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Appendix A.2.13.4
MP197HB Structural Analysis of the Shield Shell

A.2.13.4.1 Introduction

This section presents the structural analysis of the shield shell of the MP197HB Transport
package. The shield shell consists of a cylindrical shell section and closure plates at each end
which connect the shell to the cask body. The shell is evaluated for Normal Condition of
Transport (NCT) and Hypothetical accident condition (HAC) using ANSY'S for both side and
end drop events. These stresses are compared to the allowable stress limits in Chapter A.2 to
assure that the design criteria are met.

A.2.134.2 Description

The shield shell is constructed from low-alloy carbon steel and is welded to the shield surface of
the gamma shield shell. The cylindrical shell section is 0.375 in. thick and the closure plates are
0.50 inch thick. Pertinent dimensions are shown in Figure A.2.13.4-1 and Drawings in Appendix
A.1.4.10.

A2.13.43 Materials Properties and Stress Criteria
The shield shell cylindrical section and closure plates are SA-516 Gr 70. Material properties and
allowable stresses for normal (NCT) and accident (HAC) drop analyses are based on 300°F

which bound -40°F, -20°F, and 100°F ambient conditions. The material properties are taken
from the ASME Code [2] at a temperature of 300 °F and are listed below.

MP197HB Non-Containment Structure Material Properties

Temp E Sy S, S QAVG P
(°F) (10°ksi) | (ksi) | (ksi) | (ksi) | (°F'x10% | (Ib/in?)
300 26.7 224 | 336 [ 70.0 6.9 0.284

The stress criteria are in according to ASME Code Section II1, Subsection NF and Appendix F
[1] and are listed in Table A.12.13.4-1.

A2.134.4 Finite Element Model Description

ANSYS Model

The geometry used in the ANSYS [3] finite element analysis of the neutron shield shell is shown
in Figure A.2.13.4-1 (0.3125” instead of 0.375” is used in the ANSYS model to simulate the
5/16” longitudinal weld).

Cask and neutron shield shells were modeled using ANSYS SOLIDA45 (8 nodes having 3
translational DOF) elements. Partial penetration welds were simulated using couplings (all
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degrees of freedom) at the interface of cask to top and bottom end plates of shield shell and at the
interface of longitudinal plate of shield shell to its top and bottom end plates (see Figure
A.2.13.4-2).

CONTACTS2 elements were used at the interface of resin and neutron shield structure and
between resin and cask interface. This CONTACTS2 gap element introduces the nonlinearity in
the analysis depending whether they are open or closed. Additionally COMBIN14 weak spring
(10 Ibs/in stiff, conservative) elements were modeled along with CONTACTS2 interface, which
is useful for preventing rigid body motion that could occur in the analysis.

Boundary Conditions

Symmetric boundary conditions were applied at the cut face of the model. For the end drop
simulation, all bottom surface nodes of the casks were constrained in vertical direction, whereas
for the side drop, cask nodes on the shield diameter, above top end plate and below bottom end
plates, were constrained up to 30° in the hoop direction. Figures A.2.13.4-2, A.2.13.4-3, and
A.2.13.4-4 show the overall finite element ASNSY model, and boundary conditions for both side
and end drop.

Vyal “B” Resin Density Calculation

The Vyal B resin density (0.0650 Ib/in’) is adjusted to account for (aluminum boxes, bearing
blocks, tie bars and other components) that are not captured in the finite element model.

A2.134.5 Applied Loads

The neutron shield shell structure is analyzed for both side and end drops to bound all the
possible maximum stress cases resulting from normal and accident events. For side drops
acceleration due to gravity, g-loads were applied on the model in the hoop direction and for end
drops g-loads, were applied in the axial direction.

An internal pressure of 25 psig is applied on all the inner walls of the neutron shield shell and
also at the interfaces of the partial penetration welds in the ANSYS model.

During the slap down drops the maximum g loads are at the top and bottom ends of the shield
shell while the g loads in the majority of the shield shell are below the side drop g loads.
Furthermore, there are enough safety margins in the side drop analysis to cover the peak g loads
at the ends of the shield shell. Therefore no explicit analysis are performed for HAC slap down
drop/corner drop, slap down drop/corner drop are considered to be bounded by the end drop and
the side drop evaluations. Load cases analyzed are listed below.

NUH09.0101 A213.4-2
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Summarized of Load Cases Analyzed

Service

Loading Level Load V Analysis Method
25g Side Drop NCT 25g  |Finite Element Elastic Analysis
25g End Drop NCT 25g  |Finite Element Elastic Analysis
55g Side Drop HAC 55g  |Finite Element Elastic Analysis
55g End Drop HAC 55g  |Finite Element Elastic Analysis

(')g—loads are taken from Appendix A.2.13.12 “MP197HB Transport Package Impact Limiter Analysis
Using LS-DYNA™.

A2.134.6 Analysis Results
A. Normal Condition Side and End Drops

The resulting stress intensity distribution and displacements on the neutron shield shell for 25 g
side and end drop are shown in Figures A.2.13.4-5 through A.2.13.4-10. It is seen that the
maximum nodal stress intensity in the structure is 17.12 ksi (Figure A.2.13.4-5) for side drop and
11.47 ksi (Figure A.2.13.4-8) for end drop. All the normal condition stresses are below the
allowable stress values. See Table A.2.13.4-2 for stress comparison

B. Accident Condition Side and End Drop

Accident condition side and end drop stress intensity and displacement plots are shown in
Figures A.2.13.4-11 through A.2.13.4-16. It is seen that the maximum nodal stress intensity in
the structure is 37.37 ksi (Figure A.2.13.4-11) and 25.90 ksi (Figure A.2.13.4-14) for 55 g side
drop and end drops respectively. All the accident condition stresses are below the allowable
stress values. See Table A.2.13.4-2 for stress comparison.

C. Weld Stress Calculations

All partial penetration welds in ANSYS were represented by couplings. For partial fillet weld
penetration, stresses are calculated as,

F\y = Fresuttant / (Ltribulary) (Tweld)>

where,
Fresultant = maximum resultant nodal force = (i + F,> + F,%)"?
Lisivutary = minimum tributary length associated with the nodes =n R/ (n - 1), where

R =42.25 (cask radius) and » is the maximum nodes used at weld interface locations
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Tweld = appropriate weld throat or base metal dimension: The effective throat thickness is
taken as 0.4375” (7/16”) for welds at the cask to neutron shield shell top and bottom end plates,
where as welds throat thickness at the interface of longitudinal plate to top and bottom end plates
of shield shell is taken as 0.3125 (5/16”).

The weld stress results are listed in Table A.2.13.4-2.
D. Summary of Results
The critical stresses are summarized in Table A.2.13.4-2. Based on the results of the structural

analysis, it is concluded that the Neutron Shield Shell structure is adequate for the specified loads
to use with NUHOMS® MP197HB Transport Package.

NUHO09.0101 A2.13.4-4
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1. ASME Boiler and Pressure Vessel Code, Section 111, Division 1, Subsection NF and
Appendices, 2004 with 2006 Addenda.

2. ASME Boiler and Pressure Vessel Code, Section 11, Part D, 2004 with 2006 Addenda.
3. ANSYS Computer Code and Users Manual, Release 8.0.
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Table A.2.13.4-1

MP197HB Transport Cask Non-Containment Structure/Weld Allowable Stress

Stress Category

Structure Allowable Stresses

Normal Conditions

Accident Conditions

Primary Membrane

General Py, Sm Lesser of 2.4S,, or 0.7 S, ¥
Local P, 1.5S,, Lesser of 3.6S,, or S, ("
Primary Membrane + Bending
(Pmor P) + Py 1.5 S, Lesser of 3.6S,, or S, "
Range of Primary + Secondary Not applicable
(P or P ) + P, +Q 3.0S,
Bearing Stress S, Not applicable
Average Shear Stress 0.6 S, 0428,
Fatigue Not Applicable Not Applicable
Weld Allowable
NCT .
Partial Grove/Fillet Tension -0.3x S,
Shear— 0.4 x S,
Normal condition allowables
HAC are increased by a factor:

Partial Grove/Fillet

Smaller of 2 or 1.167S,/8, if S,
> 1.28,,

or 1.4if §,<1.28,

Note:

Classification and stress limits are as defined in ASME Code, Section 111, and Subsection NF. When evaluating the
results from the nonlinear elastic plastic analysis for the accident conditions, the general primary membrane stress
intensity, Pm, shall not exceed greater of 0.7 S, or S, + 1/3 (S, - S;) and the maximum primary siress inlensity at any
location (P or Py + P,) shall not exceed 0.9 S,. These limits are in accordance with Appendix F of Section 111 of the

Code {1].

NUHO09.0101
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Table A.2.13.4-2

Maximum Stress Summary—Neutron Shield Shell Structure

Drop Orientation Stress Category gf:lexs:r;::;n.) SAt:‘Ie(:)svsV?lI:;?)
25g Side Drop Elastic P 13.15 22.4
Analysis (NCT) P,+ P, 17.13 33.6
Cask and shell interface top 2.84 13.44
. . Cask and shell interface bottom 2.78 13.44
Partial Groove/Fillet — :
Welds Longitudinal shell and top plate interface 3.12 13.44
Longitudinal shell and bottom plate interface 3.09 13.44
Longitudinal plate 10.4 13.44
25g End Drop Elastic P, 8.51 22.4
Analysis (NCT) P+ Py 11.48 33.6
Cask and shell interface top 0.60 13.44
. . Cask and shell interface bottom 5.94 13.44
]\1??1?5[ Groove/Fillet Longitudinal shell and top plate interface 1.70 13.44
Longitudinal shell and bottom plate interface 1.03 13.44
Longitudinal plate 931 13.44
55g Side Drop Elastic P, 28.70 49
Analysis (HAC) P, + Py 37.37 70
Cask and shell interface top 6.21 26.88
Partial Groove/Fillet Cask 'and'shell interface bottom : 6.06 26.88
Welds Longitudinal shell and top plate interface 6.83 26.88
Longitudinal shell and bottom plate interface 6.73 26.88
Longitudinal plate 22.55 26.88
55g End Drop Elastic P, 18.70 49
Analysis (HAC) P+ Py 25.86 70
Cask and shell interface top 1.41 26.88
Partial Groove/Fillet Cask ?nd.shell interface bottom . 12.80 26.88
Welds Longitudinal shell and top plate interface 3.60 26.88
Longitudinal shell and bottom plate interface 2.11 26.88
Longitudinal plate 21.26 26.88

NUHO09.0101
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Figure A.2.13.4-1
Cask Shield Shell and Connection to Cask Body
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Figure A.2.13.4-2
Finite Element ANSYS Mesh for the Neutron Shield Shell
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MP197HB Neutron_Shield Shell Side Drop_Loads & BC's

Figure A.2.13.4-3
MP197HB Neutron Shield Shell Loads and Boundary Condition

NUHO09.0101 A.2.13.4-10




MP197 Transportation Packaging Safety Analysis Report Rev. 5, 03/09

ELEMENTS
MAT NUM

ACEL

MP197HB_Neutron_Shield_Shell_End_Drop_Loads & BC's

Figure A.2.13.4-4
Side and End Drop Boundary Conditions
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MP197HB_Shield_Shell Elastic_25g_Side_Drop

Figure A.2.13.4-5
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MP197HB_Shield_Shell Elastic_2b5g_Side_Drop

Figure A.2.13.4-6
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MP197HB_Shield Shell Elastic_25g_Side_Drop

Figure A.2.13.4-7
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Normal Condition Side Drop 25 g Stress Intensity—Longitudinal Plate
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MP197HB_Shield_Shell Elastic_25g_End_Drop

Figure A.2.13.4-8
Normal Condition End Drop 25 g Stress Intensity—Neutron Shield Shell
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MP197HB_Shield_Shell Elastic_25g End_Drop

Figure A.2.13.4-9
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Figure A.2.13.4-10
Normal Condition End Drop 25 g Stress Intensity—Longitudinal Plate
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Figure A.2.13.4-11
Accident Condition Side Drop 55 g Stress Intensity—Neutron Shield Shell
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MP197HB_Shield_Shell Elastic_55g_Side_Drop

Figure A.2.13.4-12
Accident Condition Side Drop 55 g Maximum Displacement—Neutron Shield Shell
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Figure A.2.13.4-13
Accident Condition Side Drop 55 g Stress Intensity—Longitudinal Plate
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Figure A.2.13.4-14
Accident Condition End Drop 55 g Stress Intensity—Neutron Shield Shell
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Figure A.2.13.4-15
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Figure A.2.13.4-16
Accident Condition End Drop 55 g Stress Intensity—Longitudinal Plate
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Appendix A.2.13.5
MP197HB Cask Lifting and Tie-Down Devices Structural Evaluation
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Appendix A.2.13.5
MP197HB Cask Lifting and Tie-Down Devices Structural Evaluation

NOTE: References in this Appendix are shown as [1], [2], etc. and refer to the reference list in
Section A.2.13.5.5.

A2.13.5.1 Purpose
A.2.13.5.1.1 Lifting Devices

The NUHOMS® - MP197HB transport cask is lifted by the upper two removable trunnions. The
trunnion attachment blocks are welded to the cask structural shell and as such are considered a

structural part of the package. The removable trunnions are evaluated to meet the requirements
of 10CFR71.45 [4] and are designed and fabricated based on ANSI N14.6 [5].

10CFR71.45 (a) requires that a minimum factor of safety of three and five are needed against
material yields and ultimate strengths, respectively, for all lifting attachments which are a
structural part of the MP197HB transportation package for any lifting condition.

In addition, the package must be designed such that “failure of any lifting device under excessive
load would not impair the ability of the package to meet the requirements” of 10CFR71 [4].

Section A.2.13.5.2 provides the analysis of the trunnions which are the only components used to
lift the cask. Two sets of trunnions will be provided for the NUHOMS® - MP197HB transport
package lifting. One set of trunnions has double shoulders (non single failure proof). The other
set of trunnions has a single shoulder (single failure proof). Only one set of trunnions will be
used depending on site and transfer operation requirements. Appendix A.2.13.1 provides an
analysis of the global stresses in the cask walls due to the effects of the lifting loads on the
trunnions. The global stress intensities from the ANSYS run at the stress reporting locations of
the containment vessel and outer shell are presented in Table A.2.13.1-7.

The local stress intensities in the cask walls due to the 3 g (double shoulder trunnion) and 6 g
(single shoulder trunnion) lifting loads are calculated below and presented in Tables A.2.13.5-5
and A.2.13.5-7. The maximum combined stress intensity for 3 g lifting is 20.6 ksi. The
maximum combined stress intensity for 6 g lifting is 26.0 ksi. These stresses are less than the
allowable stresses of the outer shell material (see Table A.2.13.5-1 for yield and ultimate
stresses). Therefore, the requirements of 10CFR71.45 (a) are met. The stress analysis of the
front trunnion and trunnion flange bolts are provided in the following sections.

A.2.13.5.1.2 Tie-Down Devices

10CFR71.45 (b) (1) requires that a system of tie-down devices that is a structural part of the
package must be capable of withstanding, without generating stress in any material of the
package in excess of its yield strength, a static force applied to the center of gravity of the
package having a horizontal component along the direction in which the vehicle travels of 10
times the weight of the package with its contents.
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The shear key bearing block and pad plate are parts of the cask structure designed to resist the

10 g longitudinal transportation load. The bearing block is a welded structure. The

36” x 37.20” x 1.5” pad plate is used to spread the longitudinal shear load over a large area of
the cask structural shell to which it is welded, thus preventing the cask outer shell to be subjected
to any bending moment resulting from the longitudinal load.

A.2.13.5.2  Trunnions Analysis
A.2.13.5.2.1 Double Shoulder Trunnions

Lifting Load

The NUHOMS® - MP197HB transport cask is lifted from the fuel pool vertically by its upper
two removable trunnions using the fuel building crane. The weight of the cask used for trunnion
structural evaluation is 290,000 lbs, this weight bounds the weight specified in Chapter A.2,
Section A.2.1.3 of 278,600 1bs. During vertical lifting the impact limiters are not attached to the
- cask. -

The maximum weight of the cask is Wi = 290,000 Ib for the vertical lift from the fuel pool,
distributed evenly between the two upper trunnions. Using a dynamic load factor of 1.1 and a
lifting load of 3 g, the vertical design load (yield) for one trunnion is:

F, =W, xDLFx%’—=290,000x1.1x%=478,500 Ib.

tr
A section of a double shoulder trunnion is shown on Figure A.2.13.5-1.

Trunnion Stresses

The stresses in various sections of the trunnion are shown in Figure A.2.13.5-2. The material
properties are shown in Table A.2.13.5-1. The design parameters are shown in Tables A.2.13.5-
2 and A.2.13.5-3. The stress results are shown in Table A.2.13.5-4.

Trunnion Bolt Evaluation

Load Due to Trunnion Moment

The trunnions are attached to the cask using 12 1 %”-7UNC bolts. The bolts are in tension
because of the moment on the trunnion flange. The shear load is supported by the tight-fitting
trunnion flange shoulder and a recess in the trunnion attachment block welded to the cask body.
The radial clearance between the screw heads and shanks and trunnion flange holes is large

enough so that the shear load is supported by the trunnion flange shoulder-to-block recess
interface by bearing and not by the bolts.

The bending length is equal to:

L; + Ly + Thaange — Thigot =4.38 + 4.56 +3.25-1.0=11.19 in.
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Therefore, the bending moment Mp p is equal to Fy x (bending length), which is equal to:
Mp p=478,500 x 11.19 = 5,354,415 in.1b.

According to [6], case 3, for bolt patterns symmetrical about the vertical axis and flange rotating
. about the bottom bolt, the maximum bolt force Fy, due to the bending moment Mp p is:

4 8x5,354,415
F, = D DT A1 A

" 3xDb(,/,2 be Ix21x12

=56,6601b.

Thermal Load

From [9], Table 4.4, the bolt force due to differential thermal expansion is calculated as follows:

F, =025x7xD}xE, x(a, x AT, -« xATb).

Where AT, = AT, = Temperature Change = 300 — 70 =230°F.

Therefore,
F, =0.25% 7 x1.25% x26,700,000x 230x10™° x (9.2 - 6.9) =17,333 1b.

Bolt Stresses |
For a lifting load of 3 g, the total bolt force is equal to:

Fmax = Fin + Fn = 17,333 Ib + 56,660 1b = 73,993 1b.
The maximum tensile stress Gmax in a bolt is:

Oy = Fowe 73993 _ 76,360 psi .
S,r 0.969

For a lifting load of 5 g, the total bolt force is equal to:
Frax = Fm + (5/3) x F;=17,333 Ib + (§/3) x 56,660 1b = 111,766 1b.
The maximum tensile stress opmax in a bolt is:

O = Py 111,766 _ 115,342 psi.
S,  0.969

Minimum Engagement Length

The minimum engagement length L, for the bolt and flange is (see Ref. [3], page 1490):
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L — 2 X Sb()lf .
3.1416x K, x B +.57735% nx(E, i =K )]
- 2x0.969

e

3.1416><1.l230x{%+.57735x7x(1.1439—1.1230)}

L,=0940in.
According to [3], page 1490:

A, xS

J _ ue

An x S ui

S.c is the tensile strength of external thread material, equal to 165 ksi, and S; is the tensile
strength of internal thread material, equal to 70 ksi.

A is the shear area of external threads:

As = 3.1416)( X Le X Knmax x |i2L + 057735 x (Esmiu - Knmax ):\ ¢
14n

A, is the shear area of internal threads:

A, =3.1416xnxL,x D, . x[zi+ 0.57735x(D,,,, — E, ... )} :
n

Therefore:
AS=,3.1416><7><0.940><1.1230><[2>1< +0.57735x(1.1439—1.1230):|.
A, =1.938in>.
A =3.1416x7x0.940x1.2232x|: )1(7+O.57735x(1.2232—1.716)}.
A,=2.559in’.
So:
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_ 1.938x165 _1785.
2.559x70
Therefore, the minimum required engagement length Q =J x L, = 1.785 x 0.940 = 1.678 in.
Threaded inserts 1185-20CN-2500 are used. Their maximum length is 2.50 in., and they are
used with bolts of maximum threaded length 2.5 in. = 3.5 in. (total bolt shank length) -3.25 in.
(trunnion flange thickness) + 2.25 in. (counter bore depth). Both helicoils and bolts are cut to fit
as necessary, no more than 0.25 in. below the minimum depth of the bolt holes, which is 1.93 in.

Therefore, the minimum threaded length is equal to:

1.93in-0.25=1.68 in,
which is greater than the minimum required engagement length Q.

Trunnion Flange Stresses

The trunnion flange is shown in Figure A.2.13.5-3.

Stresses at section AA:
Length Lf] = 0.5 X (Dboh - Dﬂange) = 10.5 it 8.5 = 2.0 in.

Length L, = 0.5 X [Dyort X €0S(30°) - Ditange] = 10.5 x cos(30%) — 8.5 =0.593 in.

Flange length: L = ,/inm ~ D} e )= 2% ,”12.52 ~8.57)=18.331n.

Flange thickness at AA: Thyange = 3.25 in.
Maximum bolt load due to 3 g is Fax.

It is conservatively assumed that the two bolts on either side of the vertical axis support the same
load Fpax.

Bending moment at AA:
M =F,xL,+2xF,xL,,=56660x(2+2x0.593)=180,518in.Ib.

m

The modulus of section at AA is equal to:

- LxThy,, 1833x3.25°
6

=32.27in°.

The bending stress is equal to:

NUH09.0101 A.2.13.5-5




MP197 Transportation Packaging Safety Analysis Report Rev. 5, 03/09

M 180,518
z

=5,593 psi.
32.27

The shear stress is equal to:

3xF, _ 3x56,660
LxTh 18.33x3.25

=2,853psi.

flange

The maximum stress intensity is equal to:

V53,5932 +4x2,853> = 7,989 psi.

Trunnion Attachment Block and Cask Shell Weld

There is a 1.75” groove weld on the outer circumference of the attachment block and the cask
shell (@ Dy ext = 27 in). On the inside of the attachment block, there is a 1.25” groove weld (@
Dy _int = 17 in). The weld is subjected to a bending moment.

The outer diameter of the cask is 97.75 in. Since the inner radius of the cask is 42.25 in and the
rear trunnion centerline is 1.18 in from the cask centerline, the maximum height of the block at a
distance 13.5 in from its centerline is:

2 g
H,_ =\/[¥J —(1.18+13.5) —/42.252 —(1.18+13.5) =7.00in.

The minimum height of the block is:

2 2
H,, =\/(2—7215-J -(1.18+13.5) —\/42.252—(1.18+17'204) =5.50in.

The average height Hayg is therefore 0.5 x (7.00 + 5.50) = 6.25 in.
The bending length is equal to:
Ly + Ly —Thot + Havg + Thfiange — 2.79 = 14.65 in.
Therefore, the weld bending moment is equal to Fy x (bending length), which is equal to:
M,, = 478,500 x 14.65 = 7,010,025 in.1b.

The footprint of the weld is conservatively assumed to be circular for calculating moment of
inertia of weld metal.

The weld moment of inertia is:
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‘ ]weld = 614[(Dw_cxl +2x Thw_e.\'r )4 - D:_exl + (Dw_im .+ 2x Thw_im )4 - D:'_int ]

I =g’%[(27+2x1.75)“ ~27* +(17+2x1.25)" —17“].

1, =19,389in".
The bending stress oy is:

o M, x05x(D, o +2Th, o) _7,010,025%0.5x (27+2x1.75)
’ Lot 19,389 ‘

o, =5,513 psi.

Bolt Torque

The bolt torque is calculated so that the preload bolt tensile stress is equal to the maximum
applied stress omax (76,360 psi), and there is lubrication on the threads.

That stress is induced by Fpmax = 73,993 1b.
‘ The maximum torque required for this preload is Q =K x Dy, X Fpax.
Q=0.135%1.25 x 73,993 = 12,486 in.lb = 1,040 ft.1b.

Local Stresses in Cask Outer Shell at Trunnion Attachment Block

Local stresses are calculated using the methodology [7] assuming a rectangular attachment of
circumferential side length 2 x ¢; and longitudinal side length 2 x ¢,.

The trunnion shear loads in the longitudinal and circumferential directions are respectively
VL =Fy=478,5001b and Vc =0 1b.

The external overturning moments supported by the intersection in the longitudinal and
circumferential directions with respect to the shell are respectively M, = M,, = 7,010,025 in.lb
and Mc = 0 in.1b.
The thickness of the outer shell is Thys = 2.75 in. The cylinder mean radius is:

Rm = Rwe]d _0.5 X Th()s = 40.88 in.

The block circumferential side length is equal to 2 x ¢; = 27.00 in. Its equivalent longitudinal
length 2 x ¢, is calculated based on its foot-print length L since the block shape is not fully

. rectangular:
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L=nx135+17x2+27=4x(c, +¢,)=103.4in.

Therefore:

_wx13.5+17x2+27

c, = - =12.35in.
4
The geometric parameters are:
=B 3088 149, 5= 2820 _g33and g =2 21220 50,
Th, 275 R, 4088 R, 40.88

o8 m m

For a rectangular attachment subject to a longitudinal moment, the parameter § has different
values:

e  When cdnsidering membrane forces Ni: 8 =3/, x 2 =0.31. The value found in figure 3B
or 4B of [7] has to be multiplied by Cy, from Table 8 of [7].

e When considering bending moments M: 8 = K, x3/ 8, x 87 = K, x0.31. The modified B is
obtained by multiplying the original B by Ky, from Table 8 of [7].

The above quantities are used in spreadsheet in Table A.2.13.5-5 to calculate the stresses in the
outer shell of the cask.

The maximum stress intensity is 20,639 psi.

A.2.13.5.2.2 Single Shoulder Trunnions

Lifting Load

As discussed before, the maximum weight of the cask is Wi, = 290,000 Ib for the vertical lift
from the fuel pool, distributed evenly between the two upper trunnions. Using a dynamic load
factor of 1.1 and a lifting load of 6 g, the vertical design load (yield) for one trunnion is:

F, =W, xDLFx—aA7V—=29O,000><1.1xg=957,0001b.

11
A section of a trunnion is shown on Figure A.2.13.5-4.

Trunnion Stresses

The stresses in various sections of the trunnion shown in Figure A.2.13.5-5 are calculated in
Table A.2.13.5-6. ‘
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Trunnion Bolt Stress Evaluation

Load Due to Trunnion Moment

The trunnions are attached to the cask using 12 1 %4”-7UNC bolts. The bolts are in tension
because of the moment on the trunnion flange. The shear load is supported by the tight-fitting
trunnion flange shoulder and a recess in the trunnion attachment block welded to the cask body.
The radial clearance between the screw heads (and shank) and trunnion flange holes is large

enough so that the shear load is supported by the trunnion flange shoulder-to-block recess
interface by bearing and not by the bolts. '

The bending length is equal to:
L3 + Thpange — Thieot = 4.00 +3.25 - 1.0 = 6.25 in.
Therefore, the bending moment Mg p is equal to Fy x (bending length), which is equal to:
Mg g = 957,000 x 6.25 = 5,981,250 in.lb. |

According to [6], case 3, for bolt patterns symmetrical about the vertical axis and flange rotating
about the bottom bolt, the maximum bolt force F,, due to the bending moment Mg 3 is:

F = 4 M, =W=63,3001b
" D, BB 3x21x12
3% °‘2be

Thermal Load

From [9], Table 4.4, the bolt force due to differential thermal expansion is calculated as follows:
F, =0.25xnx D] xE, x (Otls x AT, -0, x ATb)
Where AT, = AT, = Temperature Change = 300 — 70 = 230°F.
Therefore,
F, =0.25xnx1.25%x26,700,000x 230x107 x (6.3 - 6.9) = —4,5221b
Bolt Stresses

For a lifting load of 6 g, the total bolt force is equal to:

Frax = Fan + Fin=-4,522 1b + 63,300 1b = 58,778 1b.
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The maximum tensile stress oy in a bolt is:

_ Fo 58778

(ynlax -
T8, 0.969

= 60,658 psi

For a lifting load of 10 g, the total bolt force is equal to:

Frax = Fin + (10/6) x Fp, = -4,522 1b + (10/6) x 63,300 1b = 100,978 1b.

The maximum tensile stress 6max 1IN a bolt is:

o =Tua 100978 1000080
Sii 0.969
Trunnion Flange Stresses
The trunnion flange is shown in Figure A.2.13.5-3.

Stresses at section AA:
Maximum bolt load due to 6 g is Fpax.

Rev. 9, 03/11 |

It is conservatively assumed that the two bolts on either side of the vertical axis support the same

load Fmax.

Bending moment at AA:

M=F, xL,+2xF, xL,, =63300x(2+2x0.593)= 201,674 in.Ib.

max max

The flange length is:

2x+/12.5% ~8.52 =18.331n.

Therefore:
Z=18.33%3.252=32.27in".

The bending stress is equal to:

M_20L678 _ ¢ 50 psi.
Z 3227

The shear stress is equal to:

3xFm  3x63,300
LxTh 18.33x3.25

=3,188 psi.

flange

The maximum stress intensity is equal to:
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16,2507 +4x3,1887 =8,928 psi. |

Trunnion Attachment Block and Cask Shell Weld
The bending length is now equal to:

L3—Thot + Havg + Thpange — 2.79 = 4.0-1.0 + 6.25 +3.25 -2.79 = 9.71 in. |
Therefore, the weld bending moment is equal to Fy x (bending length), which is equal to:
M,, = 957,000 x 9.7] = 9,292,470 in.1b. |
Lyeld = 19,389 in’

The bending stress oy, is:

o M, x05x (D, o +2Th, ) 9292.470%0.5%(27+2x1.75)
b - .

I 19,389
o, = 7,310 psi. |

Bolt Torque

The bolt torque is calculated so that the preload bolt tensile stress is equal to the maximum
applied stress Gmax (60,658 psi), and there is lubrication on the threads. l

That stress is induced by Fyax = 38,778 1b. l
The maximum torque required for this preload is Q = K x Dy X Fiay.
Q=0.135 x 1.25 x 38,778 = 9,920 in.1b = 8§27 ft.1b. |

Local Stresses in Cask Outer Shell at Trunnion Attachment Block

Local stresses are calculated using the methodology [7].

The trunnion shear loads in the longitudinal and circumferential directions are respectively
V,, =Fy=957,0001b and Vc =0 Ib.

The external overturning moments supported by the intersection in the longitudinal and
circumferential directions with respect to the shell are respectively My =My, = 9,292,470 in.1b |
and Mc = 0 in.1b.

The same shell parameters as used in the analysis of the double shoulder trunnions are used.

The above quantities are used in Table A.2.13.5-7 to calculate the stresses in the outer shell of
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‘ the cask.

The maximum stress intensity is 27,361 psi.

A.2.13.5.2.3 Shear Key Bearing Block Assembly

Hovrizontal load

The NUHOMS® - MP197HB transport cask is blocked in translation by its shear pin key. The
weight of the package used in the analysis is 320,000 lbs. This weight bounds the weight of
package specified in Chapter A.2, Section A.2.1.3 of 303,600 Ibs.

The maximum weight of the cask is Wy = 320,000 Ib for horizontal loads, concentrated on the
shear key (10 g).

Bearing Stress Between the Shear Key and the Bearing Block
Using a dynamic load factor of 1.1, the horizontal design load (yield) is:

F, =W, x DLF xa, =320,000x1.1x10 = 3,520,000 Ib.

The bearing stress due to the 10 g longitudinal transportation load is calculated assuming the
load is applied uniformly to one face of the bearing block.

‘ The bearing area is divided in two areas (see Figure A.2.13.5-6): a trapezoidal area A;, of
average width (L,+L,)/2 and height Y, and an area A,, which is a segment of solid circle. The
bearing area is the sum of A; and A,.

=L1+sz
2

4, Y.

L, is the width of the top of the shear key (including its chamfer):
L= Wy -2 x He x tan(ae) =22.25 -2 x 5 x tan(12.5%) = 20.03 in.

L, is the width of the shear key at the lowest lateral point of contact with the bearing block:

2
L=L + 2[be ~Th,-g- [1 /Rj,e,d + %‘ ~R,,, H xsin(a, ).

2
L, =20.03+ 2{6.625 ~0.375-0.5 —[\/42.252 + 20f3 —42.25]} sin(12.5°).

‘ L, =22.02in.
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‘ Y is the distance between the planes L; and L;:

2

2
Y = J(Rwu/d + th - g)2 - ('{/—2'] - (Rweld + Thp)

2
Y = \/(42.25 §66058-05) [%) ~{42.25 +0.375)

Y = 4.48in.
ity e JURENE g
2 2
According to [8], Table 1:
4, = ';’(chld +H,, - g) x[2a —sin(2a)]
o L - 22.02
o = S1n =Ssin
. 2x(R,,, +H,,—g) 2x(42.25+6.625-0.5)

a=0.230rad.

A, = %(42.25 +6.625-0.5) x[2x0.230 —sin(2x 0.230)]

A, =18.67in’
Therefore, A = 94.21 + 18.67 = 112.88 in’.

The bearing stress is equal to:

Ty 3220090 _ 31184 psi
A 11288

Stresses in the Bearing Block

The maximum bending length at the horizontal section A—A on the bearing block for the
longitudinal load is e’ = x — Thy,, (see Figure A.2.13.5-7):

H, —g+Th -
e’=L£———”-—Th =6.625 O’5+0‘375-1,5=1.75in
2 pp 2
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Therefore, the maximum bending length at the horizontal section A—A on the bearing block for
the longitudinal load is:

F, xe'=3,520,000%x1.75 = 6,160,000 in.1b

The moment of inertia is:

I bd® (b—2xTh,)x(d-2xTh,)’ 263x12.06° 20.3x6.06"
12 12 12 12

. 4
I, =3,468in
The bending stress is:

d 12.06
6,160,000 x A _ 6,160,000 x A
I 3,468

»y

=10,711psi

The shear stress is:

F, _ 3,520,000
bxd—(b—2xTh, )x(d-2xTh,,) 26.3x12.06—20.3x6.06

=18,129 psi

The maximum stress intensity is:

J10,711% +4x18,129% = 37,808 psi

Weld Between the Bearing Block and the Pad Plate

The bearing block is welded to the 1.5”-thick pad plate with a full penetration weld and a }%*
outside cover fillet weld fy, (see Figure A.2.13.5-8). The welds are loaded in bending, resulting
from the offset e (see Figure A.2.13.5-8) of the 10 g longitudinal point to the center of the pad
plate (the %2* outside cover fillet weld (f) is conservatively neglected for the calculation of the
bending length of the applied moment).

The bending moment is applied at the middle of the bearing block bearing area, therefore at a
distance x from the outer shell:

e H,, _(§+Thp)+Th _

P

H,, -g+Th,

The bending length is equal to e = x — 0.5 x Thy,.

H,,-g+Th, Th, 6625-0.5-15 _
2 2 2

2.5in
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The bending moment M is therefore Fyy x e = 3,520,000 x 2.5 = 8,800,000 in.Ib.

The section modulus of the weld is computed by treating the weld as a line per unit thickness tesr

[2]:
2
S, = [bd + d—J X1,
3 g

s

tej]' =Thpp +wa =15+705 =1.85in

12.062

S, :(26.3x12.06+ Jx1.85 =677.77 in’

The bending stress is equal to:

M B0 15 984 psi
S, 671.77

w

Weld Between the Pad Plate and the Quter Shell

The shear key pad plate is welded to the cask structure all around with a 17 partial penetration
groove weld (gw) and a 5/8” fillet weld (f.,). The shear area in the base metal of the structural
shell is:

bpp xdpp _(bpp —2ng))( (dpp _2xgu’)+2x(bpp +dpp)x pr
36x37.2—(36—2x1)x(37.2—2x1)+2x(36+37.2)x—§- =233.9in’

The weld shear stress at the junction of the weld material and the cask structural shell is:

F, 3,520,000

= =15,049 psi
233.9 233.9
A2.13.53 Results
The margin of safety will be calculated as follows:
. Allowablestress
Margin = -
Calculated stress
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‘ A.2.13.5.3.1 Double Shoulder Trunnions

" The stresses calculated for a load of 3 g are summarized in Table A.2.13.5-8 and compared with
allowable values (Sy). The stresses for a load of 5 g are also indicated in Table A.2.13.5-8
(simple 5/3 ratio of the values calculated for 3 g) and compared with the allowable values (S,).

The recommended bolt torque for the trunnion bolts is 1,040 ft.lb.

The minimum engagement length is 1.678 in. Threaded inserts 1185-20CN-2500 are used. The
minimum threaded length is equal to 1.68 in, which is greater than the minimum required
engagement length.

A.2.13.5.3.2 Single Shoulder Trunnions

The stresses calculated for a load of 6 g are summarized in Table A.2.13.5-9 and compared with
allowable values (Sy). The stresses for a load of 10 g are also indicated in Table A.2.13.5-9
(simple 10/6 ratio of the values calculated for 6 g) and compared with the allowable values (S,).

The recommended bolt torque for the trunnion bolts is 830 ft.1b.

A.2.13.5.3.3 Shear key assembly

- The stresses calculated for a longitudinal load of 10 g are summarized in Table A.2.13.5-10 and
. compared with allowable values.

A2.13.54 Conclusions

All of the stresses calculated above are less than the allowable stresses.
A.2.13.5.4.1 Trunnion assembly

Based on the above calculations, the design meets the requirements of 10CFR71.
A.2.13.5.4.2 Shear key assembly

Based on the above calculations, the design meets the requirements of 10CFR71.
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MP197 Transportation Packaging Safety Analysis Report Rev. 5, 03/09
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Table A.2.13.5-1
Steel Structural Properties at 300°F (ksi)

Part Material Sy Su E
Double shoulder trunnions SA-182 F316N 28.5 71.0 N/A |
Trunnions attachment blocks SA-350 LF3 33.2 70.0 N/A
Outer shell SA-203 Gr. E 354 70.0 N/A
Trunnion bolts SA-540 Gr. B23 Cl. 1 140.3 165.0 26,700
Shear key bearl.ng block and single SA-182 FENM 846 115.0 N/A
shoulder trunnions
Pad plate SA-516-70 33.6 70.0 N/A

Note: Material properties are taken from ASME Code [10]. Material properties and allowable stresses are
based on 300 °F which bound -40 °F, -20 °F, and 100 °F ambient conditions.

NUH09.0101
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Table A.2.13.5-2
Bolt Parameters

Dy Bolt nominal diameter (in) 1.25
Spolt Bolt stress area (in°) 0.969
n Number of threads per inch 7
Kumax | Maximum minor diameter of internal threads (in) 1.1230
Ecmin | Minimum pitch diameter of external threads (in) 1.1439
Dswin | Minimum major diameter of external threads (in) 1.2232
E,max | Maximum pitch diameter of internal threads (in) 1.1716

NUH09.0101
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Table A.2.13.5-3
‘ Design Parameters
Nir Number of trunnions 2
ay Vertical acceleration (g) 3
ap Longitudinal acceleration (g) 10
Thee Outer shell thickness (in) 2.75
Ny Number of bolts per trunnion 12
K Nut factor 0.135
Dot Bolt circle diameter (in) 21.00
Ryeld Radius of outer shell at attachment block (in) 42.25
Thyoal Thickness of lifting tool (in) 1.00
Ler Length of extremity flange (in) 0.63
Deav Depth of inner trunnion cavity (in) 8.76
D; Diameter of trunnion cavity (in) 5.00
Dexii Minimum shoulder diameter - double shoulder trunnion (in) 9.84
Doyiig Minimum shoulder diameter — single shoulder trunnion (in) 975
L, Outer shoulder length - double shoulder trunnion (in) 4.38
Dex2 Maximum shoulder diameter (in) 11.81
L, Inner shoulder length - double shoulder trunnion (in) 4.56
L; Shoulder length - single shoulder trunnion (in) 4.00
Diax Maximum trunnion diameter (in) 25.00
Dpange Diameter of trunnion flange (in) 17.00
' Thyange Thickness of flange at closure bolt circle (in) 3.25
. Hiax Maximum height of attachment block (in) 7.00
Thy ext Thickness of external weld of attachment block (in) 1.75
Thy, int Thickness of internal weld of attachment block (in) 1.25
Dy int Inner weld diameter (in) 17.00
Dy ext Outer weld diameter (in) 27.00
Wk Shear key width (in) 22.25
} H. Height of shear key chamfer (in) 5.00
O Angle of shear key chamfer 12.5°
| Hy, Height of bearing block (in) 6.625
} g Thickness of bearing block closure plate groove (in) 0.50
| Th, Thickness of protection plate (in) 0.375
| Th,, Thickness of pad plate (in) 1.50
b Width of the base of the bearing block (in) 26.30
| d Longitudinal dimension of the bearing block (in) 12.06
Thys Thickness of bearing block wall (in) 3.00
byp Longitudinal dimension of pad plate (in) 36.00
dop Lateral dimension of pad plate (in) 37.20
" Coefficient of thermal expansion of double shoulder trunnions 9.2 x 1076
' and trunnion blocks at 300°F (in/in/°F) '
a Coefficient of thermal expansion of single shoulder trunnions 635 10°
1 at 300°F (in/in/F) )
Coefficient of thermal expansion of trunnion bolts at 300°F 6
Op . 6.9x10
(in/in/°F)
NUH09.0101 A.2.13.5-20
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Table A.2.13.5-4 Double Shoulder Trunnion Stress Calculation

Section A-A B-B C-C
T T T
N =—D2 -D})= S =—'D2 -D? )= S:—X[)2 =
Str;:ss area AA 4( extl i ) BB 4( ext2 i ) « 4 ext2
) %(9.842 ~5.0%)=56.41 %(11.812 ~5.07)=89.91 %x]l.Slz =109.54
T T T
1,=—\D.i-Df]= I,,=—|\D!,-D})= L=l %Dl =
Moment of A4 64( extl i ) BB 64( ext2 i ) cC 64 ext?2

inertia (in*)

Z (9.84* ~5.00*)=429.5
64

Z(11.81' =5.0*)=924.2
64

Z x11.81* =954.9
64

L 1 +L2_(Lef+ L 1 +L2"Dcav)'Thlnol

Bending L; — Thol e e Li+Lo=Thyea
distance =438-1 _ ?;ag _nghf"’]' =4.38+4.56 -1
(in) =3.38=Laa e e =7.94=Lcc
Bending Maa = Fy X Laa M3gg = Fy X Lpg Mcc =Fy * Lec
moment = 478,500 x 3.38 = 478,500 x 7.13 = 478,500 x 7.94
(in.1b) = 1,617,330 =3.411.705 = 3,799,290
" F, 478500 F, 478500 F, 478500
car = P =
Stk s S, 5641 S, 89.81 S 109.54
=8.5 =53 =44
MAA % Deml MBB X Dcxl2 M(,‘(,‘ x Dext2
Bending 1, 2 I, 2 L. 2
sivei (ks _1617.330 9.84 _ 3411705 11.81 _3.799.290 11.81
4295 = 2 924.5 2 954.9 2
=185 =21.8 =23.5
Max. st
inensity | V18.5 +4x8.5’ V21.8% +4x5.3? V2352 +4x4.47
(ksi) =25.1 =242 =25.1
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Table A.2.13.5-5 Cask Outer Shell Stresses Calculations (Double Shoulder Trunnion)

From fig. Read curves for Abs. stresy
values
3C & 4C 0
1C & 2C-1 | 0
3A
1A
3B 1.465 4,901
1Bor1B-1 | 0.026 426,542
p
3C & 4C
1C-1 & 2C
4A
2A
4B 4,901
2B or 2B-1 407,853
Z(X - longitudinal stresses)
Shear stress due to torsion Mt 0
Shear stress due to load V¢ 0
Shear stress due to load Vi 3.522
X(shear stresses 1) 0 0 0 0 3,522 | 3,522 | -3,522 | -3,522
Stress intensities 20,639 14,437 | 20,639 14,437 7,045 | 7,045 | 7,045 7,045
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Table A.2.13.5-6 Single Shoulder Trunnion Stress Calculation
Section A-A
. 2 7 2 T 2
Stress area (in’) S = Zx D= -Zx 9.75" =74.66
. . . 4 T 4 T 4 ‘
Moment of inertia (in") 1, = a xDJ = o x9.75" =443.60
Bending distance (in) L;—Thoo =4.00—1=3.00=1L,4yu
. . Muys=Fy xLyys=957,000 %< 3.00
Bending moment (in.lb) — 2871.000
Sh ki F, 957,000 128
ear stress (ksi) S, 466 .
M, D, 2871000 975
. . ., o X extiy — X — 3 1 '6
Bending stress (ksi) 7., ) 443 .60 >
Max. stress intensity (ksi) V31.6% +4x12.87 =40.7

NUHO09.0101
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Table A.2.13.5-7 Cask Outer Shell Stresses Calculations (Single Shoulder Trunnion) |

From fig. Read curves for Mult. Al:lsz;lit::ss Au Al Bu Bl Cu (8} Du DI
3C& 4C , 0 0 0 0 0 0 0 0 0 0 0
1C & 2C-1 S i 0 0 0 0 0 0 0 0 0 0 0
3A , 0 0 0 0 0 0
1A ~ 0 0 0 0 0 0
3B 1.465 3?63819 6,497 9,521 -9521 | -9, 521 | 9,521 | 9 521 |
', =0.
1Bor 1B-1 | 0.026 | B=0.32 | 565,472 | 14,702 -14,702 | 14,702 | 14,702 | -14,702
Z(phi - circumferential stresses) -24,223 | 5,181 | 24,223 | -5,181 0 0 0 0
3C & 4C AR 0 0 0 0 0 0 0 0 0 0 0
IC-1&2C | = ST I 0 0 0 0 0 0 0 0 0 0 0
4A ' e 0 0 o S o 0 0 0 0
2A 0 0 0 0 0 0
4B oo | 6,497 | 4111 |
2B or 2B-1 | 0.043 33 540,696 | 23,250
2(X - longitudinal stresses) 0 0 0 0
Shear stress due to torsion My 0 0 0 0 0
Shear stress due to load V¢ 0
Shear stress due to load V. 7,045 7,043 7,043 | -7.043 | -7,043
X(shear stresses 1) 7,043 7,043 | -7,043 | -7,043
Stress intensities 27,361 | 19,139 | 27,361 | 19,139 | 14,086 | 14,086 | 14,086 | 14,086
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‘ Table A.2.13.5-8
Summary of Lifting Stresses - Double Shoulder Trunnions (ksi)
Calculated | Allowable Margin Calculated | Allowable Margin
3g (ED) 5g) (Sw)

Stress intensity in section A-A 25.1 0.13 41.9 0.84
Stress intensity in section B-B 24.2 28.5 0.18 40.3 77.0 0.91
Stress intensity in section C-C 25.1 0.13 41.8 0.84
Bolt tensile stress 76.4 140.3 0.84 111.8 165.0 0.48
Stress intensity in trunnion flange 8.0 28.5 2.56 13.3 77.0 4.77
Weld bending stress 5.5 354 5.44 9.2 70.0 6.62
Outer cask shell stress 20.6 354 0.72 34.3 70.0 1.04
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Table A.2.13.5-9

Summary of Lifting Stresses - Single Shoulder Trunnions (ksi)

Calculated | Allowable Calculated | Allowable
(62 (S,) Margin (10 2) (S,) Margin

Stress intensity in section A-A 40.7 84.6 1.08 67.8 115.0 0.70
Bolt tensile stress 61.0 140.3 1.30 102.0 165.0 0.62
Stress intensity in trunnion 89 285 220 148 770 419
flange

Weld bending stress 7.3 35.4 3.85 12.2 70.0 4.75
Outer cask shell stress 27.4 35.4 0.29 45.7 70.0 0.53
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Table A.2.13.5-10
Summary of Longitudinal Stresses - Shear Key Assembly (ksi)
Calculated Allowable Mk
(10 g) (S, or 0.6xS,) g
Bearing stress 31.2 84.6 1.71
Bending stress 10.7 84.6 6.91
Bearine block Shear stress 18.1 50.8 1.81
£ Maximum stress intensity 37.8 84.6 1.24
Bc;ndmg stress in the weld 13.0 84.6 551
with pad plate
e tebieen pad Blate Shear stress in base metal 15.0 21.2 0.41
and cask outer shell

NUH09.0101
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Figure A.2.13.5-1
Double Shoulder Trunnion Section
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. Double Shoulder Trunnion Stress Sections
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Figure A.2.13.5-3
Trunnion Flange
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Figure A.2.13.5-4
Single Shoulder Trunnion Section
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Figure A.2.13.5-5
Single Shoulder Trunnion Stress Sections
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Bearing Block and Pad Plate Weld Bending Length
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Appendix A.2.13.6
MP197HB Cask Containment Boundary Fatigue Evaluation
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Appendix A.2.13.6
MP197HB Cask Containment Boundary Fatigue Evaluation

NOTE: References in this Appendix are shown as [1], [2], etc. and refer to the reference list in
Section A.2.13.6.5.

A.2.13.6.1 Purpose

The purpose of the fatigue analysis is to show that the containment vessel stresses are within
acceptable NCT fatigue limits. This is done by determining the fatigue usage factor for each
NCT event for the lid and for the rest of the containment boundary at locations on the
containment vessel with the highest stresses. The cumulative fatigue damage or usage factor for
all of the events is conservatively determined by adding the fatigue usage factors for the
individual events, both for the lid and for the rest of the containment boundary, assuming these
maximum stress intensities occur at the same location.

The sum of the individual usage factors is checked to make certain that for a given number of
round-trip shipments of the NUHOMS® - MP197HB transport cask, the total fatigue damage
factor, for the lid and for the rest of the containment boundary, is less than one.

The number of round-trip shipments considered for the lid is 600. The number of round-trip
shipments considered for the rest of the containment boundary is 1,000.

A.2.13.6.2 Assumptions

The fatigue analysis is based on the procedure described in Regulatory Guide 7.6 [4] and ASME
Section 111 Appendices [3]. When determining the stress cycles, consideration is given to the
superposition of individual loads which can occur together and produce a total stress intensity
range greater than the stress intensity range of individual loads. Also, the maximum stress
intensities for all individual loads are conservatively combined simultaneously. The sequence of
events assumed for the fatigue evaluation is given below.

Operating bolt preload
Leak test

Pressure fluctuations
Temperature fluctuations
Vibration

Shock

1 foot drop.

NSV RN

The maximum stresses in the NUHOMS® - MP197HB transport cask containment boundary for
each individual load case are taken from Appendix A.2.13.1.

NUH09.0101 A.2.13.6-1
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The NUHOMS® - MP197HB transport cask is only loaded for one of the two legs of a round trip
shipment.

The bolt torque is applied twice every round trip.
The pressure cycle occurs twice every round trip.

In the lid case, since the maximum stress intensity occurs in the —40°F cold environment load
case, it is assumed that the temperature cycle occurs twice per round-trip shipment.

For the rest of the containment boundary, it is assumed that the temperature cycle only occurs
once per round trip shipment, when the cask is loaded.

It is conservatively assumed that the cask is dropped once per round trip shipment.
Each round trip shipment is assumed to average 3,000 miles each way.

A.2.13.6.3  Calculations
A.2.13.6.3.1 Bolt Preload
The number of preload cycles is two times the number of round-trip shipments.

The bolt preload specified to ensure a leak tight seal produces significant stresses in the lid.
Therefore, this loading is conservatively included in the fatigue evaluation. The maximum stress
intensity due to bolt preload is 12.5 ksi in the lid and 9.8 ksi in the rest of the transport cask
containment boundary (see Table A.2.13.1-1).

A.2.13.6.3.2 Leak test

The proof test is 1.5 x 30 psig (The MNOP is 12.7 psig; 30 psig is conservatively used for
design) = 45 psig.

The maximum stress intensity due to a normal condition pressure load of 30 psig is 2.7 ksi in the
lid and 1.5 ksi (actual calculated stress is 1.4 ksi; 1.5 ksi is used) in the rest of the containment
boundary (Table A.2.13.1-2).

Therefore, the maximum stress intensity due to the test pressure load in the lid is approximately
1.5 x 2.7 ksi = 4.1 ksi and 1.5 x 1.5 ksi = 2.3 ksi in the rest of the containment boundary

A.2.13.6.3.3 Pressure Fluctuations
It is assumed that the pressure cycle occurs twice per round-trip shipment.

The maximum stress intensity due to a pressure load of 30 psig is 2.7 ksi in the lid and 1.5 ksi in
the rest of the containment boundary (Table A.2.13.1-2).
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A213.634 Temperature Fluctuations

The maximum stress intensity in the lid due to normal condition thermal loads occurs in the -
40°F cold environment load case, and is 16.9 ksi (Table A.2.13.1-6). The maximum stress
intensity in the rest of the containment boundary due to normal condition thermal loads occurs in
the 100°F hot environment load case, and is 23.9 ksi (Table A.2.13.1-4).

A2.13.6.3.5 Vibration

Since vibration accelerations are higher on a truck than on a rail car, the truck vibration loads are
considered bounding. According to [1], the peak vibration load at the bed of a truck is 0.3 g
longitudinal, 0.3 g transverse, and 0.6 g vertical. The maximum stress intensity generated by
truck vibration is computed by extrapolating from the maximum stress intensity obtained in the
railcar vibration load case.

According to [2], the peak vibration load on a railcar is 0.19 g longitudinal, 0.19 g transverse,
and 0.42 g vertical. Therefore the truck vibration load is conservatively roughly 150% of the
railcar vibration load.

The maximum stress intensity in the whole transport cask containment boundary due to railcar
vibration calculated in Table A.2.13.1-12 is 1.0 ksi (outer shell is not containment boundary).
Therefore, the maximum stress intensity in the transport cask containment boundary (including
the lid) due to truck vibration would be roughly 1.5 ksi.

For the number of round trip shipments considered in this analysis, the number of truck vibration
cycles would be very large.

A.2.13.6.3.6 Shock

The NUHOMS®-MP197HB transport cask may be shipped either by truck or by railcar. ANSI
N14.23 [1] specifies a peak shock loading of 2.3 g longitudinal, 1.6 g lateral, 3.5 g vertical up,
and 2.0 g vertical down for truck transport, while NUREG 766510 [2] specifies a peak shock
loading of 4.7 g in all directions for rail car transport. Consequently, only the inertial loading
caused by a railcar shock is considered, since it is bounding.

Each round trip shipments averages 3,000 miles each way. NUREG 766510 [2] reports that there
are roughly 9 shock cycles per 100 miles of rail car transport. The maximum stress intensities are
found when the contents of the cask load the containment boundary, which happens during only
half of a round-trip shipment. Therefore the number of cycles is:

For the 1id:

3,000 miles x 600 shipments x 0.09 shocks / mile = 162,000 cycles.

For the rest of the containment boundary:

3,000 miles x 1,000 shipments x 0.09 shocks / mile = 270,000 cycles.
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. The maximum stress intensity range due to railcar shock is equal to 13.0 + 1.7 = 14.7 ksi in the
lid and 8.8 + 4.0 =12.8 ksi in the rest of the containment boundary (Tables A.2.13.1-9 and
A.2.13.1-11).

A.2.13.6.3.7 1-foot Normal Condition Drop

The maximum stress intensity due to normal condition impact loads occurs in the 1 foot side
drop load case, and is equal to 15.9 ksi in the lid and 24.0 ksi in the rest of the containment
boundary (Table A.2.13.1-16).

A.2.13.6.3.8 Transport Cask Fatigue Evaluation-Usage Factor Calculation

The damage factors listed in Tables A.2.13.6-1 and A.2.13.6-2 are computed based on the
stresses and cyclic histories described above, and the fatigue curves shown in Figure 1-9.1 of [3]
for UTS < 80 ksi. ‘

Since the model used for stress analysis of the transport cask includes detailed meshing of
corners and bolt holes, the fatigue strength reduction factor (KF) which accounts for stress
.concentrations, is already accounted for in the stresses reported above. However, for
conservatism, a stress concentration factor of 2 is used to obtain peak stresses.

The NUHOMS®-MP197HB transport cask containment boundary is constructed from SA-203
Grade E and SA-350-LF3. The modulus of elasticity of SA-203 Grade E and SA-350-LF3 is
. 26.2 % 10° psi at 400°F.

Consequently, KE = 30.0 x 106/ 26.2 x 106 = 1.1450 [3].

Here n is the number of cycles, N is taken from Figure 1-9.1 of [3], and S, is defined in the
following way:

If one cycle goes from 0 to +S.1., then Sa = (1/2) x S.I. x KF x KE.
~ If one cycle goes from -S.1. to +S.1., then Sa = S.I. x KF x KE.
Where KE is the correction factor for modulus of elasticity.
A2.13.64  Conclusions
The total damage factor is less than one in both cases. Therefore, the NUHOMS® - MP197HB
transport cask lid will not fail due to fatigue after 600 round trip shipments, and the rest of the

NUHOMS® - MP197HB transport cask containment boundary will not fail due to fatigue after
1,000 round trip shipments. '
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Table A.2.13.6-1 Damage Factor Calculation (Lid)

Stres§ S.1. x K S, Cycles Damage
Event Intensity (ksi) (ksi) Factor n / N

(ksi) n N -
Bolt preload 12.5 25.0 14.3 1,200 380,000 0.003
Leak test 4.1 8.2 4.7 1,200 00 0.000
Pressure fluctuations 2.7 54 6.2 1,200 o0 0.000
Eemper?‘t“re 16.9 33.8 19.4 1,200 113,000 0.011

uctuations
Vibration load 1.5 3.0 3.4 - o 0.000
Shock load 14.7 294 16.8 162,000 186,000 0.871
1 foot drop impact load 15.9 31.8 18.2 600 140,000 0.004
z 0.889

) The number of truck vibration cycles is very large and difficult to estimate. However, since N for this
load case is oo, n / N = 0, for a finite number of shipments.
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Table A.2.13.6-2 Damage Factor Calculation (Rest of Containment Boundary)

Stress

Cyecles

. S.I. x Kp S. Damage
Event Intensity . .
(ksi) (ksi) (ksi) n N Factor n/ N

Bolt preload 9.8 19.6 11.2 2,000 2,640,000 0.001

Leak test 2.3 4.6 2.6 2,000 © 0.000

Pressure fluctuations 1.5 3.0 34 2,000 o 0.000

Temperature 23.9 478 27.4 1,000 29,300 0.034

fluctuations

Vibration load 1.5 3.0 34 -0 o 0.000

Shock load 12.8 25.6 14.7 270,000 344,000 0.785

Ilo‘;‘zi"t drop impact 24.0 48.0 27.5 1,000 29,000 0.034
x 0.854

™ The number of truck vibration cycles is very large and difficult to estimate. However, since N for this
load case is 0, n /N = 0, for a finite number of shipments.
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Appendix A.2.13.7
MP197HB DSC (Shell Assembly) Structural Evaluation
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Appendix A.2.13.7
MP197HB DSC (Shell Assembly) Structural Evaluation

A.2.13.7.1 Introduction

The DSC shell assemblies consist of a cylindrical shell, bottom and top cover plates (inner and
outer, as applicable) and bottom and top shield plugs. Each DSC shell assembly functions to
support a basket assembly and confine associated fuel assemblies that are contained within the
DSC shell assembly.

Multiple DSC shell assembly designs are evaluated. Each design is categorized into one of four
groups based on similarity of geometry, plate thicknesses and compartment payload.

The four groups and the corresponding canisters are as follows:

Group Grouped Canisters
1 69BTH, 37PTH, 32PTH, 32PTH Type 1, 32PTHI1
61BT, 61BTH Type 1
61BTH Type 2, 32PT, 24PTH
24PT4, 24PTH-S-LC

B A 1)

For each group, the bounding payload weight (basket plus fuel assembly) and bounding design
configuration are used for the analyses. DSC design features and dimensions are provided in
Appendices A.1.4.1 through A.1.4.10. Appendices A.1.4.1 through A.1.4.9 provide detailed
descriptions of each DSC. Appendix A.1.4.10 contains reference drawings for all of the above
listed DSCs. The following paragraphs highlight the DSC similarities and the bases for the four
canister groups.
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Group 1

The top and bottom end assembly dimensions for the Group 1 DSCs are given in the following
table.

Group 1 DSC Top and Bottom End Assembly Dimensions (in.)

32PTH
Component 32PTH | Type 1 32PTHI1-S | 32PTH1-M | 32PTHI1-L | 69BTH | 37PTH
Outer Top Cover | 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Inner Top Cover 2.00 2.00 2.00 2.00 2.00 2.00
Top Shield Plug 10.00 8.00 8.00 8.00 6.00 5.75 5.75
Inner Bottom
Cover 1.75 2.25 2.25 2.25 2.25 1.75 1.75
Bottom Shield
Plug 5.25 4.50 4.50 4.50 2.25 3.50 3.50
Outer Bottom
Cover 1.75 2.00 2.00 2.00 2.00 2.00 2.00

For side drop analyses, thinner cover plates result in more limiting (i.e., bounding) stress results
Hence, thinner cover plate configuration is used for side drop analyses.

For end drop analyses, the thicker cover plates would result in more limiting stress results due to
the additional weight of the thicker plates. Hence thicker cover plate configuration is used for
end drop and buckling analyses.

Group 2
The top and bottom end dimensions for the Group 2 DSCs are given in the following table.

Group 2 DSC Top and Bottom End Dimensions (in.)

61BT/61BTH Type 1
Component 61BT/61BTH Type 1 (Optional)
Outer Top Cover 1.25 1.25
Inner Top Cover 0.75 0.75
Top Shield Plug 7.00 7.00
Inner Bottom Cover 0.75 1.75
Bottom Shield Plug 5.00 4.00
Outer Bottom Cover 1.75 1.75

Note that the 61BT/61BTH Type 1 DSC has a thinner inner bottom cover plate than the optional
design. Side drop analyses for thinner cover plates result in more limiting stress results than
those for the DSC designs with thicker end plates. Therefore, the side drop 3D finite element
models used top and bottom end plate thicknesses associated with the thinner inner bottom cover
plate design.
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The same plate thicknesses are used for the 2D finite element end drop and bucking load
evaluation models because the total thickness (and therefore, weight) of each set of end plates is
the same for the two designs and give essentially the same limiting results for shell stresses and
for shell buckling loads.

Group 3
The top and bottom end dimensions for the Group 3 DSCs are given in the following table.

Group 3 DSC Top and Bottom End Dimensions (in.)

32PT-S100 32PT-S125
Component 61BTH Type 2 32PT-L100 32PT-L125 24PTH
Outer Top Cover 1.50 1.50 1.50 1.50
Inner Top Cover 1.25 1.25 1.25 1.25
Top Shield Plug 6.25 6.25 7.50 6.25
Inner Bottom Cover 1.75 1.75 1.75 1.75
Bottom Shield Plug 4.00 4.00 5.25 4.00
Outer Bottom Cover 1.75 1.75 1.75 1.75

Thinner, conservative cover plate thicknesses are used for the side drop 3D finite element models
as follows:

Outer Top Cover: 1.46 in.
Inner Top Cover: 1.19in.

Inner Bottom Cover: 1.69 in.
Outer Bottom Cover: 1.70 in.

The same cover plate thicknesses and thicker shield plug thicknesses are used for the end drop
and buckling load 2D finite element models.
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Group 4

The top and bottom end dimensions for the Group 4 DSCs are given in the following table.

Group 4 DSC Top and Bottom End Assembly Dimensions (in.)

Component 24PT4 24PTH-S-LC
Outer Top Cover 1.25 1.50
Inner Top Forging 2.00 1.74
Lead Plug Top Cover Plate 1.5 0.3
Inner Bottom Cover 2.00 1.86
Outer Bottom Cover Plate 2.00 0.3

The bounding geometry details used in the analyses are as follows:

Top End 3-D Model:

Outer Top Cover Plate = 1.25 in
Inner Top Forging = 1.74 in
Lead Plug Top Cover Plate = 0.3 in

Bottom End 3-D Model:

Bottom Forging = 1.85 in
Outer Bottom Cover Plate = 0.3 in

2-D Axisymmetric Model:

Outer Top Cover Plate = 1.25 in
Inner Top Forging = 1.74 in

Lead Plug Top Cover Plate = 0.30 in
Bottom Forging = 1.85 in

Outer Bottom Cover Plate = 0.30 in
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A.2.13.7.2  Dynamic Load Factors and Maximum Drop Accelerations

A. Dynamic Load Factors

Two load cases are considered for development of dynamic load factors and maximum drop
accelerations; one due to longitudinal loading (end drop) and one due to transverse loading (side
drop). During an end drop, the fundamental natural periods of the DSC components are taken to
be that of simply supported cylindrical shells without axial constraint, under longitudinal
vibration. During a side drop, the fundamental natural period of the canister shell is taken to be
that of a cylinder in an ovalling mode and a simply supported cylindrical shell without axial
constraint.

Since the canister is not modeled in detail in the transfer cask dynamic analysis, it is necessary to
transfer the loads from the cask dynamic analysis model to the detailed models of the canister.
The canisters are evaluated using quasi-static analyses with a dynamic load factor (DLF)
computed from the transient dynamic analysis.

The development of the dynamic load factor applicable to each canister type is described in
Appendix A.2.13.9. The results are summarized in the following table.

Canister Dynamic Load Factor Results Summary for Each Canister

MP197-HB
61BT/61BTH/ 24PTHF/ 32PTH/

Transpon:t Pac!(age 61BTHF 69BTH 24PTH 24PT4 | 32PT 32PTH1 37PTH
Drop Orientation

DLF DLF DLF DLF DLF DLF DLF
Normal Condition o
Canister End Drop 1.32 1.31 1.32 1.18 1.33 1.31 1.30
Accident Condition
Eistes Brid Do 1.17 1.16 1.16 1.17 1.17 1.16 1.15
Normal Condition
Cunister Side Dyop 1.27 1.29 1.30 1.26 1.30 1.26 1.31
Accident Condition
Chnister Side Drop 1.01 1.00 1.00 1.01 1.00 1.01 1.02

The bounding dynamic load factor corresponding to each group of canister types is used to
bound the analysis of the canister in each group. The bounding DLFs used in each group are
summarized in the table below.

Bounding Dynamic Load Factor for Each DSC Group

DLF DLF DLF DLF
MP197-HB Transport Package Drop Orientation | Group1 | Group2 | Group3 | Group4
DSCs DSCs DSCs DSCs

Normal Condition Canister End Drop 1.31 1.32 1.33 1.32
Accident Condition Canister End Drop 1.16 1.17 1.17 1.17
Normal Condition Canister Side Drop 1.31 1.27 1.30 1.30
Accident Condition Canister Side Drop 1.02 1.01 1.01 1.01
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B. Development of Maximum Accelerations

This section calculates the required accelerations for each of the DSC groups and for use in the
canister structural evaluations.

The baseline g loads are calculated from LS-DYNA analyses of the transport cask and are
described in Appendix A.2.13.12, Section A.2.13.12.10. The results are as follows:

Normal Condition Canister End Drop: 18¢g
Accident Condition Canister End Drop: 55¢g

Normal Condition Canister Side Drop: 19¢
Accident Condition Canister Side Drop: 55¢g

Multiplying the above accelerations by the bounding DLFs in each DSC group results in the
required accelerations to be used for the DSC analyses. Actual acceleration values used in the
analyses are greater than the calculated values. The calculated required acceleration values and
the values used in the analyses are shown in the following table. Using 75g for DSC canister
HAC end drop and side drop analyses bound all other drop orientations.

Bounding g Loads for Each DSC Group
MP197-HB Transport Package

Group1 | Group2 | Group3 | Group4

Acceleration
Calculated Required Normal Condition 18x1.31= | 18x1.32= | 18x1.33= | 18x1.32=
Canister End Drop Acceleration 23.58 23.76 23.94 23.76

Baseline g load for

Canister NCT End Drop Acceleration 30 30 30 30

Calculated Required Accident Condition | 55x1.16= | 55x1.17= | 55x1.17= | 55x1.17=
Canister End Drop Acceleration 63.8 64.35 64.35 64.35
Baseline g load for

Canister HAC End Drop Acceleration s o L ¥

Calculated Required Normal Condition 19x1.31= | 19x1.27=| 19x1.30= | 19x1.30=
Canister Side Drop Acceleration 24.89 24.13 24.70 24.70
Baseline g load for

Canister NCT Side Drop Acceleration 30 23 2 29

Calculated Required Accident Condition | 55x1.02= | 55x1.01= | 55x1.01= | 55x1.01=
Canister Side Drop Acceleration 56.1 55.55 55.55 55.55
Baseline g load for

Canister HAC Side Drop Acceleration 73 = i 2
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A213.73 Canister Structural Analysis

Finite element analyses are performed in order to quantify stresses in the DSCs generated by
transport loads. The applied loads considered are normal and accident condition top end, bottom
end, and side drops, combined with internal and external pressures and temperature distributions
(thermal expansion stresses). Several finite element models are used to evaluate stresses for the
normal and accident loads: 180 degree 3D models are used for side drop analyses; 2D
axisymmetric models are used for end drop and thermal expansion analyses. Elastic material
properties are used for normal condition stress analyses. Elastic-plastic material properties are
used for normal condition limit load analyses and accident condition stress analyses.

A. Material Properties
Steel Material Properties for Group 1 through 4 DSCs

Material properties and allowable stresses for normal (NCT) and accident (HAC) drop analyses
are based on 500 °F which bound -40 °F, -20 °F, and 100 °F ambient conditions. Thermal
expansion analyses are based on temperature-dependent material properties shown in Tables
A.2.13.7-1 and A.2.13.7-2 [3].
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