS APPIOACH 1e.viiviesisieriesteriees st errerrnrssessesses esrerssssrsrnsesssbssssnsssnssssessasssraesssesnsnsrbsssssneens 17
" 3.1 Assumptions and ReQUITEMENTS.......cccuiireiiin e i s 17
3.2 CalCUIBHON MEINOH. ...vvrveerssesssrseeessssssssasssseesessssssessessassssseseessseessosssssinsessesssssesssssessessssesss 19
3,3 ANGIYHCA! IEANZAHOM ¢vvv..vovevevevesssasesnas e ssssessssssssssssssassss ssssssasasssssssssssssssss sssmsssssessssessssens 21
3.4 Evaluation Condiions BNA CIEMA ...........ewrreerreeirerssseeesrssesressersssssssessssssssssssssssesssssssssssesssssens 22
3.4.1 Ldading CONAIIONS......cociiirecereiriiesieessrssssseesssssrntasaesssisassaetssssassatisssesssassnsstsnassessasaussssrsnne 22
3.4.2 Load CoOmMBINAIONS ......cccveiieriiiereiinnrersrsniamersiiosrtisssiemessnasenivarsenes sierersssreaessosnsessens 23
3.4.3 Allowable Stress Crieria .......ocvvvevrirrrecriiinrennirssicn st cverrennsresssriesne e 24
3.4.4 APPICADIE DOCUIMBNES ... vveiaireisiireerrererrnre e ressresssinsesrsssisesssstsasssssssais sessessssasnsssssisosss 25
4 0 ANBIYSIS...ii ittt e e e e et a s aas 28
- 4.1 Transfer Cask Assembly Analysis ........oceevrrneirrcciniinn Fereree N e R Ee e re et a e et et e r et e neabare 26
C 4.1 Dead Weight SIESS ANBISIS ... rireseririssecseeesissssssnisesssssesssssssssssssssssarssssas 26
4.1.2 Thermal SHESSBS ... st st sbessea s s s ns e 28
4.1.3 HaNGNg SHESSES ...vvvvvivevireeeriierecerrer e iesseiriesseses e e s arssete s resssserasasssornesanensbbaes 34
4.1.4 SelsMiC ANAIYSIS ..vviccreeciririrreiinrreretsiiee e senesse e se s e anessaseesrmesssrees sonssanrsssntasnasiases 47
4.1.5 Vertical Drop ANALYSIS ...uveiivimerermereisimiimmsisiecsea i mssaisse s s e 49
4.1.8 Horizontal Drop ANGIYSIS .........ccvvvimriririinsmemini e s 51
4.1.7 Corner Drop AnalYSIS .......ccouevimiiniiinse s 54
4.1.8 WBId SHESSES .o.uveiirreierniiiririetiriaeaiine st reaatissnssstes st esssners rrmnaessses s sresssraessstisstsasnsstersarysane 56
4.1.9 TOMNAUO SrESSOS ...civvireeiiiriirerrreerinirestianrr it ses bt is e ar e e ns s srbar s ey s sane s s baanvsn e aneaae 60
4.1.10 Velocity Resulting in Massive Impact Load ........cvviieiiinininecieienenne 79




Pac'TEc

" Mackeging ~JAechnology, ina.

.Tftle_mmam&maskﬁmum@ﬂ@@____ Calcuiation Number _10399-01 Revision _0 __

‘Project Name _NUHOMS 32P Project Number ______10399 _ Page _3 of 117

4.2 Neutron Shieltd ANAIYSIS........cccciieiiioniirmiermicrrriisiemsrossrsieisaiiessseressestsessassasssssssrosses 81

. 4.3 Ram Access Ring Penetration ANGIYSIS .....c.oeeiireniriinimieniiceniimiemamessmsiesiesiie s 86
4.4 Trunnion ANGIYSIS ....cceeereieiiiiriesisreniornesmmmisersimetiins sestisressnssessisssesessssssans e 87
4.5 Cask Lid Lifting Bolts Analysis...........ccccivmmiinnimmrni s 101
4.6 Cask Head Bolt ANGIYSIS ......cccveceeiimiciiscsiniiicieninnisniinisssinesssnesessnssessesserssesssscorassss 102
4.7 Bottom Center Cover Plate Analysis ................. e reeeae L ENeE bt reresae s ereaer TR aesannesetesrten 103
4.8 Miscellaneous Component AnalySiS........cccueevemiiicsinniiniic e 104

5.0 CONCIUSIONS.......ccvioruerueeernivriserrsersesarssemesrssrosseissisnistosisesssessresssssasiosinnessssesastssssssssssasssssssossosse 109

" Bl SHESS ANGAIYSIS RESUS .ucvvcversisecisissecississistessesssesbessasssssersssassosssassssses st essrssansasssssasnss 109
5.2 Load Combination RESUILS.......ccccerrereriireiiiiiennneriereestinecicerscsssieeesensaiasessessesressasssessassnanssne 110

8.0 REIEIBNCES.......coceeieeiiiiiiieie i srec e s et rsteestssresae s essn e st s ssae e eas s snrsnbennessrtorsaisansnns sarasssesnsssaransne 114




DAc TEC
sckaging J _mhnn!ng_y_,lnc.

Title _________ISFSI Transfer Cask Structural Analysis . Calculation Number _10399-01 __ Revision _Q
Project Name _NUHOMS 32P. . Project Number 10399 Page _4_of 147

1.0 Introduction

11 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 (ISFS]) 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 IR3-005-169 and 172 [2]
?;?for the Nutech calculation packages “Transfer Cask Structural Analysis” numbers DGE001,0202 and 0202A
‘17,81, In addition, a revised weight calculation for the DSC/Transfer Cask system [13] was performed. Asa
result of these Issue Reports and the revised weight caloulation, 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 Velacity calculation package number BGE001.0223 [16] was replaced
in order to update weights for the DSC/Transfer Cask system [13]. The Tornado calculation package number
'DUK003.0412 [3] was also replaced.

The resulting calculation package, CCNPP Calculation number CA04141 [34] provided a re-analysis in order to
‘demonstrate 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
]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
carry the DSC with a payload of 32 fuel elements as compared to the previously analyzed 24 element payload,
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12 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 NUHOMS 32P — Weight Calculatlons of DSC/ TC System [35] 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, clastic analysis will be utilized. For Setvice Level D Joads, the components will be
analyzed either elastically or plastically where necessary per the ASME Section I1I, Appendix F requirements

9.
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13 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. '
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2.0 System Description

21  Main Components

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

tesl s

g Pl P ot

e

TaTL L TITTS Swm T g has



. Proprietary Information Withheld Pursuant to 10 CFR 2.390

aciN e

nUe__&&MMMML_,_ Calculation Number _10399-01 Revision __Q
Project Name __NUHOMS 32P Project Number _____10399 . Page 8 of 117

TRAZ. -

L BT T

-z .

TR L

’.—_s;rzi:::‘—_,—.._(c::\,'-.-?—;—'.__. ef P EE A e 1 -

IR

2=

e

B




Proprietary Information Withheld Pursuant to 10 CFR 2390

AIPDACTTEC

ging K.ochnology Ine,

* Title

ISFSI TL&&S&LQM&M&L&LAMLS'____ Calculation Number _10399-01 _ Revfsion_Q

- Project Name _NUHOMS 32P s ProjectNumber____10399 _ Page 9 of 117

~ i g CFE 0

e R I e e e . Y

R se




{

Proprietary Information Withheld Pursuant to 10 CFR 2.390

IR

BTy
..uhmlgﬁlm.

Title

ISFSI Transtfer Cask Structural Analysls Calculation Number _10399-01___ Revision _0 ___

Project Name _NUHQMS 32P

Project Number 103939 Page _10 of 117 '

S U .. R

e

D S Y

T

v
LERLE T

i e e o




ACTTEC
- uMuockaging . % Ine
Tile _______ ISFSI Transfer Cask Structural Analysis ____ Calculation Number _10399-01___ Revision __0
Profect Name _ NUHOMS 32P Projact Number 10399 Page _11_of 117

2.2 Mechanical Properties of Materials

‘The mechanical properties of mateials for the Transfer Cask are listed in the following Tables;

Table 2.2.1a - Mechanical Properties of Materials

SABL T A

Stress Propertles
Modalus ent o
Materfal | Tentperature | g, oo Yield | Ultbmate | (x1.0B3ks}) Exm“,’;;‘“a,
CE) Intenslty | Stength | Strength ® )
(S=) Sy S) g
70 . 30.0 750 283 846
Sizinlass 100 360 300 50 : 36
b ASME 200 20.0 23.0 710 278 9.08
. | 8A240 300 20.0 22,5 66.0. 27.0 946
Type 304 300 87 20.7 644 26.5 9,80
ead 300 17.5 194 63.5 258 10.10
SA479 600 164 183 635 25.3 1038
Typa 304 g%o 33 163 o i X 107
7 . 360 $8.0 29.5 641
Carbor © 100 45 36,0 . . 653
Steel 200 4.5 | 328 - 288 693
300 145W FIK] - 283 730
AST™M 400 1459 | 308 - 277 7.66
A%6 500 1450 29,1 - 273 8.03
600 1459 26,6 - 26.7 835

Noles; (applios to Tables 2.2.12-0)

1. Steel duis and thermal expansion coofficlonts were obtalued from ASME Boiler and Pressure Vessel Codo [14].
Note: Instantaneaus thermal expansion cosfflclents are larger than average thermal expansion coafficionts

which {s conservative,

2. Leud data was obtalned from CRC Handbook of Tables for Applied Englneering Sclonce, 2% Editlon, pp. 111

and 118 {13},
3, Dataobtalned from manufucturers published information [7),
4,  Agehardsned at 1150°F In nccordance with note (5) of ths ASME Code, Appendix 1, Table [-1.4 9],

5, Allowsble stress valucs {S) for component supports [14}.
6.  Allowable stress values (S) and the yi¢ld strength (S,) for

A36 stos] are given in Table I-12.1 and Teble I-13.1,

respectively, of the ASME Boller and Pressure Code, Sectlon 1I, Division 1, Appendix I 9],
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Table 2.2.1b — Mechanical Properties of Materials

Stress Propertics ¢
(ksi) Blastlo 6;“'5;";“:‘; -
Maleddal T‘“?.;’;‘““’ Stress Vild | Utimate | (cOE3keD | ponenl,
( Intensity Strength ® (& o, )
Sa) (] S '
70 23.3 380 70.0 29,5 542
e 100 233 38,0 70.0 293 565
pri 200 23.1 346 700 288 639
Plate -
. ASMR 300 22,5 337 700 283 704
SA516 400 1. 326 00 2.7 7.60
Grade 70 2L
500 20,5 307 70.0 273 8.07
600 18,7 28,1 70,0 26,7 8.46
70 450 105.0 135.0 28.3 5.89
Transfer 100 45.0 105.0 135.0 28.1 5.89
Cosk 200 430 97,1 135.0 27.6 590
~ Lifting
Trunnlons 300 450 03.0 135.0 27.0 590
SA-564
Gr, 630 PH 400 438 9.8 1314 26.5 591
(0]
500 238 $7.0 128,5 25.8 391
600 42.1 817 1267 253 596
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Table 2.2.1¢ — Mechanical Properties of Materials
Stress Properties
(sl Blastio | (noteniensous
Modulus ¢© 0;11 “:‘ 0
Matertal | Tempemtare | gpss | yisld | Uldmate | xLOB3Ks) | 8T
¢ Intamsity | Stength | Strength ®) b g
) (89 (8 |
70 233 350 80.0 283 846
100 233 350 80.0 . 863 |
‘Transfer - -
Cask 200 233 287 80.0 276 9.08
Lifting |
Trunalon 300 225 25.0 759 27.0 946
" Sleoves
; SAl82 400 203 225 72 265 9,80
[ F304N
500 18.8 20,9 n2 258 10,10
600 173 19.8 69.7 253 1038
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Table 2,2.1d — Mechanlcal Properties of Materials

Allowable Stress Values for )
Material Temperature | Class2 Componeats (S) @ Yiold 32;'5&
e» (ks
20 250 . 105.0
+70 28,0 - 1050
NUHOMS-24P +100 - 250 105.0
Transfer
Cask +200 25.0 98.0
Bolting -
- _ Materials +300 25.0 94.1
|- ASME SA-193
. Grade B7 +400 25.0 91,5
+S500 " | 25.0 88.8
+600 250 853
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Table 2.2.1e — Mechanical Properties of Materlals
Solld Neutron Polsson Compressive Modulus of
Shleld m" Strength Elastlclty
Mategial @ 0 (ksl) (1.0B3 ks)
BISCo NS-3 0.2 39 0.16
Boro~
: Yield Toulle | Moduluor | COFRceAcel | Appromato
Material Strength Strength Btastsclty ) Expansion Point
(ksi) (ksi) (1x10"ps) (s inin, °F) P
Common
Load @ ~oe 2.5 2 164 621
ASTM B29
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23 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 22,999
4 DSC Top Cover Plate 1,214
5 Basket 20,520
L 6 Fuel 46,400
.7 Water 11,598
; 8 Ram Access Plugs 570
9 Ram Access Cover Plate 147
7y
L Exact Sum Used in Cales
Cask Lifting, Water and Loaded DSC 217,685 220,000
(L43+5+6+7+9) (527!
Cask Lifting, Sealed DSC, Transport Mode 212,591 215,000
(1+2+3+4+5+6+9)
Loaded DSC with Water 101,517 104,000
(3+5+6+7) (eorimsd)
Sealed DSC 91,133 95,000
(3+4+5+6)
Cask Dacked at HSM with Sealed DSC 213,014 215,000
(14+2+3-+4+5+6+8)
Basket and Fuel 66,920 68,400

(5+6)

TSR s
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3.0 Analysis Approach

3.1

Assumptions and Requirements .

The following assumptions are taken:

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 dry site [4]; therefore, no flood
loads are defined for this site; Purthermore, due to its short term and infrequent use, the NUHOMS-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,

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

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]

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.

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.

The design temperature for the Neutron Shield is 400°F.
The Neutron Shield is assumed to be lost in the event of accident condition,

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

The Trunnions are designed for a temperature of 400°F. [30], [36]

Project Number ______10399 Page _17 of 117

Ce WESeTn e -

s

=

P A S T T T AT g L, TR



N
“Edn: -A-wch%-g:wﬁ

Jitle ISFS! Transfer Cask StructuralAnalysls _ Calculation Number _10389-01 _ Revision _0
Project Name _ NUHOMS 32P Profect Number 10399 Page _18 _of 117

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

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

]2 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 friom those of
the previous thermal analysis.

14 The hand calculations which follow will use the appropriate weights as defined in Section 2.3.
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3.2 Calculation Method

"A combination of computer models (using the computer program “ANSYS”, [Ref. 11]) and hand calculations
“were 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 1g 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 & -3°F minimum and a 103°F
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 accidernital 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 pe1fouﬁed using the
same 3-D half model. The respective corner 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
- ANRSYS 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 FISM will be hand
calculated. The design basis load is a 3967 Ib. 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.

[
b

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 ldealization

In [34], the Transfer Cask was analyzed using three (3) different ANSYS [11] finite element models with the
appropriate model loading and constraints to simulate the actual loading conditions, The models include:

"'1. An axi-symmetric Cask model for thermal foads 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.

R e R I I R RS- - L N




IDacrEc
Mackaging M.ochnology, Inc,
Title ISESI Transfer Cask Structural Analysls_________ Calculation Number _10399-01 _ Revision _0__

Project Name __NUHOQMS 32P Project Number ______ 10399 Page 22 of 117

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 from [34], except the thermal load is factored by 32/24 for the 32P design analyzed here:

Thermal;
'Handling:

‘Seismic:

Accident Drop:

LDesign Basis
Tornado:

Tornado Generated
Missile:

-~

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 -3°F to 103°F, The
design temperature of the Transfer Cask is 400°F (USAR [4], Table 8.2-14),[36].

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

The seismic load is a 0.25g (both directions) horizontal ground acceleration and a 0.17g
vertical acceleration (3% critical damping).

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 1b automobile impacting the cask at 126 mph
and a 276 1b, 8” diameter object impacting the cask,
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1342 Load Combinations
- B
“The Transfer Cask Load Combinations for normal, off-normal, emergency and accident loadings are listed in y
Table 3.1, taken from [34]. i
Table 3.1 - Transfor Cask Load Combinations J
. Normel Opersting | OfE-Normal

. Losd Case Conditions Conditions Accideat Condltlons
i _ 1123045 1 |2 |s}j2|3)e]s]e}r .
; Dead Load/Live Load xIx{xfx{x| x [ x [x|x|x|x|{x|{x|{X g
Themsl | goro103tBAmblont® | X | X | X[ XX | X | X [x)x]x|x|x]x <
i . T 8
: Tilted X : f
: (Cm”“') Horizontal x b
) Handling Loads Transport : X X X b
‘ (Non-Critical) DSC Trensfer X X X
. Selsmlo X|X “
Tomsdo Wind Loads & X .
: Torsado Genertted Missile W ' X ,
Verticat (Top & Bottom) X =‘
Drop Coraer X il
Horizontal X B
ASME Code Sarvice Lovel AlalalAalal B | B [clc|clp|D|D]D
Load Combination No, AMlazfasjae|as| B | B2 Jerfca|ca|pijo2fos|ns b
af
Notes: ,{I
1. Off-normal temperature based on Table 3.6-2 of USAR [4] . -
2. Load case is additional to Topical Report [10] requirements. '
4
il
I
i
i
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3.43 Allowable Stress Criteria

The structural design criteria for the Transfer Cask is based on ASME Code Section 11, 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™®
Ttem Stress Type Service Levels Service Level D
Service Level C
A&B , Elastic Analysis Plastic Analysis
General S 128 Smaller of 248, or | Greater of0.7S; or Sy
) | Membrane m 14 0.78,% +1/3(S, - s,)(
Transfer Cask® [ Local Mem + . () ®
Structaral Shell Bending 1.5Sy 1.88, 150% of Py, Limit¢ 0.98,
Primary +
Secondary 3.08. N/A N/A N/A
Membrane and | Smaller of §,/6 or
: Mem + Bending S,/10 N/A NA N/A
" o Saller of 0.6 5,76
. maller of 0. .
:’ | Shear or 0.6 5,710 N/A N/A N/A
Fillet and Greater of 0.657 S,, )
Purtil Primary . 0.55, or 0.50S, . Smaller of 1,28, or 0.35S,
! Penetration Prima
ry + Smaller of 0.9S, or
 Welds® Secondary 0755 0.758, N/A
Not:es

I Values of Sy, S.,., and S, versus temperature are given in Tables 2,2.1a -e of this package,

p 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, Py, shall not exceed 150% of the Py, [imit.

5 An alternative elastic analysis limit for P, + Py, is that the static or equlvalent static loads sha]l not exceed 90% of the limit analysis
! collapse load using a yield stress which is the lesser of 2.35, and 0 7Su, 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 yleld stress which is the less 0f 2.3, and 0 78, or 100% of the plastic analysis or test
- collapse load.

6. For 0.5 efficiency factor, 0.65m is used for the allowable stress. However, it should be noted that even though an efficiency factor
5., of 0.5 is applied for all nonvolumetric inspected welds, an efficiency factor higher than 0.5 is allowed for amy individual welds
installed by different methods. 0,65S8m 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
i same ASME Code criteria applied to the cask structural shell,
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;3.4.4 Applicable Documents

E.Ths Transfer Cask is designed to conform to the design and safety criteria outlined in the Topical Report NUH-
1002 [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,
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4.0 Analysis

4.1 Transfer Cask Assembly Analysis

4.1.1 Dead Weight Stress Analysis

A transfer cask deadweight analysis is petformed for two bounding deadweight cases, as discussed in the USAR
[4]. The first is with a fully loaded cask hanging vertically from its lifting trunnions; 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 Ibs to 220,000 Ibs[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 Ibs to 95,000 lbs, an increase of nearly 36%. Because
certain stresses in the cask are due primarily to the weight of the DSC, all cask deadweight stresses will
.conservatively be increased by a factor of 1.36. Maximum stresses per cask component are summatized in

‘Table 4,1.1.1,

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

General Membrane:

Stainless steel Sm=18.7 ksi (20.0 ksi at 300°F)
Carbon steel Su=21.7ksi (22.5 ksi at 300°F)
Membrane + Bending;
: Stainless steel 1.5 S, =28.1 ksi (30.0 ksi at 300°F)
Carbon steel 1.5 Sp = 32.6 ksi (33.55 ksi at 300°F)

2§The resulting deadweight stresses are significantly below code allowables.
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’:fl'able 4.1.1.1: Maximum Deadweight Stress Intensity Summary

Maximum Stress Intensity

B (ksi) . Level A
:Component Stress Type Vertical Horizontal Allowable
K Orientation Orientation (ki)
Cask Struotuzal Pu 0.16 0.68 217
Sheil P, 0.16 0.68 12.6

PL+Pp 0.16 0.68 32.6

Cask Inner Liner Py 0.12 0.68 18.7

| PL 0.12 0.68 28.1

._ | PL+Pg 0.12 0.68 28.1

Top Flange Py 0.33 0.68 187

" Pi+Pg 0.33 1.02 28.1

Top 3” Cover Plate | Py 0.37 0,52 18.7

i Pi+Pg 0.37 0.68 28.1
Bottom Support Py 0.33 0.68 187
[Ring PL+Pp 033 1.02 28.1
Bottom 2” Cover Pum 0.23 0.68 18.7
Flato Py+Pg 023 0.6 28.1
“Bottom %” Cover | Piy 012 0.34 187
Plate PL+Pg 0.12 0.68 28.1
-Bottom 1” Cover Pu 0.08 0.34 18.7
Plate PL+Pg 0.08 0.68 28.1
"Ram Access Pu 024 052 18.7
Penctration Ring | p, 4p, 0.24 0.68 28.1
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: 412 Thermal Stresses

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

Usmg 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 temporatures 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

" Tstress intensities for individual components are compared to ASME Level A allowables.
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- Transfer Cask Mode]

“In [34], the transfer cask thermal loads are calculated for two bounding temperature cases using a 2D
“axisymmetric ANSYS model:

-“Hot” ambient condition, 103° F, including solar heat.
"%“Cold” ambient condition, -3°F, neglecting solar heat.

From the USAR [4]: Under normal opetating conditions, ambient air temperatures fluctuate from -3°F
‘minimum (winter) to 103°F maximum (summer). These temperatures represent the historical extremes
recorded near the Calvert Cliffs ISFSI. 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
4.12.2 and 4.1.2.4 of [34].

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, Ar= (2 7 34)(173.5) + 2(r 34°) = 44,328 in®
' Heat flux per unit area, Q/A;= 71,900 / 44,328 = 1.62 BTU / hr in®

Splar Heat
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A bounding solar heat flux for normal operating conditions of 62 BTU/hr £? (0.43 BTU/hr in”) was used for
analysis in the Topical Report [10]. This solar flux is applied as a heat generating body load uniformly 1
distributed along the cask outer surface length, assuming the cask rests horizontally. Solar load is applied to the ,f :
“hot ambient” model only. ;
¥

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

Horizontal cylinder: h’s= 1.24 (AT) 1
=124 (83.3) 1% .
=542 Wm?°C
=0,0066 BTU/hr in,2 °F

Cask end plates: h’,=.95 (AT) ®
=95 (83.3)1?
. =4.15 Wim?°C
=0.0051 BTU/hr in.?°F

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

‘Thermal Conductivity

Thermal Assumed
Conductivity Temperature

(BTU/br in. °F) (°F)
Stainless steel 0.867 400 [14]
Lead 1.584 200 B32]

Material Reference

) Carbon steel 2.034 300 [14]
BISCo NS3 0.079 150-250 [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 ploited in Figure 4.1,2.1 (hot amb1ent) and Figure 4.1.2.3 (cold
amb1ent) of the previous calculation {34]. The hot and cold ambient resulting stress intensity contours are colot
plotted in Figures 4,1.2.2 and 4.1.2.4 of [34], respectively. Maximum thermal stress intensities, ignoting
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 3.0 Sm=3.0 (18.7) = 56.1 ksi
Carbon steel 3.0 8,=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. 6x10°%)
ihan the stainless steel support rings (9.8x10°%), 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.
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Table 4.1.2.1: Maximum Thermal Stress Intensity Summary

L

Maximun Stress Intensity
(ksi) Code Allowable
Component Stress Type Hot Ambient Case Cold Ambient - (ksi)
Case '

Cask Structural

Shell Py+P5+Q 28.5 24.0 65.1
Cask Iner Liner _
P +Pp+Q 18.0 15.0 56.1
Top Flange ' |
PL+Pp+Q 18.0 15.0 56.1
Top 3” Cover Plate

' P +Pg+Q 11.0 9.0 56.1
Bottom Support

Ring PL+PgtQ 18.0 18.0 56.1
;Bottom 2” Cover
Plate PL+Pp+Q 11.0 15.0 56.1
ﬁottorh % Cover
Plate PLPR+Q 18.0 21.0 56.1
i
‘Bottom 1” Cover
Plate PLiP5+Q 11.0 9.0 56.1
Ram Access
Penetration Ring PL+P+Q 11.0 18.0 56.1

L e L
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413 Handling Stresses

'[1:‘),1::i following handling conditions are considered in the Cask Shell handling stress analysis, as described in
1, Vertical

2. Tilt

3. Horizontal

4. AtHSM

5. Transfer

Qniy the critical conditions will be analyzed. Cases which are bounded by others will not be considered. Local

;g"@resses due to trunnion loading are analyzed in Section 4.4, trunnion analysis,

1 Vsl din Conit
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 Ibs  (Section 2.3)

| Maxi Longitudinal Shell S
P
o =—
A
A=7D_t
; =7 (79"X1.5")
=372.3in?
“ K
i o=-220 _ _ 059Ksi
372.3in

o o eeer s

et e s 2R SISO

Ll el e e - e

e



Proprietary Information Withheld Pursuant to 10 CFR 2.390

Ll __)_Ac MEC

ackaging K.cchnology, Ins, :
Title [SFS| Transfer Cask Structurel Apalysis _________ Calculation Number _10399-01 Revision _Q __
Project Name _NUHQMS 32P Project Number ______10399 Page 35 of 117 '

Pmax = Y h
where h = 186.,13”

conservatively using the full length of the cask. [6]

3y s
p G24lb/t 1836.13111 6.72 psi
(12in/8)
(¥ "
o = B STt 0

t 1.5"
Inner Bottom Cask Plate Bending Stress

Total Load = Loaded DSC with Water = 104,000 1bs per Section 2.3

Use 68.0” as the effective plate diameter for maximum bending,

4 = Total Load _ 104,0001bs
e Area 7(68in)* /4

=28.6 psi

Conservatively assume a simply supported circular plate and using [22], Table 24, Case 10a with r,= 0

T
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' 2

M=d8 (3+v)

16
» o 2
- (0.029ksi)(34")*(3 +0.29) ~ 689K —in/in
16
o= 632'1 = 6(6'89( I;')—zm/m) =10.34ksi

Tilt handling condition stresses, which occur when the cask is supported between the frunnions and the tilt ring,

are bounded by the transfer handling stresses. Therefore the tilt condition stresses need not be considered.

;3'.)11. | Handling Condit

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 Copdit 1o HSM

The applied loads to the cask at the HSM consist of a 23,750 Ib normal operating force from the ram and a

95,000 1b 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 21 5,000 Ib force acting on the cask during transfer handling bounds the 23,750 1b and 95,000 Ib 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;
. 1g vertical
1g axial
1g horizontal

1/2g 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 1bs per Section 2.3.
The resulting applied forces are then:
' g vertical =215
1g axial =215%
1g horizontal =215%
' 1/2g combined = 107.5* +107.5% +107.5
The distributed loads are:
Vertical =215%/180.88” = 1.19 ¥/in
Horizontal — =215%/180.88” =1.19 ¥/in

i
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: $ Lower Trunnion _ % Upper Trunnion
| w = 1.19 Kiin '
I I
| |
| |
L—21,88" 1 124" * 36"
' 'R,_ IRR
180.88"

IMp=0: Rg(124.0) - (1.19%/in)(180.88”)(68.56) => Rp=119F¥
SPy=0:  119+Ry—1.19(180.88)=0 = Rp=962%

Maximum shear and maximum moment for the above loading are found to be 76,75 and 1769 k-in,
respectively.

For the Structural Shell section:

[T ((80.5")* - (77.5")*
64
Mc _ (1769k ~in)(80.5/2)
I 290,529in*

i K
o, =T8T _o21Ksi
A n(7915"

2 2
SIL =_°.§+[(9§§) +o.21’] = 0.37 Ksi

max 2

=290,529in*

=0.25 Ksi

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

o, =0.25Ksi :
Ao e T o il scclontan
P 215
== =(),58 Ks o
A w(79")1.5") .
Factoring the 1g results by '%:

1/2g vertical = 0,13 Ksi
1/2g horizontal =0.13Ksi i
1/2g axial = 0,29 Ksi A
1/2g shear = 0.11 Ksi

For the combined ¥ g loading case, shear can be neglected.
+o o : o | g ;

o, - .
SL = X y + X Y 2 R
2 [( 2 ] i J |
’ V2 1
si. 0134029 +[(o.29;o.13) . 0_112} 035K &

~ 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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98
n(73.12")?% /4
2
Mo 12 BG+v)
16

' 11\ 2
_ (0.023Is)36.6) B +029) _ e

q = 0,023 Ksi

16

o - 6M _ 6(633K ~in/in)

=3 D) 5 =4,22ksi

! Inner Bottom Cover PL, 2”, w/ uniform load

i 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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2=68/2=34
b=23/2=11.5

Resulting in b/a=0.34 giving Ky = 0.0502
M=K,ga’

X
=0.0502{ —22 @ __laam2 177K ~in/in
7 (68° —237)

o =M _ TN _, 66ksi il
t 2 q

Alternately, consider the lid as a simply supported plate without a center hole using [22], Case 10a:

2 i
M8 B+v) |
16 E

( 28(4) )(34")2 (3+029)

7(68)°

T =641K—in/in : : :

o= %/I" _ 6(6.41(I2(“-)-2m/ in) ~0.62Ksi
This is the worst case, | :5; ;
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Pinched/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: b

TRANSFERCASK

Length = 186” [6]
1D, =68”

Dry Shielded Canister:
Length=172.75"  [6]

0.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” I 172.76" | ]

inner shell, assuming a 0.5° angle between
the cask and the DSC due to a Hydraulic
ram load equal to 95%.

Assuming a point load contact at the inner shell,

P, = 95% sin(0.5°) = 0.83%

Plong = 95% €08(0.5%) = 94.9%

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

l | 1

4 0.75 \ q

=tan”| ——— |=0.25° = say 0.5° 4
a = (172.75) = r |
betermine the force fransmitted to the cask o 7’,5,. EiE
' gl

CASK:
SURFACE
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_ 0.4P, _ 0.4(0.83)

=0.59Ksi

0y = =
=~ ml tz 0,752

. CASK INNER
O = 29 _ 10.54Ksi bsc: SHELL
: (12")(0.75)

(assuming a 12” contact length)
‘Bending Stresses (from [22], table 31, Case

Oa).

CONTACT AREA,

_24R _24083) . oo

b=

t2

0.75%

Themfore the membrane stress is:

=Py=

=059 + 10.54 = 11.1 Ksi

Membrane plus bending, Py, +Pp=11.1+3.5=14.6 Ksi

Th1s load case envelops the operating handling case of 23,750 Ib ram load.
All other component transfer S.1.’s will be negligible and will not be calculated in this section.

DL e
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: Based on a previous finite element model of the upper trunnion and insert plate / structural shell ([7],
ANSYS computer run 10g), 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 1bs. The
weight used in the previous calculation [34] was 200,000 1bs 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.

1. Cask Structural Shell:

Sl =5.0Ksl Pm @ Node 178

STmx =277 Ksi Py, -+ Py @ Node 167

Scaling up

Slmx =1.1x5.0Ksi=55Ksi P, @Node 178
SImex =1.1%27.7Ksi=30.5Ksi Py, + Py @ Node 167

2, Toi) Flange Ring:

STmax = L5 Ksi Pm @ Node 71

SImex = 6.4 Ksi Py + Py, @ Node 222
Scaling up

Sl =1.1x1.5Ksi=1.7Ksi P,y @Node 71

'SLnsx = 1.1x6.4 Ksi=7.0Ksi P+ P, @ Node 222

SLEvE
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: Based on a previous finite element model of the lower trunnion and structural shell ([7], ANSYS computer
run log), the following 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 resuit,

Bottom Support Ring:
STmex =4.6 Ksi Pmn @ Node 180
S.Imax =26.9 Ksi PL + P, @ Node 169
Scaling up:
S.Lmxx =1.1x 4.6 Ksi=5.1Ksi Pm @ Node 180

S.Lmx = 1.1 x26.9Ksi =29.6 Ksi P + Py @ Node 169

Ml mh el T L
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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 Stractural | Py, — 0.59 5.5%
Shell - Local Membrane —————- nmmm 5.5%
PL+Py ST I — 30.5%
PL+Py+Q —- SR ——
Cask Inner Shell | Py, RS e 111
PL+P — — 14.6
PL+Py+Q - —— —
Top Flange Ring | P, v e 1.65*
P.+P, ——— Rt 7.0*
P.+P+Q - - S
Top 3” Cover Po | e e e
Plate PL+B, — - 422
P +P,+Q — — —
Bottom Support P, —— ————— 5.1%
Ring . PL+P, — 29.6*
P +Py+Q — e weneme
Inner Bottom 2% P, e ———— —
Caver Piate S I 10.3 9.62
PL+B+Q | e e

* From trunnion ANSYS model




ILPACW NEC

ocbnalogy T
Title ISFSI Transfer Cask Structural Analysis . Caleulation Number _10399-01  Revision _Q_
Profect Name __NUHOMS 32P Project Number 10399 Page _47 of 117

414 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 Cask/DSC 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:
y Stainless steel 12 Sm=12(18.7) =224 ksi
Carbon stee! 1.2 8y =1.2 (21.7) =26.0 ksi
Membrane + Bending:
Stainless steel 188, =1.8(18.7)=33.7 ksi

Carbon steel 1.8 Sn=1.8 (21.7)=39.1 ksi
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Table 4.1.4.1: Maximum Seismic Stress Intensity Summary
: Maximum Stress

Intensity Level C

Component Stress Type (ksi) Allowable
Seismic (2g) (ksi)
Cask Structural Py 14 26.0
Shell Pp 1.4 39.1
PL+Pp 14 39.1
Cask Inner Liner Pu 14 2724
Pp 1.4 33.7
. PL+Pp 14 33.7
v - Top Flange Py 14 224
P +Pg 2.0 33.7
1 : Top 3” Cover Plate Pm 1.1 224
Pr+Pg 1.4 33.7
Bottom Support Pm 14 224
- Ring Pi+Pp 2.0 337
Bottom 2” Cover Pu _ 14 224
Plate Pi+P5 1.8 33.7
Bottom %4> Cover Pu 0.7 224
Plate Py+Pp 1.4 33.7
Bottom 1” Cover Py 0.7 224
Plate P.+Pg 1.4 33.7
Ram Access Py 1 724
Penetration Ring P.+Ps 1.4 33.7
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“4.1.5 Vertical Drop Analysis

ThJS 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 undexrlying 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 Summary
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 Sy =2.4 (18.7) = 44.9 ksi
! Carbon steel 0.7 Sy = 0.7 (70.0) = 49.0 ksi
Membrane + Bending;
Stainless steel 1.0 Sy = 1,0 (64.4) = 64.4 ksi
Carbon steel 1.0 Sy = 1.0 (70.0) = 70.0 ksi

Resdﬁng stress intensities ate 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 duting a bottom drop, and at the neutron shield top support ring to cask top
structural ring junction during a top drop. Additionally, very 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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T able 4.1.6.1: Vertical Drop Maximum Stress Intensity Summary
Maximum Stress Intensity
(ksi) Level D
Component Stress Type Top Drop Botfom Drop Allgwable
' (Jesi)
Cask Structural Shell Pu 8.75 875 49.0
Py 8.75 8.75 70.0
. Pp+Pg 8.75 8.75 70.0
._ Cask Inner Liner Py 6.50 6.50 449
. ~ Pg 6.50 6.50 64.4
; P+Pg 6.50 1650 64.4
{ Top Flange Py 17.8 425 449
P;+Pp 17.8 425 64.4
:Top 3” Cover Plate Py 30.2% 6.50 449
: ' PL+Ps 30.2% 6.50 64.4
.. Bottom Support Py 6.50 26.9* 449
. Ring PL#Pp 6.50 26.9% 64.4
* Bottom 2” Cover Py 133 20.1*. 44.9
Plate PL+Pp 133 20.1* 64.4
“Bottom %" Cover Pu 6.50 G.4% 749
Plate PL+Pg 6.50 6.4* 64.4
“Bottom 1° Cover Par 4735 64 439
Plate Py APy 425 6.4% 64.4
" Ram Access Pm 8.75 20.1* 44.9
| Penetration Ring Py iPs 8.75 20,1% 64.4

¥ Values Tncreased by a factor 0 1.51 to account for Increased pay{oad weight,

L




[L AcTTEC

| SRR B R Tpppe——mT
kaging o .eohno!eg_uLmr.

, "",T!tle [SESI Transfor Gask Structural Analysis _______ Calgulation Number _10399-01 __ Revision _0__
Project Name _NUHOMS 32P Projact Number 10399 Page _51 _of 117 .

4,1.6 Horizental 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-symmetric 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-axisymmetric 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 harmonics. Under such
‘loading, the cask shell is squeezed between the concrete impact load and the opposmg DSC and cask self
welght 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 400°F design
temperature.

The stress intensities dus to the revised content weight are scaled from the stress results using the previous
content loading, The tevised stress resulis are shown in Table 4.1.6.1 below.

liesulting stress intensities are below allowable limits.
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Table 4.1.6.1: Horizontal Drop Maximum Stress Intensity |
o . ' Maximum Stress

Tutensity Level D

Component Stress Type (Kksi) Allowable

Side Drop (ksi)
Cask Structural P 41.3 49,0
Shell Pg 413 70.0
PP 41,3 70.0
Cask Inner Liner Py 41.3 44,9
Pg 41.3 64.4
P1+Pg 41.3 64.4
Top Flange 29 375 349

Py+Py 563 64.4

g Top 3” Cover Plate Pum 28.1 44.9
A ' PP 375 64.4

Bottom Support Pm 375 44.9
Ring PPy 56.3 64.4
Bottom 2” Cover Pum 375 44,9
Plate PPy 46.9 64.4
Bottom ¥” Cover Pum 18.8 44,9
Plate PL+Pp 375 64.4
Bottom 1” Cover Pu 18.8 44.9
Plate PL+Pg 375 64.4
Ram Access Pu 28.1 44,9
Penetration ng P.+Ps 375 64.4
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1

buring 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 beating capacity of a
rectangular footing equation (14,12) from Lambe and Whitmans® Soil Mechanics [33]:

Q - _03B B
= =(aq ), _1/2yBN,(1 0.3L)+deq(1+o.2 L)

where B js 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
N, are based on an assumed friction angle ¢ = 44°. The soil density, 7, is assumed to be 150 Ib/fe,

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 Ib/in®, 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 Ibs) will require a greater crush depth and thus decreased
acceleration.
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41,7 Corner Drop Analysis
A 25g static equivalent deceleration has been conservatively established for the postulated corner drop
‘orientation, as discussed in Section 8.2.5.1 of the Topical Report [10]. Two transfer cask corner drop analyses,
:a top corner drop and a bottom cotner drop, were performed using the 3-D ANSYS computer model illustrated
‘in Figure 4.1.6.1. Corner drops are simulated by restraining the respective top and bottomn corner surfaces and
‘applying a resultant 25g deceleration. The previous analysis using the lower gross weight is used in the
- 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,

*Results Summary
‘Maximum stress intensities, ignoring concentrated peak stresses (F stresses), for each tran&fel cask component
‘are conservatively taken from [34] and are summarized here in Table 4.1.6.1.

"'_l‘he resulting stress intensities are below allowable limits.
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Table 4.1.7.1: Corner Drop Maximum Stress Intensity Summary

Maximum Stress Intensity
(ksi) Level D
Component Stress Type Top Coxner Drop Bottom Corner ' Allowable
_ Drop (kesi)
Cask Structural Shell Pu 30.9 30.9 49.0
Py 30.9 30.9 70.0
PL+Pg 41.3 413 70.0
. Cask Inner Liner Pum ' 30.9 30.9 44.9
: Py 30.9 30.9 64.4
4 - Pr+Pp 413 413 644
. Top Flange Py 41.3 20.7 44.9
P +Pp 51.6 20,7 644
“Top 3" Cover Plate Py 309 07 #“3
.. PP 30.9 20.7 64.4
. Bottom Support - Pum 10.3 41.3 _ 44.9
| Ring PL+Pg 10.3 M3 64.4
i ~ Bottom 2” Cover PM. 103 413 44,9
Plate PL+Pp 103 413 64.4
-~ Bottom %> Cover P 103 413 449
| Plate Py+Pp 10.3 413 64.4
- Bottom 1” Cover Pum 10.3 20.7 449
Plate PL+Pg 103 20.7 64.4
¥ Ram Access Py 10.3 20,7 44.9
' Penctration Ring Pi+Pg 103 207 64.4
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418 Weld Stresses

"4

o Check Weld at top flange ring/cask outer structural shell:
Full penetration weld used, therefore no analysis is required.

o Check weld at bottom flange ring/outer structural shell;
Full penetration weld used, therefore no analysis is required.

» Check weld at bottom support ring/inner bottom cover plate:
Full penetration weld used, therefore no analysis is required.

o 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

Xair
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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.

Wt of DSC and Internals w/ Fuel = 95.0° (Section 2.3)
Total Load = 95.0% x1.15=109.25% Say 110.0¥

Assume that the fuel and DSC base assembly load the cask ' 6
baseplate as a uniform pressure load: *
Fuel weight = 46,400 Ibs
Base weight, estimated: :
Lead, assuming a 4.25” thickness °

=0.411 (4.25) (/4) (67 =6,1581b

Steel, assuming a 2.5 thickness
=0.29 (2.5) (w/4) (67)° =2,5561b
- 8,714 1b

1t VERTICAL

Total weight evenly distributed = 46,400 + 8,714 = 55,114 Ib
The pressure applied is then:
Q =P/A = 55,114/ [n/4 (68% — 23%)] = 0.02 K/in?

_ The remaining weight of the DSC, which includes the basket, shell and top plate, can conservatively 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 éxpressed as the product of the shear force per inch at the outer edge of the plate times
the circumference

F =Q,(2na)

But Qa can also be expressed as a function of the maximum pressure, q, and the dimensions of the loading
"pnfiguraﬁon:

JEIRTC I Ayt e Ty Py S S
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q
a = -6:(2&2 —1;a __1.02)
Combining and solving for q :
3F

q:
zlea’—ra—1’)

The force, F, is .
;' F = 95,000 — 55,115 = 39,885 Ibs
With a = 34” and r, = 11.5”
| | 3(39,385)

=0.021 K/in2
7 (2(34)* -11.5(34) - (11.5)%)

q:::

Wlth a=34" and b =11.5”, b/a=0.34 and a uniformly decreasing pressure load as shown in Case 3b, a Kymms of -

0 076 can be interpolated. Thus the maximum moment can be calculated:
! = Kb q & = 0.076 (0.021) (34) = 1.845 K-in/in

. 2b
-S1m11ar1y, for the uniform pressure loading calculated above and using a Ky obtained from Case 3b for a b/a of
' .0 34:

My = Kmaa® = 0.20(0.02)(34)* = 4,624 K-in/in
The maximum moment is then:
M = 1,845 + 4.624 = 6.469 K-in/in

The force on the weld is
F=My/d=647/2"=3,24K/in
The allowable weld stress (using stainless steel allowables) = 0.5 8, = 0.5 (18.7 Ksi) = 9.35 Kisi

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.
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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=1325x1.1=14.58 Ksi

Allowable S.I. = Smaller of 1.2 S, or 0.35 8,

Usmg Stainless Steel allowables (18.7 Ksi and 64.4 Ksi) the minimum allowable S.I. =22.4 Ksi. Therefore the
weld stresses are well within allowables,

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

SL=110x11=12.1Ksi

Shear Force = 12.1 Ksi x (3/4”)(1*)
= 9,08 per inch of weld
Theld =0.75"-0.0675"
=(,6875"
_ 9.08%
¥ 0.707(0.6875")(1")
The allowable weld stress = 1,2 Sm
=22.4 Ksi > 18.67 Ksi

=18.67 Ksi
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Thus the existing cover fillet is OK.

Full penetration weld, therefore OK.

419 Tornado Stresses

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 g, based
upon the maximum tornado velocity, V, was calculated using the relationship given in ANST A58.1 — 1982
‘Section 6.5 [24].
' q, = 0.00256 K _(IV)*
where: V = Wind Speed
I Importance Factor [4]
K, = Coefficient [4]

H

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.

Care imewst L TV
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A massive high kinetic energy missile which deforms on impact. This missile is assumed to be a 3967

pound (1800Kg) automobile with a frontal area of 20 square feet impacting the cask at a velocity of 126

mph. il
2. Penefration Resistance Missile
A rigid missile to test penetration resistance, this missile is assumed to be a 276 pound (125 Kg), 8-inch S
diameter hardened steel object impacting on the cask at normal incidence. v
3. Protective Bartier Missil

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.

o 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 ina
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 performed for the cask and components,
a) Stability
b) Penetration Analysis
¢) - Stress Analysis

o 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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a. Stability Analysis: ' .
The geometry considered for the analysis is shown below. .

Wt of the Cask = 2150° Section 2.3

Wt of the Skid = (87 (28]

Wt of the Trailer = K [28]

Total Weight = 2784

Area of Cask = 15.5' x89"/12 = 115 &

Aven of Skid = 155x14712 = 190f

Atea of Trailer = 262/12x43/12 = 822
Total Area = 212282 |

q, = 0.00256 K _(IV)?

L e S IR

where: - V = 360 mph
I =107
K, =038
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q, =0.00256 (0.8)(1.07 x 360)*
=3039psf < 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 overtumning = 1668.0/515.3 =3.23

b. Stress Analysis

Cask Shell

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

Total Force, P=1397/1000x 15.5 x 89"/12 = 45.64%
Distributed Wind Load, p=45.64% /186" = 0.245 K/in

Bewpius sTeesEs

At top center,
Max o3 = -0.492 B p R¥ 112 54
Max oy’ =-1217 B p R4V ¢
Meax o1 =-0.1188 B’ p R L¥2 ¢

i
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Where: B =[12(1-v?)"®
oy and 0, =metidional and circumferential membrane stresses
oy’ and 07’ = meridional and circumferential bending stresses
Substituting:
B = [12(1-v})® =  [12(1-03%)% - 1348
o2 = -0.492 (1.348) ( 0.245) (39.5)* (186)17 (1.5)54 = 0.113Ksi
op’ = -1.217 (1.348)! (0.245)(39.5) (186)"2 (1.5) " = 3,72 Ksi
o1 = -0.1188 (1.348)" (0.245p) (39.5)" (186)% (1.5)"* = 120 Ksi

' ¢ Primary Membrane
SL= %[(c, +0,)2{o,~0, ) + w)”] =120 Ksl
e Membrane + Bending

SI=0,+0,' =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 [22]




3. TGM Loading (Massive Missile Impact)

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

M =qa2(1+u!

° 16

_ 039734*(1+0.3)

144

16

=0.259K ~in

M

43'=t2

a. Stability Analysis:

6(0.259) .
——(?2—— = 0.39Ksi

ﬁ_E_)Ac "MEC
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2
M, =8 B+v)
16
_ 0.39736.6*(3+0.3)
144 16
=076 K ~in
™ 6076 | sk
t? 3.0?
Inner Bottom Cover Plate
Assume plate is fixed at edges

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:

(Hpo = (Hado
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where:

(Hi)o = angular momentum about point o before impact
(Hea)o = angular momentum about point o after impact
(Hi)o = R Vi,

-(Ha)o = Ry%0imy, + Jo)o®;

where

R, = distance from point o
to the impact point ¢

Vi = impact velocity of
missile

my, = mass of the missile

o; = angular velocity of the n >
missile about point o
immediately after impact

(Io)o = mass moment of inertia of the cask about an axis through point o
Therefore:
Rlvimm = Rlzwlmm + (Io)om(

o, = Rlvimm
FTR2m +(1),

‘From the conservation of energy:
KE; + PE;=KE; + PE;

Where KE; = initial kinetic energy of the cask and the missile

_(L),o! N Rio’m,
2 2
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and KBy = final kinetic energy of the cask and the missile

_@)0}  Riokm,
2 2

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

(PE) = final potential energy of the cask and missile =W + 0
- W, = weight of the cask

W= weight of missile

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

Wese= weight of cask / skid / trailer arrangement

2 2 T2 2

0)2 - @o)o +Rfmm l2 _Zwoh
f ), +R’m,

From geometry of the figure shown above,
h =R, (sin( +6) ~sing)
Hence,

RV} m, > . .
—Ll i _m ___9WR +0)-
L DorRm 2 in +6) ~sin¢)
2

(IO)O + Rlzmm
The cask stops rotating when angular velocity, =0, Also, sin(¢+6) = sing cos0 +sinBcosg.
Therefore,

Rio/m,
2Wc31R2 [(Ie)o + Rlzmm]

sin¢ cosB +sind cos = +sing

In order to determine 8 from the following equation, the following parameters are used:
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© W= 39671b [10]

West=278,4001b (2a) previously
Mp=3967/32.2=123.2 lb-m
Vi= 126 mph = 184.8 ft/sec
L=43"+147"+89"=146.7"= 122 f
Li=43"+ 147" +89/2=1022"=8.5 ft
R=601
Ri=13.61
R;=10.4ft
¢ =54.8°
sing = 0.817
cosd = 0.576
(Lo = Jo)gt M.d,2 where d, is the same as Ry
(l)e = VamRS?
Mg = 278,400 / 32.2 = 8,646.0 1b-m
R = cask radius
' R,=44.5"=3.71 &
Therefore:
| (T)e = ¥ (8646.0)(3.71) = 59,502 flb-m

medo? = 8646.0(10.4)% = 935,151 f2lb-m
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(Lo = 994,653 flb-m
Substituting:

2 2. 2
0.817¢080 +0,5765in6 = 13.3184,8123.2 > +0.817
2(278,400)(10.4)[994,653 + 13.62(123.2)]

Simplifying:

0.817cos +0.576sin6 =0.016 + 0.817 = 0.833
Solving:

6=17°
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,

Oup = 90°- ¢ =90° - 54,8°=35.2°

Since Oy, is greater than 8, 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.R,cos(p +6) = E'R, sinfp +6)

E' . W, cot(d +0)

¢ +6 = 54.8°+1.7° = 56.5°

E'=278.4cot(56.5) = 184.3Kips

F =2 x F'=368.6Kips

«g\&

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_3686 _, oerk/in

L 186
The ratio between p for the DBT and the TGM:

RATIO = 202 = 8,09
0.245

Ratio all stresses from DBT wind pressure anatyses by 8.09,

c2=0.113 x 8.09 =0.914 Ksi
o2' = 3,72 x 8.09 = 30.09 Ksi
oy + o7’ =31.00 Ksi

o1 =1.20x8.09=9.71 Ksi




[Pac”

NEC

ackaging 4

" —— 1
.echw,lnc_

Tille ISES! Transfer Cask Sfructural Analysis Calculation Number _10399-01  Revision _Q

Profect Name __NUHOMS 32P

Profect Number ______10399 Page _71 of 117

Primary Membrane S.I. =o;=9.71 Ksi

‘Membrane + Bending S.I. =03+ o' =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 cask/skid/trailer
arrangement will slide,

Let V = velocity (in/sec)

m = mass (Ib-m)
W = weight (1b-f)

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

Using conservation of momentum:

My Vi = Mgt Vst
Vet = MuVin/ West = 3967 x 2218 /278,400 = 31.6 in/sec

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

KE=Wotk=Fd
Y MestVest® = West X

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

Solving for x:
¥ =(1/2 MostVest?) / West

T e T
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= (12 (Wesd/8)Ves’) / West

=¥ Vui/g =" (31.6)° /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%/Vee=2(129)/31.6=0.0816 sec

Acceleration, X , is given by

f=—ot =~ .=387in/sec’, orlg

' The impact force, Fy, is the force needed to overcome both the frictional force, Py, and the inertia forces.

! | x.é'——-—l " a,..‘g'

—W
€AsK
LOWER TRUNNION TRUNNION
; F
- .'—- po. .Lo st -*._,—.l_.
s 3 ; $
> _‘E‘ 1 = — :
) : :
#, . ? TRAILER
]
Py
West

D F, =0 = E=FK+M_%

Using the maximum possible value for the coefficient of friction, 1.0,

s sroewes - Tl
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Fe=pWe =278.4%
Therefore, Fy=278.4 + (278.4 / g) g = 557%
T 1]

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. fi. and the 73.12”Q plate area is 29.16 sq. ft.

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

M:M

* 16

_ P a*B+v)_P(+0)

na® 16 16
5 = 61:/1 _ 61>(3+2Q _ 355713+2.3)=24.4Ksi
t 16mt 8 =(3.0)
Assume plate is fixed at edges

Assume force is uniformly distributed (See above)
Use case 10b, Table 24, Roark & Young [22]

M =qa2 1+v
° 16
2
o - M _ 2a'(0+0) 3 PAOY) 3 5L oy
t rna’? 16t 8 =t 8 x(2.0)




IDacEC

e
g —Aechnology, Ina

Title Calculation Number _10399-01 _ Revisfon _0
Project Name _NUHQMS 32P Project Number _____10399 Page _174 of 117

1 E i ! I L3 B - | I I' l]

a. Penetration Analysis

Two (2) formulas are used to determine penetration distance
Assume 276 lbs, 8”Q, rigid missile

Velacity = 126 mph = 184.8 fi/s = 2218 in/s _

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

; _ KE o7l
: =K
, : 245,D"

where KE = kinetic energy = % mV?
m = mass of missile =276 / g =0.715 Ib sec’/ in
V =velocity of missile =2218 in/s
S, = ultimate strength of cask material = 70 Ksi
D = diameter of missile = 8.0”

2 0.71
T= _.E‘.Y__ﬁ.
488,D"

| o715 (2218)
4.8 (70,000)(8.0)'*

o1
] = 0.499"

Thickness of the cask shell = 1.5™
Thickness of the top cover plate =3.0”
Thickness of the inner bottom cover plate = 2.0”

e U T

“
"
Y
b
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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 formula developed by the Bellistic Research Laboratory [27]:

where KE = kinetic energy = % mV?
m = mass of missile = 8.57 Ib sec?/ ft
V =velocity of missile = 184.8 ft / sec
D =diameter of missile = 8.0

o 2657 84.8)*3
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,

= (0.52"

b. Stress Analysis

Impact force, F, is calculated from the following relation:
F At = Ggpal — Gintttal

Where At =time of contact (assumed to be 0.05 sec [26])
Gupa = linear momentum at the time t=t;=mV;
Ghnitial = linear momentum at time t = t; = mV;
'V =velocity

m = mass

Then
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F = m(V; ~ Vi) - m(V; — V)
t, —t, At

Assume V=0

276 5913

m(Y;) (386 )
Fe LR = A K
At 0.05 317

Using 2 maximum dynamic load factor of 2.0 makes the impact force, ¥ = 63.4%.
Cask Shell
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 /R*=n(8%4)/39.5*=0.0322
From the formula table, (linearly interpolating),
0’/ P)=0.83, oRt/P)=4.24

Solving,
oy’ = 0.83(63.4)/1,5% = 23.4 Ksi
o2 = 4,24(63.4)/(39.5)1.5 = 4.5 Ksi
o+ 0y’ =234 +4.5=279Ksi
Top Cover Plate

Assume simply supported boundary conditions at the edges, apply Case 16, Table 24 of Roark and
Young [22]

LT

LERAmL . T, s

LR
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M. =%[(1 +u)1n(ri:;)+1]

where: a = plate radius = 36.6”
1o = missile radius = 4,0”
v = Poisson’s ratio = 0.3
W = impact load = 63.4%

Mm=%ﬁ[(1+o.3) 3%9)“} ~19.6K ~in/in

M _60596) 13 1xi

t? 3.0?

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

W a 634 1 (34 .
M =—|( ]_n —_ s —_— 0.3 — |=140K - /i
mer = {( +0) (fo'):] = (1+0.3) 4) in/in

6M 6(14.0) .
G =?=—E‘02—-=21.OKSI

et e g -

PR T T S
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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
(Ksi)
DBT TGM
Cask Structural | Py, ——— 1.20 9.71
Shell P +Py —_— 3.83 31.0
Pi+Py+Q e e -
Cask Inner P e - e
Shell Pl + Py — v—— —————
Pi+Pp+Q e —_— ] e
Top Flange Pn e -
Ring . Pi+Py, | e Tl e
P+Ps+Q — T mm-
Top 3” Cover | P e - m===--
Plate Pl + Pb ...... 0.51 244
P+Py+Q et T e
Bottom L e ————
SupportRing | p ;. p, —— — e
Pi+Pp+Q ] e ——— —————
Inner Bottom 1P | - mmnm—
2” Cover Plate Pl +P, —— 0.39 21.6
Pi+P,+Q - e e
Inner Bottom P ] e mm—n- -
%’ Cover Plate P+ Py U Y
P+P,+Q ———— ~-—--- ~e——

DA TR .




DAcTEC

y A echnalogy, Inc
Title [SFS! Transfer Cask StruycturalAnalysfs _ Cafculation Number _10399-01  Revision _Q __
Profect Name _ NUHOMS 32P Project Number 10399 Pags _79 of 117

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 corresponding velocity of the DSC and cask.

The design basis load is a 3967 1b automobile traveling at 126 mph (Table 3.2-1) [10]
Kinetic energy, T = % MV?
T =% (3967 b / 32.2 fifsec’)(126 mph x 1.466 f¥/sec/mph)* = 2,101,770 & Ibs
Find the velocity of a 95,000 1b loaded dry shielded canister that would result it.1 the same kinetic energy

as calculated above. Assume a homogenous cylinder:

I1=1/2mr?

o=V/r

T=1/2mV? +1/2In*

2
T =1/2mV? +1/2(1/2mr2)(y—)
r

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

T=3/4mV?

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

D e

R T e

i
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4T\* (4 2301770 Y
v=[21) _[2 2200770 10 458 21.1
(3111) (3 95,000/32.2 ffseo or 21.1mph

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 = % mV? =2,101,770 ft lbs

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

T=1/2mV? +1/2Iln?
V 2
T=1/2mV? +1/2(1/2mr2)(—;-)

T= 1/2mV*+1/4mV?

T=3/4mV?

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

172 12
V= AT} | A4Y_Z10L770 =20.5ft/sec or 14,0 mph
3m 3 1 215,000/32.2

Calculate the velocity of dropping 80” per Topical Report, Section 8.2 [10].

d=%qt
t=(2d/q)"?=[2(80/12)/32.2]"*=0.643 sec
At =V/32.2 =0.643 ,

V =20.7 £t/ sec, essentially equal to 20.5 ft / sec

Therefore, on a flat road, a speed of 20.5 ft / sec is not credible.
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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&B).

In addition, neutron shield panel local shell stresses at trunnions will be checkeci 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 neatron shield.

Check Neutron Shield Pane] Internal Prcssuré:
Allowable internal pressure is given by [9], NC —3324.3:
a.) Circumferential

st
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 I, Part D, Subpart 1 [14]:
S=16.2Ksi (for SA240, Type 304 @ 400°F
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Substituting values:

16.2 (0.25)

= = 0.0912Ksi = 91.2 psi
44.25+0.6(0.25) 1=91.2psi

b.) Longitudinal

2t 21620025 . . .
P, = - = 0,1835Ksi =183.5
Sov =04t 44.25—0.4(0.25) . Pl

The governing allowable internal pressure of the cask

nieutron 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 xesult 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=172Xsi [14]

_17.2(0.25)1000
W% T 44,25 +0.6(0.25)

= 96,8 psi > 95psi

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 pressule in the neutron shield

cavity.

From Roark and Young [22], Table 24, Case 2c, assuming eas’ J{
simply supported boundary conditions on the inner and outer ¥

edges: f =l

a=36" b=11" t=075"
i b/a=0.31 giving Km, ma=0.0539

/
‘For SA 240, Typs 304:
Sn = 18.7 Ksi @ 400 °F (Table 2.2.1a)

=
3%”

X T

SRS A A -

R Y
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Allowable Py, + Pg = 1.8 S, (Table 3.2, Service Level C)
Cattow = 1.8 Sm =1.8 (18.7) = 33.66 Ksi
Gatlow= 6Maitow / tz

Solving for Manew and substituting:
- Matiow = 33.66 (0.75)%/ 6 = 3.156 K-in/in
Muex = Kmmax 4 &
Soving for q and substitating;

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

The bottom neutron shield pressure relief valve is set to 8 maximum of 45 psi [6] to prevent overstressing of the
cask bottom end plate.

The stress at the trunnion/cask shell intetsections was conservatively calculated based on the assumption that
the total load is carried by the insert plate / structural shell. The neutron shield panel will carry a portlon of the
trunnion load propottional to the structural shell, The relative stiffness of the shells are proportional to £,

UPPER TRUNNION SECTION

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)
Therefore the local stress at the trunnion/neutron shield panel intersection due to trunnion loads is:

Al
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S.L = (30.5 Ksi)(0.25)* / (1.5) = 0.14 Ksi

Thermal stress at the trunnion / cask shell intersection is:
S.I. =25.0 Ksi (Based on contour plot, Section 4.1.2 of [34])

Total Stress =25.0 +0.14 =25.14 Ksi <3.0 Sp, = 56.1 Ksi

Since the neutron shield jacket weld is a full penetration weld, the load due to the internal pressure will be
carried entirely by the neutron shield panel. Therefore, the longitudinal supports will not be analyzed for
internal pressure loading. Since the N'S3 solid neutron shield will resist compressive loads, the loads due to
vertical and horizonta] 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.

E LOADINS DUETO
: . , I
. 7 XIAL ACCEL.
NS-3 NEUTRON 1 1./ 7 A
SHTELD MATERIAL
L%2%
; ) i %
NEUTRON SHIELD
PANEL. -
surroRTRING | |
[

¢ Check Neutron Shield Panel (NSP) Support Ring:

The loading on the support ring is due to 1g acceleration of the NS3 material and the neuiron shield
panel. The maximum stress intensity in the neutron shield panel support ring due to the vertical
bottom drop condition is:

PrIE e Klanasors
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S.I, = 26.2 Ksi (based on stress results in section 4.1.5: Bot ring, Bot drop; Top ring, Top drop)

Ratioing the maximum S.I. by 2g / 75g, the maximum S.1. in the nentron shield support ring is:
" S.I =262 Ksi (2/75) = 0.70 Ksi
Allowable S.I = 3.0 Sy, =3.0(18.7 Ksi) = 56.1 Ksi
“Therefore, OK

“Maximum thermal stress intensity:
SI= 145Ksi (Based on contour plot, Section 4.1.2 of [34})

Normal Stress on NSP Suppozt Ring:
“Total Stress = 0.70 + 14,5 = 15.2 Ksi < §6.1 Ksi OK

I ek RS -
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The maximum shear stress for level A and B loading is taken as the stresses resulting from the 75g vertical
bottom drop case x (2/75).

S.1. = 26.2 Ksi (based on the stress results given in Section 4.1.5 [34])
' Shear stress @ weld = 26.2 Ksi (2g/75g) = 0.70 Ksi
Primary allowable weld stress = 0.5 Sy, = 0.5 (18.7) = 9.35 Ksi

By = Ayeld Galtow

For a unit length of weld:
v Req’d weld throat = (0.70Ksi) (3/4”) (1) / 9.35 Ksi = 0.06”

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

Existing throat = 2(0.707) (5/16 ) = 0.44” > 006"  OK

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

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

_EFor 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

ithis package, Handling stresses are negligible.
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-'._'4.4 Trunnion Analysis

.. The upper and lower trunnions are analyzed for 4 load conditions (3 handling and 1 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 212,591 Ibs).

~ The trunnions 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 (transpott case) are governed by the same ASME code criteria applied to the
cask structural shell,

Materials:
Upper Trunnion:
Trunnion: SA 564, Gr. 630 PH
Sleeve: SA182 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. ANSIN14.6 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.

1265 K-/ TRUNNION* T'71.2 K /7 TRUNNION®

TRANSPORT SKID
* & TILT RING

i : J|. 220 Kips MAX. WET WEIGHT

e . 54,2 K / TRUNNION* ‘R
= o ,
CASE 3 VERTICAL LIFT, . 21 ROTATING ¢, ), SKI
;
oo Vg (VERTICAL) 2V (VERTICAL)
- . 71.2 K / TRUNNION® i e —
" 642K/ TRUNNION® Nl
. aHa (AXIAL) - ﬂ’z(RADIAL) ﬁi’i (RADIAL)
3 ETANAR -x \,:: : [ ¢ \Q’ ‘e_. !7_-. e 1' ] ‘Q- .
1 ON SKID, CASE 43 ON-SITE CASK TRANSPORT

*INCLUDES 15% LOAD INCREASE FOR MOTION LOADS
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L Upper Trunnions:

Check 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 maﬁdmum handling load = 126.5%
Va=126.5
Ma=126,5x1,75"=221.4 K-in,

Section A Properties:
O.D. of Trunnion = 8”
LD. of Trunnion = 4”
Material : SA564 Gr 630 PH

¥ Area = (D% — D)4 = (8 — 4%/4 = 37.7 in’

Section modulus, § = n(D,* - D)/(32D,) = (8! —4%/(32%8) = 47.1 in®

Stresses:
Shear stress, oy = 126.5/37.7 = 3.4 Ksi
Allowable is (0.6/10)S, = 7.88 Ksi = OK
(Su= 131.4 ksi, Table 2.2.1b) -
Bending stress, op = 221.4/47.1 = 4.7 Ksi
S.1.=4.7/2 + ((4.7/2)* + 3.4%'7% = 6.5 Ksi
Allowable is 8/10 =13.1 Ksi . = OK

Handling Loads:
Va=126.5
‘Mjp =126.5 % 5.5” = 695.8 K-in. (governing)

B . S OO,
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Transportation Loads: (from Transfer Handling Conditions of Section 4.1.3)

Va=119
My =119x%2.13”=253.5 K-in,

Section B Propexrties:
O.D. of Trunnion = 12”
1.D. of Trunnion = 9”
Material ; SAS564 Gr 630 PH
Area = (Do — D)4 = m(12* — 9%)/4 = 49.5 in®

Section modulus, S = (D, — DH(32D,) = n(12* -

Section B Stresses:
Shear stress, oy = 126.5/49.5 = 2.6 Ksi
Allowable is (0.6/10)S, = 7.88 Ksi
Bending stress, op = 695.8/116 = 6.0 Ksi
S.L = 6.0/2 + ((6.0/2)* + 2.6%)"2 = 7,0 Ksi v

Allowable is /10 =131 Ksi -
[{1 41
Handling Loads:
Va=126.5

Ma=126.5x%x9.75"= 12334 K-in.  (governing)

9%/(32*12) = 116 in’

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

Transfer Loads:
transport cases.
Vinax = 119 (Case 4a)
Puiax = Radial Load = 119 (Case 4b)

g o —

e T e T



Proprietary Information Withheld Pursuant to 10 CFR 2.390

DacPNEC

) 1. ackaging A cchnolagy, Ine.
Title Calculation Number _10399-01 __ Revision _0
Profect Name _NUHOMS 32P Project Number 10399 Page 94 of 117

Muax = 119 x 6.38” = 759.2 K-in.

Section C Properties:
O.D. of Trunnion = 17"
I.D. of Trunnion = 12”
Material : SA182 F304N
Area = (D2 — D)4 =7(17* - 1224 = 113.9 in’
Section modulus, S =n(D," - Di*)/(32Dy) = n(17* — 12%)/(32*17) = 362.6 in®

Section C Stresses:
‘Shear stress, oy = 126.5/113.9=1,11 Ksi
Allowable is (0.6/6)S, = 2.3 Ksi = OK
Bending stress, o, = 1233.4/362.6 = 3.4 Ksi

SL=3.42+(B42):+ 11157 =373 Ksi
Allowable is 84/6 = 3.75 Ksi = OK

“Throat at failure plane 1 =1.25(2)% = 177"
Throat at failure plane 2 = (1.25% + 0.38)12 = 1.31”

Section Loading:
V=126.5%
M=126.5x%5.5"=695.8 K-in

Weld Properties;

Failure Plane 1:
A=rdt=n(12+ 1.25)(1.77) = 73.7 in®
S =t =n(6.0 + 1.25/2)(1.77) = 244 i’

Failure Plane 2:

R R R
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A =ndt=n(12 + 0.38)(1.31) = 50.9 in®
S =r’t =n(6.0 = 0.38/2)*(1.31) = 157.7 in®

‘Weld Stresses:
Failure
Stress Plane
(Ksi) 1 2
Shear 1.72 2.49
Bending 285 - 4.41
S. L 3.66 5.53

Allowable for these welds assuming the weld material is the same as the base metal:
Allowable =8, /10 = 7.3 Ksi = OK

Check Weld Stresses at Section C

Failure plane throats
1 =2(1.25 /c0s30°) = 2,89”
2 =2(1.252 + 1/4H2 = 2 55"
3 =2(1.25 +.25) = 3.00”

Section C Loading:

V =126,5¢
=126.5x9.75”
=1233.4K-in

M

Weld Properties:

Failure Plane 1;

r=7.25"

S e
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A =2nrt=2n(7.25)(2.89) = 132 in®
S =t = n(7.25)%(2.89) = 477 in’
: Failure Plane 2:
=725
A =271t =2n(7.25)2.55) = 116 in®
S =m’t =n(7.25)*(2.55) = 421 in®
Failure Plane 3:
=725
A = 2mrt = 27(7.25)(3.00) = 137 in?
S =ar’t =n(7.25)%(3.00) = 495 in®
W eld Stresses at Section C:
' , Failure
B Stress Plane
(Ksi) 1 2 3
Shear 0.96 1.09 0.92
Bending 2.59 2.93 2.49
S. 1. 2.91 3.29 2.79
= 0K

Allowable for these welds = S,, /10 = 7,32 Ksi

PO
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2. Lower Trunnions: (Governed by the same ASME code criteria applied to the cask structural shell)

Check Trupnion Bodv/Sleeve .
N Q=12'4“ ——
ar"! Az &M&:,p___
A o . UPPER
LOWER .
TRUNNION ] CASK ”é/ TRUNNION
.. .. Tc - T .
R

1 p=218k R,

Ry = Pb/L = % (215(52.58)/124) = 45.6% / trunnion x 1,15 = 52.4%
Ry = Pa/L = % (215(71.42)/124) = 61.9% / trunnion x 1.15 =71.2¥

Section Properties;
0.D. of Trunnion = 12”
I.D. of Trunnion = 10”
Material ;: SA479 Type304
Area = (Do’ — D)4 =n(12% - 10%)/4 = 34.6 in®
Section modulus, 8 = (D, - D;)/(32D,) = n(12* - 10%/(32%12) = 87.8 in®

Section ~
Shear stress, oy = 52.4/34.6 =1.51 Ksi
Bending stress, op = 52.4(1.87)/ 87.8 = 1,11 Ksi
SIL=1112+ (L1127 + 15192 =22 Ksi
Allowable is 1.5Sy, = 28.1 Ksi = OK

R
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Applied Loads: 45.6% at a moment arm of 6.37” (Load Case 2)

Section Properties:
. 0D.=14.5"
LD, = 12"
Material: SA182 F304N
Area = n(Dy> — Di2V4 = n(14.5% - 12%)/4 = 52,0 in®
Section modutus, S = n(D,’ - Di)/(32D,) = n(14.5* ~ 124/(32*14.5) = 158.9 in®

Section Stregges:
Shear stress, oy = 52.4/52.0 = 1,01 Ksi
Bending stress, o = 52.4(6.37)/158.9 = 2,10 Xsi
8.1 =2.1/2 = ((2.1/2)* + 1.01)"? = 2,51 Ksi
Allowable is 1.58, = 30.5 Ksi = 0K
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Failure plane throats

1=2"2(1/2) =0.707"
2= (14 + 1252 = 0.559”
3 - ]/2” + %” = 0'75”

Section Loading (Case 3):

V=524%

M=52.4x1.87"=97.99 K-in

Weld Properties:
Failure Plane 1:

r=6.25"
A =2mrt = 27(6.25)(0.707) = 27.8 in®
S =t =n(6.25)%(0.707) = 86.8 in®

Failure Plane 2: r=6,125"
A =2mrt = 27(6.125)(0.559) = 21.5 in?
S =t =n(6,125)*(0.559) = 65.9 in’
Failure Plane 3¢ r=6.00"
A = 2nrt = 21(6.00)(0.75) = 28.3 in?
S =mr’t =(6.00)%(0.75) = 84.8 in®
Weld Stresses:
Failure
Stress Plane
(Ksi) 1 2 3
Shear 1.88 2.44 1.85
Bending 1.13 1.49 1.16
S. 1. 2.53 3.30 2.52
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Allowable for those welds = 0.5 §n = 10.2 Ksi = OK f

Failure Plane Throats

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

2. =2(1.25*+0.25%)"?=2 55"
3. =2(1.25/ cos30°) =2.89”

Since the failure plane 2 has the smallest
effective throat, this case will result in the
highest weld stress. Thus, cases 1 and 3
need not be analyzed.

Section Loading
V=>524"
M=524x637"=333.8 K-in.

Section Properties:
(Failure plane 2)
A = 2nit =2n(7.25)2.55) = 116.2 in?
S =nr*t =n(7.25)%(2.55) = 421.1 in®

Material: SA182 F304N

Section Weld Stresses:
Shear stress, oy = 52.4/116.2 = 0.45 Ksi
Bending stress, op = 333.8/421,1 =0.79 Ksi
S.L = 0.70/2 + ((0.70/2)* + 0.4%)"2 = 0,92 Ksi
Allowsble is 0.5S,, = 10.2

OK
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4.5

Cask Lid Lifting Bolts Analysis

1. Vertical Lift:

The weight of the cask lid is suppotted by one bolt for the vertical lift.
Bolt = 1” Eyebolt

. Horizontal Lift;

4 Bolts support the cask lid weight.
Bolt = %" Eyebolt

Cask Lid weight: ,
Weight=52901b [13] wuse53001b
%" Eyebolt No. 3026T16 = 6,500 Lbs/Bolt
1” Byebolt No. 3026T18 = 13,000 Lbs/Bolt
Use lifting impact factor of 1.5.
Check Bolts:
Vertical Lift: 1.5 x 5300 = 7950 Ibs < 13,000 Ibs = 0K
‘Horizontal Lift: 7950 Ibs / 4 bolts = 1987.5 per bolt < 6500 Ibs = 0K

Using P=7950/4=1987.5lbs Say 2,000 Ibs. .
Normal load on weld = 2000 / (3.0 7)) rﬁfw evesoLT
=212 Ibs/in, tension 378 RS 4240 Vb 304

' . X [ N33 NEUTRON
shear =2000/ (3.0 ) =212 Ibs/ ll."‘f SHIELD
Max shear /(3.0m) s/in ol \d %

Allowable weld stress = 0.5 Sy, = 9.35 Ksi

|_-TOP 3° COVER PLATE
Yf ASTM A2%0 TYPE 304

Required fillet weld is, therefore = 212 / 9350 = 0.02”
3/8” fillet all around is OK

PR
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4.6 Cask Head Bolt Analysis

Cask Head Bolt Loading:

The critical loading will occur during the cask top corner 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 1bs Section 2,3

Weight of Top Cover Assembly = 12141bs “
Total = 92,613 1bs = 93,000 Ibs

Force = 93K x 25g = 2325%
Allowable bolt stress = 0.7 Sm = 77Ksi
‘Therefore the required bolt area = 2325 /77=30.19 in®
Bolts provided: 16, 1 %” dia bolts
'}Eﬁective area perbolt = 1.9in> [19], Table 1, pg 8~ 10
\'I‘herefore, avea available = 16 (1.9in*) = 30.4 in’
30.4in* > 30.19in*> = 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, %" diameter bolts, ASME SA-193, Gt B7

Tension stress. = P/A

P =147 Ibs
P x 75g= 11,025 Ibs

A = .19 in® per bolt

o = 11,025/ (8(0.19)) = 7.3 Ksi _ =

OK

y
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4.8 Miscellaneouts Component Analysis

1/ ¢

The trunnions are designed to carry 126,5% / 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
stiffness. The longitudinal moment contributes most significantly to the neutron jacket trunnion weld stress.
Assuming that the trunnion acts as a rigid attachment, the moment will be distributed between the plates based
on their relative stiffnesses which are proportional to t’,

My, = 1150(126.5/115.6) = 1258 K —in  [21]
The portion of My, in the Insert Plate
= 1258 (2° /(2 + (0.25)°)) = 1256 K -in
‘The portion of My, in the Neutron Shield Jacket
| = 1258 (0.25% / (2> +(025)°)) = 245K -in

‘Tt 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 (126.5%) =422
‘Capacity of the 3/8 * screws ~ 8% (using 75 Ksi minimum tensile strength).
' 8 screws total capacity = 8(8) = 64% > 42.2% = OK

Load to the plate, W = 42.2/(r 10%/4) = 0.537K/in.

i
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M. =T Wa? ¢,
e b ¢

a=5" b=3" v=029

2
o2 1+o.29m§+1—-o.29(1_(g) 0266
50 2 3 4 U \s

2
6 = -;-[1 +0.29+ (1~ 0.29)@) J =0.773

_ —0.537(5] 0.266

=1.54 K —-in/in
e 3 0.773

M

o = 6M/t? = 6(1.54)/0.5* =37.0 Ksi

_ 0.537(5)

=1.79 Ksi
3(0.5)

9 1/2
Sl=§—7é£+{(%‘2] +1.79’} =37.1 Ksi

This is less than the 70 Ksi P, +Py Level D allowable,
Loading to the plate, however, should not occur.

Pty
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Loads

“The only loads on the temporary shield plug are the transfer g
loads. 1g in any direction or % g in all directions simultaneously.

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

> 24"

Weight of Assembly
Donut
Stainless steel
2 2
W, = [2"(30 - 412 )O3) | or (6.25)(0.4) + 2n (14.25)(0.4)]0.283 ~1831b
Bisco

2 442
Wy, = [” (2 413 )(4)]0.064 =1351b

Lid
Stainless Steel

21 (30%(0.5)
4

W, = +2n(11.25)(0.4)]0.283 =1361b

Bisco

W —[m]o.o&t=106 Ib

dss T 4
Total weight, W= 183 Ibs + 135 Ibs + 136 Ibs +106 lbs = 560 Ibs

Applying the 2g vertical load, F = 1120 Ibs
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Thus, use of ¥ “ 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) = 1.27Ksi  (Weld is on two sides).
Temp. Shield Plug Lid Bracket [21]

Assume all load is cartied by one bracket,

Shear area =2 (0.5) =1 in®

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

¢ Weldshear=127Ksi

Weld bending |
C 7 Moment, M=274(2)(2.5) = 1370 in-Ib
S =bd =2.5 (0.5) =125

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

Bending in Plate
1=2.5¢0.5)°/12=0.02 in*
o =1370(0.25)/0.02=17.13Ksi <1.5 Sy, =28.0 Ksi = OK

i

'3
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5.0 Conclusions

-84  Stress Analysis Resulits
The Stress Analysis Results for the Transfer Cask components are as follows:

Table 5.1 — Maximum Stress Identity

Componefit Stress Loading (Ks1)
Type Dead Handling Thermal | Drop Tomado Selsmio
R T Vorfical ] Horlz Tomer | DBT TaM
Tk o (7 S 53 - ERE 3 309 1) cx T
Sryouel gy 068 |- 55 . 8.75 a3 309 12 . 14
PL+By | 0.68 - 305 . 875 413 413 38 310 14
_ Q . . . 285 . . . . . .
CakTaner | Fa S S T . 53 3 309 - : 7
Liner R 0.68 . 11 . 65 413 309 . . 14
PL+Ps | 068 |- 146 . 65 413 413 - ) 14
Q ] . 18.0 . . . . . .
Top Flange | P 0.68 = 1.63 n 178 375 413 - - T4
Ring PutPs | LO2 . 70 . 178 563 516 . . 20
. Q . . - 180 . . . . . .
Top3" Cover | P 052 - - - 302 Z8.1 17309 - . T
Flate PPy o068 |- 422 . 302 375 309 0.1 244 14
. Q . - - 11.0 . . . . - -
Toner P. (1 : : 201 373 3 : = T4
Botton2”

Coverblate | PotPs | 086 103 9.62 . 20,1 469 413 039 216 13
. Q . . . 150 ; . . . . .
 Boftom P 0.68 - 51 - 269 3713 43 - < 14
SopportRiag )y o 12 |- 296 . 269 563 413 . . 2.0

- Q - . . 18.0 . . . . . -
Botom %" | Pa T . : 33 X3 a3 : . o7
End Plato P+Pa | 068 |- . . 65 375 413 - ; 14
,_ Q . . . 21,0 . . . . - .
~GuterBotom | Fa (K7 : : 7 188 07 : - o7
CoverMate | p vy 068 |- . . 64 375 207 . . 1.4
Q . . . 1.0 . . . - . -
Ram Access Pn . 0.52 - - - 20.1 281 20,7 - - 1.1
Paeen A papy o068 |- - . 201 |35 207 . . 14
g Q . . - 18.0 . . - . - .

“l R
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6.2 Load Combination Results

The maximum stress combinations for ASME Service Levels A,B,C and D are added algebraically and shown

_inthe 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 III, Subsection NB.

- _Table 5.2.1 — Load Combinations Level A

Load Combinations, Level A(ksi)

Al A5 Allowable
) Component Stress Type DW+ T + iy PW + T + Hy S.IL
Cask Structural Shell Ty 137 6.18 217
P, 048 613 326
PPy 0.68 30,50 326
. PPy 4Q 29.18 59.68 651
i Cask Tnner Liner Py 0.68 11,78 187
P, 0.68 1178 2.1
' PutPy 0.68 1528 28.1
PuHPs 4Q 18.68 32.60 561
o Top Flange Px 0.68 233 18.7
| PuBe 1.02 8.02 28.1
PLAPp+Q 19.02 26,02 56.1
" Top 3" Cover Flate P 032 0.52 18.7
: PutPs 0.68 490 28.1
PptPp+Q ir.68 15.90 56.1
[~ Bottom Support King T 063 378 35.0 (@00F)
Pi:+P 102 29,60¢ 30,0 (@300°F)
: ' PHPp+Q 19,02 43,62 60.0 (@300°F)
| Botiom 2" Cover Prato Y 0.68 058 187 :
:' Pu+P 1L16 1048 281 i'
PutPa+Q 26.16 2548 56.1
Botfom %° Cover Plaic P 034 034 187 .
PitPy 0.68 0.68 281
PL#Pa 4Q 21.68 21.68 56.1 i
Tottom 1" Cover Plate P 034 03 187 '
PutPa 0.68 0.68 28.1
_ PPy +Q 11.68 1168 56.1
- { R Access Penstration RIng Fox 032 E7) 187
PLtPe 0,68 0.68 281
PAPa+Q 18.68 18.68 56.1

L
*Dead Weight Valus from Tablo

.1 not Included because the transfer loads include a dead weight component.

—mie . ST
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‘Table 6.2.2 — Load Gombinations Level B

i Load Combinations, Level B(ksi) :
! B2 Allowable i
Component Stress Type DW+T+Hy S.IL '
‘Cask Structural Shell Pu 6.18 217
P 6.18 32.6
PPy 30.50* 32.6
_ P 4Py +Q 59.68 65.1
Cask Inner Liner Pu 1178 18.7
P 11.78 28.1
Pi+Ps 1528 28.1 - I
PP 4Q 32.60 56.1 :
Top Flange Pt 233 187 :
PPy 8.02 28.1 j
, PpPs +Q 26.02 56.1 1
"Top 3 Cover Plas v 052 187 )
- PPy 4.90 28.1
: P+P5+Q 15.90 56.1
Bottom Sapport King T 578 0.0 (G300°F)
o PL+Ps 29.60* 30.0 (@300°F)
_ Pu+Pg +Q 48.62 60.0 (@300°F)
Bottom 2 Cover Dlate Py 0.68 87
Pu+Pa 1048 28.1
: Py+Pp +Q 2548 56.1
.Bottom %” Cover Plate Py 0.34 18.7
3 P.+Pg 0.68 28.1
_ PPy +Q 21.68 56.1
;- Bottom 17 Cover Plate Pum 0.34 18.7 ‘
' PPy 0.68 28.1 |
: P +Pg +Q 1168 56.1
“Ram Access Penciation o 052 187 i
. Ring P,+Pp 0.68 28.1 g
' Py +Pp +Q 18.68 56.1

; *Dead Weight Value from TRbl6 5

.1 not Included because the transfer loads include a dead weight component,

g =

By <oy
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3;15able 5.2.3 — Load Combinations Level C

Load Combinations, Level C(ksi)

C2 C3 Allowable
" Component Stress Type DPWH+T+Hr+E | DW + T+ Hy + DBT S.L
- Cas Structural Stel P 758 7.38 760
P 7.58 738 39.1
" P.+Py 32.98 35.01 39.1
Cusk Inner Liner Put 13.18 11.78 224
P, 13.18 1178 33.7
P+Py 16.68 15.28 33.7
Top Flange Pu 373 333 224
P+Pp 10.02 8.02 33.7
~Top 3 Cover Plate Pre 162 052 X
' PL+Ps 6.30 541 33.7
“Boftom Support Ring Par 7.18 578 224
PL+P; 32.62 30.62 33.7
" Bottom 2" Cover Plate Pu 2.08 0.68 224
' Py 4P 12.28 10.87 33.7
{"Bottom %" Cover Plate Pu 104 034 B4
1. ' P+Pp 2.08 0.68 33.7
“Bottom 1" Cover Plate Py 1.04 0.34 224
: Pi+Ps 2.08 0.68 33.7
| Ram Access Penciration Prr 62 053 T34
Ring - PPy 2.08 0.68 33.7

Note: 1. Load combination C1 from Table 3.1 is bounded 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 2
' Load Combinations, Level@ﬁi)
D1 177) D3 D4 Allowable
Component Stress Type [ HW+ 1%+ DL, | DW+ T DL, | DW+ T# ¥ DL, | DW+ TGM S.L
" Cask Strucfura Shell Py 9.43 31.58 41.98 1039 49.0
: P, 943 31.58 41.98 . 70.0
P+Pp 9.43 4198 41.98 31.68 70.0
Cask Inner Liner Py 7.18 31,58 4198 : 749
P, 7.18 31.58 41.98 - 64.4
P.+Py 7.18 41,98 4198 . 64.4
Top Flange P 18.48 41,98 38.18 - 449
PPy 18.82 52.82 57.32 - 64.4
“Top 3" Cover Plate | . Pu 30.72 3142 28.62 - 443
' Py+Py 30,88 31.58 38.18 25.08 64.4
Bottom Support Pag 27.58 41,98 38.18 - 449
Ring PLAP; 2792 4232 5732 - 64.4
* Bottom 2” Cover Pu 20.78 31.98 38,13 - 749
Plate PL+Ps 20.96 42.16 4116 22.46 64.4
" Bottom %” Cover Pr 6.85. 31.64 19.14 - 349
Plate PL+Ps 7.18 41.98 38.18 . 64.4
- Bottom 1" Cover B 574 71,04 19.1 - 749
Plate PPy 7.08 21.38 38.18 - 64.4
- Ram Access Py 20.62 2122 28.62 - 44.9
- PencfrationRing | p py 2078 21.38 38.18 . 64.4

Thermal stress or “Q slresses aro not considered under Level D conditions

s -

R 1
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