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Figure B.2.13.2-2
Deformation Plot Near Lid-Flange Interface for 59 and 90 kips Preload
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Appendix B.2.13.3
MP197TAD TO Lead Slump and Containment Boundary Buckling Analysis

NOTE: References in this appendix are shown as [1], [2], etc., and refer to the reference list in
Section B.2.13.3.7.

B.2.13.3.1 Introduction

The purpose of this analysis is to determine the amount of lead slump that occurs in the
NUHOMS®-MP197TAD Transportation Overpack (TO) containment boundary and to determine
the containment buckling loads due to hypothetical accident condition (HAC) end drop incidents.
The load cases considered in this calculation are 30 ft End Drop on Lid End and 30 ft End Drop
on Bottom End.

During a hypothetical accident condition end drop, permanent deformation of the lead gamma
shield may occur. The lead gamma shield is supported by friction between the lead and cask
shells, in addition to bearing at the end of the lead column. The lead to cask shells friction model
used friction factor 0.25.

A nonlinear finite element analysis is performed in order to quantify the amount of lead slump
generated during the end drop event. The 3-dimensional half symmetric ANSYS [1] finite
element model, used in HAC events evaluations, is employed for this purpose. The results of the
finite element analysis provide both stresses and displacements generated during the end drop
event. The displacement results are used in this section to determine the maximum size of the
axial gap that develops between the lead gamma shield column and the structural shell of the
cask. The effect of this cavity size on the shielding ability of the transport package is evaluated in
Chapter B.5.

The calculations of end drop events, discussed in this section, serve also the determination of
buckling loads of the inner containment shell of the NUHOMS®-MP197TAD Transportation
Overpack. The conservative estimation of buckling loads is based on the examination of the shell
deformation development at its weakest location. In this calculation, the minimum acceptable
buckling load is assumed equal to 150% of the HAC g-load 65g.
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Bi213.3.2 Finite Element Model

Geometry

The schematic of structural components of 3D model of the MP197TAD Transportation
Overpack is presented in the following figure.

The Finite Element Model represents MP197TAD TO assembly by means of eight structural
components: outer shell, inner shell, lid, top flange, bottom flange, bottom plate, ram closure
plate and gamma shield. The neutron shield assembly structure is not modeled but its mass is
accounted for as a surface mass load.

Quter Shell

Inner Shell

Top Flange ...........
Bottom Flange ......
Bottom Plate .........
Ram Closure Plate . .
Gamma Shield ...... i

BN BN

r

TN TAD Transport Overpack - 3D Model -~ Components

Schematic of the MP197TAD TO - 3D FEA Model.
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ANSYS Elements

The following table lists ANSYS element types used to represent in analyses structural

components of cask design.

ANSYS Elements Specifications

MATERIAL ELEMENT ANSYS

COMPONENT TYPE TYPE MODEL

NUMBER NUMBER ELEMENTS
Outer Shell. 1 1 SOLID45
Inner Shell 2 2 SOLID45
Lid 3 3 SOLID45
Top Flange 4 4 SOLID45
Bottom Flange 5 5 SOLID45
Bottom Plate 6 6 SOLID45
RAM Closure Plate 7 7 SOLID45
Gamma Shield .8 8 SOLID45
Lid Bolts
(Radial Shear Interaction) ? 391 COMBIN39
Lid
(Tangential Shear Interaction) ? 392 COMBIN39
Lid
(Axial Interaction) 9 393 COMBIN39
RAM Closure Bolts
(Radial Shear Interaction) 10 394 COMBIN39
RAM Closure Bolts :
(Tangential Shear Interaction) 10 393 COMBIN39
RAM Closure Bolts 10 396 COMBIN39
(Axial Interaction)
Neutron Shield 14 14 SURF154
Canister Lifting Device
Spacer (Item 67 & 69) 20 & 21 20 & 21 SURF154
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The following table shows specifications of the contact model between material components

done by means of surface contact elements (elements CONTA173, TARGE170).

ANSYS Elements Specifications —Contact elements

INTERFACE DESCRIPTION CONTACT ELEMENT DETAILS
Target Contact Ell(;melnt Material
Element. | Element. ca Type
Constants | Number
Lid and Top Flange
(Top Radial Interface) 1ol 101 101 1
Lid and Top Flange
(Plate Contact Interface) 1102 102 102 1
Lid and Top Flange
(Bottom Radial Interface) 1103 103 103 1
RAM Closure Plate and Bottom
Plate - Radial Interface 111 11 ti 12
RAM Closure Plate and Bottom
Plate - Plate Contact Interface 1112 12 12 12
Outer Shell and Gamma Shield :
(Radial) Interface 1201 201 201 13
Top Flange and Gamma Shield
(Top Contact Surface) 1202 202 202 13
Top l?lange and Gamma Shield 1203 203 203 13
(Conical Surface)
Inner Shell and Gamma Shield
(Radial) Interface 1204 204 204 13
Bottom Flange and Gamma
Shield (Conical Surface) 1205 205 205 13
Bottom Flange and Gamma
Shield (Bottom Contact Surface) 1206 206 206 13
Notes: (1) The model uses contact element CONTA173 & TARGE170

Methodology

An ANSYS elastic-plastic buckling analysis with large displacement option was performed to
calculate buckling loads. The 200g drop load is applied in each analysis. This 200g drop load is
ramped in small increments by many load sub-steps. The ANSYS solution was set to stop and
exit at any load sub-step that fails to result in a converged solution. When the imposed sub-step
load reaches the buckling instability load, ANSYS will be unable to produce a converged
solution.
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For the end drop on bottom end buckling analysis, the ANSYS calculation was converging
adequately till final 200g load. For end drop on lid end cases the calculation failed to converge at
about 145g load.

To get a conservative value of g-load, a time-history postprocessing is done for selected nodes to
plot the radial deformation against g-loads for end drop on lid end buckling analyses. The g-load
where the slope of radial deformation changes significantly is conservatively assumed to be the
buckling load.

Lead slump values are calculated at 65g.

B.2.13.3.3 Material Properties

Properties of NUHOMS®-MP197TAD TO materials are taken at 350 °F for both hot and cold
environment cases, which is conservative. The transportation overpack material properties used
for the analysis are the same as used in the elastic-plastic accident analysis of the Appendix
B.2.13.1 “NUHOMS®-MP197TAD TO Body Structural Analysis.”

B.2.13.34 Loading and Boundary Conditions

DSC Weight

DSC impact is applied to the cask model based on the assumption of DSC weight of 106.0 kips.
This is the bounding weight for the DSC weight. The DSC weight is imposed as a pressure load
distributed uniformly at the area of DSC contact with lid (end drop on lid end) or bottom plate
(end drop on bottom end). The DSC load for end drop on lid end and end drop on bottom end are
illustrated in Figure B.2.13.3-1 and B.2.13.3-2 respectively. The DSC load pressure for these
loads is denoted by Py.

Impact Limiter Weight

Loads applied to the cask model are based on the assumption that the front impact limiter mass is
16,000 lbs and the rear impact limiter mass is 16,000 Ibs. These values of impact limiter weights
envelop the limiter weights calculated in Chapter B.2.

In the end drop on bottom end calculations the full weight of front limiter is imposed as a
uniform axial pressure load acting on the effective area of contact of the front impact limiter with
cask body.

In the end drop on lid end calculations, the full weight of rear impact limiter is imposed as a
uniform axial pressure load acting on the effective area of the contact of the rear impact limiter
with cask body.

The pressure loads due to impact limiter weight for end drop on lid end and end drop on bottom
end cases are illustrated in Figure B.2.13.3-1 (end drop on lid end) and Figure B.2.13.3-2 (end
drop on bottom end). The pressure for these loads is denoted Py..
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Boundary Conditions

There are two boundary conditions imposed on the cask model. The first one is symmetry
boundary condition on the cutting plane. The cask is assumed to fall on a rigid surface and
accordingly contact elements (CONTA178) are used to model the interface between cask surface
and rigid surface of impact plane, with nodes representing rigid surface being constrained in
axial direction. A total of 4 load cases are analyzed.

Load Cases
Set No. Drop Orientation Pressure Application
1 End Drop on Lid End Internal Pressure (30psi)
2 End Drop on Lid End External Pressure (25psi)
3 End Drop on Bottom End Internal Pressure (30psi)
4 End Drop on Bottom End External Pressure (25psi)

Loadings and boundary conditions on 3D Finite Element Model for end drop on lid end with 25
psig external pressure is shown on Figure B.2.13.3-3.

B.2.13.3.5 FEA Results

Buckling Load

The last converged solution in case of end drop on lid end with internal pressure and external
pressure is 145g and 140g, respectively. To get a more conservative value of g-load, a time-
history postprocessing is done for preselected nodes to plot the radial deformation against g-
loads.

The location of selected nodes is shown in Figure B.2.13.3-4. The radial displacement plots for
selected nodes in end drop on lid end cases are taken (Figures B.2.13.3-5 and B.2.13.3-6). As can
be seen from the figures, there is significant shift in the slope of displacement curves at about
125g. Hence, 125¢g load has been conservatively taken as the buckling load. The displacement
plots at 125g for lid end drop with 25 psig external pressure is shown in Figure B.2.13.3-7.

Lead Slump
Since the hypothetical accident condition g-load is 65g, the lead slurhp is calculated at 65g.
The following table summarizes the lead slump values for various load cases. The maximum

lead slump is 0.465 in. and occurs during end drop on lid end case with 25 psig external pressure.
The corresponding plot is shown on Figure B.2.13.3-8.
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Summary of Lead Slump at 65g

Lead Slump at 65g (inches)

End Drop on Bottom End

Load Case Internal Pressure (30 psig) External Pressure (25 psig)
End Drop on Lid End 0.435 0.465
0.422

- 0.453

B.2.13.3.6 Conclusions

The above table shows that the maximum longitudinal gap, caused by lead slump, is 0.465
inches, and occurs during accident condition of end drop on lid end. The effect of the gap on the
shielding ability of the NUHOMS®-MP197TAD TO is analyzed in Chapter B.5.

The containment shell buckling load is 125g. That gives the acceptable safety ratio of 1.92 over

the 65g HAC g-load.

B.2.13.3.7 References

1. ANSYS Computer Code and User’s Manual, Release 10A1
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Figure B.2.13.3- 1
Schematic for End Drop on Lid End
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Figure B.2.13.3- 2
Schematic for End Drop on Bottom End
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Figure B.2.13.3-3

Boundary Condition & Loads for End Drop on Lid End with 25 psig External Pressure
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Figure B.2.13.3- 4

Nodes Selected for Time-History Post Processing
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Displacement vs. G-Load Curve for End Drop on Lid End with 30 psig Internal Pressure (Enlarged View

is Shown in the Bottom Plots)
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Figure B.2.13.3- 6

Displacement vs. G-Load Curve for End Drop on Lid End with 25 psig External Pressure (Enlarged View
is Shown in the Bottom Plots)
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Figure B.2.13.3- 7
Displacement Plot at 125g (End Drop on Lid End with 25 psig External Pressure)
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Figure B.2.13.3- 8

Lead Slump at 65g (End Drop on Lid End with 25 psig External Pressure)
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Appendix B.2.13.4
MP197TAD TO Structural Analysis of the Neutron Shield Shell

NOTE: References in this appendix are shown as [1], [2], etc., and refer to the reference list in
Section B.2.13.4.7.

B.2.13.4.1 Introduction

This section presents the structural analysis of the neutron shield shell of the MP197TAD TO
package. The neutron 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 ANSYS [3] for both side and
end drop events. These stresses are compared to the allowable stress limits in Chapter B.2 to
assure that the design criteria are met.

B.2.13.4.2 Description

The neutron shield shell is constructed from SA-240, Type 304 and is welded to the cask outer
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 B.2.13.4-1 and Drawings in Chapter B.1.

B.2.13.43 Materials Properties and Stress Criteria
The neutron shield shell cylindrical section and closure plates are SA-240 Type 304. 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.

MP197TAD TO Non-Containment Structure Material Properties

Temp E S Sy S, aavg X 10°® p
(°F) (1 0’ ksi) (ksi) (ksi) (ksi) (in/in/°F) (lb/in.3)
300 27.0 20.0- 22.4 66.2 9.2 0.284

The stress criteria are in according to ASME Code Section 111, Subsection NF and Appendix F
[1] and are listed in Table B.2.13.4-1.

B.2.13.4.4 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 B.2.13.4-1 (0.3125” shell thickness is used instead of 0.375%).

Cask and neutron shield shells were modeled using ANSYS SOLID45 (8 nodes having 3
translational DOF) elements. Welds were simulated using couplings (all translational degrees of

NUHO09.0101 B.2.13.4-1
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freedom) at the interface of cask to top and bottom plates of the neutron shield structure and at
the interface of the neutron shield shell to the top and bottom plates as pinned connections (see
Figure B.2.13.4-3).

CONTACTS52 elements were used at the interface of the resin and neutron shield shell, the
top/bottom plates and between the resin and cask shell. This CONTACTS2 gap element can
introduce non linearity in the analysis depending whether they are open or closed. Additionally
COMBIN14 weak spring (10 Ibs/in stiffness) 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 neutron shield diameter, above top end plate and below
bottom end plates, were constrained up to 30° in the hoop direction. Figures B.2.13.4-2,
B.2.13.4-3, and B.2.13.4-4 show the overall finite element ANSYS model, and boundary
conditions for both side and end drop.

Vyal B Resin Density Calculation

The Vyal B resin density (0.0650 1b/in’) is adjusted to account for (aluminum boxes, bearing
blocks, tie bars and other components) that are not captured in the finite element model.

Weight of Vyal B resin = 16,222 lbs

Weight of aluminum, bearing blocks and tie rods (combined) = 3,479 lbs

Density = (16,622+3,479)*0.0650/16,222 = 0.0786046 Ib/in’, conservatively used 0.0787 Ib/in’
in the analysis.

Young’s modulus of 5.0E+05 psi is assumed for Vyal B resin material.
B.2.13.4.5 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.

The ANSYS 1g accelerations, indicating direction of side drop load, are:

e Side drop acel, -1, 0,0

For 20g, and 65g, loading, the ANSYS acceleration values are 20, and 65 times the above
values. '

The ANSYS 1g accelerations, indicating direction of end drop load, are:

e Enddrop acel,0,1,0

For 35g, and 55g, loading, the ANSYS acceleration values are 35, and 55 times the above
values.

NUHO09.0101 B.2.13.4-2
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An internal pressure of 25psig is applied on all the inner walls of the neutron shield structure,
outer wall of the Cask shell and also at the interfaces of the partial penetration welds in the
ANSYS model.

Load Cases Analyzed
Loading SE::',iecle SEZ:LCIe Load Analysis Method
Side Drop  NCT 20g Finite }ilrelzgrslitsElastic
End Drop NCT 35¢ Finite l::(\l]e;:];r;‘;SElastic
Side Drop HAC 65¢ Finite E/l\lﬁ;r;;l;itsE]astic
End Drop HAC 55¢ Finite };:\IEZ;;ISI;SElaSﬁC

B.2.13.4.6 Analysis Results
A. Normal Condition Side and End Drops

The resulting stress intensity distribution and displacements on the neutron shield shell for side
and end drop are shown in Figures B.2.13.4-5 through B.2.13.4-10. It is seen that the maximum
nodal stress intensity in the structure is 21.91 ksi (Figure B.2.13.4-5) for 20g side drop and 11.51
ksi (Figure B.2.13.4-8) for 35g end drop. All the normal condition stresses are below the
allowable stress values. See Table B.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 B.2.13.4-11 through B.2.13.4-16. It is seen that the maximum nodal stress intensity in
the structure is 73.15 ksi (Figure B.2.13.4-11) and 18.95 ksi (Figure B.2.13.4-14) for 65g side
drop and 55g end drops respectively. All the accident condition stresses are below the allowable
stress values. See Table B.2.13.4-2 for stress comparison.

C. Weld Stress Calculations

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

Fy = Fresultant / (Ltributary) (Twela)s

where,

Flresultant = maximum resultant nodal force = (F,” + F, y2 + A2
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Libutary = minimum tributary length associated with the nodes = R/ (n - 1), where
R =39.50 (cask radius) and » is the maximum nodes used at weld interface locations (29 number
of nodes used in the ANSYS model)

Toweld = 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 neutron shield shell to top and bottom end
plates is 0.3125 (5/16”).

The weld stress results are listed in Table B.2.13.4-2.
D. Summary of Results
The critical stresses are summarized in Table B.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® MP197TAD TO Package.
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Table B.2.13.4-1

MP197TAD TO Non-Containment Structure/Weld Allowable Stress

Stress Category

. Structure Allowable Stresses

Normal Conditions

Accident Conditions

Primary Membrane

General P Sm Lesser of 2.4S,,0r 0.7 S,
m 1.5 S, Lesser of 3.6S,, or S, "
Local P,
Primary Membrane + Bending o
(P, or Py) + Py 1.5S, Lesser of 3.6S,, or S,
Range of Primary + Secondary .
(P, or PL) + P, +Q 3.0 S, Not applicable
Bearing Stress S, Not applicable
Average Shear Stress 0.6 S, 0.42S,

Fatigue Not Applicable Not Applicable
Weld Allowable
Full Penetration Same as base metal
NCT Partial Grove/Fillet "é‘ﬁg;:o_n 0-2)3; gvs“
Full Penetration Same as base metal
Normal condition allowables
HAC are increased by a factor:

Partial Grove/Fillet

Smaller of 2 or 1.167S,/S, if S,
> 1.28,,
or 1.4if §,<1.2S,

Note:

Classification and stress limits are as defined in ASME Code, Section 11, 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 Sy + 1/3 (S, - Sy) and the maximum primary stress intensity at any
location (P or P + Py) shall not exceed 0.9 S,. These limits are in accordance with Appendix F of Section III of the

Code [1].

NUH09.0101
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Table B.2.13.4-2
Maximum Stress Summary—Neutron Shield Shell Structure

D Orientati Stress Location Maximum Stress | Allowable Stress
rop Orientation Category (ksi)® (ksi)
P,V , 9.66 20.0
Neutron shield Shell
P+ Py 10.04 30.0
P, 7.40 20.0
Bottom Plate
P, + Py 17.39 30.0
20g Side Drop Elastic p, 746 20.0
Analysis Normal m Top Plate
Condition of Transport P+ Py 17.37 30.0
Cask and top plate weld 3.40 8.96
Partial Cask and bottom plate weld 323 8.96
Grgz%zt“\;};‘f;‘sm Shield shell and top plate weld 282 8.96
Shield shell and bottom plate weld 2.83 8.96
P,D . 10.58 20.0
P+ PO Neutron shield Shell 11.08 300
P, 6.04 20.0
Pt P Bottom Plate 11.66 30.0
. P, 5.55 20.0
35g End Drop Elastic T Top Plate
Analysis Normal Pry + Py 1041 30.0
Condition of Transport Cask and top plate weld 1.63 8.96
Partial Cask and bottom plate weld 1.06 8.96
penetration Shield shell and top plate weld 1.03 8.96
Groove Welds®
Shield shell and bottom plate weld 2.90 8.96
P . 21.63 46.3
Neutron shield Shell
P+ Py 2267 66.2
P," 24.83 463
Bottom Plate
P+ PP 58.16 66.2
65g Side Drop Elastic o
Anal)fsis Hypoth'e_tical P Top Plate 24.99 46.3
Accident Condition P, + P 58.15 66.2
Cask and top plate weld 10.64 17.92
Partial Cask and bottom plate weld 10.11 17.92
crﬁi'i?"»av“e‘fé'sw Shield shell and top plate weld 938 17.92
Shield shell and bottom plate weld 9.39 17.92
P, ) 14.57 46.3
Neutron shield Shell
Py, + Py 15.39 66.2
P, 9.33 46.3
Bottom Plate
P+ Py 17.47 66.2
55g Eqd Drop Elagtic p,M 9.76 46.3
Analysis Hypothetical 0 Top Plate
Accident Condition Pt Py 17.23 66.2
Cask and top plate weld 2.57 17.92
Partial Cask and bottom plate weld 1.52 17.92
penetration Shield shell and top plate weld 2.02 17.92
Groove Welds
Shield shell and bottom plate weld 3.54 17.92

Notes:
™ Stresses are linearized for Pm and Pm+ Pb values between the inner and outer nodes of the

shield shell, top/bottom plate components.
® To account for difference in weight of 3/8” thick shell modeled as 5/16” thick shell (see assumption 9) the stresses are multiplied by a scale
factor of 1.032 which is the ratio of the (weight of the resin + weight of the 3/8” thick shell) and (weight of the resin + weight of the 5/16” thick
shell). .
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Figure Withheld Under 10 CFR 2.390

Figure B.2.13.4-1
Cask Shield Shell and Connection to Cask Body
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A

TAD End Drop and Side Drop Finite Element Model

Figure B.2.13.4-2
Finite Element ANSYS Mesh for the Neutron Shield Shell
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A

TAD Side Drop Boundary Conditions and Coupled Nodes

Figure B.2.13.4-3
MP197TAD TO Cask and Neutron Shield Shell Loads and Boundary Conditions (Side Drop)

e

TAD End Drop Model Boundary Conditions and Coupled Nodes

Figure B.2.13.4-4
MP197TAD TO Cask and Neutron Shield Shell Loads and Boundary Conditions (End Drop)
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A

TAD_Shield Shell Elastic_20g_Side Drop

ANSYS 10.0
MAY 12 2009
09:26:24
NODAL SOLUTION
STEP=5

SUB =7
TIME=20

SINT (AVG)
DMX =.054604
SMN =8.021
$MX =21915
8.021
2442
4876
7310
9745
12179
14613
17047
19481
21915

BO0CEEOEN

Figure B.2.13.4-5
Normal Condition Side Drop 20 g Stress Intensity—Neutron Shield Shell
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A

TAD_S5hield Shell Elastic_20g_Side Drop

Figure B.2.13.4-6
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Normal Condition Side Drop 20 g Maximum Displacement—Neutron Shield Shell
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AKX

TAD_Shield_Shell Elastic_20g Side_ Drop

Figure B.2.13.4-7
Normal Condition Side Drop 20 g Stress Intensity—Shield Plate

ANSYS 10.0
MAY 12 2009
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1 ANSYS 10.0
MAY 12 2009
08:44:12
NODAL SOLUTION
STEP=8

SUB =7
TIME=35

SINT (AVG)
DMX =.204156
SMN =14.849
SMX =11506
14.849
1292
2568
3845
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6399
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10229
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A

TAD Shield Shell Elastic_35g_End Drop

Figure B.2.13.4-8
Normal Condition End Drop 35 g Stress Intensity—Neutron Shield Shell
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At

TAD_Shield Shell Elastic_35g_End Drop

Figure B.2.13.4-9

ANSYS 10.0
MAY 12 2009
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STEP=8
SUB =7
TIME=35
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Normal Condition End Drop 35 g Maximum Displacement—Neutron Shield Shell
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1 ANSYS 10.0
MAY 12 2009
08:52:31
NODAL SOLUTION
STEP=8
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TIME=35
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A

TAD_Shield Shell Elastic_35g_End Drop

Figure B.2.13.4-10
Normal Condition End Drop 35 g Stress Intensity—Shield Plate
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AKX

TAD_Shield Shell Elastic_65g_Side Drop

Figure B.2.13.4-11

ANSYS
MAY 1
09:32
NODAL
JTEP=
SUB =
TIME=
SINT
DMX

SHN

SMX =

BO00REDER

10.0

2 2009
£16
SOLUTION
14
7
65

(AVG)

. 165305
25.27
73150
25.27
8150
16275
24400
32525
40650
48775
56900
65025
73150

Accident Condition Side Drop 65 g Stress Intensity—Neutron Shield Shell
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AKX

TAD_Shield Shell Elastic_65g_Side_Drop

Figure B.2.13.4-12

ANSYS 10.0
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Accident Condition Side Drop 65 g Maximum Displacement—Neutron Shield Shell
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1 ANSYS 10.0
MAY 12 2009
09:34:13
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SINT (AVG)
DMX =.131949
SHN =4612
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T
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A

TAD Shield Shell Elastic_65g_Side Drop

Figure B.2.13.4-13
Accident Condition Side Drop 65 g Stress Intensity— Shield Plate
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1 ANSYS 10.0
MAY 12 2009
09:00:29
NODAL SOLUTION
STEP=12
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TAD_Shield Shell Elastic_55g_End Drop

Figure B.2.13.4-14
Accident Condition End Drop 55 g Stress Intensity—Neutron Shield Shell
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A

TAD Shield Shell Elastic_55g_End Drop

Figure B.2.13.4-15
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3 ANSYS 10.0
MAY 12 2009
09:03:18
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AKX

TAD Shield_Shell Elastic_55g_End Drop

Figure B.2.13.4-16
Accident Condition End Drop 55 g Stress Intensity— Shield Plate
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MP197TAD TO Lifting and Tie-Down Devices Structural Evaluation
CONTENTS

B.2.13.5.1  PUIPOSE . curitirieererierteieteteseseetesee st st ettt s et st e b st e ne s e s saeaeesesneene s B.2.13.5-1
B.2.13.5.1.1  Lifting DEVICES veveeeeerieueeinierieirenietete ettt s B.2.13.5-1
B.2.13.5.1.2  Tie-DOWN DEVICES .....coocernririiiriiiiiiiiiiiiiiii ittt B.2.13.5-1
B.2.13.5.2  Trunnions ANALYSiS ....cceecieiiereriirienienenerceienretesreeveee et st s etese s ens B.2.13.5-2
B.2.13.5.2. T  TIUNMIOMS cutvteeuieeeeieeeeeeeesireeteesseeseoneessseressstessssesesessassesasseeseseesenseessssessssessseees B.2.13.5-2
B.2.13.5.2.2  Shear Key Bearing Block ASSEmDbILY ......ccccecveoreeerininicniiiiiniiiniccnceiee, B.2.13.5-8
B.2.13.5.3 RESUIS .ottt ettt B.2.13.5-12
B.2.13.5.3.1  TTUNNIOMS .veueeeeeieicriise ettt ettt s re et naenes B.2.13.5-12
B.2.13.5.3.2  Shear key assembly.......cccccoecueoiiiniiiiiniiiicr e B.2.13.5-13
B.2.13.5.4  CONCIUSIONS ....eoieuierrirreniceeeteeteeee ettt eemee s seostesassas e s s B.2.13.5-13
B.2.13.5.4.1  Trunnion assembIY.......cccceeceeeverreriiierenie et B.2.13.5-13
B.2.13.5.4.2 Shear key assembly.......ccceeveeverremminiiiniiiiiiiiiici e B.2.13.5-13
B.2.13.5.5 References.....c.oceoeeceercerenecnvencnn e eeeeeeereeeesteteeteetetebe s te s et eest et e bt et et enteebenbans B.2.13.5-14

LIST OF TABLES
Table B.2.13.5-1 Steel Structural Properties at 350°F (KSi)...c.ccvereerememrerreeienirienneeeeeseeenenns B.2.13.5-15
Table B.2.13.5-2 Bolt Parameters.......ccocuierieiieniiiniiceccceiceic ettt esas e s B.2.13.5-16
Table B.2.13.5-3 Design Parameters ........ccocceveeveiveninnnnennnnnecinenn ettt s e saa e B.2.13.5-17
Table B.2.13.5-4 Trunnion Stress CalCulation..........cceevverierieieeierenenneenreeeeseeneseeenseseseeseeeesens B.2.13.5-18
Table B.2.13.5-5 TO Outer Shell Stresses Calculations (At Trunnion Attachment Block)......... B.2.13.5-19
Table B.2.13.5-6 Summary of Lifting Stresses - Trunnions (KSi)......cceveevrveeeerreecerrnnnneeneennens B.2.13.5-20
Table B.2.13.5-7 Summary of Longitudinal Stresses - Shear Key Assembly (KSi).....ccccocueeeeenen. B.2.13.5-21

LIST OF FIGURES
Figure B.2.13.5-1 Trunnion SECHION .....ccveieeiverieriiereeieesieesie e creesneeneesnee s sseesnessmessnessneennes B.2.13.5-22
Figure B.2.13.5-2 Trunnion Stress SECIONS .....ccccerverrerrerienreenterieeeeesersresee st seeesres e ssaecsves B.2.13.5-23
Figure B.2.13.5-3 Trunnion FIange .........cccoeeceveeininniincniiiiirecccnicsieietesi et B.2.13.5-24
Figure B.2.13.5-4 Shear Key Bearing Ar€a........cocveveereereeienienininiene et et seeseeneens B.2.13.5-25
Figure B.2.13.5-5 Bearing Block Bending Length .........cccoiciiiiiiniiceeeceeces B.2.13.5-26
Figure B.2.13.5-6 Bearing Block and Pad Plate Weld Bending Length........ccccoovvnnninccnnns B.2.13.5-27

NUH09.0101 B.2.13.5-i




MP197 Transportation Packaging Safety Analysis Report Rev. 7, 09/09

Appendix B.2.13.5
MP197TAD TO 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 B.2.13.5.5.

B.2.13.5.1 Purpose
B.2.13.5.1.1 Lifting Devices

The NUHOMS® - MP197TAD TO 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 MP197TAD TO 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 B.2.13.5.2 provides the analysis of the trunnions which are the only components used to
lift the cask. One set of double shoulder (non single failure proof) trunnions will be provided for
the NUHOMS® - MP197TAD TO lifting. Appendix B.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 B.2.13.1-7.

The stress analysis of the front trunnion, flange and flange bolts are provided in the following
sections. Maximum stress intensities for 3g and Sg lifting loads are presented in

Table B.2.13.5-6. These stresses are less than the allowable stresses of the material (see

Table B.2.13.5-1 for yield and ultimate stresses). The local stress intensities in the cask walls
due to the 3 g lifting loads are calculated below and presented in Table B.2.13.5-5. These stresses
are also less than the allowable stresses of the outer shell material. Therefore, the requirements of
10CFR71.45 (a) are met.

B.2.13.5.1.2 Tie-Down Devices

o
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.

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
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36” x 35.084” 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.

B.2.13.5.2 Trunnions Analysis
B.2.13.5.2.1 Trunnions

Lifting Load

The NUHOMS® - MP197TAD TO is lifted vertically by its upper two removable trunnions
using the fuel building crane. The weight of the cask used for trunnion structural evaluation is
255,000 Ibs, this weight bounds the weight specified in Chapter B.2, Section B.2.1.3. During
vertical lifting the impact limiters are not attached to the cask.

The maximum weight of the cask is Wy, = 255,000 Ib for the vertical lift, 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, =WLxDLFx_"L=255,000x1.1x%=420,750 Ib.

ir
A section of a trunnion is shown on Figure B.2.13.5-1.

Trunnion Stresses

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

Trunnion Bolt 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 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:
L1 + L2 + Thgange — Thioot = 2.75 + 3:25 + 3.00 — 1.0 = 8.00 in.
Therefore, the bending moment Mp, p is equal to Fy x (bending length), which is equal to:

Mp p = 420,750 x 8.00 = 3,366,000 in.lb.
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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:

F 4 _ 8x3,366,000

- - = =59.8401b.
m D_D s
3xDbg%be - 3x12.5%x12

Thermal Load

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

E, =0.25><7sz,3bex(a,xAT,—afbeTb).

1

Where AT = ATy, = Temperature Change =350 — 70 =280°F.

Therefore,
F, =0.25x 7x1.25% x 26,700,000 x 280 x 1076 x (8.8 - 7.0) =16,5141b.

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

Fmax = Fin + Fn = 16,514 1b + 59,840 1b = 76,354 Ib.
The maximum tensile stress omax in @ bolt is: |

F. 76354

o-max
S,. 0.969

= 78,800 psi .

For a lifting load of 5 g, the total bolt force is equal to:
Frax = Fin + (5/3) x Fn = 16,514 1b + (5/3) x 59,840 b = 116,247 1b.
The maximum tensile stress omax in a bolt is:

Cpax = Fow 116247 _ 119,970 psi .
Sy 0.969

Minimum Engagement Length
The minimum engagement length L. for the bolt and flange is (see Ref. [3], page 1490):

2xS,,,

L =

e

3.1416x K ><B+.57735x nx(E, . —K,,max)]

nmax
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2% 0.969
3.1416x1.1230><|:%+.57735x7x(1.1439—1.1230)]

L =

€

L, =0.940in.

According to [3], page 1490:
A xS

_ s ue

A xS

n ui

S.e is the tensile strength of external thread material, equal to 165 ksi, and S; is the tensile
strength of internal thread material, equal to 65.1 ksi.

A is the shear area of external threads:

A =3.1416xnxL,xK,__ x[zi+o.57735x(Emm —K,,max)}.
n

A, is the shear area of internal threads:

A,=3.1416xnx L, x D, x[2i+ 0.57735x(D, ., —E,,max)} :
n

Therefore:
A, =3.1416><7x0.940><1.1230><[ » +O.57735x(l.1439—1.1230)].
A, =1.938in”.
A, =3.1416x 7x_0.940xl.2232x|:2>1< 7 +0.57735x(1.2232—1.1716)J .
A, =2.559in>.
So:

S 1.938x165 _

= =1.919.
2.559x65.1

Therefore, the minimum required engagement length Q =J x L, =1.919 x 0.940 = 1.804 in.
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Threaded inserts 1185-20CN-1875 are used. Their maximum length is 1.875 in., and they are
used with bolts of maximum threaded length = 3.42 in. (total bolt shank length) -3.00 in.
(trunnion flange thickness) + 2.00 in. (counter bore depth) = 2.42 in. Bolts are cut to fit as
necessary, to engage 1.875 in. helicoil.

Therefore, the minimum threaded length is equal to 1.875 in., which is greater than the minimum
required engagement length Q.

Trunnion Flange Stresses

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

Stresses at section AA:
Length Ley = 0.5 X (Dpolt - Dftange) = 6.25 —4.5=1.75 in.

Length L = 0.5 X [Dpoy X €08(30°) - Dptange] = 6.25 x cos(30°) — 4.5 = 0.913 in.

D2, - D%,..)=2x+/(8.125? —4.5*) =13.53in.

Flange thickness at AA: Thgange = 3.00 in.

Flange length: L =

Maximum bolt load due to 3 g is Fp,.

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

Bending moment at AA: :
M=F xL,+2xF, xL, =59840x (1.75+2x0.913)= 213,988 in.Ib.

The modulus of section at AA is equal to:

o ExThpey, _13.53x3.00°

=20.295in".

6
The bending stress is equal to:

M _213988 10,543 psi.

Z 20295
The shear stress is equal to:

3xF, _ 3% 59,840 — 4,423 psi.
LxThg,, 13.53x3.00
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The maximum stress intensity is equal to:

J10,5432 + 4% 4,423% =13,763 psi .

Trunnion Attachment Block and Cask Shell Wéld

There is a 1.75” groove weld on the outer circumference of the attachment block and the
transportation overpack shell (@ Dy ext = 18.32 in). On the inside of the attachment block, there
is a 1.25” groove weld (@ Dy ine = 9.04 in). The weld is subjected to a bending moment.

The outer radius of the transportation overpack is 39.5 in. The minimum height of the block is
3.5 in., the maximum height of the block at a distance 9.16 in. from its centerline is:

H,_. =+39.5" —4/39.57 =9.16> +3.5=4.58in.

The average height Hgyg is therefore 0.5 x (4.58 +3.50) = 4.04 in.
The bending length is equal to:
L1 + Ly ~Thiool + Hayg + Thiange — 0.5 = 11.54 in.
Therefore, the weld bending moment is equal to Fy % (bending length), which is equal to:

My = 420,750 x 11.54 = 4,855,455 in.lb.

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:

T

I q = P +2xTh, )4 - D:r_im]

(Dw_ext +2x Thw_exl )4 - D:'__ext + (Dw_int

1, = 6”—4[(18.32 +2x1.75)" —18.32* +(9.04 + 2x1.25)" —9.04" ]

I, =614lin*.

The bending stress oy is:

M, x0.5x(D, ,, +2Th, ) 4855455x0.5%(18.32+2x1.75)
]weld 6:141 .

o,

o, =8,626 psi.
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Bolt Torque

The bolt torque is calculated so that the preload bolt tensile stress is equal to the maximum
applied stress omax (78,800 psi), and there is lubrication on the threads.

That stress is induced by Fax = 76,354 1b.
The maximum torque required for this preload is Q = K X Dy, X Fax.
Q=0.135x1.25 x 76,354 = 12,885 in.lb = 1,074 ft.Ib.

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 c,.

The trunnion shear loads in the longitudinal and circumferential directions are respectively
VL =Fy=420,750 b and V¢ =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, = 4,855,455 in.lb
and Mc =0 in.lb.

The thickness of the outer shell is Thys = 2.50 in. The cylinder mean radius is:

Rm = Rweld _0.5 X Thos = 38.25 il’l.

The block circumferential side length is equal to 2 % ¢y = 18.32 in. Its equivalent longitudinal
length 2 X c; is calculated based on its foot-print length L since the block shape is not fully
rectangular:

L=7x9.16+12x2+18.32=4x(c, +¢,)=71.1in.

Therefore:

cz=z—1—l—c,-—17 77 9.16=8.61in.
4

The geometric parameters are:

_ Ry 3825 453 p-a 018 o4 and g == B8 o035
Th, 2.5 R 3825 R 3825

m m

Since the values of B; and [, are close it is assumed that the attachment is square and a
conservative value of $=0.23 is used.
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The above quantities are used in spreadsheet in Table B.2.13.5-5 to calculate the stresses in the
outer shell of the cask.

The maximum stress intensity is 35,253 psi.
Bearing Stress in Pocket Trunnion
The maximum weight of cask is 255,000 Ib. (without impact limiters),

Using a dynamic load factor of 1.1 and a bearing load of 1.5 g, the load for each pocket trunnion
is:

_255,000x1.1x1.5
2

F =2103751b.

Assuming bearing on 45° arc, the bearing area:
A= 2x3.25xsin(45°)x (4.00 —0.50) = 16.087 in>.

210,375

=13,077 psi.
16.087

Therefore, Bearing Stress, ¢ =

This bearing stress is less than the allowable (Sy = 21.6 ksi).

B.2.13.5.2.2 Shear Key Bearing Block Assembly

Horizontal load

The NUHOMS® - MP197TAD TO is blocked in translation by its shear pin key. The weight of
the package used in the analysis is 283,000 Ibs. This weight bounds the weight of package
specified in Chapter B.2, Section B.2.1.3.

" The maximum weight of the cask is Wy = 283,000 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, xDLF xa, =283,000x1.1x10=3,113,0001b.

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 B.2.13.5-4): a trapezoidal area A;, of
average width (L;+L3)/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..
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L, is the width of the top of the shear key (including its chamfer):
L= Wg —2 x H % 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:

. L2 .
L, =1, +2{H,,,, ~Th, —g—( R:.. +—4—l —Rwe,dﬂxsm(ac).

‘ , 20.03 .
L,=2003+2/6875-0375-0.5-| 4395+ ==~ 39.5 || x sin(12.5°).

L,=22.09in.

Y is the distance between the planes L; and L;:

L 2
Y = \/(Rwelzl + be - g)2 - (72] - (Rweld + Thp)

2
Y= \/(39.5+ 6.875-0.5) —(&209) ~(39.5+0375)

Y = 4.65in.
4 =L ;Lz «y = 20:03 ; 229 . 4.65=97.92in?

According to [8], Table 1:

4, = %(Rwe/d +Hy, - g)z x [Za' - sin(2a)]

- L, . 22.09
o =SsIn =Sin
2x(R,,,+H,, - g) 2x(39.5+6.875-0.5)

a=0.243rad.
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4, = %(39.5 +6.875—0.5) x[2x0.243 —sin(2x 0.243)]

A4, =19.90in’
Therefore, A =97.92 +19.90 = 117.82 in’.

The bearing stress is equal to:

Fy 3113000 26,422 psi
A 117.82

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 B.2.13.5-5):

g Huw—g+Th, . _6875-0.5+0375

2 e 2

-1.5=1.875in

Therefore, the maximum bending length at the horizontal section A—A on the bearing block for
the longitudinal load is:

F, xe'=3,113,000x1.875 = 5,836,900 in.1b
The moment of inertia is:

I bd® '_(b—szh,,h)x(d—zx Th,) _ 26.81x12.06" _20.81x6.06’
¥ 12 12 12 12

. 4
1 = 3,5331n
The bending stress is:

d 12.06
5,836,900 x A _ 5836900x A
I 3,533

y

=9,962 psi

The shear stress is:

F, ~ 3,113,000
bxd—(b—2xTh,)x(d—-2xTh,) 26.81x12.06—20.81x 6.06

=15,784 psi
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The maximum stress intensity is:

19,9627 + 415,784 = 33,103 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 2*
outside cover fillet weld f,, (see Figure B.2.13.5-6). The welds are loaded in bending, resulting
from the offset e (see Figure B.2.13.5-6) 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:

H,, —(g+Thp)

H,, —g+Th
xz_z—_JrThp:_’z’z_g___P

2

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

Hy—g+Th, Th, 6.875-0.5+0375-1.5
2 2 2

=2.625in

The bending moment M is therefore Fy x e = 3,113,000 x 2.625 = 8,171,630 in.lb.

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

[2]:
2
S, = (bd + %) Xtz

V2 V2

teﬂ =Th/7p+——2_fw =15+705=1851n

12.06

S, =(26.81x12.06+ ]x1.85 = 687.85in’

The bending stress is equal to:

—gi=m=ll,880psi.

687.85

NUHO09.0101 B.2.13.5-11




MP197 Transportation Packaging Safety Analysis Report Rev. 7, 09/09

Weld Between the Pad Plate and the Outer Shell
The shear key pad plate is welded to the cask structure all around with a 1” partial penetration

groove weld (gw) and a 5/8” fillet weld (fup). The shear area in the base metal of the structural
shell is:

b, xd, —(bpp —2xgw)><(dpp -2x gw)+2><(bpp +d,,,,)><fw,,
36x35.084 (36— 2x1.25)x (35.084 — 2x 1.25)+ 2x (36 + 35.084)x 0.75 = 278.0 in’

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

F, 3,113,000

= =11,198 psi
278.0 278.0
B.2.13.5.3 Results
The margin of safety will be calculated as follows:
. Allowablestress
Margin = -
Calculated stress

B.2.13.5.3.1 Trunnions

The stresses calculated for a load of 3 g are summarized in Table B.2.13.5-6 and compared with
allowable values (Sy). The stresses for a load of 5 g are also indicated in Table B.2.13.5-6
(simple 5/3 ratio of the values calculated for 3 g) and compared with the allowable values (S,).

The maximum local shell stress intensity at trunnion block and transportation overpack shell
intersection is 35.3 ksi (Table B.2.13.5-5). This discontinuity stress is classified as secondary
stress as per 2004 ASME Boiler and Pressure Vessel Code, Section III, Subsection NB, Para NB-
3213.9. The allowable for secondary stress is 3S,, (NB-3222.2).

Margin of Safety = [3 S,/S.I]-1.0 =3 x 19.3/35.3] -1.0 = 0.64

The recommended bolt torque for the trunnion bolts is 1,074 ft.1b.

The minimum engagement length is 1.804 in. Threaded inserts 1185-20CN-1875 are used. The
minimum threaded length is equal to 1.875 in, which is greater than the minimum required
engagement length.

Since the margins of safety for the trunnions are less than those for the transportation overpack

structural shell, their failure under excessive load would not impair the ability of the package to
meet the requirements of [4].
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B.2.13.5.3.2 Sheér key assembly

The stresses calculated for a longitudinal load of 10 g are summarized in Table B.2.13.5-7 and
compared with allowable values.

B.2.13.5.4 Conclusions

All of the stresses calculated above are less than the allowable stresses.

B.2.13.5.4.1 Trunnion assembly

Based on the above calculations, the design meets the requirements of 10CFR71.

B.2.13.5.4.2 Shear key assembly

Based on the above calculations, the design meets the requirements of 10CFR71.
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Table B.2.13.5-1
Steel Structural Properties at 350°F (ksi)
[ Part Material Sy Sy E
Trunnions SA-182 FXM-19 42.0 92.7 N/A
Trunnions attachment blocks SA-182 F304 21.6 65.1 26,700
Outer shell SA-240 Type 304 21.6 65.1 N/A
Trunnion bolts SA-540 Gr. B23 Cl. 1 139.1 165.0 N/A
Shear key bearing block SA-182 F6NM 83.7 114.4 N/A
Pad plate SA-240 Type 304 21.6 65.1 N/A

Note: Material properties are taken from ASME Code [10]. Material properties and allowable stresses are

based on 350 °F which bound -40 °F, -20 °F, and 100 °F ambient conditions.

NUH09.0101
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Table B.2.13.5-2
Bolt Parameters

Dy, Bolt nominal diameter (in) 1.25
Seott Bolt stress area (in°) 0.969
n Number of threads per inch 7
Kumax | Maximum minor diameter of internal threads (in) 1.1230
Eomin | Minimum pitch diameter of external threads (in) 1.1439
Dy min | Minimum major diameter of external threads (in) 1.2232
E.max | Maximum pitch diameter of internal threads (in) 1.1716
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Table B.2.13.5-3
Design Parameters

N Number of trunnions 2
ay Vertical acceleration (g) 3
a, Longitudinal acceleration (g) 10
Thes Outer shell thickness (in) 2.50
Np Number of bolts per trunnion 12
K Nut factor 0.135
Dyoxe Bolt circle diameter (in) 12.5
Rueld Radius of outer shell at attachment block (in) 39.5
Thyeot Thickness of lifting tool (in) 1.00
Le¢ Length of extremity flange (in) 0.50
Dextt Minimum trunnion shoulder diameter (in) 6.75
L, Outer trunnion shoulder length (in) 2.75
Dexir Maximum shoulder diameter (in) 8.75
L, Inner shoulder length (in) 3.25
Dinax Maximum trunnion diameter (in) 16.25
Dftange Diameter of trunnion flange (in) 9.00
Thyange | Thickness of flange at closure bolt circle (in) 3.00
Hipax Maximum height of attachment block (in) 4.58
Thy ext Thickness of external weld of attachment block (in) 1.75
Thyw int Thickness of internal weld of attachment block (in) 1.25
Dy int Inner weld diameter (in) 9.04
Dy, ext Outer weld diameter (in) 18.32
W 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) 6.875
g Thickness of bearing block closure plate groove (in) 0.50
Th, Thickness of protection plate (in) 0.375
Thy, Thickness of pad plate (in) 1.50
b Width of the base of the bearing block (in) 26.81
d Longitudinal dimension of the bearing block (in) 12.06
Thyy, Thickness of bearing block wall (in) 3.00
bop Longitudinal dimension of pad plate (in) 36.00
dyp Lateral dimension of pad plate (in) 35.084
O "| Coefficient of thermal expansion of trunnions at 350°F (in/in/°F) 8.8x107°
Op Coefficient of thermal expansion of trunnion bolts at 350°F (in/in/°F) | 7.0 x 107

NUHO09.0101
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Table B.2.13.5-4 Trunnion Stress Calculation

Section A-A C-C
T, Y1 2
Spu= ZDexrl = Scc = zx D> =

Stress area (in?)

Z 675 =35.78
4

Z <8752 = 60.13
4

T

V1
IAAzaD:xtlz /CC=—62XD:x12=
Moment of inertia (in*) . ”
—6.75* =101.90 —x8.75" =287.74
64 64
L1 = Thyge Li+Ly=Thyge
Bending distance (in) =275-1 =275+3.25-1
=1.75=La =5.0=LCC
Maa=Fy x Laa Mcc =Fy % Lcc
Bending moment (in.1b) =420,750 x 1.75 =420,750 x 5.0
= 736,313 =2,103,750 °
F, 420,750 F, 420,750
Shear stress (ksi) S 4 35.78 Sce 60.13
=11.76 =17.00
MAA x Dext1 MCC x Dext2
! aa 2 lec 2
Bending stress (ksi) _T36313 6.75 2,103,750 8.75
101.90 2 287.74 2
=24.39 =31.99
ey Sess tmiensity 2447 1 4x11.8° V3207 1 4x7.0°
si . . . .
=339 =34.9
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Table B.2.13.5-5 TO Outer Shell Stresses Calculations (At Trunnion Attachment Block)

From fig. cur‘:ﬁg‘:on Mult. Az:li‘::ss Au Al Bu BI Cu cl Du DI
3C &4C 0 0 0 0 0 0
1C & 2C-1 0 0 0 0 0 0 0 0
3A 0 0 0 0 0 0
1A 0 0 0 0 0 0
3B 1.80 5.772 10,389 -10,389 | -10,389 | 10,389 | 10,389
1B or 1B-1 0.036 529,837 19,074 -19,074 | 19,074 | 19,074 | -19,074
2 (phi - circumferential stresses) | -29,463 | 8,685 | 29,463 | -8,685 0 0 0 0
3C & 4C 0 0 0 0 0 0 0 0 0 0 0
1C-1 & 2C 0 0 0 0 0 0 0 0 0 0 0
4A 0 0 0 0 0 0
2A 0 0 0 0 0 0
4B 0.60 5,772 3,463 -3,463 | -3,463 | 3,463 3,463
2B or 2B-1 0.06 529,837 31,790 -31,790 | 31,790 | 31,790 | -31,790
Z(X - longitudinal stresses) | -35,253 | 28,327 | 35,253 | -28,327
Shear stress due to torsion, Mt 0 0 0 0 0
Shear stress due to load, V¢ 0 0 0 0 0
Shear stress due to load Vi, 4,884 4,884 4,884 -4,884 | -4,884
Y (shear stresses ) 0 0 0 0 4,884 4,884 | -4,884 | -4,884
Stress intensities 35,253 | 28,327 | 35,253 | 28,327 | 9,769 9,769 9,769 9,769
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Table B.2.13.5-6
Summary of Lifting Stresses - Trunnions (ksi)

Calculated | Allowable Marein Calculated | Allowable Marsin

_ (3g) (S g 52) (S.) .
/S\t_r;ss intensity in section 33.9 0.24 56.5 0.64
St intensity in section 420 927
s ntensity In s 34.9 0.20 58.2 0.59
Bolt tensile stress 78.8 139.1 0.78 120.0 165.0 0.37
Stress intensity in 13.8 420 2.04 23.0 92.7 3.03
trunnion flange
Trunnion block and TO
shell weld bending stress 8.6 21.6 1.51 14.3 65.1 3.55
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Table B.2.13.5-7
Summary of Longitudinal Stresses - Shear Key Assembly (ksi)
Calculated Allowable Marein
10 g) (S, or 0.6xS,) | T8
Bearing stress 26.4 83.7 2.17
Bending stress 10.0 83.7 7.37
Bearing block Shear stress 15.8 50.2 2.18
Hng Maximum stress intensity 33.1 83.7 1.53
Be;ndmg stress in the weld 11.9 216 0.82
with pad plate
Weld between pad plate .
and TO outer shell Shear stress in base metal 11.2 13.0 0.16
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Figure Withheld Under 10 CFR 2.390

Figure B.2.13.5-1
Trunnion Section
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Figure B.2.13.5-2
Trunnion Stress Sections
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Figure B.2.13.5-3
Trunnion Flange
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Figure Withheld Under 10 CFR 2.390

Figure B.2.13.5-4
Shear Key Bearing Area
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Appendix B.2.13.6
MP197TAD TO Containment Boundary Fatigue Evaluation

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

B.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 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 for 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® - MP197TAD TO, the total fatigue damage factor for
the containment boundary is less than one.

The number of round-trip shipments considered for the containment boundary is 1,000.
B.2.13.6.2 Assumptions

The fatigue analysis is based on the procedure described in Regulatory Guide 7.6 [4] and ASME
Section III 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.

N s ke w D=

The maximum stresses in the NUHOMS® - MP197TAD TO containment boundary for each
individual load case are taken from Appendix B.2.13.1.
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The NUHOMS® - MP197TAD TO 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 case of normal conditions thermal loads, the maximum stress intensities occur in the -40°F
cold environment load case. Consequently, it is assumed that the temperature cycle occurs twice
per round—trip shipment and therefore the number of temperature cycles is twice the number of
round—trip shipments.

It is conservatively assumed that the transportation overpack is dropped once per round trip
shipment.

Each round trip shipment is assumed to average 3,000 miles each way.

B.2.13.6.3 Calculations
B.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 9.9 ksi in the transportation overpack containment boundary (see
Table B.2.13.1-1).

B.2.13.6.3.2 Leak test

The proof test is 1.5 x 30 psig (The MNOP is 12.8 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 2.4 ksi in the
containment boundary (Table B.2.13.1-2). Therefore, the maximum stress intensity due to the
test pressure load is 1.5 x 2.4 ksi = 3.6 ksi in the containment boundary.

B.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 2.4 ksi in the containment
boundary (Table B.2.13.1-2).
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B.2.13.6.3.4 Temperature Fluctuations

The maximum stress intensity in the containment boundary due to normal condition thermal
loads occurs in the -40°F cold environment load case, and is 15.3 ksi (Table B.2.13.1-6).

B.2.13.6.3.5 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 TO containment boundary due to railcar vibration
calculated in Table B.2.13.1-13 is 1.2 ksi (outer shell is not containment boundary). Therefore,
the maximum stress intensity in the containment boundary (including the lid) due to truck
vibration would be roughly 1.8 ksi.

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

B.2.13.6.3.6 Shock

The NUHOMS®-MP197TAD TO 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 TO load the containment boundary, which happens during only
half of a round-trip shipment. Therefore the number of cycles is:

3,000 miles x 1,000 shipments x 0.09 shocks / mile = 270,000 cycles.

The maximum stress intensity range due to railcar shock is equal to 24.8 + 1.7 =26.5 ksi in the
containment boundary (Tables B.2.13.1-9 and B.2.13.1-11).

B.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 27.8 ksi in the containment boundary (Table B.2.13.1-16).
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B.2.13.6.3.8 Transport Cask Fatigue Evaluation-Usage Factor Calculation

The damage factors listed in Table B.2.13.6-1 are computed based on the stresses and cyclic
histories described above, and the fatigue curve shown in Figure [-9.2.1 of [3].

Since the model used for stress analysis of the TO 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. It may also be stated that the highest
stresses, regardless of their location in the containment boundary, are conservatively used to
calculate the damage factors.

The NUHOMS®-MP197TAD TO containment boundary is constructed from SA-240 Type
304N, SA-182 Type F304N, SA-240 Tyépe 304 and SA-182 Type F304. The modulus of
elasticity of these materials is 26.4 x 10” psi at 400°F. Fatigue curve is based on a modulus of
elasticity of 28.3 x 10° psi.

Consequently, Kg = 28.3 x 10°/26.4 x 10° = 1.072 [3].

Here n is the number of cycles, N is taken from Figure 1-9.2.1 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 K¢ X KE.

If one cycle goes from -S.I. to +S.1., then Sa = S.I. x K¢ x KE.

Where Kg is the correction factor for modulus of elasticity.

B.2.13.6.4 Conclusions

The total damage factor for the containment boundary is less than one. Therefore, the

NUHOMS® - MP197TAD TO containment boundary will not fail due to fatigue for 1,000 round
trip shipments.
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Table B.2.13.6-1 Damage Factor Calculation
Stress Cvel Damage
ycles
Event Intensity Sl(k:l)K F (lfsai) Factor
(ksi) n N n/N
Bolt preload 9.9 19.8 10.6 2000 0 0.000
Leak test 3.6 7.2 3.9 2000 o0 0.000
Pressure fluctuations 2.4 4.8 2.6 2000 o0 0.000
Temperature 15.3 30.6 16.4 2000 o 0.000
fluctuations _
Vibration load 1.8 3.6 3.9 M © 0.000
Shock load 26.5 53.0 28.4 270,000 700,000 0.386
1102‘210‘ drop impact 27.8 55.6 29.8 1,000 | 600,000 0.002
) 0.388

® 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 B.2.13.7
TN44B DSC SHELL ASSEMBLY STRUCTURAL EVALUATION

NOTE: References in this appendix are shown as [1], [2], etc., and refer to the reference list in
Section B.2.13.7.3.

B.2.13.7.1 Introduction

The NUHOMS®-TN44B DSC shell assembly consists of a cylindrical shell, bottom and top
cover plates (inner and outer) and bottom and top shield plugs. The DSC shell assembly
functions to support a basket assembly and confine associated fuel assemblies that are contained
within the DSC shell assembly.

The DSC shell assembly is constructed from SA-240 Type 304 stainless steel and SA-240 Type
316/316L stainless steel (material will be dual certified to meet requirements of both Type 316
and 316L; material properties are based on Type 316). A lifting device, constructed from Type
316N stainless steel, is connected to the top of the DSC shell assembly using SA-540 Grade B23
Class 1 bolts. There are no penetrations through the confinement vessel. The draining and
venting systems are covered by the seal welded outer top closure plate and vent port plug. To
preclude air in-leakage, the DSC cavity is pressurized above atmospheric pressure with helium.

The TN44B DSC shell assembly component dimensions are as follows:

e  Cylindrical Shell 0.75” thick plate

¢  Outer Top Cover Plate 2.50” thick plate

e Inner Top Cover Plate 2.00” thick plate

o Top Shield Plug 5.75” thick plate; 2.65 thick over the support ring
(recessed at the bottom perimeter to clear the support ring)

e Support Ring 0.75” thick plate x 3.00” tall

¢ Inner Bottom Cover Plate 1.75” thick plate

e  Bottom Shield Plug 2.75” thick plate

¢  Outer Bottom Cover Plate 2.00” thick plate

e Lifting Device ring with z-shaped section, maximum height of 6.00”

The primary confinement boundary consists of the DSC cylindrical shell, the inner top cover
plate, the inner bottom cover plate, the siphon vent block, and the siphon/vent port cover plate,
and the associated welds.

The welds made during fabrication of the TN44B DSC shell assembly that affect the
confinement boundary of the DSC include the weld applied to the inner bottom cover plate and
the circumferential and longitudinal seam welds applied to the shell. These welds are inspected
(radiographic or ultrasonic inspection, and liquid penetrant inspection) according to the
requirements of Subsection NB of the ASME Code [1]. The vent and siphon block weld is also
made during fabrication and is liquid penetrant inspected in accordance with Subsection NB of
the ASME Code.
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The welds applied to the vent and siphon port covers and the inner top cover plate during closure
operations define the confinement boundary at the top end of the TN44B DSC. These welds are
applied using a multiple-layer technique with multi-level PT in accordance with Subsection NB
of the ASME Code and ISG-15 [6].

The basis for the allowable stresses for the confinement boundary is ASME Code Section 111,
Division I, Subsection NB Article NB-3200 for normal condition loads (Level A) and Appendix
F for accident condition loads (Level D).
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B.2.13.7.2 DSC Shell Assembly Structural Analysis
B.2.13.7.2.1 Approach

Finite element analyses are performed in order to quantify stresses in the TN44B DSC shell
assembly generated by transport loads. The applied loads considered are normal and accident
condition top end, bottom end, and side drops, combined with 20 psig internal and 15 psig
external pressures and 100 °F and -20 °F (& -40 °F) environmental conditions. Several three-
dimensional finite element models are used to evaluate stresses for the normal and accident
loads: 180 degree models are used for non-axisymmetric loads such as temperature loads and
side drop loads; a 60 degree model is used for analysis of the top end model for end drop; and a
90 degree model is used for analysis of the bottom end model for end drop. Elastic analyses are
employed for normal condition load cases and accident condition end drops. For the accident
condition side drop load cases, elastic-plastic analyses are performed. Limit analyses are
performed where primary stress limits for normal conditions are exceeded.

Material Properties

Stress Properties Elastic Average
Temperature (ksi) Modulus Coefficient of
Material ?°F) Stress Yield Ulfimate | (10 o Thermal
Intensity | Strength Strength (E) Expansion
(Sw) (S,) (Sw) (x10°° in./in.-°F)
-20 20.0 300 75.0 -- --
70 -- -- -- 28.3 85
100 20.0 30.0 75.0 -- 8.6
. 200 20.0 25.0 71.0 27.5 89
Stainless Steel
ASME 300 20.0 224 66.2 27.0 9.2
SA-240 400 18.6 20.7 64.0 26.4 9.5
Type 304 500 17.5 194 63.4 259 9.7
SA-182 600 16.6 18.4 63.4 253 938
Type F304
650 16.2 18.0 63.4 - 9.9
700 15.8 17.6 63.4 24.8 10.0
750 15.5 17.2 63.3 -- 10.0
800 15.2 16.9 62.8 24.1 10.1

Note: Density, p =0.284 lbs/in®;  Poisson’s Ratio, v =0.29
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Stress Pr?perties . Average
(ksi) Elastic Coefficient of
. Temperature Modulus
Material (°F) Stress Yield Ultimate (x10° ksi) Thermal
Intensity | Strength Strength (E) Eﬂp.ans.lon
(Sm) (Sv) (S“) (Xl 0 m./m.-°F)
-20 20.0 30.0 75.0 -- --
. 70 -- -- -- 28.3 8.5
Stainless Steel ™75 20.0 30.0 75.0 = 8.6
é*/f_zdﬁ) 200 20.0 259 75.0 275 8.9
Type 300 20.0 23.4 72.9 27.0 9.2
316/316L 400 19.3 214 71.9 26.4 9.5
SA-182 500 18.0 20.0 71.8 25.9 9.7
Type 600 17.0 18.9 71.8 25.3 9.8
F316/F316L 650 16.6 18.5 71.8 -- 9.9
700 16.3 18.2 71.8 24.8 10.0
750 16.1 17.9 71.5 -- 10.0
- 800 15.9 17.7 70.8 24.1 10.1
Note: Density, p = 0.284 Ibs/in’; Poisson’s Ratio, v = 0.29
Stress Pr?perties Elastic Average
. Temperature (s Modulus Coefficient of
Material °F) Stress Yield Ultimate (x10° ksi) Thermal
Intensity | Strength | Strength (E) Eip_a“?o“
(Sm) (Sv) (S,,) (XIO lll./lll.-oF)
-20 23.3 35.0 80.0 -- --
Stainless Steel 70 -- -- -- 28.3 8.5
ASME 100 23.3 35.0 80.0 -- 8.6
SA-240 200 23.3 31.0 80.0 27.5 8.9
Type 316N 300 23.3 28.5 77.0 27.0 9.2
SA-182 400 233 26.4 75.1 26.4 9.5
Type F316N 500 223 24.7 74.4 25.9 9.7
600 21.0 234 74.3 25.3 9.8
700 20.0 22.3 74.3 24.8 10.0

Note: Density, p = 0.284 lbs/in®;

Poisson’s Ratio, v=0.29
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Stress Properties

. Average

Kksi Elastic .
M . Temperature tksh Modulus Co;:'lﬁclentl of
aterial (°F) Stress Yield Ultimate (x10° ksi) erma
Intensity | Strength Strength (E) Ei‘{"“?“’“
(§m) (Sv) (S,,) (XIO m./m.-°F)

-20 50.0 150.0 165.0 -- --
70 -- -- - 27.8 6.4
Alloy Steel 100 50.0 150.0 165.0 -- 6.5
SA-540 200 47.8 144.0 165.0 27.1 6.7
Grade B23 300 46.2 140.3 165.0 26.7 6.9
Class 1 400 44.8 137.9 165.0 26.2 7.1
500 43.4 136.0 165.0 25.7 7.3
600 414 133.4 165.0 25.1 7.4
700 -- 129.0 158.6 24.6 7.6

Note: Density, p =0.284 Ibs/in®; Poisson’s Ratio, v = 0.29

For the accident condition side drop analyses, the following elastic-plastic material properties are
used, conservatively taken at 500 °F.

SA-240, Type 316/316L Stainless Steel at 500 °F [3]
Modulus of Elasticity, £ (psi) 25.9 x 10°
Yield Strength (psi) 20,000
Tangent Modulus, E, (psi) 5% of E=1.295x 10°

SA-240, Type 304 Stainless Steel at 500 °F [3]
Modulus of Elasticity, £ (psi) 25.9 x 10°
Yield Strength (psi) 19,400
Tangent Modulus, E, (psi) 5% of E=1.295 x 10°

SA-240, Type 316N Stainless Steel at 500 °F [3]
Modulus of Elasticity, £ (psi) 25.9 x 10°
Yield Strength (psi) 24,700
Tangent Modulus, £, (psi) 5% of E=1.295 x 10°
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Design Criteria

The resulting stresses are compared with the allowable stresses set forth by ASME B&PV Code
Subsection NB [1] and Appendix F [2]. The allowable stresses for both normal and accident
conditions for materials at 500 °F are summarized in the following table.

Loading Stress Stress Allowable
Condition Category Criteria [1] Material Stress (ksi)
' SA-240
Type 304 17.5
Membrane Stress, S SA-240 18.0
Py Type 316/316L ]
SA-240
Type 316N 223
SA-240
C})\;‘;ﬂ‘t’]‘sis Local P, & Type 304 26.3
Elastic ’ Merpbrane + 158, SA-240 270
Analysis Bending Stress, Type 316/316L ’
(Ppor Pp)+ Py SA-240
(Level A) 335
Type 316N
SA-240
. Type 304 525
Primary + 3 SA240
Secondary Stress, " Type 316/316L 54.0
(Puor P)+ Py +Q P
SA-240 66.9
Type 316N )
SA-240
min of Type 304 42.0
Membrane Stress, 24 8,,0.75,) SA-240
Pn Type 316/316L 432
Accident SA-240 521
Conditions, Type 316N )
Elastic- SA-240
Analysis Local P; & min of Type 304 iy
(Level D) Membrane + (3.6S,,1.08,) SA-240 643
' Bending Stress, Type 316/316L ’
(Pmor P)+ Py SA-240 74.4
Type 316N )
SA-240
max of Type 304 44.4
Membrane Stress, 0.7 S,, SA-240
Accident P, S,+(S.—5)/3 | Type316/316L 303
Conditions, SA-240 591
Elastic- Type 316N )
Plastic SA-240
Analysis Local P, & Type 304 57.1
(Level D) Membrane + 0.9, SA-240 646
Bending Stress, Type 316/316L )
(PnorPp)+ Py SA-240 67.0
Type 316N ’

Note that the primary stress limits for normal conditions may be exceeded providing the
criteria of NB-3228.1 (below) are satisfied.
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Limit Analysis Criteria

Subsection NB-3228.1 of Reference [1] provides relaxation of the limits on General Membrane
Stress Intensity (NB-3221.1), Local Membrane Stress Intensity (NB-3221.2), and Primary
Membrane Plus Primary Bending Stress Intensity (NB-3221.3), if it can be shown by limit
analysis that the specified loadings do not exceed two-thirds of the lower bound collapse load.
The yield strength to be used in such a determination is 1.5 Sp,.

For the limit side drop analyses, the following elastic-perfectly plastic material properties are
used, taken at 500 °F.

SA-240, Type 316/316L Stainless Steel at 500 °F [3]

Modulus of Elasticity, £ (psi) 25.9 x 10°
Yield Strength (1.5 S,,) (psi) 27,000
Tangent Modulus, E, (psi) 0.0

SA-240, Type 304 Stainless Steel at 500 °F [3]

Modulus of Elasticity, £ (psi) 25.9 x 10°
Yield Strength (1.5 S.,) (psi) 26,250
Tangent Modulus, £, (psi) ) 0.0

SA-240, Type 316N Stainless Steel at 500 °F [3]
Modulus of Elasticity, £ (psi) 25.9 x 10°
Yield Strength (1.5 S.,) (psi) 33,450

Tangent Modulus, £, (psi) 0.0

Weld Criteria

There are two closure welds in the DSC shell assembly design: the weld of the outer top cover
plate to the DSC cylindrical shell, and the weld of the inner top cover plate to the DSC
cylindrical shell. Both of the closure welds are partial penetration welds. ISG-15 [6] requires
that a stress (allowable) reduction factor is used for closure welds to account for weld

imperfection or flaws and recommends stress reduction factor of 0.8 based on multi-level PT
examination.

The allowable weld stresses for both normal and accident conditions are summarized below.
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Allowable Stresses for Partial Penetration Weld of Type 316 Outer Top Cover Plate

Code Value for Type 316 Primary Allowable Stress (ksi) Primary +

Temp. Base Metal (ksi) Level A Level D Level D Secondary

°F Sm S, S, 0.8x1.5S,, | Elastic " E/P @ 0.8(3.0S,,)
500 18.0 20.0 71.8 21.6 51.8 51.7 432

Notes:
1. Allowable for Level D elastic analysis is 0.8 times the lesser of 3.6S, or S,.
2. Allowable for Level D elastic/plastic analysis is 0.8 times 0.9S,,.

Allowable Stresses for Partial Penetration Weld of Type 304 Inner Top Cover Plate

Code Value for Type 304 Primary Allowable Stress (ksi) Primary +

- Temp. Base Metal (ksi) Level A Level D Level D Secondary

°F Sm S, Su 0.8x1.5S,, | Elastic” E/P @ 0.8(3.0S,,)
400 18.6 20.7 64.0 223 51.2 46.1 44.6
500 17.5 19.4 63.4 21.0 50.4 45.6 42.0

Notes:
1. Allowable for Level D elastic analysis is 0.8 times the lesser of 3.6S,, or S,..
2. Allowable for Level D elastic/plastic analysis is 0.8 times 0.9S,. :

B.2.13.7.2.2 Loading Conditions

The load cases considered in this analysis are normal and hypothetical accident condition drops,
pressure loads, and temperature distributions (thermal expansion stresses). The normal condition
drop loads are combined with internal and external pressure and the 100 °F and -20 °F (and

-40 °F) ambient environment thermal loads. The accident condition drop loads are combined
with internal and external pressure. The baseline accelerations for NCT and HAC drop
conditions are provided in Appendix B.2.13.12. For the quasi-static analyses the baseline g-
loads are multiplied by a dynamic load factor calculated in Appendix B.2.13.9. These calculated
maximum g-loads are further increased for conservatism in the analyses. The maximum g-loads
used are summarized in the following table.

TN44B TAD — DSC Maximum Accelerations

Appendix . Required DSC
Drop B.2.13.12 Alg’gel';d;‘ DSC Analysis
Condition Baseline DS.C.DI_:FS Acceleration | Acceleration
Ace. (g) (8) (®)
Normal (17)
Side Drop 18 1.20 21.6 30
Normal (17)
End Drop 32 1.35 43.2 50
Accident (30%)
Side Drop 59 1.16 68.44 75
Accident (30%)
End Drop 51 1.57 80.0 90
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The following tables summarize both normal and accident condition individual load cases.

TN44B DSC Normal Condition (NCT) Load Cases

Loading Analysis Type Szzl:le Load Analysis Method
Hot Environment Elastic A 100 °F Ambient Finite Element Analysis
Thermal Load Analysis (3D, 180 deg. model)
Cold Environment Elastic A 20 °F Ambient ® Finite Element Analysis
Thermal Load Analysis (3D, 180 deg. model)
Elastic 20 psi. Internal Finite Element Analysis
Internal Pressure . A . .
Analysis Pressure (included in drop analyses)
External Pressure Elastic A 15 psi. External Finite Element Analysis
Analysis Pressure (included in drop analyses)
1 Foot Elastic Finite Element Analysis
Side Drop Analysis A 30g Lateral Load (3D, 180 deg. model)
. Finite Element Analysis
IEI:IZOI;;I;OP fnl:lslus(;s A 50g Axial Load (3D, 60 deg. model — top end)
p y (3D, 90 deg. model — bottom end)
. Finite Element Analysis
! l;ono(;[ g?;tom f;:lsnscis A 50g Axial Load (3D, 60 deg. model — top end)
p y (3D, 90 deg. model — bottom end)
Notes: 1. Thermal stress analyses for the 100 °F condition include both non-shaded and shaded operations.

2. Thermal stress analysesdy for the —20 °F condition also include the —40 °F condition.

TN44B DSC Accident Condition (HAC) Load Cases

Loading Analysis Type Szzlecle Load Analysis Method
30 Foot Elastic-Plastic Finite Element Analysis
Side Drop Analysis D 75g Lateral Load (3D, 180 deg. model)
30 Foot Top Elastic . Finite Element Analysis
End Drop Analysis b 90g Axial Load (3D, 90 deg. model)
30 Foot Bottom Elastic . Finite Element Analysis
End Drop Analysis D 90g Axial Load (3D, 60 deg. model)
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The individual loads are combined in the following way.

TN44B DSC Normal Condition (NCT) Load Combinations

Individual Loads
Load | 30g 50g 50¢g 20 psi. 15 psi.
Case | Side | Top End Bottom Internal External Thermal Hot Thermal Cold
Drop Drop End Drop | Pressure | Pressure
1 X X X
2 X X X
3 X X X
4 X X X
5 X X X
6 X X X
TN44B DSC Accident Condition (HAC) Load Combinations
‘ Individual Loads
Load | 75g 90g 90g 20 psi. 15 psi.
Case | Side | Top End Bottom Internal | External Thermal Hot Thermal Cold
Drop Drop End Drop | Pressure Pressure
7 X X X
8 X X X
9 X X X
10 X X X
11 X X X
12 X X X
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B.2.13.7.2.3 Three-Dimensional Finite Element Models

Finite Element Model

Three-dimensional finite element models are constructed to evaluate stresses for the normal and
accident loads. A separate set of models is used for analysis of the top-half and bottom-half of
the DSC shell assembly. For non-axisymmetric loads such as temperature loads and side drop
loads, 180 degree models are used. A 60 degree model is used for analysis of the top end for end
drop loading. A 90 degree model is used for analysis of the bottom end for end drop loading.
The top end model for bottom end drop loading and the bottom end model for top end drop
loading are extended to include the full height of the cylindrical shell. The cylindrical shell,
cover plates, shield plugs, lifting device, shield plug support ring, and outer cover plate welds are
modeled using ANSYS Solid45 elements.

For the top end models, the lifting device is connected to the outer top cover plate using ANSYS
Beam4 elements at the bolt locations. An initial strain is defined for the beam elements to
produce a preload of 10 kips at each bolt location. The grapple assembly at the bottom of the
DSC shell assembly will be removed prior to transportation in the MP197TAD TO, and
therefore, it is excluded from the bottom end models.

Contact between the cover plates and the shield plugs, and between the lifting device and the
outer top cover plate are modeled using ANSYS Contal73 and Targe170 elements. The initial
gaps between these components are considered to be closed.

For the side drops, gaps between the shield plug and the cylindrical shell are modeled using
ANSYS Contac52 elements. Initial gaps are based on the shield plug diameter, the shell inside
diameter, and the side drop orientation.

For analyses of side drops, gaps between the DSC shell assembly and the MP197TAD TO cavity
are modeled using ANSYS Contac52 elements, and the nodes representing the MP197TAD TO
are restrained in all directions. Initial gaps are based on the DSC outside diameter of 66.25”, the
MP197TAD TO inside diameter of 677, the 0.12” rail thickness, and the side drop orientation.
The 30g NCT side drop is assumed to occur centered on the four rails (12° and 38°). For the 75g
HAC side drop, two drop conditions are assumed: drop on one rail, and drop on no rails.

Symmetry boundary conditions are defined for all nodes at the symmetry planes. For the
extended end drop models, nodes at the end of the cylindrical shell are fully restrained. For the
top end drop analyses of the top end model, nodes are axially restrained at the locations of
support provided by spacers at the top end of the MP197TAD TO, as shown in Figure
B.2.13.7-3. For bottom end drop analyses of the bottom end model, nodes are axially restrained
at locations of support provided by the bottom end of the MP197TAD TO with consideration of
the recessed ram closure plate, as shown in Figure B.2.13.7-4.

Geometry plots of the finite element analytical models are given in Figures B.2.13.7-1 through
B.2.13.7-4.
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Loading Conditions

Accelerations are defined in the appropriate direction for each of the drop conditions. For the
side drops, a basket/fuel linear weight of 420 Ibs/in is considered based on a conservative basket
+ fuel weight of 74,130 Ibs and a basket length of 176.5 inches. This weight is applied along the
full length of the DSC shell assembly cavity. The total applied load is consistent with the total
conservative weight of the basket and fuel. The load near the end plates (away from the active
fuel region) is conservative. This basket/fuel linear weight is multiplied with the applied
acceleration value (30g, 75g) to match the correct load for the side drop analyses. The
basket/fuel inertial load is applied as a uniform pressure load on the inner surface of the shell
over an arc length of 90 degrees (i.e., 45 degrees for the symmetric model).

For top end drop analyses of the top end model, a conservative basket + fuel weight of 73,170 1bs
is uniformly distributed over the inside surface of the top shield plug. For bottom end drop
analysis of the bottom end model, a conservative basket + fuel weight of 73,170 lbs is uniformly
distributed over the area of the inner bottom cover plate. The distributed pressures loads are
multiplied by the appropriate acceleration value (50g, 90g) associated with the analyzed drop.
The inertial and internal pressure effects of the opposite-half of the DSC assembly are considered
through the application of pressure loading on the edge of the shell at the modeled end of the
shell (i.e., mid-height).

Internal and external pressures are applied to the appropriate surfaces of the cylindrical shell and
cover plates. For each drop configuration, three pressure conditions are considered: 20 psi
internal pressure, 15 psi external pressure, and no pressure. Temperature distributions associated
with the thermal loads summarized in Section B.2.13.7.2.2 are analyzed using the 180 degree
models. The thermal analyses are based on the temperature-dependent material properties
tabulated in Section B.2.13.7.2.1.

B.2.13.7.2.4 Stress Analysis Results

The maximum stress intensities in the DSC shell assembly are extracted from the ANSYS
results, for all twelve load combinations. Analysis results are postprocessed to obtain linearized
stress distributions across sections taken through the thickness of the DSC shell assembly
components. This separates the stresses into membrane and membrane + bending components
for the evaluation to ASME allowable stresses. These stresses are compared to the normal and
accident condition code allowable stress intensities. Tables B.2.13.7-1 through B.2.13.7-12
summarize the maximum calculated and allowable stress intensities in the TN44B DSC shell
assembly for normal and accident conditions respectively. Figures B.2.13.7-5 through B.2.13.7-
16 are stress contour plots for the controlling load combinations.

As noted in Table B.2.13.7-1 and Table B.2.13.7-2, the Service Level A allowable stresses for
some of the DSC shell assembly components are exceeded for the NCT side drop condition.
Limit analyses per NB-3228.1 were performed to a load beyond 45g to demonstrate that the 30g
loading does not exceed two-thirds of the lower bound collapse load. Elastic-perfectly plastic
material properties were specified, with a yield point of 1.5S,,, and large deflection effects were
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included in the analyses. Converged solutions were obtained to 75g (2.5 times the stress analysis
acceleration) for both the top-end model and the bottom-end model. The resulting strains in the
DSC shell assembly are small, where the maximum total strain at a 30g load step of the limit
analysis is 0.32% and occurs in the cylindrical shell.

Closure weld membrane stresses are classified as local membrane stresses in consideration of the
discontinuity of the DSC shell assembly at the location of the weld. The 3/4" partial penetration
groove weld of the outer top cover plate to the cylindrical shell is modeled with solid elements.
For NCT (Level A) loading, linearized stresses are determined in the same manner as for the
DSC shell assembly components. For HAC (Level D) loading, the outer top cover plate welded
connection is modeled as pinned (secondary stress evaluation is not required for Level D
loading). For the pinned condition, nodal forces at the locations of the welds are postprocessed,
and the weld stress at each node is calculated as shown below.

The 3/16” partial penetration groove weld of the inner top cover plate to the cylindrical shell is
modeled as a pinned connection. Nodal forces at the locations of the welds are postprocessed,
and the weld stress at each node is calculated as follows:

fw = Fresu]tant / (Ltributary)(Tweld)
where
Fresutant= maximum resultant nodal force, kips
Liibuary= tributary length associated with the node, in.
Twela = weld throat dimension,
0.75 in. (outer top cover plate weld), or
0.1875in.  (inner top cover plate weld)

During welding, the cover plates come into contact with the shell. The calculation of Fregyitant
excludes any radial compressive forces because the components will bear the compressive
forces. For Level D side drop loading, weld locations in the immediate vicinity of and directly
above the rails are excluded from the weld force tabulations. Near the rail, the cover plates bear
directly against the DSC cylindrical shell such that local distortions in the welded connections
would allow the load to be carried in bearing between the cover plates and the DSC cylindrical
shell. Bearing is not required to be evaluated for the Level D drop conditions.

Table B.2.13.7-13 and Table B.2.13.7-14 summarize the calculated and allowable stresses for the
-¢closure welds.

B.2.13.7.2.5 DSC Shell Assembly Buckling Analysis

Stability for the end drops is demonstrated by running a bottom end drop of the top end model
and a top end drop of the bottom end model (each with the shell length extended to the full
length of the DSC) beyond 200 g. Nonlinear material properties are used at a uniform
temperature of 500 °F with a plastic tangent modulus conservatively taken at 1% of the elastic
modulus, for stresses beyond the yield strength of the material. Large deflection effects were
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included in the analyses. The table below summarizes the buckling loads for the end drop

conditions.

End Drop Buckling Loads
Load Bucklin
Combination . Loads Load (5
HAC-9 Bottom End Drop + 20 psi Internal 167.8
HAC-10 Bottom End Drop + 15 psi External 167.7
HAC-11 Top End Drop + 20 psi Internal > 200
HAC-12 Top End Drop + 15 psi External > 200
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Table B.2.13.7-1

NCT-1: 30g Side Drop + 20 psi Internal Pressure + Thermal (hot)

. All stresses are based on elastic analysis.
2. Allowable stresses are conservatively based on material properties at 500 °F for all components.
3. Allowable stresses are exceeded or are nearly exceeded. The primary stresses listed for these components occur at

(ASME Service Level A)
)} )
DSC ) Stress Stres.s Allowable

C Material Intensity Stress
omponent Category (ksi) (ksi)

o P, 37.57 18.0¢

Cyls‘ﬁgfl'cal Type 316/316L P+ P, 39.53 2700
P+ P+ Q 4591 54.0
Outer T P, 15.83 18.0
uter " op Type 316/316L P+ P, 23.44 27.0

Cover Plate

PL+P,+Q 30.26 54.0
tnner Top P, 15.38 17.5
Type 304 P +P, 25.50 26.3
Cover Plate P+ Pyt Q 2620 525
P, 15.26 175

Top Shield Plug Type 304 PL+P, 26.14 2639
: PL+P,+Q 26.89 52.5

P, 19.28 1759
Support Ring Type 304 P+ P, 22.53 26.3
P +Py+Q 24.80 52.5
P, 14.91 18.0
Outer Bottom | 1 31673161, B+ P, 18.60 77.0

Cover Plate

P.+P,+Q 19.80 54.0
) P., 7.03 17.5
B°“°]§‘;‘u5h'e'd Type 304 P, +P, 10.62 263
J P+ Pyt Q 11.41 525

Inner Bott P, 18.86 1759
g‘;evrer ‘[’,la‘;;“ Type 304 P+ P, 24.23 26.3
P.+P,+Q 28.35 52.5

Notes:

the locations of the MP197TAD TO rails or at the junction of the cover plates and the cylindrical shell. Stresses
away from these locations are significantly lower and are within the primary stress allowables. Limit analyses per
NB-3228.1 were performed beyond 45g to demonstrate that 30g loading does not exceed 2/3 of the lower bound

collapse load.
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Table B.2.13.7-2

NCT-2: 30g Side Drop + 15 psi External Pressure + Thermal (cold)

(ASME Service Level A)
DSC . Stress Stres§ o Allowable®
Material Intensity Stress
Component - Category (ks o)
indri Py 36.99 1809
Cyls'ﬁgﬁcal Type 316/316L P, + P, 9.1 70T
P .+P,+Q 45.84 54.0
Outer Top P 15.59 18.0
Cover Plate Type 316/316L P +Py 23.80 27.0
P +P+Q 30.63 54.0
Inner Top Py 15.70 17.5
Cover Plate Type 304 P +Py 25.09 26.3
P +P+Q 25.79 52.5
P, 14.87 175
Top Shield Plug Type 304 PL+P, 26.14 2639
PL+P+Q 26.89 52.5
Py 18.44 1759
Support Ring Type 304 P+ Py 21.62 26.3
P +P,+Q 23.90 52,5
Py 14.63 18.0
Ocuct)ire]rag;gén Type 316/316L P +P, 18.72 27.0
P +P,+Q 19.92 54.0
; Py 6.24 17.5
Botto;rlluShleld Type 304 N e e
¢ PP+ Q 11.05 52,5
Inner Bottom Py 19.28 175 (z’
Cover Plate Type 304 P+ Py 26.24 263 ¢
P +P,+Q 30.36 52.5

Notes:

1. All stresses are based on elastic analysis.
2. Allowable stresses are conservatively based on material properties at 500 °F for all components.

3. Allowable stresses are exceeded or are nearly exceeded. The primary stresses listed for these components occur at
the locations of the MP197TAD TO rails or at the junction of the cover plates and the cylindrical shell. Stresses
away from these locations are significantly lower and are within the primary stress allowables. Limit analyses per
NB-3228.1 were performed beyond 45g to demonstrate that 30g loading does not exceed 2/3 of the lower bound

collapse load.
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Table B.2.13.7-3

NCT-3: 50g Bottom End Drop + 20 psi Internal Pressure + Thermal (hot)

(ASME Service Level A)
DSC , Stress. Stress Allowable ®
Component Material Catego Intensity Stress
i sory (ksi) (ksi)
indri P 6.95 18.0
Cyls"}’lgfl‘cal Type 316/316L P+ Py 936 570
P +P+0Q 14.36 54.0
Outer Top P 2.59 18.0
Cover Plate Type 316/316L P+ Py 4.54 27.0
P +Pp+Q 11.36 54.0
Inner Top ] Py 1.07 175
Cover Plate Type 304 PL+Py 2.07 26.3
P +P+Q 2.77 52,5
Py 1.63 17.5
Top Shield Plug Type 304 P, +P, 4.98 26.3
P +P,+Q 5.73 52.5
Py 3.13 175
Support Ring Type 304 P+ P, 545 263
PL+P+0Q 7.73 52.5
Py 8.70 18.0
Oé‘;i;? S,‘;‘;;“ Type 316/316L PL+P, 12.37 27.0
PL+P,+Q 13.57 54.0
i m 293 17.5
Bottol;rlluShleld Type 304 TN 8 e
£ PL+P,+Q 9.07 525
Inner Bottom Pry 3.90 17.5
Cover Plate Type 304 P+ Py 8.44 2.3
P +P,+Q 12.56 52.5
Notes:

1. All stresses are based on elastic analysis.

2. Allowable stresses are conservatively based on material properties at 500 °F for all components.
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Table B.2.13.7-4

NCT-4: 50g Bottom End Drop + 15 psi External Pressure + Thermal (cold)

(ASME Service Level A)
Stress Allowable ®
DSC Material Stress Intensity Stress
Component Category (ksi) (ksi)
- P, 7.31 18.0
@andical 1 Type 3163161 P, + Py 9.14 27.0
P+ Pyt Q 14.52 54.0
Outer T ~ P, 2.75 18.0
CO“VS:PI‘;& Type 316/316L P, +P, 482 27.0
P+ P+ Q 11.65 54.0
1nner Top P, 1.26 175
Type 304 P+ Py 2.38 26.3
Cover Plate P+ Pyt Q 3.08 525
P, 1.77 17.5
Top Shield Plug Type 304 P+ P, 547 26.3
P+ P+ Q 6.22 525
P, 2.82 17.5
Support Ring Type 304 P+ Py 5.58 26.3
P+ P, +Q 7.86 52.5
Outer Bort P, 8.56 18.0
C“Of/‘;r gla‘t’g‘ Type 316/316L P+ P, 12.17 27.0
P+ P+ Q 13.37 54.0
. P, 3.03 17.5
B"“‘;,"I’usme'd Type 304 P, + Py 8.14 2623
e P+ P+ Q 8.04 52.5
Inner Bottom Py 4.18 7.5
Type 304 P +P, 8.28 26.3
Cover Plate P+ Pt Q 12.40 525
Notes:

1. All stresses are based on elastic analysis.

2. Allowable stresses are conservatively based on material properties at 500 °F for all components.
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NCT-5: 50g Top End Dro

Table B.2.13.7-5
p + 20 psi Internal Pressure + Thermal (hot)

(ASME Service Level A)
) @)
DSC ) Stress Stres_s Allowable

Material Intensity Stress

Component Category (ksi) (ksi)
L P, 8.13 18.0
lindical 1 Type 3163161, P, + P, 16.72 27.0
P+ P, +Q 23.65 54.0

Outer T. P 6.56 18.0
Cover Plote Type 316/316L P +P, 8.24 27.0
P+ P+ Q 15.07 54.0

ner Top P,, 2.89 7.5
Type 304 P+ Py 4.19 26.3

Cover Plate PL+P+Q 2.90 52.5
P 2.52 17.5

Top Shield Plug Type 304 P +P, 2.86 26.3
PL+P,+Q 3.61 52.5

P,, 3.50 17.5

Support Ring Type 304 P.+P, 4.50 26.3
P, + Pyt Q 6.78 52.5

P, 3.47 18.0

Outer Bottom 1 1o 316/316L P, +P, 6.80 27.0

Cover Plate

P.+Py+Q 8.00 54.0

. P 0.45 17.5

Bottom Shield Type 304 P, + P, 6.96 26.3
g P+ Pyt Q 7.75 525

Inner Bottom Py 1.56 17.5
Type 304 P.+Py 6.66 26.3

Cover Plate P+ P+ Q 10.78 52.5

Notes:

1. All stresses are based on elastic analysis.
2. Allowable stresses are conservatively based on material properties at 500 °F for all components.
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Table B.2.13.7-6

NCT-6: 50g Top End Drop + 15 psi External Pressure + Thermal (cold)

(ASME Service Level A)
DSC _ Stress Stress o Allowable ®
Material Intensity Stress
Component Category (ksi) (ksi)
Cylindrical Py 9-64 180
ol Type 316/316L P, + Py 18.92 27.0
P+ Pyt Q 25.85 54.0
outer Top P, 6.47 18.0
o o Type 316/316L P, + P, 8.11 27.0
P +P,+Q 14.94 54.0
[nner Top Type 304 P pr iﬁ égg
Cover Plate ype ) _t Pb': 3 131 s
Pm 2.62 17.5
Top Shield Plug Type 304 P+ P, 2.88 26.3
PL+P,+Q 3.63 52.5
P, 331 17.5
Support Ring Type 304 P+ Py, 4.72 26.3
P+ Pyt Q 7.00 52.5
P, 4.05 18.0
Oc“(t)‘i"e?glt;‘:é“ Type 316/316L P, +P, 8.15 270
P+ P,+Q 9.35 54.0
. P 0.56 17.5
Botiom Shicld Type 304 P+ Py 825 263
18 P+ PptQ 9.04 525
Inner Bottom Py 187 17.5
Cover Plate Type 304 P+ P, 7.32 26.3
- P+ Pyt Q 11.44 52.5

Notes:

1. All stresses are based on elastic analysis.
2. Allowable stresses are conservatively based on material properties at 500 °F for all components.
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Table B.2.13.7-7
HAC-7: 75g Side Drop + 20 psi Internal Pressure

(ASME Service Level D)
(U] )

Conll)[?(glen ¢ Material Cz:;;isry ant::':;isty Alg(t)l"’:;: le
(ksi) (ksi)
Tl R e w1 e
A T e e e
Cove e | T3 2 p 1
Top Shield Plug Type 304 PLI:;"Pb ig:gg ‘5“7‘:‘:
T I e e
Coverbiae | Type316B16L |—p e %4 s
Bono}?l]uzhleld Type 304 PLP{Pb ;2'; 3 151471:411
Coarme | e g5 5

Notes:

1.

All stresses are based on plastic analysis.
2. Allowable stresses are conservatively based on material properties at 500 °F for all components.

3. The controlling local membrane stress (NB-3213.10) is listed. General membrane stress at locations beyond a
distance of (r t)'”? from the edge above the rail are well within the allowable membrane stress of 44.4 ksi
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Table B.2.13.7-8
HAC-8: 75g Side Drop + 15 psi External Pressure

(ASME Service Level D)
1) 2)
DSC . Stress Stres.s Allowable
C Material Intensity Stress
‘omponent Category (ksi) (ksi)
Cylindrical P 46.71 50.3
Type 316/316L o

Shell ype 316/3 P, +P, 56.12 64.6
Outer Top P, 49.91 503
CoverPlate | 1YPe316/316L P+ P 5533 64.6
Inner Top P 24.62 44.4
Cover Plate Type 304 P+ Py 55.29 57.1
Top Shield Plug Type 304 PLIlnPh igi; ;‘;?
. P, 24.49 44.4
Support Ring Type 304 P, + P, 3232 57.1
Outer Bottom P 46.45 50.3
Cover Plate Type 316/316L P +P, 58.73 64.6
Bottom Shield Type 304 P, 19.77 444
Plug ype P+ P, 25.96 57.1
Inner Bottom p.® 51.78® 57.1
Cover Plate Type 304 P.+P, 52.85 57.1

Notes:

1.

All stresses are based on plastic analysis.
2. Allowable stresses are conservatively based on material properties at 500 °F for all components.

3. The controlling local membrane stress (NB-3213.10) is listed. General membrane stress at locations beyond a
from the edge above the rail are well within the allowable membrane stress of 44.4 ksi.

distance of (r t)

172
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Table B.2.13.7-9

HAC-9: 90g Bottom End Drop + 20 psi Internal Pressure

(ASME Service Level D)
o) @
DSC ) Stress Stres-s Allowable
C Material Intensity Stress

‘omponent Category (ksi) (ksi)
Cylindrical 1 P 12.50 432
Shell Type 316/316L P+ P, 16.86 64.8
Outer Top P 3.23 432
CoverPlaie | 1YPe316316L P+ Py 6.50 64.8
Inner Top P, 1.25 42.0
Cover Plate Type 304 P+ P, 345 63.0
Top Shield Plug Type 304 PLI}PI, 32(8) ggg
. P, 5.42 42.0
Support Ring Type 304 P +D, 991 3.0
Outer Bottom P, 15.58 43.2
Cover Plate Type 316/316L P+ P, 2.13 4.3
Bottom Shield P, 5.04 42.0
Plug Type 304 P +P, 14.79 63.0
Inner Bottom Type 304 P 7.06 42.0
Cover Plate ype PL+P, 15.02 63.0

Notes:

1. All stresses are based on elastic analysis.
2. Allowable stresses are conservatively based on material properties at 500 °F for all components.
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Table B.2.13.7-10

HAC-10: 90g Bottom End Drop + 15 psi External Pressure

(ASME Service Level D)
Stress Allowable ®

C DSC Material Stress Intensity Stress
omponent Category (ksi) (ksi)
Cylindrical P 12.83 43.2

16/31 n
Shell Type 316/3161 P, +P, 16.44 64.8
Outer Top P 3.39 43.2
CoverPlate | 1ype316316L P+ Py 6.79 64.8
Inner Top Py 1.40 42.0
Cover Plate Type 304 P+ P, 3.60 63.0
Top Shield Plug Type 304 PLP+mP|, 3,27% gig
. Py 5.11 42.0
Support Ring Type 304 P +P, 9.98 3.0
Outer Bottom P, 15.44 43.2
Cover Plae | YPe316316L PL+ P, 21.93 64.8
Bottom Shield P 5.14 42.0
Plug Type 304 P +P, 14.66 63.0
Inner Bottom Type 304 P 7.34 42.0
Cover Plate e P, +P, 12.86 63.0
Notes:

1.

All stresses are based on elastic analysis.
2. Allowable stresses are conservatively based on material properties at 500 °F for all components.
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Table B.2.13.7-11

HAC-11: 90g Top End Drop + 20 psi Internal Pressure

(ASME Service Level D)
(0] )
DSC ) Stress Stres.s Allowable

C Material Intensity Stress
omponent Category (ksi) (ksi)
Cylindrical 16/31 Py 9.42 43.2
Shell Type 316/316L P+ P, 29.03 64.8
Outer Top . P 11.71 43.2
CoverPlate | 1YPe316/316L P, + P, 1271 64.8
Inner Top P, 5.15 42.0
Cover Plate Type 304 P +P, 7.49 63.0
Top Shield Plug Type 304 PLI:TPb ggg gg
. Pn 6.03 42.0

Support Ring Type 304 P+ Py 8.02 63.0
Outer Bottom P, 3.80 43.2
Cover Plate Type 316/316L PL+ P, 11.11 64.8
Bottom Shield P 0.96 42.0
Plug Type 304 P+ P, 13.95 63.0
Inner Bottom Type 304 P 2.71 42.0
Cover Plate ype Py + Py 12.42 63.0

Notes:

1.

All stresses are based on elastic analysis.
2. Allowable stresses are conservatively based on material properties at 500 °F for all components.
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Table B.2.13.7-12

HAC-12: 90g Top End Drop + 15 psi External Pressure

(ASME Service Level D)
Stress " Allowable ?

Con?stﬁlen ¢ Material Cg::eis Intensity Stress
P gory (ksi) (ksi)
Cylindrical Tvpe 316/316L P, 9.72 432
Shell ype P, + P, 3117 64.3
Outer Top P, 11.62 43.2
Cover Plate | 1YPe316/316L P+ P, 14.58 64.3
Inner Top P 5.08 42.0
Cover Plate Type 304 P, + P, 7.40 63.0

. P 4.68 42.0

Top Shield Plug Type 304 P, 4P, 312 530
. P, 5.90 42.0

Support Ring Type 304 P+ P, 830 3.0
Outer Bottom P 4.18 43.2
Cover Plate | 1yPe316/316L P+ Py .23 64.8
Bottom Shield P 1.11 420

"1" m

Plug ype 304 P +P, 15.39 63.0
Inner Bottom Type 304 P 2.91 42.0
Cover Plate ype PL+ Py 12.82 63.0

Notes:

1.

All stresses are based on elastic analysis.

2. Allowable stresses are conservatively based on material properties at 500 °F for all components.
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Table B.2.13.7-13

Stress Results for Weld of Outer Top Cover Plate

Load Service Stress Weld 2 | Allowable®

Combination Level Category Loads Stre‘ss Stre‘ss
(ksi) (ksi)
P 30g SD + Pyiz0 i 21.11 216

NCT-1 A P.+P, 30g SD + Pyyg psiy 2777 21.69
PiA+P,+Q | 30g SD + Py psiy + THnoy 28.64 43.2
P 30g SD + Peqis psi) 19.31 21.6

NCT-2 A PP, | 308 SD+ Prs ey 26.51 2169
Pi+P,+Q | 30g SD + Pgys psiy + THecota) 27.38 432
P 50g BED + P30 psiy 3.60 21.6
NCT-3 A PP, | 50g BED + Py 5.00 216
PL+P,+Q | 50g BED + Pya0 psiy + THepoy 5.88 432
P 50g BED + Pggs psi) 3.99 21.6
NCT-4 A Pi+P, | 50g BED + Prgs i) 5.55 216
Pi#P+Q | 50g BED + Pgs psiy + THcolq) 6.42 432
P 50g TED + Py psi) 1.50 216
NCT-5 A PP, | SOg TED + Pyao s 234 216
PPy #+Q | 50g TED + Pyzo peiy + THepoy 321 432
P 50g TED + Pgs psi 1.60 21.6
NCT-6 A PP, | 50g TED + Pgs ) 243 21.6
PiA+P,+Q | 50g TED + Prais psiy + THicotd) 331 432
HAC-7 D Py 75g SD + Py psiy 8.11 SL7
HAC-8 D Py 75g SD + Pgs psiy 8.07 517
HAC-9 D P 90g BED + P20 psiy 0.84 518
HAC-10 D P 90g BED + Pgqs i) 0.87 518
HAC-11 D P 90g TED + Py psiy 2.07 51.8
HAC-12 D P 90g TED + Pgs i 2.10 518

Notes:

1. Stresses are based on plastic analysis for Load Combinations HAC-7 and HAC-8. For all other load combinations,
stresses are based on elastic analysis.

2. For the NCT loads, linearized stresses are summarized for the fully-modeled weld. For the HAC loads, the weld is
modeled as pinned and the stresses are based on nodal forces, a weld thickness of 0.75 in, and nodal tributary lengths.

3. Allowable stresses are conservatively based on material properties at 500 °F for all load combinations.

4. The bending stress in this weld is conservatively evaluated as a primary stress. Per Note 1 to Table NB-3217-1, this
bending stress can be considered as a secondary stress, which would result in a lower stress ratio. Furthermore, a limit
analysis per NB-3228.1 was performed to a load beyond 45g to demonstrate that 30g loading does not exceed 2/3 of the
lower bound collapse load. The primary stresses listed occur at the locations of the MP197TAD TO rails. Stresses away
from these locations are significantly lower and are within the primary stress allowables.
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Table B.2.13.7-14

Stress Results for Weld of Inner Top Cover Plate

Load Service Stress Weld "2 Allowable ©
Combination Level Category Loads Stre‘ss Stre'ss
(ksi) (ksi)
NCT-1 A P. 30g SD + P20 psiy 21.54 22.3
PAP,+Q | 30g SD + Py psiy + THenoy) 22.46 44.6
NCT-2 A P 30g SD + Pgis psiy 20.92 22.3
PAP,+Q | 30g SD + Pris psiy + THicolq) 21.85 44.6
NCT-3 A P 50g BED + Py(20 psiy 427 21.0
PL+Py+Q | 502 BED + Piao psy + THaoo 5.19 2.0
NCT-4 A P. 50g BED + Pg(is psiy 4.51 21.0
P#P,+Q | 50g BED + Pgis psiy + THicolg) 5.43 42.0
NCT-5 A PL 50g TED + Pig0 psiy 0.90 21.0
P +P+Q | 50g TED + Py psiy + THihoy 1.82 42.0
NCT-6 A PL 50g TED + Pgs psi) 0.45 21.0
P +P,+Q | 50g TED + Pgqs psiy + THcolgy 1.37 42.0
HAC-7 D P 758 SD + P20 psi) ' 32.79 45.6
HAC-8 D PL 75g SD + Pg(s psi) 32.61 45.6
HAC-9 D P. 90g BED + Py psiy 397 50.4
HAC-10 D Py 90g BED + Pgis psi) 4.08 50.4
HAC-11 D P 90g TED + P20 i) 1.42 50.4
HAC-12 D P 90g TED + P psi) 1.04 50.4
Notes:

1. Stresses are based on plastic analysis for Load Combinations HAC-7 and HAC-8. For all other load combinations,
stresses are based on elastic analysis.

2. Stresses are based on nodal forces, a weld thickness of 3/16 in, and nodal tributary lengths.

3. Allowable stresses are conservatively based on material properties at 500 °F for all load combinations except NCT-1
and NCT-2, for which allowable stresses are based on material properties at 400 °F (bounding for weld location).
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© Model) Si
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/
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Figure B.2.13.7-1
TN44B DSC Shell Assembly Top End 180 Degree Analytical Model
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Outer Bottom Bottom Shield Inner Bottom
Cover Plate Plug Cover Plate

Canister Shell

TN44B DSC Shell Assembly (Bottom End, 180 degree Model)

Figure B.2.13.7-2
TN44B DSC Shell Assembly Bottom End 180 Degree Analytical Model
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Figure B.2.13.7-3
TN44B DSC Shell Assembly Top End 60 Degree Analytical Model
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Figure B.2.13.7-4
TN44B DSC Shell Assembly Bottom End 90 Degree Analytical Model
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TN44B DSC (Top) 30g Side Drop + 15psi Ext. (ttn44b sdepld)

Figure B.2.13.7-5
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Top End Model - Stress Intensity Results for 30g Side Drop + 15 psi External Pressure
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Figure B.2.13.7-6
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Bottom End Model - Stress Intensity Results for 30g Side Drop + 20 psi Internal Pressure
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Top End Model - Stress Intensity Results for 50g Bottom End Drop
+ 20 psi Internal Pressure

TN44B DSC (Bot) 50g Bottom End Drop ¢ 20psi Int.

ANSYS 10.0
APR 8 2009
13:38:23

PLOT NO. 10é
NODAL SOLUTION
STEP=6

(AVG)

053519

DMK =.

SMN =106.73
SMX

«16202
10€.73
1895
3683
5472
12e0
2048
10837
12625
14413
1€202

{gbtnddb bedip

Figure B.2.13.7-8
Bottom End Model - Stress Intensity Results for 50g Bottom End Drop
+ 20 psi Internal Pressure
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Figure B.2.13.7-9
Top End Model - Stress Intensity Results for 50g Top End Drop
+ 15 psi External Pressure

Figure B.2.13.7-10
Bottom End Model — Stress Intensity Results for S0g Top End Drop + 15 psi External Pressure
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Figure B.2.13.7-11
Top End Model - Stress Intensity Results for 75g Side Drop + 15 psi External Pressure
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Figure B.2.13.7-12
Bottom End Model - Stress Intensity Results for 75g Side Drop + 15 psi External Pressure
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Top End Model - Stress Intensity Results for 90g Bottom End Drop + 20 psi Internal Pressure
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Bottom End Model - Stress Intensity Results for 90g Bottom End Drop
+ 20 psi Internal Pressure
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Figure B.2.13.7-15

Top End Model - Stress Intensity Results for 90g Top End Drop + 15 psi External Pressure

Figure B.2.13.7-16
Bottom End Model - Stress Intensity Results for 90g Top End Drop
+ 15 psi External Pressure
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APPENDIX B.2.13.8
TN44B BASKET ASSEMBLY STRUCTURAL EVALUATION

NOTE: References in this appendix are shown as [1], [2], etc., and refer to the reference list in
Section B.2.13.8.3.

B.2.13.8.1  Introduction

The NUHOMS®-TN44B DSC consists of a fuel basket assembly and a DSC shell assembly
(shell, DSC shell assembly inner bottom and top cover plates and shield plugs). The
confinement vessel for the TN44B DSC consists of a shell which is a welded, stainless steel
cylinder with a stainless steel bottom closure assembly, and a stainless steel top closure
assembly. The DSC shell assembly is analyzed in Appendix B.2.13.7 and the basket assembly
is analyzed in this Appendix.

The TN44B basket assembly is a welded assembly of stainless steel boxes and is designed to
accommodate 44 BWR fuel assemblies. The basket assembly structure consists of an assembly
of stainless steel tubes (fuel compartments), separated by poison plates and aluminum plates, and
surrounded by larger stainless steel boxes and basket assembly support rails. The basket
assembly contains 44 compartments for proper spacing and support of the fuel assemblies.

The basket assembly structure is open at each end and therefore, longitudinal fuel assembly loads
are applied directly to the inside surface of the DSC shell assembly and not to the basket
assembly structure. The fuel assemblies are laterally supported in the stainless steel structural
boxes. The basket assembly is laterally supported by the basket transition rails and the DSC
shell.

The basket assembly is keyed to the DSC at 180° and therefore, it’s orientation with respect to
the DSC always remains fixed. Under normal transport conditions, the DSC rests on two 3”
wide transport support rails attached to the inside of the MP197TAD TO at 168° and 192°. Two
additional 3” wide transport support rails are provided at 142° and 218°. '

The basket assembly includes:

Four (4) 3 by 3 large boxes (nine compartment assembly); Each box consists of 9 stainless steel
fuel compartments (3/16 in. thick.) separated by poison plates (7/16 in. thick.) and aluminum
plates (3/16 in. thick.), and wrapped in a 0.105 in. thick stainless plate. Each large box also
includes one 7/16 in. thick aluminum plate at one of its four sides and three poison plates
(7/16 in thick) at each of the other three sides.

Four (4) 1 by 2 boxes (two compartment assembly); each box consists of 2 stainless steel fuel
compartments (3/16 in. thick.) separated by poison plates (7/16 in. thick.) and aluminum plates
(1/2 in. and 5/8 in.), and wrapped in a 0.105 in. thick stainless plate.

Eight (8) R45 stainless steel rails; the R45 rails are fabricated from 0.25 in. thick, SA-240, type
304 stainless steel.

Four (4) R90 solid aluminum rails; the R90 rails are fabricated from Type 6061 aluminum.
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Between and on the outside of the four (4) 3 by 3 large boxes, and adjacent to the inside plates of
the R45 rails, are aluminum thermal plates (1/2 in. thick).

The poison plates and aluminum plates provide the heat conduction path from the fuel
assemblies to the DSC cavity wall, and also provide the necessary criticality control. The
nominal open dimension of each fuel compartment cell is 6.25 in. x 6.25 in. which provides
clearance around the fuel assemblies. The overall basket assembly length (176.5 in., +0.75, -
0.00) is less than the DSC cavity length to allow for thermal expansion, tolerances and access to
the top of the fuel assemblies.

Stainless steel and aluminum rails are oriented parallel to the axis of the DSC and attached to the
periphery of the basket assembly to establish and maintain basket assembly orientation and to
support the basket assembly-.

Stainless steel plate inserts are placed between the stainless steel tubes and between the outer
wrappers at the top and bottom of the basket assembly. These plate inserts are fillet welded to
the stainless steel tubes and wrappers to prevent the poison/aluminum plates from sliding in the
axial direction during initial handling (before loaded with spent fuel). Once the spent fuel is
loaded and enclosed in the DSC, the inner surface of the ends of the DSC maintain the position
of the basket assembly poison/aluminum plates.

B.2.13.8.2 Basket Assembly Structural Analysis
B.2.13.8.2.1 Approach

The basket assembly is evaluated for normal and accident condition impact and thermal loads.
The basket assembly stress analyses are performed using a finite element method for the side
drop and thermal load cases. Analytical hand calculation methods are used for the end drop load
cases. Buckling analyses of the basket assembly plates when subjected to lateral impact loads
are evaluated using a finite element model and ANSYS guidelines to determine the buckling
load. A summary of the basket assembly load cases is provided in Section B.2.13.8.2.2. Stress
and buckling analyses results are provided in Sections B.2.13.8.2.3 and B.2.13.8.2.4,
respectively. For the normal side drop, not every location meets the applicable stress limits.
Therefore, a limit analysis is performed to demonstrate structural stability of the basket assembly
for the normal side drop. '

Material Properties

The mechanical properties of structural materials used for the stainless steel basket assembly and
R45 transition rail plates are shown in Table B.2.13.8-1 as a function of temperature. Similarly,
properties for the aluminum R90 transition rails and the stainless steel DSC are shown in  Table
B.2.13.8-2 and Table B.2.13.8-3, respectively. Unless otherwise noted, the indicated references
for materials properties refer to the ASME Code [3]. Borated steel properties used in the
analyses are a function of the Type 304 steel properties and are analyzed at 10% and 100% of the
strength of the Type 304 steel.

Design Criteria
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For normal conditions, the basis for the basket assembly allowable stress is the ASME Code,
Section I1I, Subsection NG [1]. The primary membrane stress intensity and membrane plus
bending stress intensities are limited to S,, (S, is the code allowable stress intensity) and 1.5 S,,,
respectively, at any location in the basket assembly for Level A (Normal Service) load
combinations.

The ASME Code provides a 3S,, limit on primary plus secondary stress intensity for Level A
conditions. The 3S,, limit is specified to prevent ratcheting of a structure under cyclic loading
and to provide controlled linear strain cycling in the structure so that a valid fatigue analysis can
be performed.

For accident conditions, stresses are evaluated as short duration Level D conditions as per ASME
B&PV Code, Section IlI, Appendix F [2]. When evaluating the results from the non-linear
elastic-plastic analyses, the general primary membrane stress intensity, P, shall not exceed the
greater of 0.7, or Sy + 1/3 (S, - S,) and the maximum membrane plus bending stress intensity at
any location (P;or P, + Py) shall not exceed 0.9 S,. The average shear stress is limited to 0.42
Su.

The allowable stresses (stress intensities) used for both normal and accident conditions are
summarized in Table B.2.13.8-4 for the stainless steel components of the basket assembly.
Stress limits for the borated steel plates are taken as the same as Type 304 steel for borated steel
with strength properties at 100% of those for Type 304. For borated steel with strength
properties assumed to be only 10% of those for Type 304 steel, stresses are not evaluated
(included for effect only).

The solid aluminum transition rails perform their function by remaining in place. Therefore, for
normal and accident condition drop loads (i.e. postulated drops), the rail bodies support the fuel
compartment tube structure such that stresses and displacements in the compartment tube
structure are acceptable. Since the solid aluminum rails are entrapped between the fuel
compartment tube structure and the DSC shell assembly, no additional checks of the aluminum
are required for drop loadings. Qualification of the fuel grid demonstrates that the rails perform
their intended function.

For evaluation of normal conditions, in accordance with NG-3222 and Note 9 of Figure NG-
3221-1, the Limit Analysis provisions of NG-3228 may be used in lieu of satisfying primary
stress limits.

B.2.13.8.2.2 Loading Conditions
The basket structure is analyzed for 0°, 30°, 45° and 180° azimuth side drops. Due to the basket
structure symmetry, these orientations of side drops are considered to envelop all other possible

drop orientations. Tables B.2.13.8-5 and -6 list the normal and accident loading conditions.

A fuel assembly weight of 705 Ib. is used in the analyses. A uniform fuel weight distribution is
assumed over the active fuel length (144 in.) of the basket. The weight of the unmodelled
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aluminum is accounted for by increasing the material density of the adjacent stainless steel
plates. The stiffness of the un-modeled aluminum is conservatively neglected in the analyses.

The load resulting from the fuel assembly weight is applied as pressure on the fuel compartment
plates of the basket. For the 0° and 180° orientation, the pressure acts only on the horizontal
plates. For the 30° and 45° orientation, the pressure was divided into components that act on
both horizontal and vertical plates of the basket. The pressures for all orientations are calculated
below for 1g accelerations.

o At 0°and 180° degrees; Pressure, p = Fuel assembly wt. / (Panel span x Panel length)
=7051b/(6.25" x 144") = 0.7833 psi

s At 30° pv on horizontal plates = p Cos 30°=0.7833 x 0.866 = 0.6783 psi
pn on vertical plates = p Sin 30°=10.7833 x 0.5 = 0.3917 psi
o At45°% pv on horizontal plates = p Sin 45°=0.7833 x 0.7071 = 0.5539 psi

pn on vertical plates = p Cos 45°=10.7833 x 0.7071 = 0.5539 psi

For all loadings, the above pressure values are multiplied by the g-load used.

The baseline accelerations for NCT and HAC drop conditions are provided in Appendix
B.2.13.12. For the quasi-static static analyses the baseline g-loads are multiplied by a dynamic
load factor calculated in Appendix B.2.13.9. These calculated maximum g-loads are further
increased for conservatism in the analyses. The maximum g-loads used are summarized in the
following table:

TN44B Basket Assembly Maximum Accelerations

Appendix Appendix Required Analysis
Drop B.2.13.12 . .
I . B.2.13.9 | Acceleration | Acceleration
Condition Baseline DLFs (@ (@)
Acc. (g) g g
Normal
I’ Side Drop 18 1.05 18.9 20
Normal
1> End Drop 32 1.06 33.92 40
Accident
30’ Side Drop 59 1.03 60.77 75
Accident
30° End Drop 51 1.19 60.69 75

Each normal condition side drop load case is combined with the bounding hot environment
thermal load case. The thermal load case evaluated is for a bounding temperature distribution to
maximize thermal stresses (see Section B.2.13.8.2.3(D)) due to thermal conditions described in
Appendix B.3.

B.2.13.8.2.3 Basket Assembly Stress Analysis

A. Finite Element Model Description
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A three-dimensional ANSYS [4] finite element model of the basket assembly, rails and DSC
shell is constructed using SHELL43 elements. The overall finite element model of the basket
assembly, rails and DSC shell is shown in Figure B.2.13.8-1. Contact elements and soft springs
(used for analysis convergence problems only) are not shown for clarity. Analyses are
performed where the borated steel material properties used are 10% and 100% of those for Type
304 steel. The weight of the aluminum plates is accounted for by increasing the densities of the
adjacent basket assembly plates. Because of the large number of plates in the basket assembly
and length of the basket assembly, certain modeling approximations are necessary. Because the
rails provide continuous support along the entire length of the basket assembly during a side
drop, only a 1 inch long slice of the basket assembly, rail and DSC shell is modeled. At the two -
cut faces of the model, symmetry boundary conditions are applied (UZ = ROTX = ROTY =0). -
The fuel compartment tubes, the stainless steel wrappers, the borated steel plates, the basket
assembly rails, and the DSC shell are explicitly included in the model and are shown individually
in Figures B.2.13.8-2 through B.2.13.8-7.

The connections between the stainless steel fuel compartments (with intermediate aluminum
poison plates) and the outer stainless steel wraps, and between the outer wraps and the stainless
steel rails, are primarily made with ANSYS CONTACS52 contact elements (without friction) at
every interface. Initial gaps are set to zero so plates will bend together, as appropriate, when
loaded together in the normal direction. Using contact elements also allows the elements to
separate, as needed, when the loading or internal moments are such that separation may indeed
occur. For convergence purposes, soft springs (5 to 10 1b/in) are modeled between adjacent
plates, but only near the ends and corners of the plates (not across plate span lengths).

The DSC shell assembly is resting on four sliding rails inside the MP197TAD TO (0.12” thick
continuous pad) at approximately 12° and 38° on either side of DSC shell assembly. The basket
assembly and DSC shell are analyzed for multiple side drop scenarios. Gaps between the basket
assembly periphery and DSC shell, and between the DSC shell and the MP197TAD TO, are
modeled using ANSYS CONTACS52 elements. Initial gaps are based on a basket assembly
outside diameter of 64.25”, a DSC shell inside diameter of 64.75”, a DSC shell outside diameter
of 66.25”, a MP197TAD TO inside diameter of 67”, and the side drop orientation.

Contact Element Nonlinearities

Contact elements (CONTACS52) are used to model the actual surface clearance between the
basket assembly transition rails and the inside surface of the DSC shell as well as between the
outer surface of the DSC shell and the inside surface of the MP197TAD TO. The gap elements
also introduce nonlinearities into the model, because the reaction force generated by the gap
elements depends on their status (open or closed). The gap element spring constant, K,,, is
calculated in the following way.

"K,=fEh [4]

Where f is a factor usually between 0.01 and 100, E is the material modulus of elasticity
(24.8x10° psi), and  is a typical “target length” parameter (square root of element contact area).
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For a typical element size, where the tributary element contact area is based on approximately
0.5 in. by 0.5 in., the typical “target length” = (0.5 x 0.5)>> = 0.5 in. Therefore,

K, =24.8x10° x 0.5 x = 1.24x10° to 1.24x10° Ib./in.
In view of the large range in spring constant values, various spring constants were evaluated and
used. Some adjustments in initial values were needed to achieve convergence. The range of

values ultimately used is from 1E6 Ib./in. to 1E8 Ib./in. and fall within the range identified above.

B. Normal Condition Side Drop Stress Analysis

A nonlinear stress analysis of the basket assembly structure is conducted in order to compute the
elastic stresses for the 180° drop orientation. For the normal 1 ft. drop, other orientations of
drops are not possible without developing an accident scenario. Drops away from the rails
cannot occur for the normal 1 ft. drop scenario and therefore, are covered by the accident drop
conditions. The nonlinearity of analysis is due to the gaps in the model. The load resulting from
the fuel assembly weight is applied as pressure load on the fuel compartment plates. At the 180°
drop orientation, the pressure acts only on the horizontal plates. The inertia load due to the
basket assembly plates, basket assembly support rails and DSC shell dead weight is simulated
using the density and appropriate acceleration. The weights of the aluminum plates are included
by increasing the adjacent basket assembly plate densities. Analyses are performed where
borated steel properties used in the analyses are a function of the Type 304 steel properties,
where values for 10% and 100% of the strength of the Type 304 steel are used. A maximum
load of 20g is applied in each analysis. The automatic time stepping program option AUTOTS is
activated. This option lets the program decide the actual size of the load-substep for a converged
solution. The program stops at the load substep when it fails to result in a converged solution. In
all side drop runs, ANSYS gave converged solutions up to the 20g applied load.

The maximum nodal basket assembly stress intensities for the two bounding normal drop
analyses are listed in Table B.2.13.8-7 (Borated Steel @ 100% of Type 304) and Table
B.2.13.8-8 (Borated Steel @ 10% of Type 304). For shell elements, the linearized middle fiber
stresses are classified as membrane stresses (Pr) and the linearized top and bottom fiber stresses
are classified as membrane plus bending stresses (P, + Pp). Since stresses exceed the normal
allowable stress values, a limit analysis per NB-3228.1 was performed at 45g to demonstrate that
20g loading does not exceed 2/3 of the lower bound collapse load. For all cases, the 45g load
analyses ran to completion with no indication of collapse or significant strains.

The maximum primary stress intensities associated with the 20g analyses are combined with the
maximum thermal stresses calculated in Subsection D of this section and compared with the code

allowable stresses (also shown in Table B.2.13.8-7).

C. Normal Condition End Drop Stress Analysis

During an end drop, the fuel assemblies and fuel compartment are forced against the end of the
DSC shell assembly. It is important to note that, for any vertical or near vertical loading, the fuel
assemblies react directly against the bottom or top end of the DSC shell assembly and not
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through the basket assembly structure as in lateral loading. It is the dead weight of the basket
assembly only that causes axial compressive stress during an end drop. Axial compressive
stresses are conservatively computed assuming that all of the basket assembly weight will be
taken by the fuel compartments, stainless steel outer wrappers and stainless steel R45 transition
rails only. A conservative basket assembly weight of 42,150 Ib. (actual weight is less than
42,000 1b) is used in end drop stress calculations with a normal end drop acceleration of 40g.

Compressive Stress in the Fuel Compartment Tubes, Outer Wrappers., and R45 Basket Assembly
Rails

Caxial-a0g = 75 (Whasket ) / As
Whasket = 42.15 kips (conservative compared to actual weight)
Section Area, As = 1000 (WLB-basket = WBS_plates = WAI_plates = WAl rails) / (Lbasket P)
WLB basket = 41.00 Kips (lower bound basket weight, conservative for Ag)
Was plates = 16.57 kips
Wl plates = 4.99 Kips
Wl raits = 1.71 kips
Lyasket = 176.5 in
p = 0.29 Ib/in’
As=1000 (41.00 — 16.57 —4.99 — 1.71) / (176.5 (0.29))
=346.0 in®
Therefore,
O Axial-d0g = 40 (42.15) / 346.00

=4.87 ksi < 15.8 ksi (allowable membrane stress)

D. Thermal Stress Analysis

A conservative thermal stress analysis of the basket assembly is performed based on the thermal
heat transfer analysis results. A conservative radial and axial gradient temperature profile is
imposed on the basket assembly to bound the effects of the actual thermal gradients. A model
similar to the 20g side drop analysis model is used except that the model is extended to a length
of approximately one-half the length of the basket assembly. The thermal stress analysis model
is shown in Figure B.2.13.8-8. A temperature plot on a one-quarter cross-section of the basket
assembly model is shown in Figure B.2.13.8-9.

The DSC shell and MP197TAD TO boundaries (and associated gap/contact elements) are
removed because they do not contribute to the solution and significantly increase the solution
time. Although, the basket insert plate welds are not credited in the analyses for the basket, local
failure at these welds cannot be guaranteed and the imposed restraint at these locations increase
the thermal stresses at the center of the basket assembly where the maximum side drop and
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thermal stresses coexist. Therefore, a bounding thermal case is evaluated, where the insert plate
welds restrain the internal thermal growth of the basket assembly. A summary of the resulting
thermal stresses are shown in Table B.2.13.8-9.

E. Summary of Normal Condition Basket Assembly Stress Analysis

Tables B.2.13.8-7 and B.2.13.8-8 summarize the normal condition basket assembly stress
analysis results and allowable stresses for the combination of normal side drop and thermal
loads. The allowable stress values for the basket assembly components are taken at 700 °F. The
basis for the allowable stress values are provided in Note 2 of the stress summary tables. Since
stresses exceed the normal allowable stress values, limit analyses per NG-3228.2 were performed
at 45g to demonstrate that 20g loading does not exceed 2/3 of the lower bound collapse load.

The value of yield for these analyses was taken to be 1.5 Sy, for the stainless steel components,
and S, for the R90 solid aluminum transition rails. For all cases, the 45g load analyses ran to
completion with no indication of collapse or significant strains.

F. Accident Condition Side Drop Stress Analysis and Results

Loading Conditions

The basket assembly is analyzed for two types of side drops using the ANSY'S finite element
model described in Section B.2.13.8.2.3A. First, the DSC is assumed to drop away from the
MP197TAD TO sliding rails. Under this condition, 45°, 60°, and 90° orientation side drops are
considered, because they bound all possible orientations. Second, the DSC is assumed to drop
directly on the MP197TAD TO sliding rails at 180° orientation. The lateral load orientation
angle is defined in Figure B.2.13.8-10. The load resulting from the fuel assembly weight was
applied as a pressure load on the fuel compartment plates. For the 90° and 180° orientations, the
pressure was applied only on the horizontal plates, while in other orientations; it was divided into
components acting on both the horizontal and vertical plates.

The inertia load due to the basket assembly, rails, and DSC shell dead weight is model by using
the appropriate material densities and by applying the appropriate acceleration. As discussed in
the section of this Appendix for the normal 1 ft. drop, unmodeled aluminum is accounted for by
increasing the adjacent basket assembly plate densities.

Material Properties

The basket assembly fuel compartments and R45 transition rails are constructed from SA-240,
Type 304 stainless steel. The R90 transition rails are constructed from ASME aluminum Type
6061. The DSC shell is constructed from SA-240 Type 316/316L stainless steel. A bilinear
stress-strain relationship is used to simulate the correct nonlinear material behavior for the short
term during dynamic loading from the 30 foot side drop impact. The following elastic and
inelastic material properties are used in the analyses:
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SA-240, 304 Stainless Steel at 700 °F [3]*
Modulus of Elasticity, £ (psi) 24.8 x 10°
Yield Strength (psi) 17,600
Tangent Modulus, £, (psi) 5% of E=1.24x10°

* For the borated stainless steel plates, 2 cases are analyzed: one with 100% of these values and one with 10%
of these values.

ASME Aluminum Type 6061 at 600 °F |12}

" Modulus of Elasticity, £ (psi) 6.8 x 10°
Yield Strength (psi) 4,200
Tangent Modulus, £, (psi) 1% of E =68 x 10*

SA-240, 316/316L Stainless Steel at 500 °F [3]

Modulus of Elasticity, £ (psi) 25.9 x 10°
Yield Strength (psi) 20,000
Tangent Modulus, E, (psi) 5% of E=1.295 x 10°

The material properties used in the analyses are based on basket assembly plate components at
700°F, R90 solid aluminum transition rails at 600°F, and the DSC shell at S00°F.

Analysis and Results

A nonlinear stress analysis of the fuel basket assembly is conducted to compute the stresses for
the 45°, 60°, 90°, and 180° drop orientations. A maximum load of 150g was applied in each
analysis. The automatic time stepping program option "Autots" was activated. This option lets
the program decide the actual size of the load-substep for a converged solution. Displacements,
stresses and forces for each converged substep load were written on ANSYS result files. The
program stops at the load substep when it fails to result in a converged solution. In all side drop
cases the program gave converged solutions beyond a 75g load. Results were extracted at the
75g load step. Maximum nodal stress intensities in the basket assembly and rails and
comparisons to allowable stress values are summarized in Table B.2.13.8-10 through Table
B.2.13.8-13. The results show that all stresses are less than the allowable stress values.

G. Accident Condition End Drop Stress Analysis

During an end drop, the fuel assemblies and fuel compartment are forced against the end of the
DSC shell assembly. It is important to note that, for any vertical or near vertical loading, the fuel
assemblies react directly against the bottom or top end of the DSC shell assembly and not
through the basket assembly structure as in lateral loading. It is the dead weight of the basket
assembly only that causes axial compressive stress during an end drop. Axial compressive
stresses are conservatively computed assuming that all of the basket assembly weight will be
taken by the fuel compartments and outer wrappers only. A conservative basket assembly
weight of 42,150 Ib. (actual weight is less than 42,000 1b) is used in end drop stress calculations
with an accident end drop acceleration of 75g.

Compressive Stress in the Fuel Compartment Tubes, Wrappers
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GAxial-7Sg =175 (Wbasket ) / AS
Whasket = 42.15 kips (conservative compared to actual weight)
As = 346.0 in’ (from before)

Therefore,

Caxial-15g = 75 (42.15)/ 346.00
=9.14 ksi <44,380 psi (allowable membrane stress)

B.2.13.8.2.4 Fuel Basket Assembly Buckling Analysis

A. Basket Fuel Compartment Plate and R45 Transition Rail Buckling Analyses

Basket assembly stability, which includes a buckling evaluation of the basket fuel compartment
plates and R45 transition rails at the most highly loaded locations for the most challenging drop
orientation is determined in this subsection. Fuel compartment stability and R45 transition rail
stability is demonstrated by performing a buckling evaluation using an ANSY'S finite element
analysis approach, including ANSYS guidelines for a buckling analysis.

Basket Assembly Stability Demonstration Using Finite Element Analysis

The same models and analyses performed in Section B.2.13.8.2.3 are used to evaluate the basket

plate and R4S transition rail stability when the lateral inertial loading is applied at various angles

relative to the plates. Analyses are performed for the same drop orientations described in Section
B.2.13.8.2.3 and shown in Figure B.2.13.8-10. '

ANSYS Finite Element Analysis Results
For each orientation, the analysis is solved with increasingly higher loading until convergence
can no longer be obtained from the FEA model. The limiting buckling results are summarized in

Table B.2.13.8-14.

B. Summary of Basket Assembly Buckling Analysis

Table B.2.13.8-14 shows that the limiting drop is a drop away from the rails at an orientation of
45 degrees for cases where the borated steel is at 100% of the strength of the stainless steel. For
cases where the borated steel is at 10% of the strength of the stainless steel, the limiting drop is
on the rails.

The results of the basket assembly buckling analysis indicate the allowable buckling g loads for

the TN44 B basket assembly are higher than the applied 75g side drop impact load. Therefore,
the basket assembly and rails are structurally adequate with respect to buckling.

B.2.13.8.2.5 Basket Deformations for Effect on Criticality Analyses
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To evaluate the effect of basket deformation on the criticality analysis in Chapter B.6, it is
necessary to know the relative total deformations of the basket. For this purpose, the maximum
relative deflections in the critical fuel compartments during HAC side drops are calculated. The
maximum relative deflections of all the fuel compartments are shown below:

Maximum Absolute
Condition .Drop. Relative Displacement (in)""
Orientation
AUX AUY
180° on Cask 0.002864 0.039552
Rails
Accident Side 0° away from
Drops with Cask Rails 0.001234 0.033990
10% Borated 30° away from
Steel Cask Rails 0.015502 0.024395
45° away from
Cask Rails 0.024879 0.020486
180° on Cask 0.000818 0.013631
Rails
Accident Side 0° away from
Drops with Cask Rails 0.000000 0.013846
100% Borated 30° away from
Steel Cask Rails 0.007922 0.012859
45° away from
Cask Rails 0.012016 0.011677

Notes:
1. For displacements that indicate fuel compartments have moved closer together. Obtained from results for the
75g load step.

The criticality analyses (Section B.6.3.4.2) assume that the worst location for all of the fuel
assemblies in the TN44B basket are when they are all positioned closest to each other relative to
the center of the basket; thus any deformation which will cause the fuel assemblies to move
further apart is covered by the criticality analysis. Therefore, for the TN44B basket, the relative
deformation of the basket is calculated for the fuel compartments which will cause the fuel to
move closer together. The maximum relative deformation (elastic plus plastic) of the fuel
compartments which will cause the fuel assemblies to move closer together is less than 0.04 in.

The criticality evaluation documented in Chapter B.6, Section B.6.3.4.2 utilizes a minimum
compartment size that results in fuel assemblies moving closer to each other by 0.05 in.
Therefore, the bounding displacements determined herein are covered by the criticality analysis.
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Table B.2.13.8-1
Materials Properties — SA-240/SA-479 304 & SA-182 F304

Temp E Sn S, S. ONST UAVG p
(°F) (10° ksi) (ksi) (ksi) (ksi) | (10°°FY [ (10°°F") | (b/in®)
-20 20.0 30.0 75.0

70 28.3 8.5 8.5
100 20.0 30.0 75.0 8.7 8.6
150 26.7 9.0 8.8
200 27.5 20.0 25.0 71.0 9.3 8.9
250 23.6 9.6 9.1
300 27.0 20.0 22.4 66.2 9.8 9.2
350 10.0 9.4
400 26.4 18.6 20.7 64.0 10.2 9.5
450 10.3 9.6
500 25.9 17.5 19.4 63.4 10.5 9.7 0.290
550 10.6 9.8
600 25.3 16.6 18.4 63.4 10.6 9.8
650 16.2 18.0 63.4 10.7 99
700 24.8 15.8 17.6 63.4 10.8 10.0
750 15.5 17.2 63.3 10.8 10.0
800 24.1 15.2 16.9 62.8 10.9 10.1
850 16.5 62.0 11.0 10.2
900 23.5 16.2 60.8 11.2 10.2
950 15.9 59.3 11.3 10.3
1000 22.8 15.5 57.4 11.4 10.3

samio | O™ Table2A | Table Y1 | Table U
304 ;ﬁfg% fine 3 Hno27 | Tine3

SA4T9 Table TM- | rapie 24 | Table v-1 | Table U Table TE-1
304 pg 696 pg 316 pg 570 pg 458 pg 669 AISC

group G line 17 line 3 line 40 group 3
sap | O™ Tablo24. | Table Y- Talzlg:SU“)
F304 ;ﬁf}?g Eﬁe 31 Fiie 10 line 17

Note:

1. All forgings shall have rough thickness < 5.00” or minimum tensile strength (S,) shall be 75.0 ksi.
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Table B.2.13.8-2
Analysis Properties for Aluminum Transition Rails [12]

6061-O Aluminum (Annealed)

Temperature| S,, 6061-0 | Sy, 6061-O E
(°F) (ksi) (ksi) (ksi)

75 18.0 8.0 9,900
212 18.0 8.0 9,500
300 156.0 8.0 9,100
350 12.0 8.0 8,900
400 10.0 7.5 8,600
450 8.5 6.0 8,300
500 7.0 5.5 7,900
600 5.0 42 6,800
700 3.6 3.0 5,500
800 2.8 22 -
900 22 1.6 -

1000 1.6 1.2 -
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Table B.2.13.8-3
Materials Properties — SA-240 Type 316/316L & SA-182 F316/316L

Temp E Sm S, S, ONST UAVG p
(°F) (10° ksi) (ksi) (ksi) (ksi) | (10°°F") | 10°°F") | (Ib/in®)
-20 20.0 30.0 75.0 ‘

70 28.3 8.5 8.5
100 20.0 30.0 75.0 8.7 8.6
150 9.0 8.8
200 27.6 20.0 25.9 75.0 9.3 8.9
250 9.6 9.1
300 27.0 20.0 23.4 72.9 9.8 9.2
350 10.0 9.4
400 26.4 19.3 21.4 71.9 10.2 9.5
450 10.3 9.6
500 25.9 18.0 20.0 71.8 10.5 9.7 0.285
550 10.6 9.8
600 25.3 17.0 18.9 71.8 10.6 9.8
650 16.6 18.5 71.8 10.7 9.9
700 24.8 16.3 18.2 71.8 10.8 10.0
750 16.1 17.9 71.5 10.8 10.0
800 24.1 15.9 17.7 70.8 10.9 10.1
850 ’

900
950
1000

SA240 Tabl‘; M- fabte 24 | Table Y-1 T‘;,ble U

- age

3160 | Page 696 P&%}"eﬁ%“ Pi%ﬁ:gs 453.1 _

Group G Line 7 Tgﬂe TE3'1 AISC
Table TM- | 1op1e 24 | Table y-1 | TebleU Page 669
SA-182 1 Page
F3160 | Pagecos | "o° 304 Page 358 | 4531
Group G Line 4

Note:

1. Material will be dual certified to meet requirements of both Type 316 and 316L. Material properties based on Type 316.
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Table B.2.13.8-4
Basket Plate and R45 Support Rail Allowable Stress Values

Loading Stress Stress Basket Plate Support Rail

Condition Categor Criteria [1 Allowable Stress Allowable Stress
onditio gory riteria [1] At 700 °F (ksi.) At 700 °F (ksi.)

Membrz}l)le Stress, s, 15.08 15.8
Membrane + .
Normal Bending Stress, 1.5 8, 23.70 23.7

Conditions, P,+ P
Elastic Average

Analysis(l) Shear Stress 0.6 Sm 9.48 9.48

Primary +
Secondary Stress, 38, 47.40 474
Pyt Pyt Q
Membrane Stress
’ 7S, 44.40 444
Accident Py 075,

Conditions, Membrane + ]
Elastic- Bending Stress, 098, 57.10 57.1
Plastic Pu+ Py

Analysi
natysts Average 0425, 26.63 26.63
Shear Stress

Note:

1. In accordance with NG-3222 and Note 9 of Figure NG-3221-1, the Limit Analysis provisions of NG-3228 may be used.
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Table B.2.13.8-5

Basket Assembly Normal Condition Loads

. Basket Service .
Loading Orientation Level Load Analysis Method
Thermal Load Horizontal A 100 °F Ambient Finite Element Analysis
! F]csc;t)slde Horizontal A 20g Lateral Load Finite Element Analysis
! F](;(;;‘])Snd Vertical A 40g Axial Load Analytical Hand Calculation
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Table B.2.13.8-6

Basket Assembly Accident Condition Loads

. Basket Service .
Loading Orientation Level Load Analysis Method
30 Fg;)épSlde Horizontal - D 75g Lateral Load Finite Element Analysis
30 }B)ngnd Vertical D 75g Axial Load Analytical Hand Calculation
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Table B.2.13.8-7
20g Side Drop + Thermal (hot)

(Borated Steel @ 100% of Type 304)

5 (1)

Co]l;:;lg:int Matcrial Stress Category Calculatse:t;ess (ksgllowable‘z)
Primary Membrane 2.83 15.8
Comga“fﬁlnems AS%E‘:S%'}“O Membrane + Bending 18.43 23.7
Primary + Secondary 31.42 474
: ' Primary Membrane 3.65 15.8
(Slsx“;ggz:;; AS%;SQJTO Membrane + Bending 34279 23.7
Primary + Secondary 47729 49.8
Primary Membrane 3.19 15.8
ffxvgrsggzg As%f;e s%-?o Membranc + Bending 2349 237
Primary + Secondary 49319 49.8
Primary Membrane 1.57 15.8
Borated S5 Plates [ A5 4387 TP ™ Membrane + Bending 12.69 237
Primary + Secondary 29.37 474
Primary Membrane . 5.46 15.8
Tran]:;ti‘::):SRails AS_I;;/ l;eS:f&Zw Membrane + Bending 23.38 23.7
Primary + Secondary 38.56 47.4
Primary Membrane 4.34 N/A
DSC Shell® Type 316/316L Membrane + Bending 36.05 N/A
Primary + Secondary 36.05 N/A

Notes:

1.
2

3.
4.

All stresses are stress intensities and are based on elastic analysis.

Allowable stresses are conservatively based on basket plate components and SS transition rails at 700°F, and the DSC
shell at S00°F, unless noted otherwise.

Drop is on MP197TAD TO rails located at +/-12 degrees and +/-38 degrees from the reference angle of 180 degrees.
Stress exceeds allowable. Therefore, Limit Analyses are performed per ASME NG-3228.2 at 45g to demonstrate
that 20g loading does not exceed 2/3 of the lower bound collapse load.

Maximum combined stresses occur at locations where the temperature is less than 600 °F. Therefore, the
allowable is based on 600 °F.

DSC shell stresses are the result of basket assembly stress analysis at the axial center of the DSC shell assembly, do not
include pressure and/or thermal stresses, and are evaluated in Appendix B.2.13.7.
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Table B.2.13.8-8
20g Side Drop + Thermal (hot)

(Borated Steel @ 10% of Type 304)

Basket . Stress (ksi) "V
Component Material Stress Category Calculated Allowable®
Fuel ASME SA-240 Primary Membrane’ 3.21 15.8
ue - -

Compartments Type 304 Membrane + Bending 13.88 23.7
Primary + Secondary 26.87 474
Primary Membrane 291 15.8

SS Wrappers ASME SA-240 - @
(1 x 2 boxes) Type 304 Membrane + Bending 28.01 23.7
Primary + Secondary 47729 49.8
S Primary Membrane 291 15.8

SS Wrappers ASME SA-240 - @
(3 x 3 boxes) Type 304 Membrane + Bending 28.01 237
Primary + Secondary 49.31®) 49.8
45SS SME S 0 Primary Membrane 5.76 15.8

R45 A A-24 ;
Transition Rails Type 304 Membrane + Bending 22.77 23.7
Primary + Secondary 37.95 47.4
Primary Membrane 3.92 N/A
DSC Shell® Type 316/316L Membrane + Bending 36.49 N/A
Primary + Secondary 36.49 N/A
Notes:

1.

2.

All stresses are stress intensities and are based on elastic analysis. Borated stainless steel plate stresses are not shown
because minimal credit is taken for the strength of the borated stainless steel and are modeled for effect only.
Allowable stresses are conservatively based on basket plate components and SS transition rails at 700°F, and the DSC
shell at 500°F, unless noted otherwise.

Drop is on MP197TAD TO rails located at +/-12 degrees and +/-38 degrees from the reference angle of 180 degrees.
Stress exceeds allowable. Therefore, Limit Load Analyses are performed per ASME NG-3228.2 at 45g to
demonstrate that 20g loading does not exceed 2/3 of the lower bound collapse load.

Maximum combined stresses occur at locations where the temperature is less than 600 °F. Therefore, the
allowable is based on 600 °F. Stresses are conservatively based on 100% borated steel strength.

DSC shell stresses are the result of basket assembly stress analysis at the axial center of the DSC shell assembly, do not
include pressure and/or thermal stresses, and are evaluated in Appendix B.2.13.7.
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Table B.2.13.8-9
Thermal Stress Analysis Results (hot)

(Borated Steel @ 100% of Type 304)

Col?:;';flten ¢ Material Stress Category Stress (ksi)
Fuel ASME SA-240
Compartments Type 304 Q 12.99
SS Wrappers ASME SA-240 Q 13.45
(1 x 2 boxes) Type 304 .
SS Wrappers ASME SA-240
(3 x 3 boxes) Type 304 Q 25.82
Borated SS Plates ASTN;&%Z Type Q 16.68
R45 SS ASME SA-240 Q 15.18
Transition Rails Type 304 .
Notes:

1. Allstresses are stress intensities and are based on elastic analysis. Stresses for the case where borated steel is 10%

strength are not limiting.
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Table B.2.13.8-10
75g, 180 Deg. Side Drop on Rails

(Borated Steel @ 100% of Type 304).

Basket . Stress (ksi)
Component Material Stress Category Calculated Allowable!?
Fuel ASME SA-240 Primary Membrane 12.83 44.40
Compartments Type 304 Membrane + Bending 2177 57.10
- Pri M 8.51 44.40
SS Wrappers ASME SA-240 rimary embrar?e
Type 304 Membrane + Bending 26.07 57.10
) Pri 6.54 44.4
Borated SS Plates ASTM A887 Type fmary Membraj?e 9
30484 Membrane + Bending 25.10 57.10
R45 SS ASME SA-240 Primary Membrane 19.15 44 .40
Transition Rails Type 304 Membrane + Bending 26.08 57.10
Pri Memb 5.55 50.3
DSC Shell Type 316/316L rimary Vembrane

Membrane + Bending 32.19 64.6

Notes:

1. All stresses are stress intensities and are based on elastic-plastic analysis.

2. Allowable stresses are conservatively based on basket plate components and SS transition rails at 700°F, and the DSC
shell at 500°F, unless noted otherwise.
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Table B.2.13.8-11

75g, 180 Deg. Side Drop on Rails
(Borated Steel @ 10% of Type 304)

Basket . Stress (ksi) "
Component Material Stress Category Calculated Allowable®
Fuel ASME SA-240 Primary Membrane 17.76 44.40
Compartments Type 304 Membrane + Bending 25.02 57.10
ASME SA-240 Primary Membrane 8.43 44.40
SS Wrappers -
Type 304 Membrane + Bending 28.45 57.10
R45SS ASME SA-240 Primary Membrane 21.39 44.40
Transition Rails Type 304 Membrane + Bending 38.08 57.10
Primary Membrane 5.79 50.30
DSC Shell Type 316/316L b
Membrane + Bending 29.73 64.60
Notes:

1.

2.

All stresses are stress intensities and are based on elastic-plastic analysis. Borated stainless plate stresses are not shown
because minimal credit is taken for the strength of the borated stainless steel and are modeled for effect only.
Allowable stresses are conservatively based on basket plate components and SS transition rails at 700°F, and the DSC
shell at 500°F, unless noted otherwise.
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Table B.2.13.8-12

75g, Envelope of Side Drop away from Rails
(Borated Steel @ 100% of Type 304)

Basket o Stress (ksi) !
Component® Material Stress Category Calculated Allowable®
Fuel ASME SA-240 Primary Membrane 11.78 44.40
Compartments Type 304 Membrane + Bending 27.47 57.10
ASME SA-240 Primary Membrane 9.67 44 .40
SS Wrappers -
Type 304 Membrane + Bending 29.70 57.10
Pri Memb: 4.68 44.40
Borated SS Plates ASTM A887 Type ey em rar.1e
304B4 Membrane + Bending 19.84 57.10
R45SS ASME SA-240 Primary Membrane 21.45 44.40
Transition Rails Type 304 Membrane + Bending 33.68 '57.10
Primary Membrane 2.60 50.30
DSC Shell Type 316/316L -
Membrane + Bending 24.59 64.60
Notes:

1. All stresses are stress intensities and are based on elastic-plastic analysis.

2. Allowable stresses are conservatively based on basket plate components and SS transition rails at 700°F, and the DSC

shell at S00°F, unless noted otherwise.

3. Drop is away from MP197TAD TO rails. Results envelope the 45 deg., 60 deg., and 90 deg. drop orientations.
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Table B.2.13.8-13

75g, Envelope of Side Drop away from Rails
(Borated Steel @ 10% of Type 304)

Basket . Stress (ksi)
Component” Material Stress Category Calculated Allowable?
Fuel ASME SA-240 Primary Membrane 12.98 44.40
Compartments Type 304 Membrane + Bending 28.06 57.10
ASME SA-240 Primary Membrane 11.58 44.40
SS Wrappers -
Type 304 Membrane + Bending 30.51 57.10
R45 SS ASME SA-240 Primary Membrane 21.84 44.40
Transition Rails Type 304 Membrane + Bending 35.79 57.10
Primary Membrane 2.59 50.30
DSC Shell Type 316/316L -
Membrane + Bending 24.62 64.60
Notes:

1.  All stresses are stress intensities and are based on elastic-plastic analysis. Borated stainless steel plate stresses are not
shown because minimal credit is taken for the strength of the borated stainless steel and are modeled for effect only.
2. Allowable stresses are conservatively based on basket plate components and SS transition rails at 700°F, and the DSC

shell at S00°F, unless noted otherwise.

3. Drop is away from MP197TAD TO rails. Results envelope the 45 deg., 60 deg., and 90 deg. drop orientations.
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Table B.2.13.8-14
TN44B Basket Assembly HAC Buckling Load Summary

o Borated Steel @ Buckling Load"

Drop Direction XX% of Type 304 (@
180-deg. Drop® 100 149.7

45-deg. Drop 100 115.0

60-deg. Drop 100 132.5

90-deg. Drop 100 139.6
180-deg. Drop®? 10 85.1

45-deg. Drop 10 90.8

60-deg. Drop 10 88.7

90-deg. Drop 10 88.5

Notes:

1. HAC g-load associated with last converged load step.
2. Drop is on MP197TAD TO rails located at +/-12 degrees from the reference angle of 180 degrees.
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Figure B.2.13.8-1
TN44B Basket Assembly Model
(Excluding Contact and Soft Spring Elements for Clarity)
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Figure B.2.13.8-2
TN44B Basket Assembly Model SS Fuel Compartments
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Figure B.2.13.8-3
TN44B Basket Assembly Model SS Wrappers
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Figure B.2.13.8-4
TN44B Basket Assembly Model Borated SS Steel Plates
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SN

N b

Figure B.2.13.8-5
TN44B Basket Assembly R45 SS Transition Rails
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Figure B.2.13.8-6
TN44B Basket Assembly R90 Solid Aluminum Transition Rails
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Figure B.2.13.8-7
TN44B SS DSC Shell
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A

Symmetry Plane

44B Basket - Bounding Thermal (elastic, 44b 0Osdt4rLs)

AN

Figure B.2.13.8-8
TN44B Basket Assembly Thermal Stress Analysis Model
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44B Basket - Bounding Thermal (elastic, 44b Osdt4rLs)

Figure B.2.13.8-9

ANSYS 10.0
MAY 5 2009
11:43:12
PLOT NO. 4
ELEMENTS
TEMPERATURES
TMIN=410.384
TMAX=659.604

XV #=,398132
=.380617
ZV  =.834639

*XF =15.26
*YF =-15.26
*ZF =44
A-25=.004515
Z-BUFFER
EDGE
mm 4l0-384

438.075
i

465.767
|

493.458
£

521.149
B

548.84
B 5760531
EE .
604.222

631.913
B '

659.604

TN44B Basket Assembly Temperature Profile for Thermal Stress Analysis

(Quarter Cross-Section View)
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Figure B.2.13.8-10
TN44B Basket Assembly Accident Drop Orientations (degrees)
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APPENDIX B.2.13.9
MP197TAD TO DYNAMIC LOAD FACTOR DETERMINATION

NOTE: References in this appendix are shown as [1], [2], etc., and refer to the reference list in
Section B.2.13.9.5.

B2.139.1 Introduction

The purpose of the analysis presented in this appendix is to determine the dynamic load factors
(DLF) for the MP197TAD TO internals. The DLFs account for accelerations associated with the
relative displacements between the MP197TAD TO and the TN44B DSC shell assembly, basket
assembly, and fuel assemblies during the cask drop events.

The DLFs are calculated using a spring-mass finite element model [1]. Acceleration time-
histories from the cask side and end drops, documented in Appendix B.2.13.12, are applied to the
spring-mass model and the DLFs are calculated based on the Umax dynamic / Umax static ratios of
displacements.

- Three components of the MP197TAD TO transport package internals with the longest and,
therefore, most significant natural frequencies are the DSC, basket (with fuel assemblies), and
the fuel assemblies. The DLFs for each component are calculated separately.

Four load cases are evaluated in this analysis; normal and accident cases due to longitudinal
loading (end drop), and normal and accident loading due to transverse loading (side drop).

During an end drop of the DSC shell assembly, the limiting fundamental natural frequency is

- based on displacement at the inner bottom cover plate for a top end drop. During an end drop of
the basket assembly, the fundamental natural frequency is taken to be that of a simply-supported
beam without axial constraint, under longitudinal vibration, where the mass of the fuel
assemblies is not lumped with the basket. Longitudinal DLFs are not applicable to the fuel
assemblies because the analyses used for the qualification of the fuel assemblies under axial drop
conditions do not use DLFs.

During a side drop, the fundamental natural frequency of the DSC shell is taken to be that of a
cylinder in a radial-axial mode and simply-supported without axial constraint. For transverse
vibration due to a basket side drop, the masses of the fuel assemblies are included and modal
analyses are conducted using ANSYS [1]. For the side drop of the fuel assemblies, modal
analyses are also conducted using ANSYS [1].

Notation
The notation used in this analysis is taken from Blevins [2], and is as follows.
o F, Modulus of Elasticity, (psi).

e f.fij; Fundamental natural frequency, (Hz.).
o ] Moment of inertia of the beam, (in.4).
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o L, Length of beam or cylindrical shell, (in.).

° m, Mass per unit length of the beam, (Ibm.in.™").
L7 Mass density, (Ibm.in.”>).

° v, Poisson’s ratio.

e R, Outer radius of the cylindrical shell, (in.).
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B.2.13.9.2  Natural Frequencies During End Drop

DSC Shell Assembly

For a DSC end drop, the lowest frequency of the DSC system is that associated with bending of
the inner bottom cover plate under a top end drop. The lower bound of the fundamental
frequency of the DSC’s inner bottom cover plate is calculated using the equation from Reference

[2].

1/2
Natural Frequency, f = %(%j , Where, g =386.4 in/sec?
T

Ay = Ap - A, maximum deflection at center of inner bottom cover plate relative to the DSC
walls.

Ap= deflection under a 1g top end down analysis at the center of the inner bottom cover plate,
in. (from the same model and analysis described in Appendix B.2.13.7).

0.00190959 in.

A= deflection under a 1g top end down analysis on the DSC cylinder at the elevation of the
inner cover plate, in. (from the same model and analysis described in Appendix B.2.13.7).

0.000506404 in.
Ay = 0.00190959 —0.000506404 = 0.001403186 in.
‘Then f,=83.5 Hz, =2 m f = (ko / Mp)"?

Where k; and M; are as defined in Table 6-2 (Frame 2) of Reference [2] and are associated with
the inner bottom cover plate.

Therefore, ky / My = (2 1 £5)* = 2.75254 ES5 rad® / sec?

The effect of the axial flexibility of the DSC walls on lowering the frequency of the inner bottom
cover plate is considered.

Using the same formula shown above, a lower bound axial frequency of the DSC wall is
calculated for a A; = 0.000506404 in.:

fi =139.0 Hz, @ =2 n f; = (k, / My)"?

Where k; and M, are as defined in Table 6-2 (Frame 2) of Reference [2] and are associated with
the DSC shell. :

Therefore, k; / M, = (2 & f1)* = 7.62765 E5 rad® / sec?
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The ratio of the DSC mass that is effective in the DSC axial mode to the inner cover plate mass
(Mi/ M) is approximately 8.

Therefore, ka / My =ky / Max Mo/ M, = 1/8 x ko / My = 3.4407 E4 rad” / sec®

The effect of this axial flexibility of the DSC walls on the frequency of the inner bottom cover
plate is determined by use of the following equation, for the two degree of freedom system
consisting of the inner bottom cover plate sprung off of the single degree of freedom
representation of the DSC cylinder, from Reference [2]:

f=1/2%* 1) x (ki/M; + ko/M; + ka/M; - (ki/M; + ka/M + ko/Mp)* — 4 kiko/M M) )2

For a ratio of the DSC mass that is effective in the DSC axial mode to the inner cover plate mass
of 8, the lowest frequency of the two degree of freedom system is calculated to be:

f=80.8 Hz
" Basket

The fundamental natural frequency of a simply-supported basket structure under axial vibration
simplifies to that of a uniform beam axially free at both ends. The fundamental natural
frequency of a uniform beam free at both ends, under longitudinal vibration is as follows [2]:

f__7‘-_1£”2
! 2nl\ p

Where,

)\.1 =T

E = Young’s modulus @ 700°F, psi (24.8E+06 psi)

L = Minimum length of the basket in inches (176.5 in.)
i = Average mass density (Ibm-in")

The total bounding weight and volume of the assembly of basket components (exclusive of
fuel assemblies) used for the calculation are 42,149 Ibs (greater than actual) and 184,883 in®
(less than actual), respectively; resulting in an upper bound average mass density of 0.000590
Ibm-in.”. Calculated parameter values and the lower bound frequency are shown in Table
B.2.13.9-1. The lower bound (end drop) natural frequency of the basket assembly is calculated
to be 580.8 Hz.
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B.2.13.9.3 Natural Frequencies during Side Drop

DSC Shell

The fundamental natural frequency of the DSC shell radial-axial mode is determined
assuming the cylindrical shell is simply-supported without axial constraint. The natural
frequency of the cylindrical shell radial-axial mode is given by the following ([2], p. 305,

Table 12-2, Frame 5).
f B /1,]. E 1/2
o 2aR\ p(1-v?)
Where,

E = Young’s modulus @ 500°F, psi (2.59E+07 psi)
R = Average shell radius, in. (32.75 in.)

v= Poisson’s ratio (0.3)

1= Mass density, (Ibm.in.) (0.00075 Ibm.in.>)

l—v)GmrI D) + @ 2RO+ G/ 1)
(jzR/ L) +i*

l,'j:

Where,
L = Cavity length, in (179.38 in.)
h = thickness, in (0.75 in.)

Calculated parameter values and the lower bound frequency are shown in Table B.2.13.9-2. The
(side drop) natural frequency of the DSC shell is calculated to be 66.5 Hz.

Basket Assembly

The fundamental natural frequency of the basket assembly during side drops is calculated via
ANSYS finite element analysis. The finite element model from Appendix B.2.13.8 is used as the
basis for the modal analyses.

Material properties are conservatively based on a basket temperature of 700 °F and a periphery
rail temperature of 700 °F for the stainless steel rails and 600 °F for the aluminum rails. Weight
densities are changed to mass densities (pm, = pw /386.4). The Appendix B.2.13.8 basket model
applied the fuel assembly load as a pressure load, which is not appropriate for a modal analysis.
For the modal analyses, the fuel assemblies are represented by masses and are applied to the
basket panels using ANSYS MASS21 elements.

The finite element model from Appendix B.2.13.8 is used as the basis for the performance of a
general modal analysis, which is then used to identify the span associated with the limiting
(lowest) frequency. The gap (contact) elements, including boundary gaps between the DSC and
the cask nodes, of the full basket model of Appendix B.2.13.8 are replaced with rigid springs (a
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modal analysis cannot have nonlinear elements). As discussed in Appendix B.2.13.8, the cask
nodes are restrained in all directions. This effectively supports the basket at the rails’ periphery
for the general modal analysis. The model is shown in Figure B.2.13.9-1. This assumption
results in the prediction of natural frequencies of the basket plates including fuel assembly inertia
mass. A plot of the modal analysis results for the lowest frequency is shown in Figure
B.2.13.9-2.

Based on the results of this general modal analysis, the limiting fuel compartment span (with
adjacent plates) is conservatively modeled using simply-supported spans and pinned boundary
conditions as shown in Figure B.2.13.9-3. Credit is taken for only 1 fuel compartment plate per
fuel assembly and 10% of the borated steel strength, which gives a lower bound frequency of
147.9 Hz as shown in Figure B.2.13.9-4.

Fuel Rod Cladding

ANSYS modal analyses are performed to determine the lateral natural frequencies of a single
fuel rod cladding for differenct fuel types. The weight of the fuel pellets is included in the
equivalent density of the fuel cladding No changes are made to the ANSY'S model described in
Appendix B.2.13.11 and modal analyses are performed to determine the lowest natural
frequencies.

The natural frequencies for the fuel cladding are summarized in Table B.2.13.9-3 and the lowest
frequency for the bounding fuel cladding is shown in Figure B.2.13.9-5.
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B.2.13.9.4 Dynamic Load Factor Calculations

ANSYS transient dynamic analyses are performed using finite element models consisting of a
damped spring oscillator, COMBIN14, and a structural mass, MASS21, element to calculate
DLFs for 1’ and 30° end and side drops. The finite element model is shown in Figure B.2.13.9-6.
The acceleration time histories of the 1 and 30’ end and side drops are applied to the mass
element and the DLF is calculated:

DLF = upax dynamic/ Umax static
Where,
Umax static — calculated by max g load x mass / stiffness
Umax dynamic — calculated by ANSYS

Unit mass is assumed for all analyses, and the stiffness and damping (7% damping is used) are
calculated based on the desired frequency of the spring using the following equations:

k=mQn)
Where,
m — mass
f — desired frequency

c= 24’1/ikmi
where,

{ — damping ratio
k — stiffness
m — mass

DLFs are calculated for each drop condition for a frequency range from 5 to 200 Hz and are
shown in Figure B.2.13.9-7. The DLFs for the TN44B DSC shell assembly and basket assembly
are summarized in Table B.2.13.9-4. Fuel cladding DLFs are summarized in Table B.2.13.9-5.
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B.2.13.9.5 References
1. ANSYS Computer Code and User’s Manual, Release 10.

2. Blevens, Robert D., “Formulas for Natural Frequency and Mode Shape,” Krieger
Publishing Company, Florida, 1984.
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Table B.2.13.9-1

Lowest Natural Frequencies of the TN44B Basket During End Drop

Parameter Description Value'”
Length of Basket (in.) 176.5

Weight of Steel + Aluminum (Ibs.) 42,149

Volume of Steel + Aluminum (in’) 184,883

Average Weight Density (Ibs/in’) 0.22798
Average Mass Density (Ibm. / in’) 0.0000590
Young’s Modulus @700 °F (psi) 2.48E+07
Frequency of Basket (End Drop), f;, Hz 580.7972

Table B.2.13.9-2

Notes: (1) Values are equal to or conservative with respect to actual values.

Lowest Natural Frequencies of the TN44B DSC Shell During Side Drop

Parameter Description Value
v - Poisson's ratio 0.3
i for fundamental mode i =3 3
j for fundamental mode j =1 1
1t - Mass Density (Ibm in) 0.00075
E - Young’s Modulus @ 500F (psi) 2.59E+07
h — thickness (in) 0.75
R - Average Shell Radius (in) 32.75
L - Cavity Length (in) 179.38
Aij=A31 0.0703
Radial-Axial Lowest Frequency 66.483
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Table B.2.13.9-3
Lowest Natural Frequencies of Bounding BWR Fuel Claddings

During Side Drop
BWR Fuel Assembly 7x7 8x8 9x9 10x10
Lowest Natural 2.12 3538 31.67 30.62
Frequency (Hz)

MP197TAD TO - Dynamic Load Factor Results Summary

- Table B.2.13.9-4

Loading Condition / Component Max. DLF
1’ (normal) end drop / basket 1.06
1’ (normal) end drop / DSC shell 1.35
30’ (accident) end drop / basket 1.19
30’ (accident) end drop / DSC shell 1.57
1’ (normal) side drop / basket 1.05
1’ (normal) side drop / DSC shell 1.20
30’ (accident) side drop / basket 1.03
30’ (accident) side drop / DSC shell 1.16

Table B.2.13.9-5
BWR Fuel Cladding Dynamic Load Factor Results Summary

Drop DLF
1 ft fuel
side drop 157
30 ft fuel
side drop 1.50
NUH09.0101 B.2.13.9-10
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Fuel Assembly
Mass (typical)

TN44B Basket Modal Analysis 10% Bor.SS (modal, 44bth Osdm 10)

Figure B.2.13.9-1
Modal Analysis Model of TN44B Basket to Determine Limiting Fuel Compartment Span
(springs between plates not shown for clarity)

NUH09.0101 B.2.13.9-11




MP197 Transportation Packaging Safety Analysis Report Rev. 7, 09/09

ANSYS 10.0
MAR 17 2009
16:41:45

PLOT NO. ik
NODAL SOLUTION
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SUB =1
FREQ=224.897
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TOP

RSYS=0
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SMN ==3.435
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DIST=36.438
ZF =.5

PRECISE HIDDEN

TN44B Basket Modal Analysis 10% Bor.SS (modal, 44bth Osdm 10)

Figure B.2.13.9-2
Modal Analysis of TN44B Basket to Determine Limiting Fuel Compartment Span
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1 Fuel Asselpbly ANSYS 10.0
Mass (typical) MAR 17 2009
16:38:58
PLOT NO. 1
Fuel Compartment ELEMENTS
Plate TYPE NUM
U
. . v =1
Y-dlrecthn DIST=4.038
Springs (typical) XF =3.974
YF =.1575
/ ZF =.5
L v.vY I PRECISE HIDDEN
A Ny A
AT - A SS Wrapper
— , <] Plates
i — 3 }
Borated Steel Plate X-restraint for
(10% Strength) Stability (typical)
Y , .
' Y-restraint
‘ (typical)
44B Basket Modal Analysis 10% Bor.SS (modal, 44bth Osdm2 10)

Figure B.2.13.9-3
Conservative Modal Analysis Model of TN44B Basket Limiting Fuel Compartment Span
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ANSYS 10.0
MAR 17 2009
16:38:35
PLOT NO. 1
NODAL SOLUTION
STEP=1

SUB =1
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TOP

RSYS=0
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SMX =10.072
zv =1
DIST=4.038
XF =3.974
YF =.661122
ZF =.5

PRECISE HIDDEN

44B Basket Modal Analysis 10% Bor.SS (modal, 44bth Osdm2 10)

Figure B.2.13.9-4
Conservative Modal Analysis of TN44B Basket Limiting Fuel Compartment Span
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Figure B.2.13.9-5

Bounding BWR 10x10 Fuel Cladding First Mode Shape
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.Figure B.2.13.9-6
Finite Element Model for DLF Calculation
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Figure B.2.13.9-7

MP197TAD TO Transport Cask DLF Curves
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MP197TAD TO Thermal Expansion Evaluation

CONTENTS

B.2.13.10.1 Purpose
B.2.13.10.2 Radial Thermal Expansion
B.2.13.10.3  Axial Thermal Expansion
B.2.13.10.4 Results and Conclusions
B.2.13.10.5 Reference

........... B.2.13.10-1
........... B.2.13.10-2
........... B.2.13.10-4
........... B.2.13.10-6
........... B.2.13.10-7

NUHO09.0101 B.2.13.10-i




MP197 Transportation Packaging Safety Analysis Report Rev. 7, 09/09

Appendix B.2.13.10
MP197TAD TO Thermal Expansion Evaluation

NOTE: References in this appendix are shown as [1], [2], etc., and refer to the reference list in
Section A.2.13.10.5.

B.2.13.10.1 Purpose

In this appendix, the thermal expansion of the components of the MP197TAD TO is evaluated.
The thermal loads considered are the 100°F, -20°F and -40°F ambient normal condition of
transport (NCT), temperature distributions computed in Chapter B.3.

The thermal analysis of the TN44B DSC for NCT is described in Chapter B.3. This analysis is
performed to determine the MP197TAD TO components temperatures for the NCT with
maximum solar heating, maximum decay heat from the DSC contents for 100°F ambient and
with only the maximum decay heat from the DSC contents for -20°F and -40°F ambient
temperatures. The results of the thermal analysis are used to evaluate the effects of axial and
radial thermal expansion in the MP197TAD TO components

Volumetric average temperatures of the TN44B DSC shell and MP197TAD TO inner shell are
obtained using ANSYS [1] from Chapter B.3. The results are listed in the following table. The
average volumetric temperatures for DSC shell and inner shell from the hottest cross section of
the DSC are used in computing the radial hot gaps. Axial hot gaps are computed using the
average volumetric temperature computed over the full length of the DSC shell and inner shell.

Summary of Average Component Temperature for NCT Thermal Analysis

Ambient Average Calculated Temperatures Average Calculated
Temperature for Radial Gap (°F) Temperatures for Axial Gap (°F)
DSC shell Inner Shell DSC shell Inner Shell
-40°F 283 212 261 196
-20°F 297 229 276 213
100°F 384 325 363 308

To verify that adequate clearance exists between the TN44B DSC and MP197TAD TO cavity for
free thermal expansion, the thermal expansions between various components are calculated.

The following table lists the coefficients of thermal expansion used in this section.

NUH09.0101
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Thermal Expansion Coefficients (10 in/in/°F)

T CF) SA-240 SA-240 Aluminum
Type 304/304N | Type 316/316L (A16063)

70 8.5 8.5 12.1
100 8.6 8.6 12.4
150 8.8 8.8 12.7
200 8.9 8.9 13.0
250 9.1 9.1 13.1
300 9.2 9.2 13.3
350 9.4 9.4 13.4
400 9.5 9.5 13.6
450 9.6 9.6 13.8
500 9.7 9.7 13.9
550 9.8 9.8 14.1
600 9.8 9.8 14.2
650 9.9 9.9

700 10 10.0

750 10 10.0

800 10.1 10.1

850 10.2 10.2

900 10.2 10.2

950 10.3 10.3

1000 10.3 10.3

The following table presents the dimensions used in this calculation:

Dimensions used in Calculating Thermal Expansion (in.)

Heat Load,
DSC KW ODcanister,Cold | Lcanister,cold | Leantiacold | IDshento,cold | Licavity,T0,cold
TN44B 22 66.25 196.25 6.25 67 206

B.2.13.10.2  Radial Thermal Expansion

The maximum outside diameter of the TN44B DSC when exposed to the hot environment is:

ODCanisler,Hot = ODCanisler,Co[d [1 + aCAN (Tm'g,CAN,SheII - :Tref )]
where:

®  OD¢ister 1ir = Hot outer diameter of TN44B DSC, in

®  OD(,er coe = Cold outer diameter of TN44B DSC, in

Canis

o «a.,, = Thermal expansion coefficient of TN44B DSC shell material, 10 in./in./°F
* T, .cavsmen = Volumetric average temperature of TN44B DSC shell, °F

e T

s = Reference temperature = 70°F
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The maximum outside diameter of TN44B DSC is calculated in the table below.
Maximum Outside Diameter of Hot TN44B DSC (in.)
Ambient Temperature ODCanister Cold Tavg CAN.Shell OCAN ODCanister Hot
°F in. °F o in.

-40°F 283 9.17E-06 66.379

-20°F 66.25 297 9.19E-06 66.388

100°F 384 9.47E-06 66.447

The minimum hot inside diameter of the MP197TAD TO inner shell is:

IDSheII,TO,Ho[ = IDSheII,TO,Co/d [1 + aShell,TO (Tavg,Shell,TD - T;‘ef )]
where:

e IDg 10 1= Hot inner diameter of MP197TAD TO inner shell, in
®  IDg, 10c0a= Cold inner diameter of MP197TAD TO inner shell, in

® Qg0 = Thermal expansion coefficient of MP197TAD TO inner shell material,
10 in./in./°F
* T, . sinso= Volumetric average temperature of MP197TAD TO inner shell, °F

re)

o T, =Reference temperature = 70°F

The minimum inside diameter of the MP197TAD TO inner shell is calculated in the table below.

Minimum Inner Diameter of Hot MP197TAD TO inner shell (in.)

Ambient Temperature | 1Dspeirrocold | Taveshell o Oshett 70| TDshell 70 Hot
°F in. °F of! in.
-40°F 212 8.95E-06 67.085
-20°F 67.00 229 9.02E-06 67.096
100°F 325 9.30E-06 67.159

The resulting hot diametrical gaps between the TN44B DSC and the MP197TAD TO inner liner
are calculated as follows and are presented in the table below.

AHOT_GAP,Dia = IDShe/l,TO,HoI - ODCam‘sler,Hol

Diametrical Hot Gap (in.)

Ambient Temperature Hot Diametrical Gap,
CF) AHOT GAPDia
-40°F 0.706
-20°F 0.708
100°F 0.712

Adequate clearance has been provided between the outside diameter of the TN44B DSC and the
inner diameter of the MP197TAD TO inner liner to permit free thermal expansion.
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B.2.13.10.3  Axial Thermal Expansion

Free movement of the TN44B canister in the axial direction is restricted by the use of canister
lifting device spacers attached to the inner surface of the TAD TO lid. These spacers have a
height of 6.25” and are made of Aluminum 6063. A canister lifting device is attached to the top
of the TN44B canister. The TN44B canister lifting device has a height of 6.00” and is made of
ASTM A182 Type F316N or ASTM A240 Type 316N.

To bound the expansion between the TN44B canister and the TAD TO inner cavity in the axial
direction, the average temperature of the TAD-TO canister lifting device spacer with a height of
6.25” is considered equal to the average temperature of the canister shell.

Thermal expansion of the TN44B DSC and the TN44B DSC Lifting Device spacer in the axial
direction when exposed to the hot environment is:

LCani.vter,Hot = LCanister,Cold [1 + aCAN (Tavg,CAN JShell - T;'ef )]

LCAN,Liﬁ,Hot = LCAN,Liﬁ,CoId [1 ey Lin (T, avg,CAN Lift Tref )]

where:
®  Lwisier ot = Maximum hot length of the TN44B DSC, in
*  Liwnisiercold = Maximum cold length of the TN44B DSC, in
® Loy ipcoa = Length of the TN44B DSC lifting device spacer, in
* Loy 1pne = Hot Length of the TN44B DSC lifting device spacer, in

e a,,y = Thermal expansion coefficient of TN44B DSC shell material, 10 in./in./°F

® a4y = Thermal expansion coeff. of TN44B DSC lifting device spacer, 10 in./in./°F
® T, cav.n= Volumetric average temperature of TN44B DSC lifting device spacer, °F

o T, sheuro= Volumetric average temperature of MP197TAD TO inner shell, °F

o T,

s = Reference temperature = 70°F

The maximum length of each TN44B DSC and TN44B DSC Lifting Device spacer is calculated
as noted above and is presented in the table below.

Maximum Length of Hot TN44B DSC and TN44B DSC Lifting Device

Ambient
Temperature Tavgsc QCAN LcansiterHot | QCANLift LcaN,Lif Hot
°F °F °F"! in. °F"! in.
-40°F 261 9.12E-06 196.592 1.31E-05 6.266
-20°F 276 9.15E-06 196.620 1.32E-05 6.267
100°F 363 9.43E-06 196.792 1.35E-05 6.275
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The length of the MP197TAD TO cavity, Lcaviy.ro.cod at room temperature is 206 in. The length of
the MP197TAD TO cavity when exposed to the hot environment is:

LCavity,'['O,Hal = LC‘aw’ly,TO,Cold [1 + aSheII,TO (Evg,S_hell,'I'O - ]—'ref )]

where:

° Lopwrone = HotMPI97TAD TO cavity length, in

°  Legiy10coa= Cold MP197TAD TO cavity length, in

® g1 = Thermal expansion coefficient of MP197TAD TO inner shell material,
10°® in./in./°F

° T, swenso = Yolumetric average temperature of MP197TAD TO inner shell, °F

o T, =Reference temperature = 70°F

The minimum length of the hot MP197TAD TO cavity is calculated in the table below.

Minimum Length of Hot MP197TAD TO Cavity

Ambient
Temperature Tavg,shell. T0 Oshel. 70 | Lishell,TOHot
°F °F °F! in.
-40°F 196 8.89E-06 206.231
-20°F 213 8.95E-06 206.264
100°F 308 9.23E-06 206.453

The resulting hot axial gap between the TN44B DSC (and TN44B DSC Lifting Device) and the
MP197TAD TO cavity is calculated as follows and is listed in the table below.

AI'IOT_GAI’,.‘L\’IAL = LCaviry,TO,Hol - (LCanisler,Hot + LCAN,Lffl,HoI)

Axial Hot Gap
Ambient Axial Hot Gap,
Temperature Aot GapAXIAL
°F in.
-40°F 3.373
-20°F 3.377
100°F 3.386

Adequate clearance has been provided between the TN44B DSC and the MP197TAD TO cavity
length to permit free thermal expansion. '

NUHO09.0101 B.2.13.10-5




MP197 Transportation Packaging Safety Analysis Report

B.2.13.10.4 Results and Conclusions

Based on the results of the above analyses, there is adequate clearance between the various '
components of the TN44B DSC and MP197TAD TO to allow free thermal expansion.

Consequently, no significant stress will develop in the NUHOMS® MP197TAD TO due to
thermal expansion. The following table summarizes the thermal expansion calculation results

from the above analyses.

Thermal Expansion of MP197TAD TO Components

Ambient Temperature | Hot Diametrical Gap | Hot Axial Gap
°F in in
-40°F 0.706 3.373
-20°F 0.708 3.377
100°F 0.712 3.386
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B.2.13.10.5 Reference

1. ANSYS Computer Code and User’s Manual, Release 8.1 and 10.0.
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Appendix B.2.13.12
MP197TAD TO Impact Limiter Analysis Using LS-DYNA

NOTE: References in this appendix are shown as [1], [2], etc., and refer to the reference list in
Section B.2.13.12.11.

B.2.13.12.1 Introduction

The results of the 1/3 scale drop tests of the impact limiters previously performed for the
NUHOMS®-MP197 transport package [1] are used to benchmark the analysis model and
methodology for the NUHOMS®-MP197HB impact limiters. For this purpose, a 1/3 scale model
of the NUHOMS®-MP197 in the tested configuration is developed and analyzed using the LS-
DYNA [2] computer program, and the analysis results are compared to the 1/3 scale
NUHOMS®-MP197 drop test results as described in Appendix A.2.10.9 of the NUHOMS®-
MP197 SAR. The benchmarked model, methodology, and material properties are then used to
develop the full scale MP197TAD TO LS-DYNA model as described in Section B.2.13.12.5.

B.2.13.122 NUHOMS®-MP197 Transport Package 1/3 Scale Impact Limiter Drop Testing

A series of drop tests have been previously performed on a one-third scale mockup of the MP197
transport package equipped with impact limiters. The test program details and test results are
described in Appendix 2.10.9 of the NUHOMS®-MP197 SAR. The tests were performed to
evaluate impact limiter performance for the 30 foot free drop hypothetical accident conditions.
The cask was dropped in three different orientations, including a 90° end drop, 0° side drop and a
20° slap down. The 90° end drop orientation was performed with the impact limiters chilled to -
20 °F in order to analyze the effects of low temperature on impact limiter performance.

For purposes of carrying out the testing program, four 1/3 scale impact limiters were constructed
and tested. These are identified as impact limiter numbers 1, 2, 3, and 4 in the table below. The
various drop test orientations were performed in the sequence shown in the following table.

"Test Drop Drop Ilj:]nl:::g- Location of Impact
Number Orientation Height Limiter in Cask
Number
0° 1 TOp
1 . 30 Feet
Side Drop 2 Bottom
3 Top
20° (2™ Impact)
2 Slap Down 30 Feet 2 Bottom
(1* Impact)
3 Top
90°
3 End Drop 30 Feet
4 Bottom
(Impact End, -20°F)
NUH09.0101 B.2.13.12-1
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B.2.13.12.3 MP197 1/3 Scale LS-DYNA Benchmark Analysis

This section describes the series of analysis used to benchmark the impact limiter analysis
methodology against the results of the 1/3 scale impact limiter drop testing program documented
in Appendix 2.10.9 of this SAR. For this purpose a finite element model of the 1/3 scale MP197
cask mockup equipped with impact limiters is developed using the LS-DYNA computer program
[2]. The LS-DYNA finite element model is analyzed for the same three hypothetical accident
conditions as those in the test program, as summarized in Section B.2.13.12.2: 30” end drop (-20
°F), 30’ side drop (room temperature), and 30 20° slap down (room temperature). The finite
element analysis results are compared to the actual drop test results documented in Appendix
2.10.9 of this SAR, to benchmark the adequacy of the finite element model.

A. Description of Finite Element Model

The finite element analysis model is a representation of the surrogate 1/3 scale MP197 cask used
for the actual drop tests with an impact limiter installed on each end of the cask. The impact
limiter model incorporates the individual balsa or redwood sections that make up the impact
limiter and the stainless steel cover shell. The impact limiter incorporates a thermal shield
consisting of an aluminum plate interfacing with the cask and aluminum spacer blocks that create
a thermal gap with the cask lid at each.end. The finite element model includes the aluminum
spacer blocks. The aluminum plate itself is not modeled as it would have negligible contribution
to the structural performance of the cask. Additional features such as the impact limiter
attachment bolts and alignment tubes are also included in the LS-DYNA model. The impact
surface, which consists of a steel plate over a thick concrete pad is also included in the model.

The impact limiter wood sections, the concrete pad and steel plate are modeled in LS-DYNA
using fully integrated S/R 8-node solid elements. The cask model and aluminum thermal spacer
blocks are modeled with fully integrated quadratic 8 node elements. The impact limiter shell is
modeled with fully integrated shell elements.

The impact limiter attachment bolts and associated inner and outer bolt tubes are modeled as a
combination of spring elements and beam elements. The outer alignment tubes and inner welded
bolt tubes are modeled as beam elements with the proper dimensions. The inner bolt tube is
welded to the stainless steel impact limiter shell. The section of bolt extending from the bolt boss
to the impact limiter shell is modeled as a beam section. The beam is fixed to the bolt boss on
one end. The other end is fixed to the impact limiter shell in a way that approximates the bolt
penetrating the shell. For the end drop condition, this end of the beam is coupled to the shell in
the X and Y directions. For the side drop and slap-down conditions, this end of the beam is
coupled to the shell in the Y and Z directions. The remaining section of bolt is modeled as a non-
linear spring. The spring has a tensile stiffness and a negligibly small compression stiffness. This
is done in order to model the bolt slipping through the tube during compression. The small
compression spring rate prevents instabilities within LS-DYNA. Bolts located on the axis of
symmetry are modeled with modified dimensions that have half the moment of inertia and half
the cross sectional area.
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Only one-half of the cask, impact limiters, steel plate and concrete are modeled, as the entire
arrangement is reasonably symmetric about the x-y plane. The distribution of the thermal shield
spacer blocks is not symmetric to the plane of symmetry. However, the slight asymmetry is
negligible since the effect of the blocks is still captured.

The three analyzed drop accident conditions are as follows:

1. 30’ end drop (-20°F)
2. 30’ side drop (room temperature)

3. 30’ 20°slap down (room temperature)

Drop models have consistent room temperature wood properties except the chilled end drop
which has modified wood properties to simulate a -20°F environment. The slap down scenario
has the cask initially rotated 20° from the horizontal side drop position and includes an impact
limiter at both ends.

The finite element model and different drop orientations can be seen in Figure B.2.13.12-1
through Figure B.2.13.12-4.

B. Cask Model and Steel Plate Material
The cask model and steel impact plate are modeled as A36 steel with the following properties:

E =27.7x10° psi

v=03

S, =30.0 ksi

Tangent Modulus, Er=2% E = 5.540x10° psi

C. Impact Limiter Shell Material

The impact limiter shell is modeled as SA-240 Type 304 stainless steel with the following
properties:

E =28.3x10° psi

v=10.3

Sy =30.0 ksi

Tangent Modulus, E = 1.0X10’ psi

Strain Failure, &= 0.3

Mass density, poy=9.405x10 Ib sec”/in’

The density of the impact limiter shell is adjusted to account for the weight of those components
not included in the model, such as the lifting lugs. The measured weight of the actual 1/3 scale
cask mockup with both impact limiters installed is 9,750 Ibs.
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D. Concrete Material

The concrete is modeled using material law 16 in LS-DYNA, which was developed specifically
for granular type materials. Material constants are implemented into Material Model 16, Mode
I1.B in LS-DYNA. The material modeled represents 4,200 psi compressive strength concrete. A
summary of the input used in the analysis is as follows:

Yield stress versus pressure relationships used:

Chax = 4 +—-——P

a, +a,P

O foiteq = oy T r
a, +a,P

p=2.09675x10"* Ib. sec.?/ in.*

v=0.22

ap = 1606
a;=0418

a, = 8.35x107
b1 =0

agr= 0.0 psi.
a;r=0.385

The above yield stress versus pressure curves are used to describe either a hardening or softening
behavior of the concrete material, as follows:

O-yield = O-failed + n(Umax - o-fafled)
The scale factor 7 as a function of plastic strain is tabulated in Table B.2.13.12-1.

The maximum principal stress tensile failure cutoff is set at 870 psi. Strain rate effects are
neglected in the analysis.

The pressure-volume behavior of the concrete is modeled with the pressure versus volumetric
strain relationship shown in Table B.2.13.12-2 using the equation of state feature
(EOS_Tabulated Compaction) in LS-DYNA.

An unloading bulk modulus of 700,000 psi is assumed to be constant at any volumetric strain.

One percent reinforcement is assumed in the concrete pad to account for the pad reinforcement.
The material properties used for the reinforcing bar are as follows.

E = 30x10° psi.
v= 0.3
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Sy = 30,000 psi.
Tangent Modulus, Er=30x10* psi.

E. Impact Limiter Wood Segment Material

The impact limiter wood is modeled using the Mat Modified Honeycomb material model in LS-
DYNA (material type 126), which models crushable materials with anisotropic behavior.
References [4] and [5] document the use of Mat Honeycomb material model in LS-DYNA to
model wood in a similar application. Since the crush strength of wood is not isotropic, separate
material properties are used in directions parallel and perpendicular to the wood grain. Strain rate
effects are neglected in the analysis. Table B.2.13.12-3 summarizes the wood segment material
properties [3]. Table B.2.13.12-4 summarizes the wood segment material properties increased by
20% [3] for the -20° F temperature condition. All redwood and balsa materials have a strain
failure of 0.4, which is conservatively high.

The pressure versus volumetric strain relationship defines the crush strength of the wood
segments. Table B.2.13.12-5 shows the pressure versus strain curves for redwood and balsa
parallel and perpendicular to the wood grain for the average room temperature wood properties
[3]. Table B.2.13.12-6 shows the same for the 20% increased wood properties for the -20° F
ambient condition. The pressure strain curve is assumed to be initially linear with a slope of the
modulus of elasticity F, and then flat up to a locking strain of 0.8 for balsa and 0.6 for redwood.

F. Bolt and Alignment Tube Material

There are 12 bolts that attach each impact limiter to the cask. The following elastic, linearly
plastic material properties are used for the bolts in the finite element model.

SA-540 GR.B24 CL. 1

E =27.8x10° psi

v=20.3

S, =75.0 ksi

Tangent Modulus, Er=2% E = 5.56x10° psi

The bolts that attach the impact limiters to the cask are modeled as circular cross section beams.
For the side drop and slap down conditions, the bolt tube sections at the symmetry plane are
modeled as hollow circular cross section beams with modified dimensions to represent half the
area and moment of inertia. :

The springs representing the sections of bolts within the impact limiter were given spring rates
representing that of the bolt. The length of bolt used for the spring rate calculation is 10”. For the
side drop and slap down conditions, the springs at the plane of symmetry were given half the
spring rate. The springs at the plane of symmetry for the end drop condition were left unchanged
as the bolts would be in compression and therefore would have negligible affect on the analysis.
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Bolt alignment tubes are modeled as tube beams. The alignment tubes modeled at the plane of
symmetry are also full-size as their strength difference is minimal in this analysis. The following
elastic, linearly plastic material properties are used for the bolt tubes:

SA-249 Type 304

E=28.3x10° psi

v=203

S, =30.0 ksi

Tangent Modulus, E = 10° psi

G. Boundary Conditions and Initial Conditions

One-half of the cask and impact limiters are modeled with symmetry boundary conditions used
to simulate the full structure. The lowest point of the impact limiter shell is initially placed
within 0.25” of the steel impact plate to minimize run time. An initial velocity corresponding to
the drop height is applied to the model. The initial velocity computed for a 30” drop is 527.45
in/sec.

The automatic surface-to-surface contact definition in LS-DYNA

(Contact_Automatic_Single _Ssurface) is applied to model for the contact between any two parts
of the model. A conservatively low coefficient of friction of 0.25 is applied between all the
contact surfaces. The use of a low value for the coefficient of friction is conservative because
less energy is absorbed due to friction resulting in greater impact acceleration forces.

An interior contact (Contact_Interior) contact definition is applied to the elements modeling the
wood sections to prevent hourglassing due to the high level of deformation. Hourglassing occurs
when an element undergoes extreme deformation and inverts to a negative volume.

Non-reflecting boundaries are applied to the bottom and sides of the modeled concrete not
aligned with the plane of symmetry (bottom, left side, right side, and back) to prevent artificial
stress waves from reflecting.

B.2.13.12.4  1/3 Scale Impact Limiter Benchmark Analysis Results

Table B.2.13.12-7 summarizes the results of the LS-DYNA analysis in terms of peak filtered
accelerations, maximum crush depths, and impact durations for the three drop cases analyzed
and compare them with similar parameters obtained from the test results. The maximum
accelerations from the tests and the LS-DYNA analyses model are divided by three to represent
the accelerations of a full scale MP197 cask. Impact durations and crush depths are unchanged
(compare 1/3 scale analysis results to1/3 scale test results). Figures B.2.13.12-5 through
B.2.13.12-8 show the deformed shapes of the impact limiters for each drop case analyzed.

The acceleration time histories from the LS-DYNA analyses and from the 1/3 scale testing are
shown in the figures summarized in the table below:
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Figures from

Figures from 1/3 Scale Testing

Drop Test Case LS-DYNA Analysis
Side Drop Figure B.2.13.12-9 Figure B.2.13.12-10 Figure B.2.13.12-11
End Drop Figure B.2.13.12-12 Figure B.2.13.12-13 Figure B.2.13.12-14

20° Slap Down

Figure B.2.13.12-15
(1* Impact)

Figure B.2.13.12-17
(1% Impact)

Figure B.2.13.12-16
(2™ Impact)

Figure B.2.13.12-18
(2™ Impact)

As described in Appendix 2.10.9 of this SAR, accelerometers were used to measure the response
deceleration time histories for each test. The accelerometers were placed along the test body at
0°, 90°, 180°, and 270° orientations at approximately the center of gravity location and adjacent
to each impact limiter.

The test response acceleration time histories shown in Figures B.2.13.12-10, -11, -13, -14, -17,
and -18 are representative of the test case indicated. The peak g load calculated from the LS-
DYNA analysis is compared with the measured averaged g loads from all the accelerometers.

The analysis results shown in Table B.2.13.12-7 agree well with the measured results of the
impact limiter drop tests. The LS-DYNA accelerations are slightly higher due to the
conservatism in analysis. The impact time durations match closely with those of the measured
results. Wood crush depths are also similar. Therefore, it can be concluded that the LS-DYNA
model and analysis methodology implemented as described in this section accurately predicts the
response of the impact limiters during the accidental drop.
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B.2.13.12.5 MPI197TAD TO Transport Package LS-DYNA Impact Analysis

The benchmarked model and analysis methodology used for the 1/3 scale LS DYNA analysis of
the MP197 described in Section B.2.13.12.3 are used to develop a full scale LS-DYNA model of
the MP197TAD TO transport cask equipped with impact limiters. The model is used to
determine the rigid body acceleration time history and impact limiter crush depths for the
following hypothetical drop conditions:

30’ End Drop (room temperature)
30’ End Drop (-20°F)

30’ Side Drop

30’ CG Over Corner Drop

30’ 20° Slap Down

30’ 15° Slap Down

30’ 10° Slap Down

1’ Normal Condition End Drop
1’ Normal Condition Side Drop

WAL=

Impact limiter attachment bolt forces are also determined for the slap down drop scenarios.
A. Finite Element Model Description

A finite element model of the MP197TAD TO transport cask with impact limiters installed at
each end of the cask is developed in order to determine the cask’s rigid body acceleration and
impact limiter crush depths due to normal conditions of transport and hypothetical accident
condition drop scenarios.

Because of the complexity of the analysis, the modeled cask is a simplified version of the actual
MP197TAD TO transport cask. The simplified cask model maintains the same geometry as the
actual cask in those areas that interface with the impact limiters. However, density and other
dimensions are modified so that the modeled cask has the same dynamic characteristics (mass,
center of gravity, and mass moments of inertia properties) as the actual MP197TAD TO cask.

The material properties used in the analysis of the MP197TAD TO cask are the same as those
used for the 1/3 scale MP197 benchmarking analysis described in Section B.2.13.12.3. The
density of the modeled cask and the stainless steel impact limiter shell are modified in order to
duplicate the dynamic characteristics of the actual MP197TAD TO cask. The failure strain of
the stainless steel shell has been increased from 0.3 to 0.8. This is conservative as it would only
increase impact acceleration.

The finite element analysis model includes a representation of the actual MP197TAD TO cask
with an impact limiter installed on each end of the cask. The impact limiter section of the model
incorporates the individual balsa or redwood sections that make up the impact limiter and the
stainless steel cover shell. The aluminum spacer rings of the thermal shield are included in the
model. The model includes a concrete block with a steel plate on top to represent the impact
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surface. Only % of the cask, impact limiters, steel plate and concrete are modeled as the entire
arrangement is reasonably symmetric about the x-y plane.

The impact limiter wood sections, cask model, concrete pad and steel plate are modeled in LS-
DYNA using fully integrated S/R 8-node solid elements. The aluminum thermal spacer rings are
modeled with fully integrated quadratic 8 node elements. The impact limiter shell is modeled
with fully integrated shell elements.

Additional features, such as the impact limiter attachment bolts and associated outer alignment
and inner welded tubes are modeled as a combination of spring elements and beam elements.
The alignment tubes and welded tubes are modeled as beam elements welded to the stainless
steel impact limiter shell.

The drop scenarios analyzed include the hypothetical accident condition drop with a drop height
of 30 feet and the [-foot normal condition of transport drop. Wood properties at room
temperatures are used for all analysis cases except for the 30 feet end drop for which modified
wood properties to simulate a -20°F environment is used. The CG over corner drop is 66.4° from
the horizontal side drop position. The slap down cases are 20° 15°, and 10° from the horizontal
side drop position.

Figures B.2.13.12-19 through B.2.13.12-25 show the MP197TAD TO finite element model and
the different drop orientations analyzed.

B. Material Properties

The material properties used in this analysis are the same as those used for the 1/3 Scale MP197
Drop Analysis Benchmark. The material properties required to perform the analysis include
modulus of elasticity, £, shear modulus, G, Poison’s ratio, v, and material density, p, for the cask
model, impact limiter shell, wood segments, steel plate and concrete.

C. Cask Model and Steel Plate Material

The following elastic, linearly plastic material properties for mild steel (A-36) are used for the
steel plate and cask model.

E =27.7x10° psi

v=03

S, =30.0 ksi

Tangent Modulus, Er=2% E = 5.540x10° psi

D. Cask Model

The cask model has the same mass, center of gravity, and moment of inertia as the actual cask.
The critical moment of inertia is about Y-axis which is perpendicular to the plane of symmetry of
the model. The moments of inertia about the other two axes do not influence this analysis due to
the boundary conditions.
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The dimensions and density of the modeled cask are adjusted to have the same mass, center of
gravity, and moment of inertia as the actual cask. The geometry of the modeled cask is similar to
the actual cask except that the center section has a smaller diameter. The reduced diameter area
is offset from the geometric center to affect the center of gravity.

E. Impact Limiter Shell
The following elastic, linearly plastic material properties are used for the impact limiter shell.
Stainless Steel (SA-240 Type 304)

E =28.3x10° psi

v=0J3

S, =30.0 ksi

Tangent Modulus = 10’ psi

Strain Failure, = 0.8, conservatively high for model stability

The density of the impact limiter shell is adjusted to calibrate the weight of the impact limiter
model. This is to take into account for the mass of those impact limiter parts not included in the
model.

F. Concrete

The concrete material model and properties are identical to those used for the 1/3 scale MP197
model in Section B.2.13.12.3.

G. Impact Limiter Wood Segments

The impact limiter wood is modeled using the Mat_Modified Honeycomb material model
(Material type 126) in LS-DYNA, which models crushable materials with anisotropic behavior
such as wood. Since the crush strength of wood is not isotropic, separate material properties are
used in directions parallel and perpendicular to the wood grain. Wood crush strengths and
density are taken from the MP197 1/3 Scale Benchmark Analysis. The redwood and balsa are
modeled with a tensile failure strain of 0.4.

H. Bolt and Alignment Tubes

There are 12 bolts that attach each impact limiter to the cask model. The following elastic,
linearly plastic material properties are used for the bolts.

SA-540 GR. B24 CL. 1

E=27.8x10° psi

v=0.3

S, =75.0 ksi

Tangent Modulus, Er=2% E = 5.56x10° psi
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Bolts at the symmetry plane are modeled as hollow circular cross section beams with modified
dimensions to represent approximately half the moment of inertia. The cross sectional area of
the bolts at the plane of symmetry is conservatively larger than half of the fullsize bolts.

Each bolt has a bolt alignment tube and a welded bolt tube. The following elastic, linearly plastic
material properties are used for the bolt tubes:

SA-312 Type 304

E =28.3x10° psi

v=0.3

S, =30.0 ksi

Tangent Modulus, E = 10° psi

Bolt alignment tubes and welded bolt alignment tubes are modeled as tube beams. Tubes at the
plane of symmetry were modeled with complete section properties. The difference in strength is
negligible

L. Boundary and Initial Conditions

Because of symmetry, one-half of the cask and impact limiters is modeled with symmetry
boundary conditions in order to simulate the full structure. The initial velocity is computed by
equating potential and kinetic energies. For a 30 foot drop, the initial velocity is 527.5 in/sec. For
a 1 foot drop, the initial velocity is 96.3 in/sec.

An automatic surface to surface (contact_automatic_single_surface) contact definition is applied
between all parts where contact is feasible. Due to the larger deformations of the impact limiters
compared to those of the benchmark analysis, additional contact definitions are applied. An
eroding surface to surface (contact eroding_single_surface) contact definition is applied during
cg over corner and side drops. Interior (contact automatic_general interior) contact definitions
are also applied to the wood parts to prevent elements from inverting and becoming negative
volumes due to large deformations and hourglassing. A conservatively low coefficient of friction
(static and kinetic) of 0.25 is applied between all contact surfaces.

Non-reflecting boundaries are applied to the bottom and sides of the modeled concrete not
aligned with the plane of symmetry (bottom, left side, right side, and back) to prevent artificial
stress waves from reflecting. Both dilatation and shear waves are damped.

J. Data Reduction

The following table lists the duration of the analysis for each drop condition. The time step was
automatically chosen by the LS-DYNA program based on the minimum model element size.
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Drop Condition Run Duration (sec)
30’ End Drop 0.05
(Room temperature) ’
30’ End Drop

(-20°F) 0.05
30’ Side Drop 0.07
30’ Slap Down 20° . - 0.2
30° Slap Down 25° 0.2
30’ Slap Down 10° 0.2
30’ CG Over Corner Drop 0.1
1’ Normal Condition

End Drop 0.05
1’ Normal Condition

Side Drop 0.05

The resulting nodal acceleration time histories are computed by LS-DYNA. The nodal
accelerations averaged from the center region of nodes for the end drop and cg over corner.
Results are averaged from the top region of nodes for the side drop due to the cg of the cask
being biased towards the top of the cask. Slap down results are averaged for both the top and
bottom of the cask due to the dual impacts. Figure B.2.13.12-26 shows the regions of nodes
averaged. ‘

The time step in the LS-DYNA analysis is 50 usec. Therefore, by the Nyquist theorem, the
frequency content of the nodal acceleration data ranges from zero Hz, up to the following
maximum frequency, fmax.

1

l—_6=lOkHz
250x107" sec

fmax=

The natural frequencies of the MP197TAD TO cask model, which can be excited by an impact
event, are significantly lower than 10kHz. These natural modes of the transport cask involve
small displacements (and therefore low stresses) at frequencies higher than that of the rigid body
motion of the transport cask. These high frequency accelerations mask the true rigid body motion
of the transport cask, because both the low frequency rigid body acceleration and the high
frequency natural vibration accelerations superimpose. The net acceleration is contained in the
raw data computed by LS-DYNA. Therefore, filtering is necessary to remove these high
frequency accelerations. '

The averaged raw data for each cross section is filtered using a low pass Butterworth filter with
different cutoff frequencies depending on the orientation of the model in order to recover the
actual rigid body acceleration of the cask model. A 180 Hz cutoff frequency is used for the end
drop conditions and the CG over corner drop. A 100 Hz cutoff frequency is used for side drop
conditions including the slap down runs. The cutoff frequencies are conservative because they
will filter out some but not all of the high vibration modes of the cask model in their respective
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locations and drop orientations. Therefore, the response predicted by the filtered results includes
more dynamics than simply the rigid body motion of the transport cask.

B.2.13.12.6  Analysis Results

Table B.2.13.12-8 summarizes the results of the LS-DYNA analysis in terms of peak filtered
accelerations, impact durations, maximum crush depths, and provides the corresponding time
history plot for the drop scenarios analyzed. Impact limiter crush depth is based on the
deformation of the cask into the impact limiter in the vertical direction.

Impact durations are visually determined from the acceleration time history plots (Figures
B.2.13.12-27 through B.2.13.12-38). Note that the units in Figures B.2.13.12-27 through
B.2.13.12-38 are in/sec?.

Figures B.2.13.12-39 through Figure B.2.13.12-50 show the impact limiter maximum
deformation plots.

B.2.13.12.7  Additional Analysis Results for Slap Down Drop Analyses

The peak rotational acceleration is calculated for the slap down conditions based on the cask
interface forces and rotational centers. Figure B.2.13.12-51 shows the locations of nodes groups
selected to determine acceleration during peak acceleration of the first and second impacts.
Figures B.2.13.12-52 through B.2.13.12.-54 show the plot results for the 20°, 15°, and 10° slap
down drop cases.

The rotational centers are at 174.43” from the bottom for the first impact and 61.09” from the
bottom for the second impact of the slap down 20°. The rotational centers are at 165.24” from the
bottom for the first impact and 60.24” from the bottom for the second impact of the slap down
15° The rotational centers are at 162.80” from the bottom for the first impact and 60.74” from the
bottom for the second impact of the slap down 10°.

Axial and shear bolt forces at various positions around the impact limiter are plotted for the slap
down 20°, 15° and 10° cases in Figures B.2.13.12-55 through B.2.13.12-57.

Rigid body accelerations for the entire cask model are shown in Figures B.2.13.12-58 through
B.2.13.12-60 for the slap down 20°, 15°, and 10° runs.

B.2.13.12.8  Sensitivity Studies of MP197TAD TO Impact Limiter Analysis

This MP197TAD TO cask impact limiter analysis is similar to the MP197HB cask impact limiter
analysis [1] in mesh size, bolt modeling, boundary conditions, wood property orientation, friction
and overall model geometry. Therefore, the sensitivity studies performed for the MP197HB cask
impact limiter analysis to show the adequacy of the model also apply to this MP197TAD TO
cask impact limiter analysis.
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The four following sensitivity studies were performed for the MP197HB cask impact limiter
analysis.

1) Effect of wood element mesh density and effect of bolts on calculated impact load

2) Unyielding impact surface sensitivity

3) Bolt forces with radial perpendicular wood properties

4) Cask model geometry and friction sensitivity

B.2.13.12.9  Baseline g Loads for Structural Evaluations

Based on the LS-DYNA calculated impact accelerations shown in Table B.2.13.12-8, the wood
property at -20°F temperature will increase the g load approximately by 11% (48.9/44.1=1.11).
Therefore, the g loads resulting from room temperature are conservatively increased by 14% and
used as baseline g loads for component structural evaluations. The following table shows the
baseline g load to be used for the cask body structural evaluations.

Baseline g Loads for Cask Body Structural Evaluations

. . Peak rigid bod F éctor Baseline
Drop Orientation decelgrationy : Loads(l)g
30’ End Drop 44.1 g 1.14 Slg
30’ Side Drop 51.6¢g 1.14 59g
30° CG Over Comer Drop /. mci?'ti iroun o | 114 35¢
1 Translation (23.0g) 1.14 27 g
, Rotational a =150
30 Impact (o= 131.9 rad/sec?) .14 rad/sec’
Slap Down
(10% ond Translation (28.9g) 1.14 33
Impact Rotational 1.14 a =189
P (a = 165.9 rad/sec’) ) rad/sec’
I Translation (21.7g) 1.14 25¢g
, Rotational o =127
Sla 3]gown Impact (o= 111.4 rad/sec®) 114 rad/sec’
550) ond Translation (27.9g) 1.14 32
Impact Rotational 1.14 a =201
P (a=176.2 rad/secz) ’ rad/sec’
1 Translation (23.6g) 1.14 27
, Rotational a=120
Sla 3]gown Impact (a = 105.7 rad/sec?) 114 rad/sec’
{’200) i |_Translation (26.5¢) | 1.14 30
Impact Rotational 114 a =200
P (o= 175.6 rad/sec?) ) rad/sec’
1’ End Drop 276 g 1.14 - 32
1’ Side Drop 156 g 1.14 18
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B.2.13.12.10 Impact Limiter Bolt Evaluation

The purpose of this section is to determine the stresses in the MP197TAD TO impact limiter
attachment bolts and blocks.

The worst loading occurs in the top impact limiters attachment blocks during the second impact
of a shallow angle slap—down drop. ‘

Twelve impact limiter attachment bolts take the moment applied during a shallow angle slap—
down drop.

One evaluation is made using the maximum tensile force found in Figure B.2.13.12-55 for a bolt
during a 20 degree slap down drop, which is equal to 250,000 lb. The maximum tensile force F
in a bolt considered in this case will be conservatively taken equal to 114% of that value, or
285,000 Ib.

Due to lack of benchmarking of the previous method, another evaluation is made where the
tensile force in the bolts is calculated by considering the equilibrium of moments each bolt is
submitted to, conservatively assuming that:

1. The lateral force exerted on the impact limiter by the cask comes from the full weight of
the cask (270,000 Ibs) and is centered in the middle of the impact limiter cavity (at a distance
14.875 in from the bottom of the impact limiter);

2. The g load for the second impact of a 20 degree angle slap down drop is 30g;

3. The friction coefficient p between the cask and the impact limiter and between the impact
limiter and the impact surface is 0.42 [6], based on hard steel against hard steel friction
properties.

Since the bottom impact limiter crushes during the first impact, the top impact limiter impacts
with a slight angle during the second impact, and its bottom edge crushes first. Therefore, the
reaction force on the impact limiter is located close to the bottom edge of the impact limiter.
However, to maximize bolt forces, it is conservatively assumed that the reaction force is exerted
on the other side of the lateral force exerted by the cask, at a distance from that lateral force
equal to 10% of the depth of the impact limiter cavity.

Material mechanical properties for the impact limiter, attachment bolts, attachment bolts blocks
and for the cask shell are taken at 350°F. However, material properties used for checking thread
engagement length are taken at room temperature.

Nut factor for empirical relation between the applied torque and achieved preload is 0.135 for
neolube lubricant.
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B.2.13.12.10.1 Stress Calculations

A. Evaluation Based on the Calculated Tensile Force
Al Bolt Stress

The 1 % — SUNC attachment bolts are made of SA-540 Gr. B23, Cl. 1 (see Appendix B.1.4.1),
which has an ultimate strength S, = 165.0 ksi at 350°F [7].

The diameter D of the shank is 1.484 in. Its maximum diameter is 1.75 in (see Appendix
B.1.4.1).

The critical tensile area of the attachment bolt is in the bolt shank since the threads are 1 % —
SUNC. The minimum tensile area of the bolt is:

A=025xnxD*=0.25xx x 1.484>=1.730 in*.

The tensile stress in the bolts is equal to:

_F 285000 5 7ksi
A~ 1730

The allowable tensile stress in the impact limiter attachment bolts for hypothetical accident
conditions of transport is taken equal to their ultimate strength, 165 ksi.

A.2  Attachment Bolt Block Analysis

The material used for the impact limiter bolts attachment blocks is SA-240 Type 304 or SA—-182
Type F304 (S, = 65.1 ksi). The material used for the cask body outer shell is SA—240 Type 304
(Su=65.1 ksi).

Each block (dimensions 6.81 x 8.00) is welded to the cask body with an all-around € = 0.75 in
groove weld.

The allowable primary plus bending stress for the impact limiter bolts attachment blocks is taken
to be the ultimate strength.

The allowable shear stress in the welds between the top flange of the cask and the attachment
blocks is taken equal to 0.42 x S, = 27.3 ksi, using the lowest ultimate strength value of the two.

The weld area of a single attachment bolt block is:
A =L xL, -—(L1 —2xe)><(L2 —2><e)

Where L; and L; are the dimensions of the block (L; = 6.81 in and L, = 8.00 in), and e is the size
of the weld (see above).

A,.; =6.81x8.00-(6.81-2x0.75)x(8.00-2x0.75) = 19.96 in

weld

NUH09.0101 B.2.13.12-16




MP197 Transportation Packaging Safety Analysis Report Rev. 7, 09/09

The weld moment of inertia is:

| _LxG —(L,-2xe)x(L,-2xe)’ 6.81x8.00° -5.81x 7.00°
weld 12 - 12
The maximum moment applied to the block weld is:

=124 5in*

D, -D,

Mweld =FX

Where D; is the bolt circle diameter, 83.00 in and D, the outer diaméter of the cask, 79.00 in.

83.00-79.00

M, s =285,000x — 5 = 570,000in.Ib

weld

The bending stress in the block weld is:

o 8
Mooy <124 5700008/ s

o, =
lveid 169.0
The shear stress in the block weld is:
T= F = 285000 =14 3 Ksi
Ao 19.96

The stress intensity in the block weld is:

Sl.=Jo? +47% =13.52 + 4x14.3% = 31 6 ksi

B. Evaluation Based on Moments Equilibrium
B.1  Bolt Force

The lateral force exerted by the cask on the top impact limiter is equal to:
R =W xg=270,000x 30 = 8,100,000 Ib

Where W is the weight of the cask and g is the g-load assumed for the second impact.
Figure B.2.13.12-61 shows the free body diagram of top impact limiter during slap down drop.
The location of the reaction force on the impact limiter when the second impact occurs is:

Xy =X, +—=—+-——=
‘ 10 2 10 10
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Where d is the depth of the cavity in the impact limiter.

The crush depth of the top impact limiter is approximately 10.30 in. (see Table B.2.13.12-8).
Therefore:

x, = 221202 _[crush peptn] - 122207290 4930 _12.70in
2 . 2 2

Where O.D.y, is the outer diameter of the impact limiter.

The moment applied to the impact limiter is (the associated force acts to pull the impact limiter
away from the cask when the moment is clockwise):

M =(x, —x,)xR=(17.85-14.875)x 8,100,000 = 2.41x 10 in.lb (clockwise).

There is also an additional frictional force that acts to pull the impact limiter away from the cask.
The magnitude of this force is equal to:

F, = uxR =0.42x10,727,500 = 4.51x10° Ib
The resulting moment due to friction is:
M, =F,xx, =3.40x10°x12.70 = 4.32x 10" in.Ib (clockwise)
The total prying moment is:

M, =M, +M=4.32x10" +2.41x10" =6.73x107 in.lb (clockwise)

Assume that only the impact limiter bolts hold the impact limiters in place, and that the impact
limiter tends to pivot around the edge of the cask. The force distribution among the bolts will be
linearly proportional to their distance from the pivot point. The angular location a is measured
from 0°, which corresponds to the upper vertical orientation.

The vertical distance is equal to:

I.L.pge x€08(@)+ O.D. ¢,
2

VD. =

Where I.L.pgc is the bolt circle diameter for the impact limiters (83.00 in).

Negative vertical distances correspond to bolts that are below the crush line of the impact limiter.
These bolts are conservatively considered to be ineffective and do not carry any of the prying
load.
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The bolts farthest away from the target surface (bolts 1 and 12) are assumed to carry the
maximum tensile force Fax. All other bolts are assumed to carry a tensile force linearly
proportional to their distance from the target surface. Therefore, each bolt carries the prying
moment listed in Table B.2.13.12-9.

The tensile force f; and moment m; for bolt i of moment arm x; are:

f=— i __F m-—%i _F
i maX(Xi) max and i max(x,.) max

We can equate this total moment with M, calculated above and solve for Fax.
365.09 X Finax = Mot = 6.73 x 107 in.Ib.

Therefore, Frax = 184,347 1b.

B.2  Bolt Stress

The tensile stress in the bolts is equal to:

o =184347 106 6ksi
1.730
B.3  Attachment Bolt Block Analysis
The maximum moment applied to the block weld is:
M, .q =184,347 x w = 368,694 in.lb

The bending stress in the block weld is:

8
M, xc _ 368694 A

o, = =11.8ksi
et 124 .5
The shear stress in the block weld is:
ro Fma 184347 540
A i 13.81

The stress intensity in the block weld is:

St.=Jo? +47% =/11.8% + 4x13.3 = 29.1ksi
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B.2.13.12.10.2 Minimum Engagement Length for Attachment Bolt and Block
- The minimum engagement length L for the bolt and block is ([8], p. 1490):

. 24,

e

3.146x K B +.57735n(E, i, — K, a0 )}

Fora 1 % —-5UNC 2A bolt:
A = tensile stress area = 1.90 in2;
n = number of threads per inch = 5;
Knmax = maximum minor diameter of internal threads = 1.568 in ([8], p. 1728);
Esmin = minimum pitch diameter of external threads = 1.6085 in ([8], p. 1728).
Substituting the values given above gives:

2x1.90

L, = 1 =1.249in
3.146x1.568x[§+.57735x 5 (1.6085 — 1 .568)}

The required engagement length Q is ([8], p. 1491):
Q=JxL,

Where J is equal to ([8], p. 1490):
As X Su(bolt)

- An X Su(block)

Where A and A, are ([8], p. 1491):

A, = 3.1416nLeK,,max[%+.57735(Esmin K, . )]

An =3.141 6nLeDsmin l:% + '57735(Dsmin - Enmax )]

\

Fora 1 % —5UNC 2A bolt:

Dimin = minimum major diameter of external threads = 1.7268 in ([8], p. 1728);

Rev. 7, 09/09
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Enmax = maximum pitch diameter of internal threads = 1.6317 in ([8], p. 1728).

Therefore:

1

| £X

A, =3.1416x5x1.249x1.568 x

+.57735x(1.6085 —1 .568)] =3.80in

A, =3.1416 x5x1.249x1.7268 x §l§+ 57735x(1.7268 —1.6317)] =5.25in’
X

So:

_380x165.0 _

=———=1.83
5.25%65.1

The required engagement length is therefore:
Q=1.83x1.249=2.29in
The threaded length is 3.50 in, which is greater than 2.29 in.
B.2.13.12.10.3 Bolt Torque
A bolt tensile stress o; of 15,000 psi is assumed.
F,=0,xA, =15000x1.90 = 28,500 Ib
Where A; is the bolt tensile stress area.

Q=KxD,xF,=0.135x1.75x28,500 = 6,733 in.Ib = 561 ft.Ib

Where F, is the bolt force, Q is the applied torque, K is the nut factor, and Dy, the nominal bolt
diameter at the threads.

A bolt torque of 550 to 575 ft.Ib is specified.

For a bolt torque of 550 ft.1b:

F=—Q _ 99012 79571
KxD, 0.135x1.75
For a bolt torque of 575 ft.lb:
F -9 S75x12_ _ 59206 1b

" KxD, 0.135x1.75
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Therefore, the maximum tensile stress in the bolt is:
F, 29,206

A 1.730

=16.9ksi

This is less than the yield stress of the bolts, 139.1 ksi.

B.2.13.12.104 Conclusions

The stresses are summarized in Table B.2.13.12-10. All of the stresses calculated for the impact
limiter bolts, attachment bolt blocks, and lifting lugs are less than the allowable stresses
regardless of the method used. Therefore, the MP197TAD TO impact limiter attachments are
structurally adequate.

The required engagement length is 2.29 in, which is less than the threaded length of 3.50 in.
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- Table B.2.13.12-1

Effective Plastic Strain vs. Scale Factor for Concrete Material

Effective Plastic Strain Scale Factor, n

0 0
0.00094 0.289
0.00296 0.465
0.00837 0.629
0.01317 0.774
0.0234 0.893
0.04034 1.0

1.0 1.0

Table B.2.13.12-2

Tabulated Pressures vs. Volumetric Strain for Concrete Material

Volumetric Strain, ¢ Pressure (psi)
0 0
-0.006 4,600
-0.0075 5,400
-0.01 6,200
-0.012 6,600
-0.02 7,800
-0.038 10,000
-0.06 12,600
-0.0755 15,000
-0.097 18,700

NUHO09.0101
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Table B.2.13.12-3
Wood Segment Material Properties at Room Temperature

Redwood Balsa

Densit 3.445%10-5 Ibm/in’® 1.647x10-5 lbm/in’

censity, p (23 Ib/ft) (11 b/ft)
Shear Modulus, G 13,266 psi 2,205 psi
parallel to grain
Shear Modulus, G 92,862 psi 16,317 psi
perpendicular to grain
Elastic Modulus 1,210,000 psi 441,000 psi
parallel to grain
Elastic Modulus 107,334 psi 6,615 psi
perpendicular to grain
Tensile Strain Failure* 04 04

*Tensile strain failures are conservatively high.

Table B.2.13.12-4
Wood Segment Material Properties at - 20 °F Temperature

Redwood Balsa

Densi 3.445x10-5 lbm/in® | 1.647x10-5 lbm/in’

ensity, p (23 Ib/f?) (11 Ib/fE)
Shear Modulus, G . : .
parallel to grail,l 15,919 psi 2,646 psi
Shear Modulus, G 111,434 psi 19,580 psi
perpendicular to grain ’ p i P
E;i;tl‘lzl“g’g‘r’;‘:s 1,447,000 psi 529,000 psi
Elastic Modulus 128,800 psi 7,938 psi
perpendicular to grain VU P 720 P
Tensile Strain Failure* 04 0.4

*Tensile strain failures are conservatively high.
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Table B.2.13.12-5

Pressure vs. Volumetric Strain for Wood Properties at Room Temperature

Redwood Parallel to Grain

Volumetric Strain Pressure
(AV/IV) (psi)
0.000 0
0.0043 (Yield) 5175
0.6 (Lock) 5200
Redwood Perpendicular to Grain
Volumetric Strain Pressure
(AVIV) (psi)
0.000 0
0.0059 (Yield) 630
0.6 (Lock) 640
Balsa Parallel to Grain
Volumetric Strain Pressure
(AVIV) (psi)
0.000 0
0.0036 (Yield) 1610
0.8 (Lock) 1650
Balsa Perpendicular to Grain
Volumetric Strain Pressure
(AV/IY) (psi)
0.000 0
0.049 (Yield) 324
0.8 (Lock) 330
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Table B.2.13.12-6

Pressure vs. Volumetric Strain for Wood Properties at -20 °F

Redwood Parallel to Grain

Volumetric Strain Pressure
(AV/V) (psi)
0.000 0
0.0043 (Yield) 6210
0.6 (Lock) 6300
Redwood Perpendicular to Grain
Volumetric Strain Pressure
(AV/V) (psi)
0.000 0
0.0059 (Yield) 756
0.6 (Lock) 770

Balsa Parallel to Grain

Volumetric Strain Pressure
(AV/IV) (psi)
0.000 0
0.0036 (Yield) 1928
0.8 (Lock) 1950

Balsa Perpendicular to Grain

Volumetric Strain Pressure
(AV/V) (psi)
0.000 0
0.049 (Yield) 389
0.8 (Lock) 400
NUHO09.0101 B.2.13.12-27
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Table B.2.13.12-7
Peak Nodal Accelerations, Wood Crush Depths, and Impact Duration Comparisons

(1/3 Scale Test Results vs. 1/3 Scale LS-DYNA Analysis)
Test Results LS-DYNA Model

Acceleration 65¢g 65.1g
Eggo[l:))mp Impact Duration 0.010 sec. 0.012 sec.
Wood Crush Depth 2.5” 2.8”
Acceleration 6lg 65.6g
Side Drop Impact Duration 0.012 sec. 0.013 sec.
Wood Crush Depth 2.697-2.75” 2.77°-2.9”
Acceleration at Center of Cask 17g 20.8¢g
o Acceleration at Bottom of Cask 36g 40.1g
?g I:}l;fc:)own Impact Duration 0.016 sec. 0.018 sec.
Wood Crush Depth 4.92” 4.9%
Bottom Limiter ’ )
Acceleration at Center of Cask 32g 36.3¢g
o Acceleration at Top of Cask 73g 72.2g
2n0d Slap Down Impact Duration 0.009 sec. 0.010 sec.
2™ Impact
Wood Crush Depth »s(1) "
.. 2.42 2.8
Upper Limiter
NOTE:,

(1) Re-examination of the MP197 test results: It shows that the crush depth is 2.42” instead of 4.72”
as specified in Appendix 2.10.9 of the MP197 main SAR[1].
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Table B.2.13.12-8

Summary of the Full Scale Impact Limiter Analysis Results

. Impact Limiter . .
Drop Scenario Peak Acceleration ]n}pact Crush Depth Tlme History
(g) Duration (sec) (in) Figure Number
30' End Drop (Room Temp) 44.1 0.045 9.2 B.2.13.12-27
30" End Drop (-20°F) 489 0.043 84 B.2.13.12-28
30" Side Drop 51.6 0.05 9.7 B.2.13.12-29
Vertical 423 B.2.13.12-31
Acceleration
Ist Translational 23.6 0.055 13.7
Impact L.
Rigid Body - B.2:13.12-58
Rotation o =
30" Slap 105.7
Down 20° i
Vertical 63.3 B.2.13.12-32
Acceleration
2nd Translational 26.5 0.045 10.3
Impact ..
Rigid Body - B.2.13.12-58
Rotation a =
175.6
Vertical 41.6 B.2.13.12-33
Acceleration
Ist Translational 21.7 0.05 12.5
Impact L.
Rigid Body - B.2.13.12-59
Rotation a =
30' Slap 111.4
Down 15° i
W Vertical 64.2 B.2.13.12-34
Acceleration
2nd Translational 0.04 1.7
Impact .. 27.9
Rigid Body - B.2.13.12-59
Rotation o =
176.2
Vertical 47.4 B.2.13.12-35
Acceleration
Ist Translational 23.0 0.045 11.2
Impact ..
Rigid Body - B.2.13.12-60
Rotation o =
30" Slap 131.9
Down 10° i
Vertical 63.1 B.2.13.12-36
Acceleration
2nd Translational 0.04 12.1
Impact . . 28.9
Rigid Body - B.2.13.12-60
Rotation a =
165.9
30' CG Over Corner 30.2 0.09 27.1 B.2.13.12-30
1' Normal Condition End Drop 27.6 0.02 0.8 B.2.13.12-37
1' Normal Condition Side Drop 15.6 0.04 0.7 _ B.2.13.12-38
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Table B.2.13.12-9
Calculation of Total Moment
Angular Vertical distance Moment arm Moment
location (in) (in) (/Fax)
Bolt #1 15° 79.59 79.59 79.59
Bolt #2 45° 68.84 68.84 59.55
Bolt #3 75° 50.24 50.24 31.72
Bolt #4 105° 28.76 28.76 10.39
Bolt #5 135° 10.16 10.16 1.30
Bolt #6 165° -0.59 0.00 0.00
Bolt #7 195° -0.59 0.00 0.00
Bolt #8 225° 10.16 10.16 1.30
Bolt #9 255° 28.76 28.76 10.39
Bolt #10 285° 50.24 50.24 31.72
Bolt #11 315° 68.84 68.84 59.55
Bolt #12 345° 79.59 79.59 79.59
Total 365.09
B.2.13.12-30
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Table B.2.13.12-10
Summary of Stresses (ksi)
Calculated Calculated
Component (Base on (Base on Allowable
Tensile Force) | Moments)
Impact Limiter Attachment Bolts 164.7 106.6 165.0
Shear 14.3 13.3 27.3
Attachment Block Welds Stress Intensity 31.6 29.1 65.1
NUHO09.0101 B.2.13.12-31
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Figure B.2.13.12-1
1/3 Scale Impact Limiter Finite Element Model Overview
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Figure B.2.13.12-2
1/3 Scale Impact Limiter Finite Element Model for Side Drop
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MP197 1/3 SCALE IMPACT LIMITER ANALYSIS
Time = 0

Figure B.2.13.12-3
1/3 Scale Impact Limiter Finite Element Model for End Drop
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Figure B.2.13.12-4
1/3 Scale Impact Limiter Finite Element Model for 20° Slap Down Drop
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Figure B.2.13.12-5
Plot of Maximum Deformation for 1/3 Scale Side Drop
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Figure B.2.13.12-6
Plot of Maximum Deformation for 1/3 Scale End Drop (-20°F)
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Figure B.2.13.12-7
Plot of Maximum Deformation for 1/3 Scale 20° Slap Down Drop (First Impact)
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Figure B.2.13.12-8

Plot of Maximum Deformation for 1/3 Scale 20° Slap Down Drop (Second Impact)

NUHO09.0101
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Note: The acceleration unit is in/sec® and unit for time is sec.

Figure B.2.13.12-9
1/3 Scale Side Drop Acceleration Time History (From LS-DYNA)
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NUHOMS-MP197 Impact Limiter Drop Test #1 (Side Drop)
(1000 Hz Low Pass Filter)
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Figure B.2.13.12-10
1/3 Scale Side Drop Acceleration Time History, Accelerometer 1
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NUHOMS-MP197 Impact Limiter Drop Test #1 (Side Drop)
200 (1000 Hz Low Pass Filter)
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Figure B.2.13.12-11
1/3 Scale Side Drop Acceleration Time History, Accelerometer 10
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