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 GENERAL INFORMATION A.1

Appendix A to this NUHOMS HD System Final Safety Analysis Report (FSAR) documents the 
addition of the 32PTH Type 1 dry shielded canister (DSC) and the OS187H Type 1 transfer cask 
(TC) to the NUHOMS® HD System. These two components are similar but longer length 
versions of the 32PTH DSC and the OS187H TC described in the main body of this FSAR. 

The general information presented in Chapter 1 remains applicable when the 32PTH Type 1 
DSC and the OS187H Type 1 TC are added to the NUHOMS® HD System. 

The format and content of this appendix follows the format and content of the main body of this 
FSAR. Generally, the same chapters and section numbers as in the main body have been kept in 
this appendix, preceded with a letter A. In addition, in several sections of this appendix reference 
is made to the corresponding section/chapter in the main body of the FSAR to avoid repetition of 
documentation that is also applicable to this appendix. For the sections in this appendix which 
have been identified as “No change,” the description or analysis presented in the corresponding 
sections of the FSAR for the 32PTH and OS187H are also applicable to the 32PTH Type 1 DSC 
or the OS187H Type 1 transfer cask. Table and figures presented in the FSAR which remain 
unchanged due to the addition of the 32PTH Type 1 DSC and OS187H Type 1 transfer cask are 
not repeated in this appendix. 

Note: References to sections or chapters within this appendix are identified with a prefix A (e.g., 
Section A.2.1 or Chapter A.2). References to sections or chapters of the FSAR outside of this 
appendix (main body of the FSAR) are identified with the applicable FSAR section or chapter 
number (e.g., Section 2.1 or Chapter 2). 
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A.1.1 Introduction 

There is no change to the generic description presented in Section 1.1 of the FSAR when the 
32PTH Type 1 dry shielded canister (DSC) and the OS187H Type 1 transfer cask (TC) are used 
instead of the 32PTH DSC and the OS187H TC. When used with the Type 1 components, the 
NUHOMS® HD System consists of the 32PTH Type 1 DSC, the OS187H Type 1 TC, and the 
HSM-H Horizontal Storage Module. Sketches for the 32PTH Type 1 DSC and the OS187H Type 
1 TC are shown in Figure A.1-1 and Figure A.1-2. 

The 32PTH Type 1 DSC and the OS187H Type 1 TC are similar to but longer length versions of 
the 32PTH DSC and OS187H TC described in the main body of this FSAR. The main design 
changes associated with these longer length NUHOMS® HD System components are 
summarized in Sections A.1.2.1.1 and A.1.2.1.3.1 for the 32PTH Type 1 DSC and OS187H Type 
1 TC, respectively. The authorized contents and overall design criteria as described in the main 
body of this FSAR is the same for these added components with the exception that an elastic-
plastic analysis methodology is used for the accident pressure load case evaluation of the 32PTH 
Type 1 DSC (instead of elastic analysis methodology used for the 32PTH DSC). The application 
of the elastic-plastic analysis methodology to the 32PTH Type 1 DSC is similar to that used for 
the NUHOMS® 32P DSC in Reference [2]. 
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A.1.2 General Description of the NUHOMS® HD System with the 32PTH Type 1 DSC and 
OS187H Type 1 TC 

The general arrangement of NUHOMS® HD System shown in Figure 1-3 and Figure 1-4 and the 
general description presented in Section 1.2 remain applicable when the 32PTH Type 1 DSC and 
the OS187H Type 1 TC are used instead of the 32PTH DSC and OS187H TC. The confinement 
boundary of the 32PTH Type 1 DSC is shown in Figure A.7-1 when the standard three-piece top 
end assembly configuration is used. For the optional two-piece top end assembly configuration, 
the confinement boundary is the same as that for the 32PTH DSC as shown in Figure 7-1. 

The 32PTH Type 1 DSC is identified as follows:  XXX-32PTH-YYY-Z-1, where XXX, YYY, 
and Z are as described in Section 1.2. The basket types are the same as for the 32PTH DSC and 
are described in drawing 10494-72-2003-SAR. 

A.1.2.1 NUHOMS® HD System Characteristics 

A.1.2.1.1 Dry Shielded Canister (32PTH Type 1 DSC) 

No change to the generic description for the 32PTH DSC presented in Section 1.2.1.1. Table 
A.1-1 summarizes the key design parameters for the 32PTH Type 1 DSC. 

The major changes implemented in the 32PTH Type 1 DSC relative to the 32PTH DSC are as 
follows: 

• The interior cavity length of the 32PTH Type 1 DSC is increased, approximately 7½”, with a 
corresponding increase in basket length. 

• Since the thicknesses of the top and bottom shield assemblies remain unchanged, the overall 
DSC length also is increased. The DSC diameter is unchanged. 

• The top end assembly of the 32PTH Type 1 DSC consists of a three-part closure design (top 
shield plug, inner top cover, and outer top cover). This design is the same as other 
standardized NUHOMS® canister designs described in Reference [1]. The two-part top end 
closure design of the 32PTH DSC is an alternate design in the 32PTH Type 1 DSC. 

• Lifting lugs are used to lift the empty 32PTH Type 1 DSC into the OS187H Type 1 transfer 
cask. The lifting lugs are welded to the shell and are located at the support ring elevation, 
similar to other standardized NUHOMS® canister designs [1]. Lifting lugs are used in lieu of 
the lifting rods with welded bosses, located at the inner bottom cover plate, in the 32PTH 
design. The lifting lugs are non-safety components as they are used to lift the DSC prior to 
fuel load. 

The 32PTH Type 1 DSC is shown on drawings 10494-2001-SAR through 10494-2005-SAR in 
Section A.1.5.2. 
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A.1.2.1.2 Horizontal Storage Module (HSM-H) 

No change to the generic description presented in Section 1.2.1.2. Only a small (½”) increase in 
the overall length of the DSC support rail is required to accommodate the 32PTH Type 1 DSC. 
The key design parameters for the HSM-H as presented in Table 1-1 are not changed. 

A.1.2.1.3 Transfer Systems 

A.1.2.1.3.1 OS187H Type 1 On-Site Transfer Cask 

No change to the generic description presented in Section 1.2.1.3.1 for the OS187H TC. Table 
A.1-1 summarizes the key design parameters for the OS187H Type 1 TC. The major changes 
incorporated into the OS187H Type 1 transfer cask are: 

• In order to accommodate the longer 32PTH Type 1 DSC, the minimum internal cavity length 
of the TC is increased from 186.60” (OS187H) to 198.75” (OS187H Type 1). As a result of 
the increased cavity length, the overall length is increased and the distance between upper 
and lower trunnions is also increased. The 70.5” inside diameter and the thicknesses of the 
top and bottom end assemblies are unchanged. 

• The thickness of the inner liner is increased from ½” to a nominal 5/8”. The thickness of the 
upper shell course is increased from 2.00” to 2 3/8”. 

• The transfer cask trunnions are revised to remove the resin-filled voids. The material for the 
lower trunnions is changed from SA-182 Type F304 to SA-182 Type F304N. 

• The separate resin-filled and removable upper trunnion pocket shielding has been deleted and 
the water neutron shield extended to mate with the trunnion. 

The OS187H Type 1 TC has a payload capacity of 120,000 lbs (determined based on its 
evaluated capacity of 250,000 lbs and its total weight of 130,000 lbs). 

A.1.2.1.3.2 Transfer Equipment 

No change to the transfer equipment description presented in Section 1.2.1.3.2. 

A.1.2.2 Operational Features 

A.1.2.2.1 Dry Run Operations 

No change. 

A.1.2.2.2 SFA Loading Operations 

No change in the primary operations (in sequence of occurrence) for the NUHOMS® HD System 
described in Section 1.2.2.2, except for placement of the cask spacer (if required) prior to placing 
the 32PTH Type 1 DSC into the transfer cask, and, for a 32PTH Type 1 DSC with a three-part 
top end closure, the inner top cover plate is placed following placement of the top shield plug 
(step 8) and lifting of the transfer cask from the pool (step 9). The inner top cover is sealed in 
Step 10 instead of the top shield plug. 
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A.1.2.2.3 Identification of Subjects for Safety and Reliability Analysis 

A.1.2.2.3.1 Criticality Prevention 

No change. 

A.1.2.2.3.2 Chemical Safety 

No change. 

A.1.2.2.3.3 Operation Shutdown Modes 

The NUHOMS® HD System is a totally passive system so that consideration of operation 
shutdown modes is unnecessary. 

A.1.2.2.3.4 Instrumentation 

No change. 

A.1.2.2.3.5 Maintenance and Surveillance 

No change. All maintenance and surveillance tasks are described in Chapter A.9. 

A.1.2.3 32PTH Type 1 DSC Contents 

No change. The DSC contents described in Section 1.2.3 for the 32PTH DSC are applicable for 
the 32PTH Type 1 DSC. 
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A.1.3 Identification of Agents and Contractors 

No change. 
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A.1.4 Generic Cask Arrays 

No change. 
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A.1.5 Supplemental Data 

A.1.5.1 References 

1. Updated Final Safety Analysis Report, Standardized NUHOMS Horizontal Modular 
Storage System for Irradiated Nuclear Fuel, Revision 9, February 2006, 
USNRC Docket No. 72-1004. 

2. USNRC Safety Evaluation Report, SNM-2505, Amendment 7, Dated 11/2/2005, 
Docket 72-8 

A.1.5.2 Drawings 

32PTH Type 1 DSC: 

• 10494-72-2001-SAR, (3 sheets), (PROPRIETARY) 

• 10494-72-2002-SAR, (2 sheets), (PROPRIETARY) 

• 10494-72-2003-SAR, (5 sheets), (PROPRIETARY) 

• 10494-72-2004-SAR, (3 sheets), (PROPRIETARY) 

• 10494-72-2005-SAR, (5 sheets) (PROPRIETARY) 

OS187H Type 1 TC: 

• 10494-72-9001-SAR, (3 sheets), (PROPRIETARY) 

• 10494-72-9002-SAR, (3 sheets), (PROPRIETARY) 

• 10494-72-9003-SAR, (3 sheets) (PROPRIETARY) 
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Table A.1-1 
 Key Design Parameters of the NUHOMS HD System Components 

Dry Shielded Canister (32PTH Type 1 DSC) 

Overall length (in.) 193.00 (max), increased from 185.75 (max) 

Outside diameter (in.) 69.75 (unchanged) 

Cavity length (in.) 171.63 (min), increased from 164.5 (min.) 

Shell thickness (in.) 0.5 (unchanged) 

Design weight of loaded 32PTH Type 1 DSC (lb) 109,000 (1) 

Materials of construction Stainless steel shell assembly and internals, carbon steel and/or 
stainless steel shield plugs, aluminum 

Neutron absorbing material Boral™, borated aluminum, metal matrix composite (MMC) 

Internal atmosphere Helium 

 
Horizontal Storage Module (HSM-H) 

Overall length (without back shield wall) 20’-8” 

Overall width (without end shield walls) 9’-8” 

Overall height 18’ 6” 

Total weight (not including 32PTH Type 1 DSC) (lbs.) 307,200(1) 

Materials of construction Reinforced concrete and structural steel 

Heat removal Conduction, convection, and radiation 

 
On-Site Transfer Cask (OS187H Type 1) 

Overall length (in.) 210.50, increased from 197.1 

Outside diameter (in.) 92.11, changed from 92.2 

Cavity length (in.) 198.75, increased from 186.6  

Lead thickness (in.) 3.56 (nom), changed from 3.60 (nom) 

Gross weight (including 32PTH Type 1 DSC) (tons) 120.0(1)  (increased from 114.5) 

Materials of construction Stainless steel shell assemblies and closures with lead shielding 

Internal atmosphere Helium 

Note: 
(1)  Rounded up values 
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Figure A.1-1 
 32PTH Type 1 Dry Shielded Canister 

(Optional two-part top end configuration shown)  
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Figure A.1-2 
 OS187H Type 1 On-Site Transfer Cask 

 



Proprietary and Security Related Information  
for Drawing 10494-72-2001, Rev. 4 
Withheld Pursuant to 10 CFR 2.390



Proprietary and Security Related Information  
for Drawing 10494-72-2002, Rev. 0 
Withheld Pursuant to 10 CFR 2.390



Proprietary and Security Related Information  
for Drawing 10494-72-2003, Rev. 2 
Withheld Pursuant to 10 CFR 2.390



Proprietary and Security Related Information  
for Drawing 10494-72-2004, Rev. 1 
Withheld Pursuant to 10 CFR 2.390



Proprietary and Security Related Information  
for Drawing 10494-72-2005, Rev. 1 
Withheld Pursuant to 10 CFR 2.390



Proprietary and Security Related Information  
for Drawing 10494-72-9001, Rev. 1 
Withheld Pursuant to 10 CFR 2.390



Proprietary and Security Related Information  
for Drawing 10494-72-9002, Rev. 1 
Withheld Pursuant to 10 CFR 2.390



Proprietary and Security Related Information  
for Drawing 10494-72-9003, Rev. 3 
Withheld Pursuant to 10 CFR 2.390
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Chapter A.2 
Principal Design Criteria 

No change. The design criteria described in Chapter 2 for the 32PTH DSC and OS187H TC are 
applicable to the 32PTH Type 1 DSC and the OS187H Type 1 TC. The contents authorized for 
storage in the 32PTH Type 1 DSC are the same as the authorized contents for the 32PTH DSC 
described in Section 2.1. The number of fuel assemblies per DSC, maximum heat load per DSC 
and heat load configurations, basket poison types, and basket geometric configuration are not 
changed. Similarly, there is no change to the design criteria for environmental conditions and 
natural phenomena as described in Section 2.2, or to the safety protection systems as described in 
Section 2.3. Section 2.4 (Decommissioning Considerations), Section 2.5 (Structures, Systems 
and Components Important to Safety), and Section 2.6 (References) are not changed. As 
described in Section A.1.1, an elastic-plastic analysis methodology is used for the accident 
pressure load case of the 32PTH Type 1 DSC. As with the 32PTH DSC, the details of the 32PTH 
Type 1 DSC evaluation criteria are described in Chapter A.3. 
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Chapter A.3 
Structural Evaluation 
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 STRUCTURAL EVALUATION A.3

A.3.1 Structural Design 

This chapter, including its appendices, summarizes the structural evaluation of the NUHOMS® 
HD System Type 1 components, i.e., the 32PTH Type 1 DSC and the OS187H Type 1 transfer 
cask (TC). 

The 32PTH Type 1 DSC is similar to but a longer version of the 32PTH DSC documented in the 
main body of this FSAR. As with the 32PTH DSC, the 32PTH Type 1DSC is designed to 
accommodate up to 32 intact PWR fuel assemblies (or up to 16 damaged assemblies, with the 
remaining intact) with the same total heat load of up to 34.8 kW. Similarly, the OS187H Type 1 
TC is similar to but a longer version of the OS187H TC. 

The structural evaluation criteria for the 32PTH Type 1 DSC and the OS187H Type 1 TC are the 
same as the evaluation criteria for the 32PTH DSC and OS187H TC described in the main body 
of this FSAR, with the exception of the analysis methodology used for the evaluation of the 
accident pressure load case in the 32PTH Type 1 DSC, where an elastic-plastic analysis was used 
instead of an elastic analysis used for the 32PTH DSC. 

A.3.1.1 Discussion 

No change. 

A.3.1.1.1 General Description of the 32PTH Type 1 DSC 

The principal characteristics of the 32PTH Type 1 DSC are described in Chapter A.1, Section 
A.1.2.1, including the changes implemented in the 32PTH Type 1 DSC relative to the 32PTH 
DSC. The 32PTH Type 1 DSC is shown on drawings 10494-72-2001-SAR to 10494-72-2005-
SAR in Section A.1.5. 

For purposes of the structural analysis, the 32PTH Type 1 DSC is divided into the 32PTH Type 1 
DSC shell assembly and the internal basket assembly. 

A. DSC Shell Assembly Description 

The 32PTH Type 1 canister shell assembly and design details are shown on drawings 10494-72-
2001-SAR (main assembly), 10494-72-2002-SAR (shell assembly), and 10494-72-2005-SAR 
(alternate two-piece top end assembly design) in Section A1.5. As with the 32PTH DSC, the 
32PTH Type 1 DSC shell assembly is a high integrity stainless steel (SA-240 Type 304 or SA-
182 Type F304) welded vessel that provides confinement of radioactive materials, encapsulates 
the fuel in an inert atmosphere (the canister is backfilled with helium before being seal welded 
closed), and provides biological shielding (in axial direction). 

The 32PTH Type 1 main structural components include the welded cylindrical shell and the top 
and bottom end assemblies. The top end assembly may be a three-piece assembly, (a solid shield 
plug, made of A36 carbon steel, and the inner cover and outer cover plates, both made of SA-240 
Type 304 stainless steel) or, as an alternate, a two-piece assembly, consisting of a combined top 
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shield plug/inner cover assembly, and an outer cover plate. The combined top shield plug/inner 
cover may be a single stainless steel piece (SA-240 Type 304 or SA-182 Type F304), or two 
stainless steel plates welded together, or a carbon steel shield plug encased within welded 
stainless steel plates. The various top end assembly design options for the alternate design are 
similar to those of the 32PTH DSC, as described in Section 3.1.1.1. For the bottom end assembly, 
the four optional design configurations present in the 32PTH are kept for the 32PTH Type 1 DSC. 
Although the total thickness of the bottom end assembly remains the same (8.75″), the minimum 
thicknesses of the bottom end inner and outer cover plates have increased from 1.69″ and 1.70″, 
respectively, in the 32PTH DSC to 2.25″ and 2.00″ in the 32PTH Type 1 DSC. 

The remaining 32PTH Type 1 shell assembly structural components include the grapple ring 
assembly, the support ring and the lifting lugs (in the three-piece top end assembly design), or 
lifting blocks (in the two-piece alternate top end assembly design). The grapple ring assembly, 
which is welded to the shell bottom or outer bottom cover plate, is used to insert/extract the DSC 
to and from the Horizontal Storage Module (HSM-H). The grapple ring minimum thickness is 
increased from 1.00″ to 1.20″ in the 32PTH Type 1 DSC. The support ring, welded to the 
cylindrical shell, supports the shield plug. The 32PTH Type 1 DSC with the three-piece top end 
assembly design option incorporates four lifting lugs (welded to the shell and to the support ring) 
in lieu of the four lifting blocks which are welded to the inside of the shell bottom in the alternate 
design. The lifting lugs/lifting blocks are used to lift the DSC into the transfer cask prior to fuel 
loading operations. 

The 32PTH Type 1 DSC shell assembly is designed, fabricated, examined, and tested in 
accordance with the same ASME Code Subsection NB [6] requirements as for the 32PTH DSC 
presented in Section 3.1.1.1.A. The 32PTH Type 1 DSC top closure is designed, fabricated, and 
inspected using the same alternatives to the ASME code specified in Section 3.10. The outer top 
cover plate and inner top cover plate are sealed by separate, redundant closure welds. The inner 
top cover (or inner top cover/top shield plug in the alternate two-piece top end design) is welded 
to the 32PTH Type 1 DSC shell to form the confinement boundary at the top end of the 32PTH 
Type 1 DSC, as shown in Chapter A.7, Figure A.7-1 (or Chapter 7, Figure 7-1 for the alternate 
top end design). The outer top cover plate provides structural support to the confinement 
boundary. All closure welds are multiple layer welds. Both, the inner and outer top cover plates to 
shell welds are examined by multi-level liquid penetrant to effectively eliminate through wall 
leaks. The three-piece top end assembly incorporates a vent and siphon block, welded to the shell, 
that is similar to that in other NUHOMS® canister designs [9]. The vent and siphon block weld to 
the shell and the inner top cover plate weld to the vent and siphon block are part of the 
confinement boundary. These welds are also multiple layer welds and receive multi-level liquid 
penetrant examination. 

The leak test and the acceptance criterion of 1x10-7 ref. cm3/sec as defined in ANSI N14.5 [2] of 
the DSC shell and bottom end assembly during fabrication and of the inner top closure weld 
(including vent/siphon cover welds) after loading of the fuel assemblies, have not changed from 
those of the 32PTH DSC. 

The use of a strongback is not required during fuel loading operations when using the 32PTH 
Type 1 DSC. 
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B. Fuel Basket Assembly Description 

The details of the 32PTH Type 1 basket assembly are shown in drawings 10494-72-2003-SAR 
and 10494-72-2004-SAR, provided in Section A.1.5. The overall length of the 32PTH Type 1 
DSC basket is increased from 162.00″ to 169.00″. The internal canister cavity length is also 
increased from 164.50″ minimum to 171.63″ minimum to allow for thermal expansion, 
tolerances, and access to the top of the fuel assemblies. 

The description for the basket assembly presented in Section 3.1.1.1 (B) for the 32PTH basket is 
applicable to the 32PTH Type 1 basket assembly. Additionally, when lifting blocks are not used, 
the circumferential orientation of the basket is maintained by the use of a key welded to the inside 
diameter of the shell at two opposite azimuths, and two accompanying slots in the basket rails. 
The purpose of the basket key is non-safety and is intended to prevent rotation during fabrication 
and during shipment of the empty canister. 

A.3.1.1.2 General Description of the HSM-H 

The general description of the HSM-H presented in Section 3.1.1.2 is applicable when the HSM-
H is loaded with a 32PTH Type 1 DSC. The spacer mounted on the support rails used to 
accommodate shorter length DSCs is not needed for storage of the 32PTH Type 1 DSC. 
Additionally, the HSM-H support rail structure length has been slightly increased. The changes to 
the HSM-H support rail are shown in drawings 10494-72-100 and 10494-72-107. 

A.3.1.1.3 General Description of the OS187H On-Site Transfer Cask 

The NUHOMS® OS187H Type 1 On-Site transfer cask consists of a structural shell, gamma 
shielding material, and solid and liquid (water) neutron shield. The OS187H Type 1 TC is similar 
to the OS187H TC described in Section 3.1.1.3. The OS187H Type 1 TC is approximately 13 
inches longer than the OS187H TC due to an increase in the interior cavity length to 
accommodate the longer 32PTH Type 1 DSC. Other main changes include: 

• The OS187H Type 1 TC trunnions are made of monolithic solid steel forgings (the OS187H 
trunnions have a cutout that is filled with resin material) to accommodate the increased weight 
of the 32PTH Type 1 DSC and provide additional margins. The lower trunnion material is 
changed from SA-182 Type F304 to SA-182 Type F304N. 

• The upper course of the structural shell thickness is increased from 2.00″ to 2.38″. Similarly, 
the upper trunnions pad plate is increased from 1.00″ to 1.375″. 

• The inner liner thickness is increased from ½″ to 5/8″. 

The overall dimensions of the OS187H Type 1 TC are 210.50″ long and 92.11″ in diameter. The 
TC structural shell is 83.63″ in diameter (upper course). The TC cavity is 198.75″ long and 70.50″ 
in diameter. Detailed design drawings for the OS187H Type 1 TC are provided in drawings 
10494-72-9001-SAR through 10494-72-9003-SAR on Chapter A.1, Section A.1.5. The materials 
used to fabricate the TC are shown in the parts list on each drawing. Where more than one 
material has been specified for a component, the most limiting properties are used in the analyses 
in the subsequent chapters of this Final Safety Analysis Report.
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The gross weight of the loaded transfer cask is approximately 120.0 tons including a DSC 
payload of 54.3 tons. Section A.3.2.2 summarizes the weights of the NUHOMS® OS187H Type 
1 packaging components. 

The TC is fabricated primarily of stainless steel. Non-stainless steel members include the cast lead 
shielding between the inner radial shell and the structural shell, the O-ring seals, the NS-3 
shielding material in the top and bottom end assemblies, and the carbon steel closure bolts. The 
top cover is bolted to the top flange by 24-1 1/2 in. diameter high strength bolts and sealed with 
O-ring. A cover plate is provided to seal the bottom hydraulic ram access penetration of the cask 
(by 12-1/2 in. high strength bolts with O-ring) during fuel loading and transferring the canister to 
the ISFSI. The dimensions and design details of the OS187H Type 1 TC are provided in drawings 
10494-72-9001-SAR through 10494-72-9003-SAR in Chapter A.1, Section A.1.5. 

The geometry and dimensions of the OS176H Type 1 TC trunnions are shown on Sheet 2 of 
Drawing 10494-72-9002-SAR. Some details/features of the OS187H Type 1 TC trunnions are 
different from those of the OS187H TC, e.g., the bearing width in each trunnion cylinder has been 
increased for ease of operations. In addition, the trunnion shielding pockets which are machined 
cavities filled with resin shielding material in the OS187H TC are deleted. Instead, the OS187H 
Type 1 TC trunnions are solid steel components. 

The following sections provide physical and functional descriptions of each major component of 
the transfer cask. 

A. Transfer Cask Body and Structural Components 

The shell or cask body cylinder assembly is an open ended (at the top) cylindrical unit with an 
integral closed bottom end. This assembly consists of concentric inner shell and outer shell (both 
SA-240 Type 304), welded to massive closure flanges (SA-182 Type F304N) at the top and 
bottom ends. The inner shell is 0.625 inches thick and has a 70.50 inch inside diameter. The outer 
shell is the primary structural shell and is 1.5 inches (lower course) to 2.38 inches thick (upper 
course), and has a 78.87 inch inside diameter. The annulus between the shells is filled with lead 
shielding. The lead gamma shield is 3.56 inches (nominal) thick and is poured into the annulus in 
a molten state using a carefully controlled procedure. 

The transfer cask bottom end assembly and top cover assembly are similar to the OS187H transfer 
cask with the exception that the resin neutron shield in the OS187H transfer cask is replaced with 
NS-3, a castable neutron shielding material. As with the OS187H, the OS187H Type 1 transfer 
cask is designed to maintain a helium atmosphere in the cask cavity. 

The OS187H Type 1 transfer cask is designed, fabricated, examined, and tested in accordance 
with the requirements of Subsection NC [3] of the ASME Code to the maximum practical extent. 
The alternatives to the ASME Code presented in Section 3.10 for the OS187H TC are also 
applicable to the OS187H Type 1 TC. 

B. Gamma and Radial Neutron Shielding 

The description provided in Section 3.1.1.3 (B) is applicable to the OS187H Type 1 TC except 
that the resin material in the top and bottom assemblies, which provides axial neutron shielding in 
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the OS187H, is replaced with NS-3, a castable cementitious material. NS-3 has been used in other 
NUHOMS® applications, e.g., the OS197 transfer cask [9]. The radial neutron shielding provided 
by liquid water enclosed in a radial outer stainless steel shell welded to the structural shell is of 
similar design as the OS187H transfer cask. 

C. Tiedown and Lifting Devices 

The description provided in Section 3.1.1. 3 (C) is applicable to the OS187H Type 1 TC. The 
OS187H Type 1 trunnions are solid steel forgings as opposed to the OS187H trunnions that 
incorporate a neutron shield plug. The top trunnions are designed, fabricated, and tested in 
accordance with ANSI N14.6 [4] as single failure proof lifting devices. Consequently, they are 
designed with a factor of safety of 6 against the material yield strength and a factor of safety of 10 
against the material ultimate strength. 

D. Operational Features 

The NUHOMS® OS187H Type 1 transfer cask is not considered to be operationally complex and 
is designed to be compatible with spent fuel pool loading/unloading methods. All operational 
features are readily apparent from inspection of the General Arrangement Drawings provided in 
Chapter A.1, Section A.1.5. The sequential steps to be followed for cask loading, testing, and 
unloading operations are provided in Chapter A.8. 

A.3.1.1.4 Discussion of NUHOMS® HD System Drop Analysis 

All lifting of the TC loaded with the DSC must be made within the existing heavy loads 
requirements and procedures of the licensed nuclear power plant. 

The transfer cask is transported to the ISFSI in a horizontal configuration. Therefore, the only 
credible drop accident during storage or transfer operations is a side drop. The transfer cask, 
canister and basket assemblies and fuel cladding are analyzed for this accident in the following 
sections. 

In addition, a vertical drop or corner drop accident scenarios may need to be evaluated under 
10CFR50 should the user not be able to demonstrate that this accident drop is not credible during 
loading operations, or during transport operations governed under 10CFR71. Similarly, the fuel 
cladding integrity has not been demonstrated for this accident scenario. An additional safety 
review by the user is required to demonstrate fuel cladding integrity under 10CFR50 or to 
demonstrate that the end drop accidents are not credible. 

The drop analyses of the NUHOMS® HD 32PTH Type 1 DSC and OS187H Type 1 transfer cask 
components are performed in the following appendices. 

Appendix A.3.9.1 

This appendix describes the detailed analysis of the 32PTH Type 1 DSC shell assembly and 
basket assembly for all the loading conditions. For the drop loads, the DSC shell assembly is 
analyzed for the 75g side and end drops. The basket assembly is also analyzed for the 75g side 
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and end drops. The 75g side drop in conjunction with the 75g end drop is considered to bound the 
22g corner drop. 

Appendix A.3.9.2 

This appendix describes the detailed analysis of the OS187H Type 1 TC for all the loading 
conditions. For the drop loads, the TC is analyzed for the 75g side and end drops. The results for 
the TC side drop using LS-DYNA are reported in Appendix A.3.9.10. 

Appendix A.3.9.3 

This appendix describes the detailed analysis of the TC top cover bolt and ram cover bolt due to 
the 22g corner drop. The stress analysis is performed in accordance with NUREG/CR-6007. 

Appendix A.3.9.4 

Since the end and corner drops are not credible under 10CFR Part 72 the OS187H Type 1 TC lead 
slump and inner shell buckling analysis for the 75g end drop load are not evaluated. Vertical drop 
or corner drop accident scenarios may need to be evaluated under 10CFR50 should the user not 
be able to demonstrate that this accident drop is not credible during loading operations, or during 
transport operations governed under 10CFR71. 

Appendix A.3.9.8 

No change to the structural evaluations of the fuel cladding presented in Appendix 3.9.8. 

Appendix A.3.9.10 

This appendix provides the justification for the rigid body accident drop accelerations applicable 
to the OS187H Type 1 TC based on the LS-DYNA accident drop analysis documented in 
Appendix 3.9.10. 

Appendix A.3.9.11 

This appendix computes the dynamic amplification factor (DAF) to be applied to the response 
accelerations obtained from the side drop accident dynamic analysis of the transfer cask (TC) 
when applying those accelerations as input to an equivalent static analysis of the 32PTH Type 1 
DSC. 

A.3.1.2 Design Criteria 

No change. The design criteria described in Section 3.1.2 is not changed and remains applicable 
to the 32PTH Type 1 DSC and OS187H Type 1 TC. 
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A.3.2 Weights 

The nominal 32PTH Type 1 DSC, HSM-H and OS187H Type 1 transfer cask geometry is used to 
compute the weights of the NUHOMS® HD system components. Material densities are 
unchanged and are provided in Chapter 3. 

A.3.2.1 32PTH Type 1 DSC Weight 

The bounding weight of the loaded 32PTH Type 1 DSC is 108.61 kips (54.3 tons). The weights of 
the major individual subassemblies are listed in following table. 

32PTH Type 1 DSC Summary of Nominal Component Weights 

Component 
Nominal Weight 

(lb x 1000) 

Canister shell 5.81 

Outer top cover plate 2.14 

Inner top cover plate 2.15 

Top shield plug and support ring 8.57 

Bottom end assembly 9.70 

Grapple ring 0.075 

Total canister assembly 28.44 

Fuel compartments (32) 10.48 

Aluminum/poison plates 4.67 

Stainless steel plates 2.36 

Small support rails  3.08 

Large support rails  8.86 

Total Fuel Basket 29.45 

Total Empty DSC (Basket & Canister) 57.89 

Fuel assembly weight (32) @ 1585 lb/assembly 50.72 

Total loaded DSC weight 108.61 
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A.3.2.2 OS187H Type 1 Transfer Cask Weight 

The total weight of the loaded NUHOMS® OS187H Type 1 transfer cask is 239.47 kips (119.7 
tons). The weights of the major individual subassemblies are listed in following table. 

OS187H Type 1 Transfer Cask Summary of Nominal Component Weights 

Component 
Nominal Weight 

(lb x 1000) 

Structural shell 23.73 

Inner shell 7.89 

Lead gamma shield 66.65 

Top flange 2.63 

Bottom flange 3.40 

Top cover assembly 5.36 

Bottom assembly 3.94 

Neutron shield panel assembly 5.14 

Radial neutron shield (water) 8.67 

Upper trunnion pair 1.45 

Lower trunnion pair 1.06 

Total Empty Transfer Cask Weight 130.00(1) 

Total Transfer Cask with Empty DSC Weight 188.00(1)  

Total Transfer Cask with Loaded DSC Weight (Dry) 240.00(1) (2) (3)  

Notes: 
(1) Rounded up to nearest 1,000 lbs. 
(2) Includes a cask spacer with an approximate weight of 900 lbs. 
(3) 250.0 kips is conservatively used for the trunnion analysis. 

 
A.3.2.3 HSM-H Weight 

No change. See Section 3.2.3 for details of the HSM-H weight. 
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A.3.3 Mechanical Properties of Materials 

No change. The material properties described in Section 3.3 remain applicable to the 32PTH Type 
1 DSC and OS187H Type 1 TC. The properties for the resin shielding material used in the stress 
analysis of the OS187H TC are similar to those of the NS-3 material in the OS187H Type 1 TC. 
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A.3.4 General Standards for 32PTH Type 1 DSC, HSM-H, and OS187H Type 1 TC 

A.3.4.1 Chemical and Galvanic Reactions 

No change. The information provided in Section 3.4.1 is unchanged and applicable to the 32PTH 
Type 1 DSC and OS187H Type 1 TC. 

A.3.4.2 Positive Closure 

No change. The information provided in Section 3.4.2 is unchanged and applicable to the 32PTH 
Type 1 DSC and OS187H Type 1 TC. 

A.3.4.3 Lifting Devices 

No change. The information provided in Section 3.4.3 is unchanged and applicable to the 32PTH 
Type 1 DSC and OS187H Type 1 TC. 

A.3.4.4 Heat 

A.3.4.4.1 Summary of Pressures and Temperatures 

No change. As documented in Chapter A.4, the heat transfer analyses documented in Chapter 4 
for the 32PTH DSC inside the OS187H TC during transfer and in the HSM-H during storage are 
bounding relative to the 32PTH Type 1 DSC in the HSM-H and in the OS187H Type 1 TC. 
Therefore, the pressures and temperatures used for the stress analyses of the 32PTH DSC and the 
OS187H TC in Chapter 3 are also applicable for the 32PTH Type 1 DSC and the OS187H Type 1 
TC. As discussed in Section A.3.6 and Section A.3.7, the Chapter 4 temperature distributions are 
conservatively applied (considering the longer length of the 32PTH Type 1 DSC and OS187H 
Type 1 TC) for the structural evaluations. 

Thus, the maximum and minimum temperatures for the various components for normal, 
off-normal, and accident conditions are the same as those summarized in Tables 4-1 to Table 4-6. 
Similarly, the maximum pressures are the same as those summarized in Table 4-10. The 
Table 4-10 pressures bound those used in the structural analysis of the 32PTH Type 1 DSC. 

A.3.4.4.2 Differential Thermal Expansion 

Potential interference due to differential thermal expansion between the 32PTH Type 1 DSC shell 
assembly, the basket assembly, and transfer cask components is evaluated in Appendix A.3.9.1, 
Section A.3.9.1.4. 

A.3.4.4.3 Stress Calculations 

The stress analyses have been performed using the acceptance criteria presented in Section 3.1.2. 
The structural analyses for the 32PTH Type 1 DSC and OS187H Type 1 TC are summarized in 
Sections A.3.6 and A.3.7, for normal, off-normal, and hypothetical accident conditions, 
respectively. 
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A.3.4.5 Cold 

No change. 
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A.3.5 Fuel Rods General Standards for 32PTH Type 1 DSC 

No change. The fuel rod evaluations presented in Section 3.5 are unchanged for the 32PTH Type 
1 DSC. 
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A.3.6 Normal Conditions of Storage and Transfer 

This section presents the structural analyses of the 32PTH Type 1 DSC, and the OS187H Type 1 
TC subjected to normal conditions of storage and transfer. The analyses performed evaluate these 
two major NUHOMS® HD System components for the design criteria described in Section 
A.3.1.2 of this appendix. The structural analyses of the HSM-H presented in Chapter 3.6 are 
bounding and thus, not changed. 

The 32PTH Type 1 DSC is subjected to both storage and transfer loading conditions and the 
OS187H Type 1 TC is only subjected to transfer loading conditions. 

Numerical analyses have been performed for the normal and accident conditions, as well as for 
the lifting loads. In general, numerical analyses have been performed for the regulatory events. 
These analyses are summarized in Section A.3.6 and Section A.3.7, and described in detail in the 
Appendices A.3.9.1 through A.3.9.10 listed below. 

The detailed structural analysis of the NUHOMS® HD System is included in the following 
appendices: 

Appendix A.3.9.1 32PTH Type 1 DSC (Canister and Basket) Structural Analysis 
Appendix A.3.9.2 OS187H Type 1 Transfer Cask Body Structural Analysis 
Appendix A.3.9.3 OS187H Type 1 Transfer Cask Top Cover and Ram Access Cover Bolts 

Analyses 
Appendix A.3.9.4 Not used (since the end and corner drops are not credible under 10CFR Part 

72, the lead slump and inner shell buckling analysis of the OS187H Type 1 
TC for the 75g end drop load are not documented). 

Appendix A.3.9.5 OS187H Type 1 Transfer Cask Trunnion Analysis 
Appendix A.3.9.6 OS187H Type 1 Transfer Cask Shield Panel Structural Analysis 
Appendix A.3.9.7 Deleted (superseded by Appendix A.3.9.10) 
Appendix A.3.9.8 No change. (Damaged Fuel Cladding Structural Evaluation) 
Appendix A.3.9.9 No change. (HSM-H Structural Analysis) 
Appendix A.3.9.10 OS187H Type 1 Transfer Cask Dynamic Impact Analysis 
Appendix A.3.9.11 32PTH Type 1 DSC Dynamic Amplification Factors 
 
A.3.6.1 32PTH Type 1 DSC Normal Conditions Structural Analysis 

Details of the structural analysis of the 32PTH Type 1 DSC are provided in Appendix A.3.9.1. 
The fuel basket assembly and canister shell assembly are analyzed independently. The structural 
evaluation of the 32PTH Type 1 fuel basket assembly is described in Section A.3.6.1.1. The 
structural evaluation of the canister shell assembly is described in Section A.3.6.1.2. 

A.3.6.1.1 32PTH Type 1 DSC Fuel Basket Assembly Normal Condition Structural Evaluation 

No change. As described in Appendix A.3.9.1, Section A.3.9.1.2, the ANSYS models, material 
properties, and design criteria used for the evaluation of the fuel basket assembly are the same 
between the 32PTH and the 32PTH Type 1 DSCs, and, therefore, the stress analysis results 
documented in Section 3.9.1.2 for the 32PTH fuel basket assembly are applicable to the 32PTH 
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Type 1 fuel basket assembly. As described in Section 3.9.1.2, a 360º finite element model of a 15 
inch segment of the basket assembly is constructed for the structural evaluation of the basket 
assembly. 

Based on the results of these analyses, the design of the 32PTH Type 1 DSC basket is structurally 
adequate with respect to normal condition transfer and storage loads. 

A.3.6.1.2 32PTH Type 1 DSC Canister Shell Assembly Normal Condition Structural Evaluation 

This section summarizes the evaluation of the structural adequacy of the 32PTH Type 1 DSC 
canister shell assembly under all applied normal condition loads. Detailed evaluation of the 
stresses generated in the canister is presented in Appendix A.3.9.1, Section A.3.9.1.3.2. The DSC 
canister shell buckling evaluation is presented in Appendix A.3.9.1, Section A.3.9.1.3.3. 

Elastic and elastic-plastic analyses are performed to calculate the stresses in the 32PTH Type 1 
DSC canister under the transfer and storage loads. These detailed load cases are summarized in 
Appendix A.3.9.1, Tables A.3.9.1-3, A.3.9.1-4 and A.3.9.1-13. 

The calculated stresses in the canister shell due to normal transfer loading conditions are 
summarized in Appendix A.3.9.1, Tables A.3.9.1-5, A.3.9.1-6, A.3.9.1-9, and A.3.9.1-10. The 
stresses due to normal storage loading conditions are summarized in Appendix A.3.9.1, Tables 
A.3.9.1-14, and A.3.9.1-15. 

The 32PTH Type 1 DSC with the three-piece top end assembly configuration (separate inner 
cover plate, shield plug, and outer cover plate) is considered to bound the alternate design with a 
two-piece top end assembly (combined top shield plug/inner cover plate and outer cover plate). 
Similarly, the bottom end assembly configuration, consisting of separate inner bottom, shield plug 
and outer bottom plates is considered the bounding configuration relative to that of a DSC with 
the optional single or two piece bottom end configurations.  See discussion in Section A.3.9.1.3.4. 

As described in Chapter A.8, Section A.8.1.1.3, operation steps 7 and 13, a maximum of 15.0 psig 
air pressure may be applied at the canister vent port to assist draining of the water. The canister is 
structurally evaluated for a bounding 25 psig internal pressure using the 2-D ANSYS finite 
element model described in Appendix A.3.9.1, Section A.3.9.1.3.2. The outer cover plate of the 
canister is removed from the 2-D model, since it is not yet installed during the application of this 
25 psig air pressure. The maximum stress intensity in the canister is calculated to as 7.09 ksi. The 
stress limit for membrane stress per ASME B&PV Code Subsection NB [6] is 16.40 ksi. 
Therefore, the application of 25 psig air pressure to the canister is acceptable. 

Based on the results of these analyses, the design of the 32PTH Type 1 DSC canister is 
structurally adequate with respect to both transfer and storage loads under the normal conditions. 
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A.3.6.2 HSM-H Normal Conditions Structural Analysis 

No change. The DSC weight used for the structural evaluation of the HSM-H (110,000 lb) bounds 
the calculated weight of the 32PTH Type 1 DSC (108,610 lb). In addition, as discussed in Chapter 
A.4, the temperature distributions of the HSM-H loaded with a 32PTH Type 1 DSC are bounded 
by those of the HSM-H loaded with a 32PTH DSC documented in Chapter 4. Therefore, the 
structural evaluation of the HSM-H loaded with a 32PTH DSC, as documented in Section 3.6.2 
and Appendix 3.9.9, are applicable for a HSM-H loaded with the 32PTH Type 1 DSC. 

A.3.6.3 OS187H Type 1 Transfer Cask Normal Conditions Structural Analysis 

Details of the structural analysis of the OS187H Type 1 transfer cask are provided in Appendices 
A.3.9.2 through A.3.9.6. The contents of each of these appendices are as follows. 

Appendix A.3.9.2 OS187H Type 1 Transfer Cask Body Structural Analysis 
Appendix A.3.9.3 OS187H Type 1 Transfer Cask Lid and Ram Access Cover Bolt Analyses 
Appendix A.3.9.5 OS187H Type 1 Transfer Cask Trunnion Analysis 
Appendix A.3.9.6 OS187H Type 1 Transfer Cask Shield Panel Structural Analysis 
 
A.3.6.3.1 Structural Analysis of the Transfer Cask Body under Normal Conditions 

The details of the structural analyses of the NUHOMS® OS187H Type 1 TC body including the 
cylindrical shell assembly and bottom assembly, the top cover, and the local stresses at the 
trunnion/cask body interface are presented in Appendix A.3.9.2. The specific methods, models 
and assumptions used to analyze the cask body for the various individual loading conditions 
specified in 10CFR72 [1] are described in that appendix. 

The OS187H Type 1 TC body structural analyses for normal conditions use static or quasistatic 
linear elastic methods. The stresses and deformations due to the applied loads are generally 
determined using the ANSYS [7] computer program. 

Table A.3.9.2-1 of Appendix A.3.9.2 summarizes the maximum stresses in the transfer cask body 
computed for normal conditions of transfer. The maximum stresses in each component are listed 
along with the normal loading condition that generates the stress. The results are evaluated against 
the ASME Code [3] design criteria described in Section A.3.1.2 of this chapter. 

Based on the results of these analyses, the design of the OS187H Type 1 TC is structurally 
adequate with respect to normal condition (Level A) transfer loads. 

A.3.6.3.2 Transfer Cask Top Cover and Ram Access Cover Bolt Normal Condition Analysis 

The detailed calculations for the top cover and ram access cover bolts are presented in Appendix 
A.3.9.3. The analysis is based on NUREG/CR-6007 [8]. The bolts are analyzed for the following 
normal loading conditions: operating pre-load, gasket seating load, internal pressure, and 
temperature changes. 

The bolt preload is calculated to withstand the worst case load combination and to maintain a 
clamping (compressive) force on the closure joint, under normal conditions. Based upon the load 
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combination results (see Appendix A.3.9.3, Sections A.3.9.3.3 and A.3.9.3.8), it is shown that a 
positive (compressive) load is maintained on the clamped joint for all normal condition load 
combinations. 

A summary of the calculated top cover bolt stresses is provided in Appendix A.3.9.3, Section 
A.3.9.3.5. The calculations result in a maximum average tensile stress of 37.4 ksi, which is below 
the allowable tensile stress of 92.4 ksi for normal conditions. The maximum average shear stress 
in the bolts is due to torsion during pre-loading. This stress is 6.8 ksi, which is well below the 
allowable shear stress of 55.4 ksi. The maximum combined stress intensity due to tension plus 
shear plus bending is 72.9 ksi, which is also less than the maximum allowable stress intensity of 
124.7 ksi. 

A summary of the calculated ram access bolt stresses is provided in Appendix A.3.9.3, Section 
A.3.9.3.10. The analysis results in a maximum average tensile stress of 70.8 ksi, which is below 
the allowable tensile stress of 92.4 ksi for normal conditions. The maximum normal condition 
shear stress is 15.9 ksi, which is well below the allowable shear stress of 55.4 ksi. The maximum 
combined stress intensity due to tension plus shear plus bending is 97.3 ksi, which is also less 
than the maximum allowable stress intensity of 124.7 ksi. 

A.3.6.3.3 Transfer Cask Normal Condition Trunnion Analysis 

Appendix A.3.9.5 presents the evaluation of the trunnion stresses in the NUHOMS® OS187H 
Type 1 TC due to all applied loads during fuel loading and transfer operations. 

The NUHOMS® OS187H Type 1 TC has two upper trunnions constructed from SA-182 Type 
FXM-19 and two lower trunnions constructed from SA-182 Type F304N stainless steel material. 
Both sets of trunnions are solid forged components welded to the structural shell of the transfer 
cask, which is constructed from SA240 Type 304 stainless steel. The upper trunnions are used to 
lift the cask with an empty DSC into a fuel pool. After the spent fuel has been loaded into the 
DSC, the upper trunnions are used to lift the cask to the decontamination area. After draining, 
drying, and closure welding of the DSC, the cask lid is bolted onto the transfer cask and the cask 
is vertically lifted to the transfer trailer where the cask is mated with the transfer skid front 
trunnion towers and pivoted about the lower trunnions into its horizontal position. In its horizontal 
position, the cask is supported by its four trunnions which are mounted on the four trunnion 
towers of the transfer skid. 

Based on the loading and transfer scenario described above, the top trunnions are analyzed for 6g 
vertical lifting loads, and both sets of trunnions are evaluated for a prescribed set of transfer 
handling loads. 

The transfer cask shell and trunnions are assumed to be at 300 °F during transfer. This assumption 
is conservative based on the thermal evaluation performed in Chapter 4. 

The calculated maximum trunnion stresses are summarized in Appendix A.3.9.5, Table A.3.9.5-1 
and compared with their corresponding allowable stresses. Table A.3.9.5-1 shows that all 
calculated trunnion stresses are less than their corresponding allowable stresses. Therefore, the 
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NUHOMS® OS187H Type 1 TC top and bottom trunnions are structurally adequate to withstand 
loads during lifting and transfer operations. 

A.3.6.3.4 Transfer Cask Shield Panel Structural Analysis for Normal Conditions 

Appendix A.3.9.6 presents the evaluation of the stresses in the NUHOMS® OS187H Type 1 TC 
neutron shield shell due to all applied loads during fuel loading and transfer operations. 

A finite element model, similar to that of the OS187H TC neutron shield panel, is developed for 
the structural analysis of the outer neutron shield shell, end closure, central plates and structural 
shell. These structural components were modeled with two dimensional axisymmetric elements. 
The same finite element model is used for all loading conditions. 

Table A.3.9.6-1 of Appendix A.3.9.6 summarizes the calculated stresses for the transfer cask 
lifting and transfer loads. Based on the results of the analysis, it is concluded that the outer shell 
structure is structurally adequate for the specified transfer loads. 

 

 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3-18 

A.3.7 Off-Normal and Hypothetical Accident Conditions 

This section presents the structural analyses of the 32PTH Type 1 DSC, the HSM-H and the 
OS187H Type 1 TC subjected to off normal and hypothetical accident conditions of storage and 
transfer. The analyses are summarized in Sections A.3.7.1, A.3.7.2 and A.3.7.3 of this appendix 
and are evaluated against the design criteria described in Section A.3.1.2 of this chapter. 

The 32PTH Type 1 DSC is subjected to both storage and transfer loading conditions, while the 
HSM-H is only subjected to storage loading conditions and the OS187H Type 1 TC is only 
subjected to transfer loading conditions. 

A.3.7.1 32PTH Type 1 DSC Off-Normal and Accident Conditions Structural Analysis 

Details of the structural analysis of the 32PTH Type 1 DSC are provided in Appendix A.3.9.1. 
The fuel basket assembly and canister shell assembly are analyzed independently. The structural 
analysis of the fuel basket assembly is described in Appendix A.3.9.1, Section A.3.9.1.2, while 
the structural analysis of the canister shell assembly is described in Section A.3.9.1.3. A 360º 
finite element model of a 15″ segment of the basket assembly is constructed for the structural 
evaluation of the fuel basket assembly. Four finite element models are used for the structural 
evaluation of the canister shell assembly. A 2-D axisymmetric model used for the analysis of 
axisymmetric loads, two 3-D models modeling the top and bottom halves of the shell assembly, 
respectively, used for the analysis of non-axisymetric loads, and a 3-D local model of the lifting 
lugs welded to the shell assembly to evaluate stresses during lifting of the DSC and placement 
into the transfer cask prior to fuel loading.  

A.3.7.1.1 32PTH Type 1 DSC Fuel Basket Assembly Off Normal and Accident Condition 
Structural Analysis 

A.3.7.1.1.1 32PTH Type 1 Fuel Basket Off-Normal and Accident Condition Stress Analysis 

The fuel basket assembly stress analyses are performed for off-normal and accident condition 
loads during fuel transfer and storage. 

The mechanical properties of structural materials used in the basket and canister are shown in 
Section 3, Table 3-5, and Appendix 3.9.1, Table 3.9.1-1, as a function of temperature. All 
structural components of the fuel basket and support rails are constructed from SA-240, Type 304 
stainless steel, with properties taken from AMSE B&PV Code [5]. 

The load cases used for the analyses of the 32PTH Type 1 fuel basket assembly are the same as 
for the 32PTH fuel basket assembly and are as summarized in Section 3.9.1.2.2. 

The details of the stress analysis of the basket assembly, as presented in Appendix 3.9.1, Section 
3.9.1.2.3 are applicable without change to the 32PTH Type 1 fuel basket assembly. As discussed 
in Section 3.9.1.2.3, the basket stress analyses are performed using a 3-dimensional finite element 
model of the cross section of the basket assembly. The model is a 15″ long segment of the basket 
assembly and is described in detail in Appendix 3.9.1, Section 3.9.1.2.3 (A). This model is used 
for the analysis of the transfer side drop impact loads, storage seismic loads, and both, transfer  
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and storage thermal load cases. Hand calculations are used for the evaluation of the transfer end 
drop load cases. 

The stresses calculated for the 32PTH DSC fuel basket assembly and summarized in Tables 3.9.1-
4a and 3.9.1-4b for the transfer accident loads and Table 3.9.1-5 for the storage accident loads are 
applicable to the 32PTH Type 1 basket assembly. 

The maximum shear load in the fusion welds for the 75g side drop accident loading condition is 
calculated in Appendix 3.9.1, Section 3.9.1.2.3.B.5. The calculated maximum shear force during 
side drop is 7,208 lb. The fusion weld is qualified by a pull test (shear). The minimum test load is 
17.1 kips. This test load includes a safety factor of 2 and a correction for material strength for 
room temperature testing. 

Based on the results of these analyses, the design of the 32PTH Type 1 DSC basket is structurally 
adequate with respect to off-normal and accident conditions of transfer and storage loads. 

A.3.7.1.1.2 32PTH Type 1 DSC Fuel Basket Accident Condition Buckling Analysis 

As stated in Section A.3.9.1.2.4, the details of the buckling analysis is presented in detail in 
Appendix 3.9.1, Section 3.9.1.2.4 are applicable without change to the 32PTH Type 1 fuel basket 
assembly. The results for the buckling analysis are also described in Section 3.9.1.2.4. 

 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3-20 

Since the critical collapse load for the 32PTH Type 1 DSC basket (83.9g for the 30° orientation) 
is greater than the maximum design acceleration of 75g, the basket will not fail in buckling during 
the accident condition events. 

A.3.7.1.1.3 32PTH Type 1 DSC Fuel Basket Support Rail Accident Condition Buckling 
Analysis 

No change. 

A.3.7.1.2 32PTH Type 1 DSC Canister Shell Off Normal and Accident Condition Structural 
Evaluation 

A.3.7.1.2.1 32PTH Type 1 Canister Shell Assembly Off-Normal and Accident Condition 
Stress Analysis 

The description of the off-normal and accident analysis for the 32PTH DSC shell assembly 
presented in Section 3.7.1.2.1 is applicable without change to the 32PTH Type 1 canister shell 
assembly. 

Elastic and elastic-plastic analyses are performed to calculate the stresses in the 32PTH Type 1 
DSC shell assembly under the transfer and storage loads. These load cases are summarized in 
Appendix A.3.9.1, Tables A.3.9.1-3, A.3.9.1-4 and A.3.9.1-13. The accident side drop load case 
and the accident pressure load case are analyzed by elastic-plastic analyses and the rest by elastic 
analyses. 

Two finite element model types are used for the analysis of the 32PTH Type 1 DSC shell 
assembly. The first type is a 2-Dimensional axisymmetric model used for the analysis of 
symmetric loads (e.g., pressure, dead weight). The second type is a 3-Dimensional model of the 
top and bottom halves of the shell assembly and is used for the analysis of non-axisymetric loads 
(e.g., side drops). The 2-D model is shown in Figures A.3.9.1-1. The 3-D models are shown in 
Figure A.3.9.1-4 and A.3.9.1-5 for the top and bottom halves, respectively. As shown in Figure 
A.3.9.1-2, the three-part top end assembly is modeled (separate shield plug, inner cover, and outer 
cover plates). Similarly, as shown in Figure A.3.9.1-3, the design option with separate inner 
bottom cover plate, bottom shield plug, and outer bottom cover plate is modeled. This 
configuration is expected to be the bounding as the pressure load is resisted by the inner top and 
inner bottom plates, and supported by the outer top cover plate (at the top) and, through the stiff 
bottom shield plug by the outer bottom cover plate (at the bottom). 

The calculated stresses in the canister shell assembly due to off-normal and accident transfer 
loading conditions are summarized in Appendix A.3.9.1, Tables A.3.9.1-6, 7, 8, 10, 11, and 12. 
The stresses due to accident storage loading conditions are summarized in Appendix A.3.9.1, 
Tables A.3.9.1-14, and 15. 

The alternate top closure assembly of the 32PTH Type 1 DSC which consists of the two-part 
combined shield plug/inner cover assembly (including the optional configurations), as well as the 
optional bottom end configurations are not analyzed explicitly. The results of the 32PTH DSC for 
the side drop accident load case are applicable for these alternate configurations.  See discussion 
in Section A.3.9.1.3.4. 
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Based on the results of these analyses, the design of the 32PTH Type 1 DSC canister is 
structurally adequate with respect to off-normal and accident condition transfer and storage loads. 

A.3.7.1.2.2 32PTH Type 1 DSC Canister Shell Accident Condition Buckling Analysis 

This section summarizes the evaluation of the 32PTH Type 1 DSC canister against buckling 
under a vertical end drop during transfer operations. The details of the DSC canister shell 
buckling analysis are provided in Appendix A.3.9.1, Section A.3.9.1.3.3. A finite element elastic-
plastic analysis with large displacement option is performed to monitor occurrence of canister 
shell buckling under the specified loads. 

The thermal evaluation presented in Chapter 4 shows that the metal temperatures of the entire 
canister are below 500 °F during transfer operations. The material properties of the canister at 
500 °F are therefore conservatively used for the canister buckling analysis. 

The following three hypothetical accident load cases for the canister are considered in this 
buckling analysis. 

Buckling Load Case 1: 15 psig external pressure and 75g axial acceleration due to end drop 

Buckling Load Case 2: 30 psig internal pressure and 75g axial acceleration due to end drop 

Buckling Load Case 3: 0 psig internal pressure and 75g axial acceleration due to end drop 

The same two-dimensional axisymmetric finite element model used for the stress analysis of the 
canister shell assembly and described in Appendix A.3.9.1, Section A.3.9.1.3.2.D.2 is used for the 
buckling accident analysis. Since the top end of the canister is heavier than the bottom end, it is a 
more severe case when the canister drops on its bottom end. A bottom end drop is therefore 
chosen for analysis in this calculation. 

Load Case 1 converged at 173.5g load. Load Case 2 converged at 174.9g load. Load Case 3 
converged at a load corresponding to 174.0g. This load is much higher than the required 75g load 
in either Load Case 1 or 2. The analysis shows that the canister does not buckle up to an end drop 
load of 173.5g, which is well beyond the design 75g load. It is, therefore, concluded that buckling 
of the canister will not occur during a hypothetical accident end drop. 

A.3.7.2 HSM-H Off-Normal and Accident Conditions Structural Analysis 

No change. As discussed in Section 3.7.2, the HSM-H is evaluated for a DSC weight and heat 
loads that bound those of the 32PTH Type 1 DSC. Thus, the evaluations of the 32PTH inside the 
HSM-H documented in Section 3.7.2 are bounding for the 32PTH Type 1 DSC inside the 
HSM-H. 
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A.3.7.3 OS187H Type 1 Transfer Cask Off Normal and Accident Conditions Structural 
Analysis 

A.3.7.3.1 Structural Analysis of the Transfer Cask Body for Off Normal and Accident 
Conditions 

The details of the structural analyses of the NUHOMS® OS187H Type 1 TC body including the 
cylindrical shell assembly and bottom assembly, the top cover, and the local stresses at the 
trunnion/cask body interface are presented in Appendix A.3.9.2. The specific methods, models 
and assumptions used to analyze the cask body for the various individual loading conditions 
specified in 10CFR72 [1] are described in that appendix. 

The OS187H transfer cask body structural analyses generally use static or quasistatic linear elastic 
methods. The stresses and deformations due to the applied loads are generally determined using 
the ANSYS [7] computer program. 

The maximum stresses in each of the major components of the transfer cask are reported for each 
load case and load combination in Appendix A.3.9.2, Table A.3.9.2-1. The results are evaluated 
against the ASME Code [3] design criteria described in Section A.3.1.2 of this chapter. 

Based on the results of these analyses, the design of the OS187H Type 1 TC is structurally 
adequate with respect to off normal and hypothetical accident transfer loads. 

A.3.7.3.2 Transfer Cask Top Cover and Ram Access Cover Bolt Accident Condition Analysis 

The detailed calculations for the top cover and ram access cover bolts are presented in Appendix 
A.3.9.3. The analysis is based on NUREG/CR-6007 [8]. The bolts are analyzed for the 
hypothetical accident condition impact loads and load combinations. 

A summary of the calculated top cover bolt stresses is listed in Appendix A.3.9.3, Section 
A.3.9.3.5. The calculations result in a maximum average tensile stress of 110.6 ksi, which is 
below the allowable tensile stress of 115.5 ksi for accident conditions. The maximum average 
shear stress in the bolts is due to torsion during pre-loading. This stress is 6.8 ksi, which is well 
below the allowable shear stress of 69.3 ksi. 

A summary of the calculated ram access bolt stresses is listed in Appendix A.3.9.3, Section 
A.3.9.3.10. The analysis results in a maximum average tensile stress of 70.8 ksi, which is below 
the allowable tensile stress of 115.5 ksi for accident conditions. The maximum accident shear 
stress is 15.9 ksi, which is well below the allowable shear stress of 69.3 ksi. 

A.3.7.3.3 Transfer Cask Lead Slump Analysis 

As described in Section 3.1.1.4, the only credible drop accident during storage or transfer 
operations is a side drop. Thus, lead slump evaluation under top or bottom end drop accident is 
not performed for the OS187H Type 1 TC. 
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A.3.7.3.4 Transfer Cask Inner Containment Buckling Analysis 

As described in Section 3.1.1.4, the only credible drop accident during storage or transfer 
operations is a side drop. Thus, inner liner buckling evaluation under top or bottom end drop 
accidents is not performed for the OS187H Type 1 TC. 

A.3.7.3.5 Transfer Cask Trunnion Analysis 

Appendix A.3.9.5 presents the evaluation of the trunnion stresses in the NUHOMS® OS187H 
Type 1 TC due to all applied loads during fuel loading and transfer operations. The calculated 
maximum normal condition trunnion stresses are summarized in Table A.3.9.5-1 and compared 
with their corresponding allowable stresses. 

A.3.7.3.6 Transfer Cask Shield Panel Structural Analysis for Accident Conditions 

Appendix A.3.9.6 presents the evaluation of the stresses in the NUHOMS® OS187H Type 1 TC 
neutron shield shell due to all applied loads during fuel loading and transfer operations. The 
calculated maximum normal condition neutron shield shell stresses are summarized in Table 
A.3.9.6-1 of Appendix A.3.9.6. 

A.3.7.3.7 Transfer Cask Impact Analysis 

Appendix A.3.9.10 presents the computation of the peak decelerations of NUHOMS® OS187H 
Type 1 TC during impact, subsequent to the hypothetical accident drop onto the concrete pad/soil 
system during transfer operations. 
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A.3.9 Appendices 

The detailed structural analyses of the NUHOMS® HD system Type 1 components are included in 
the following appendices: 

Appendix A.3.9.1 32PTH Type 1DSC (Canister and Basket) Structural Analysis 
Appendix A.3.9.2 OS187H Type 1 Transfer Cask Body Structural Analysis 
Appendix A.3.9.3 OS187H Type 1 Transfer Cask Top Cover and Ram Access Cover Bolts 

Analyses 
Appendix A.3.9.4 Not used (since the end and corner drops are not credible under 10CFR Part 

72, the lead slump and inner shell buckling analysis of the OS187H Type 1 
TC for the 75g end drop load are not documented). 

Appendix A.3.9.5 OS187H Type 1 Transfer Cask Trunnion Analysis 
Appendix A.3.9.6 OS187H Type 1 Transfer Cask Shield Panel Structural Analysis 
Appendix A.3.9.7 Deleted (superseded by Appendix A.3.9.10) 
Appendix A.3.9.8 No change (Damaged Fuel Cladding Structural Evaluation) 
Appendix A.3.9.9 No change (HSM-H Structural Analysis) 
Appendix A.3.9.10 OS187H Type 1 Transfer Cask Dynamic Impact Analysis 
Appendix A.3.9.11 32PTH Type 1 DSC Dynamic Amplification Factors 
 

A.3.10 ASME Code Alternatives 

No change to the ASME Code Alternatives provided in Section 3.10. 
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A.3.9.1 32PTH TYPE 1 DSC (CANISTER AND BASKET) STRUCTURAL ANALYSIS 

A.3.9.1.1 Introduction 

The NUHOMS® 32PTH Type 1 DSC consists of a fuel basket assembly and a canister shell 
assembly. The canister shell assembly consists of a cylindrical shell, top end assembly (outer top 
cover plate, inner top cover plate, top shield plug), and a bottom end assembly (inner bottom 
cover plate, bottom shield plug, outer bottom cover plate). An alternate design for the top end 
assembly includes a two-part top end (combined shield plug/inner top cover and the outer cover 
plate). Similarly, the bottom end may consist of a single forged piece or two-piece, or three-piece 
assembly. The primary confinement boundary for the 32PTH Type 1 DSC consists of the DSC 
shell, the inner top cover plate, and shell bottom or inner bottom cover plate of the shell bottom 
assembly. 

The canister shell thickness is 0.50 inches, and the top and bottom closure assemblies are 12.0 
inches and 8.75 inches, respectively. The canister is constructed entirely from SA-240 Type 304 
stainless steel and SA-182 Type F304. The shield plugs are constructed from ASTM A-36. There 
are no penetrations through the confinement vessel. The draining and venting systems are 
covered by the port plugs, and the outer top cover plate and the inner top cover plate are welded 
to the cylindrical shell with multi-layer welds. The canister cavity is pressurized above 
atmospheric pressure with helium. The 32PTH Type 1 DSC shell assembly geometry and the 
materials used for its analysis and fabrication are shown on drawings 10492-72-2001-SAR to 
2005-SAR included in Chapter A.1. 

The basket structure consists of assemblies of stainless steel fuel compartments and support rails. 
The borated aluminum or boron carbide/aluminum metal matrix composite plates (neutron 
poison plates) provide the necessary criticality control and also provide a portion of the heat 
conduction paths from the fuel assemblies to the cask cavity wall. This method of construction 
forms a very strong structure of compartment assemblies which provide for storage of 32 PWR 
fuel assemblies. The open dimension of each fuel compartment is 8.70 in. × 8.70 in., which 
provides clearance around the fuel assemblies. 

The fuel basket assembly and the canister assembly are analyzed separately. The fuel basket 
assembly is analyzed in Section A.3.9.1.2, while the canister shell assembly is analyzed in 
Section A.3.9.1.3. The full 360º 3-dimensional finite element model of the basket assembly used 
for the evaluation of the 32PTH basket is applicable to the 32PTH Type 1 basket assembly. The 
analyses performed in Section 3.9.1.2 for the 32PTH basket are applicable for the 32PTH Type 1 
basket (See Section A.3.9.1.2 for details). 

Three finite element models are used for the structural evaluation of the canister shell assembly. 
A 2-dimensional axisymmetric model of the DSC canister shell assembly is used to evaluate 
axial inertial loads as well as internal pressure, external pressure, and thermal loads. Two 3-
dimensional finite element models of the DSC shell assembly are used to evaluate the effects of 
transverse inertial loads (e.g., side drop). These are separate models of the top half and bottom 
half assemblies of the 32PTH Type 1 DSC. 
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A.3.9.1.2 32PTH Type 1 DSC Fuel Basket Assembly Structural Evaluation 

A.3.9.1.2.1 Approach 

The basket design for the NUHOMS® 32PTH Type 1 DSC is identical to the 32PTH DSC except 
that the length of the 32PTH Type 1 basket is longer (the length of the 32PTH DSC basket is 162 
inches, whereas the length of the 32PTH Type 1 DSC basket is 169 inches). In addition, the fuel 
compartment tubes at the top of the basket are also connected with support bars and fusion welds 
in the 32PTH Type 1 design. The 15 inch pitch between support bars (where the fuel 
compartments are connected to each other by fusion welds), which is the basis for the selection 
of the axial length of the analysis model, is the same for the 32PTH and 32PTH Type 1 baskets. 
The material properties, maximum fuel assembly weight, and the temperature profiles used in the 
32PTH basket analyses (Section 3.9.1.2) have not changed. Thus, the analyses performed for the 
32PTH basket assembly, documented in Section 3.9.1.2, are also applicable for the 32PTH Type 
1 basket. 

Therefore, the analysis results for the 32PTH basket in Section 3.9.1.2 are also applicable to the 
32PTH Type 1 basket. 

A. Material Properties 

No change. The material properties for the 32PTH DSC in Section 3.9.1.2.1(A) are also 
applicable to the 32PTH Type 1 DSC. 

B. Design Criteria 

No change. The design criteria for the 32PTH DSC described in Section 3.9.1.2.1 (B) are also 
applicable to the 32PTH Type 1 DSC. 

A.3.9.1.2.2 Loading Conditions 

No change. The loading conditions for the 32PTH DSC described in Section 3.9.1.2.2 are also 
applicable to the 32PTH Type 1 DSC. 

A.3.9.1.2.3 Fuel Basket Assembly Stress Analysis 

No change. The 32PTH basket stress analysis model and analysis results in Section 3.9.1.2.3 are 
applicable to the 32PTH Type 1. 

A.3.9.1.2.4 32PTH Type 1 Fuel Basket Assembly Buckling Analysis 

The buckling evaluation for the 32PTH DSC performed using the full 360º 3-dimensional model 
of the basket assembly documented in Section 3.9.1.2.4 (A.3) is also applicable to the 32PTH 
Type 1 DSC. 
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A.3.9.1.3 32PTH Type 1 DSC Shell Assembly Structural Evaluation 

A.3.9.1.3.1 Approach 

This section evaluates the structural adequacy of the 32PTH Type 1 DSC canister under all 
applicable normal and hypothetical accident condition loads. Evaluation of the stresses generated 
in the DSC is presented in Section A.3.9.1.3.2, and the DSC shell assembly buckling evaluation 
is presented in Section A.3.9.1.3.3. 

A.3.9.1.3.2 DSC Canister Shell Assembly Stress Analysis 

A. Methodology 

An enveloping technique of combining various individual loads in a single analysis is used in 
this evaluation for several load combinations. This approach greatly reduces the number of 
computer runs while remaining conservative. However, for some load combinations, the stress 
intensities under individual loads are added to obtain resultant stress intensities for the specified 
combined loads. This stress addition at the stress intensity level for the combined loads, instead 
of at component stress level, is also a conservative way to reduce the number of analyses runs. 

The ANSYS calculated stresses are the total stresses of the combined membrane, bending, and 
peak stresses. These total stresses are conservatively taken to be membrane stresses (Pm) as well 
as membrane plus bending stresses (PL + Pb) and are evaluated against their corresponding 
ASME code stress limits. In the case where the total stresses, evaluated in this manner, exceed 
the ASME allowable stresses, a detailed stress linearization is performed to separate the 
membrane, bending, and peak stresses. The linearized stresses are then compared to their proper 
Code allowable stresses. ASME B&PV Code Subsection NB [8] is used for evaluation of loads 
under normal conditions and Appendix F [3] for evaluation of loads under hypothetical accident 
conditions. 

The thermal stress intensities are classified as secondary stress intensities, Q, for code 
evaluations.  

B. Canister Material Properties 

Temperature dependent material properties obtained from Reference 1 for the NUHOMS® 
32PTH Type 1 canister materials are summarized as follows. 

Elastic Material Properties 

Elastic properties are tabulated in Table 3-5 for SA-240 Type 304/SA-182 F304 (DSC Shell, 
Support Ring, Outer Top Cover, Inner Top Cover, Bottom Grapple Ring, Inner Bottom Cover 
and Outer Bottom Cover) and in Table A.3.9.1-1 for ASTM A-36 (top and bottom shield plugs). 

Elastic-Plastic Material Properties 

The ANSYS Bilinear Kinematic Hardening option of inelastic analysis is employed for Transfer 
Load Case 4 (120 psig internal pressure and hypothetical accident fire). Tangent modulus of 5% 
of elastic modulus is assumed after yield stress. 
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The ANSYS Multilinear Kinematic Harding material option of inelastic analysis is employed in 
the analyses of all canister accident side drops. A multi-linear stress-strain curve for Type 304 
stainless steel at 500 °F is constructed using the yield and tensile stress values taken from 
Reference 1 and the elongation value from Reference 9. The stress-strain curve used for all 
canister materials is as follows. 

Point 1 2 3 4 5 

Strain (in/in) 0.0004845 0.000768 0.001164 0.00275 0.46 

Stress (psi) 12,500 14,660 17,120 19,400 63,400 

 
C. DSC Shell Assembly Stress Criteria 

Allowable stresses given in ASME B&PV Code Subsection NB [8] and Appendix F [3] are used 
to evaluate the calculated stresses in the canister under normal, off-normal, and accident 
conditions, respectively. The stress criteria are summarized in Table 3-2. The allowable stresses 
are summarized in Table A.3.9.1-2. The closure welds between the inner top cover to the shell 
and the outer top cover to the shell use a stress reduction factor of 0.8 in accordance with ISG-15 
[14]. 

D. DSC Shell Assembly Stress Analysis for Transfer Loads 

The evaluation of the stresses generated in the NUHOMS® 32PTH Type 1 canister during 
transfer operations is presented here. During fuel transfer, the canister is oriented horizontally 
inside the OS187H Type 1 Transfer Cask. The OS187H Type 1 Transfer Cask is mounted to the 
transfer skid and transferred from the fuel building to the ISFSI. 

The maximum temperature in the canister under vacuum drying operation is calculated to be 
522 °F in the thermal stress analysis (see Chapter 4). This temperature occurs in the shell center 
where stresses are low. The maximum temperature in critical stress areas (top and bottom 
canister regions) are below 500 °F. However, the stress evaluations are conservatively performed 
at 500 °F. 

D.1. DSC Shell Assembly Transfer Load Cases 

Elastic and elastic-plastic analyses are performed to calculate the stresses in the NUHOMS® 
32PTH Type 1 canister under the transfer loads. These load cases are summarized in Table 
A.3.9.1-3 and Table A.3.9.1-4. The accident side drop and the accident pressure load cases are 
analyzed by elastic-plastic analyses and the rest by elastic analyses. 

D.2. DSC Shell Assembly Finite Element Model Descriptions 

DSC Temperature Distribution 

The DSC metal temperatures which are calculated in Chapter 4 are extracted and directly applied 
as temperature loads to the 2-D stress model using ANSYS macros. Since the 32PTH Type 1 
DSC is longer than the 32PTH DSC, the temperature distribution at the maximum temperature 
location was extended in the middle of the canister, thus maximizing thermal gradients and 
hence thermal stresses at the top and bottom of the canister shell. 
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2-D Canister Stress Models 

A two-dimensional (2-D) axisymmetric ANSYS finite element model, constructed from 
PLANE42 elements, is used for the elastic analyses of all axisymmetrical loading on the canister. 
ANSYS contact elements CONTAC12 are generated by connecting the nodes of two adjacent 
solids along their boundary. The real constant of each contact element is defined for the initial 
gap at each contact element. 

At the weld locations between two joined solids, the contacting nodes are coupled in all 
directions. These coupled-nodes are applied to the welds between the shell and the support ring 
and between the shell and the inner top cover plate. The larger ½ inch weld between the shell and 
the top cover is modeled with PLANE42 elements. The normal stiffness of all contact elements 
are calculated using guidelines in the ANSYS manual [10]. The applied boundary conditions for 
this 2-D model under each load case are described in the following sections. Figure A.3.9.1-1, 
Figure A.3.9.1-2, and Figure A.3.9.1-3 show the ANSYS 2-D finite element model, which 
includes the canister shell, outer and inner top covers, support ring and outer and inner bottom 
covers. This model is used for analyses of all axisymmetric loads during the transfer operations 
of the canister. 

The normal stiffness, KN, for the contact elements ware estimated according to the ANSYS 
manual [10] as follows. 

KN ≈ f E h  

Where, f = Factor that controls contact compatibility (ranging between 0.01 to 100), use 1 

E = Young’s modulus, use 25.8×106 psi 
h = average radius where contact to occur (for 2-D axisymmetrical model), use 34 in. 
KN = 1 × 25.8×106 × 34 = 8.8 ×108 lb/in. Conservatively used 1x109 lb/in. 

3-D Canister Stress Model 

A three-dimensional (3-D) ANSYS stress model is created using ANSYS elements SOLID45 
and CONTAC178. The 3-D model is used for the analysis of accident side drops. To help reduce 
the ANSYS run time and assure numerical convergence, the whole canister is split into two 
portions, namely, the top and the bottom end sections. These two sections are represented by two 
different ANSYS models. Each end model includes the canister shell at a length beyond which 
the un-modeled shell will have no significant impact on the stress levels at the junction between 
the shell and its end closures. The DSC canister top end assembly finite element model is shown 
in Figure A.3.9.1-4 and the canister bottom end assembly model is shown in Figure A.3.9.1-5. 

These 3-D models are used for analyses of side drops only. The postulated side drops will occur 
when the canister is resting inside the OS187H Type 1 transfer cask during transfer. Two side 
drops with the impact points located at 0° (i.e., the cask drops onto a target at 180° opposite to its 
four canister support pads) and at 180° (i.e., the cask drops onto a target between its two bottom 
canister support pads) are analyzed. 
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Load cases 6, 7, 10, and 11 consider the side drop loads at 0° and load cases 8, 9, 12, and 13 at 
180° (see Table A.3.9.1-3). Elastic-plastic analyses, using multi-linear hardening material 
properties, are performed for both side drops. In addition to the contact areas generated from the 
2-D model, new contact elements are generated connecting the inner diameter of the cask and the 
outer diameter of the canister in the radial direction. The nodes of these contact elements are 
located either on the inner diameter of the cask or on the outer diameter of the canister at the 
moment when the cask hits the side drop target. The actual gaps for these contact elements are 
defined by their initial location in conjunction with the contact element real constants. The 
contact element nodes located on the inner diameter of the cask are held fixed in all directions, 
simulating a rigid cask on which the canister drops. 

Weak link elements are added to each contact element in the model to help numerical 
convergence. Zero density of these link elements is used to avoid adding any non-existing 
weights. This model does not calculate the stress levels in the middle section of the canister shell, 
which are calculated and evaluated as part of the basket stress analysis in Section 3.9.1.2.3. 

Only half of the canister in circumferential direction is included in the 3-D model. Symmetry 
boundary conditions are applied to the plane of symmetry (global Cartesian x-z plane) during a 
side drop. Symmetry boundary conditions are also applied to the cut-off plane at the canister 
shell to provide proper diametrical rigidity of the shell during side drops. 

During the 75 g side drop, the canister internals are accounted for by applying a cosine varying 
pressure distribution on the inside surface of the canister shell. Assuming that the canister 
internals react upon a 90° arc of the inside surface, then the inertial load of the internals, P(θ), 
which varies with angle, θ, (θ = 0 is at the impact point), is governed by the following 
expression. 

P(θ) = Pmax cos(2θ) (0° < θ < 45°) 

Where Pmax is the maximum pressure at the impact point (θ = 0). Assuming the axial length of 
the applied load is L, the inside radius of the canister shell is R, and the load distribution, P(θ) 
above, then the total inertial load generated by the internals, F, is the following. 
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By integrating we get the following: 
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The canister shell inner diameter, R = 34.375 in., the axial length of the applied load, L = 169 in.  
The total applied force, F, is equal to the inertial load of the canister internals, which is the 
following. 

Basket weight = 29,451 lb, 
Fuel assembly weight = 51,520 lb 
Total weight of canister internals = 29,451 lb + 51,520 lb = 80,971 lb (use 83,000 lb). 

Then, 

F = 83,000 × 75 g = 6,225,000 lb. 

Therefore, Pmax is the following: 
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= π
π

P = 1136.54 psi. 

The equivalent pressure applied on the canister inside shell surface is therefore, 

P(θ) = 1136.54 cos(2θ), 

Where, θ is the angle from the bottom (θ = 0) of the horizontal canister shell to the center of the 
shell element, up to 45°. 
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D.3. DSC Shell Assembly Stress Evaluation for Transfer Loads 

All analyzed load cases in this section are identified in Table A.3.9.1-3 and Table A.3.9.1-4 and 
are described in detail in the following sections. 

Transfer Load Case 1: Deadweight + 15 psig external pressure + thermal 
(vacuum drying) 

The temperature profile utilized for the analysis of Transfer Load Case 1 for the 32PTH DSC 
described in Section 3.9.1.3.2 (D.3) was adjusted by linearly scaling to the maximum vacuum 
drying temperature of 522 °F, which is greater than the maximum temperature for vacuum 
drying 511 °F, as calculated in Chapter 4.  This adjusted temperature profile is used for the 
analysis of Transfer Load Case 1 for the 32PTH Type 1 DSC. 

The weight of the canister internals (basket and fuel assemblies) is accounted for by applying 
equivalent pressures on the support surfaces of the canister.  The actual weights of the basket and 
fuel assemblies are 29,451 lb and 51,520 lb, respectively (see Section A.3.2.1).  Therefore, the 
total weight of the canister internals is 80,971 lb.  A weight of 83,000 lb is conservatively used in 
this analysis.  The canister cavity inner radius is 34.375 in.  Therefore, the pressure load 
equivalent to the inertial load of the internals, Pia, is, 

Pia = [83,000 / (π × 34.3752)] = 22.36 psi 

An elastic analysis is performed using the ANSYS 2-D axisymmetric model.  The analysis was 
run in two load steps.  The first load step includes dead weight, 15 psig external pressure, and the 
temperature profile discussed above, but it does not include coefficient of thermal expansion.  
The second load step includes the coefficient of thermal expansion and all of the 
above-mentioned loads.  The results from the first load step are compared against the Pm and Pm 
+ Pb allowable stresses and the results from the second load step are compared against the Pm + 
Pb + Q allowable stresses. 

The maximum primary stress intensity in the canister was calculated to be 2.05 ksi in Load 
Step 1.  The maximum primary stress intensity in the closure welds is calculated to be 1.52 ksi. 

The maximum primary plus secondary stress intensity in the canister was calculated to be 22.69 
ksi in Load Step 2.  These stresses are summarized in Table A.3.9.1-6.  The maximum primary 
stress intensity in the closure welds is calculated to be 2.07 ksi. 

Transfer Load Case 2: Handling, 2 g axial + 2 g transverse + 2 g vertical + 30 psig int. 
pressure + thermal (115 °F ambient) 

The handling 2 g inertial loads applied to the canister when inside the transfer cask in the 
horizontal orientation are analyzed as part of the basket model described in Section 3.9.1.2.3 
(B.2) (the basket model includes a segment of the canister shell).  It is judged that under the 
relatively light handling loads the maximum stresses in the canister will occur in the shell section 
and can be obtained from the results calculated in Section 3.9.1.2.3 (B.2).  The maximum 
primary membrane stress intensity and primary membrane plus bending stress intensity in the 
canister shell due to the handling load of 2 g, calculated in Section 3.9.1.2.3 (B.2), are 880 psi 
and 9740 psi, respectively.  These stresses are summarized in Table A.3.9.1-6. 
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The stress intensities calculated in Section 3.9.1.2.3 (B.2) for the canister shell due to the 2 g 
handling loads are combined with the stresses due to internal pressure of 30 psig, and the 115 °F 
ambient environment temperature loads resulting from the thermal analysis in Chapter 4. 

The stress analysis for the 30 psig internal pressure and 115 °F thermal loads is performed using 
the ANSYS 2-D axisymmetric model. The stress analysis contains two load steps. Load step 1 
includes the primary loads of 30 psig internal pressure. Load step 2 includes the primary pressure 
load plus the secondary thermal load. 

The maximum primary stress intensity in the canister was calculated to be 14.97 ksi in Load Step 
1 analysis. The maximum primary stress intensity in the closure welds is calculated to be 11.75 
ksi. The maximum primary plus secondary stress intensity in the canister is calculated to be 
41.70 ksi under load step 2. The maximum primary plus secondary stress intensity in the closure 
welds is calculated to be 14.94 ksi. 

The maximum primary stress intensities in the canister shell calculated in Section 3.9.1.2.3 (B.2) 
are added to the maximum primary and primary plus secondary stress intensities calculated from 
the 2-D axisymmetric model and the combined results are evaluated against the corresponding 
ASME stress limits (See Table A.3.9.1-6). The direct addition of stresses at the stress intensities 
level, instead of at the component level, as well as the addition of the maximum stress intensities 
at different locations is very conservative. This enveloping technique is used to minimize the 
computer runs. 

Transfer Load Case 3: Handling 2 g axial + 2 g transverse + 2 g vertical + 15 psig ext. 
pressure + thermal (-20 °F ambient) 

The same methodology described for load case 2 is used in this load case. 

The maximum stress intensity in the canister for the primary load of 15 psig external pressure in 
load step 1 is calculated to be 2.75 ksi. The maximum stress intensity in the closure welds is 
calculated to be 1.46 ksi. 

The maximum stress intensity in the canister for the primary load of 15 psig external pressure 
plus the secondary temperature load in load step 2, is calculated to be 31.63 ksi. These stresses 
combined with the stresses due to the handling loads as well as the evaluation against the ASME 
stress limits are summarized in Table A.3.9.1-6. The maximum stress intensity in the closure 
welds is calculated to be 2.32 ksi. 

Transfer Load Case 4: 120 psig internal pressure and hypothetical accident fire 

Stresses in the canister under an internal pressure of 120 psig are calculated in this load case. 
ASME code [3] requires only primary stresses be evaluated under accident conditions. The 
secondary thermal stresses are therefore not calculated. The ANSYS 2-D axisymmetric model is 
used for analysis of this accident pressure load. This is an elastic-plastic analysis with large 
deformations. 

The maximum calculated stress in the entire canister for the pressure load is 23.92 ksi. This 
maximum stress intensity is conservatively treated both as primary membrane stress intensity 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3.9.1-10 

and as primary membrane plus bending stress intensity and so evaluated against ASME code 
limits at the maximum metal temperature of the canister (See Table A.3.9.1-7). 

The maximum metal temperature in the canister during fire accident is calculated to be 790 °F 
(see Chapter 4). Canister material properties at 800 °F are used for the ANSYS model. The 
maximum stress intensity in the closure welds is calculated to be 21.71 ksi. 

Transfer Load Case 5: 25 psig external pressure and flood hypothetical accident 

The external pressure of 25 psig on the canister is analyzed using material properties taken at 
500 °F for the entire model. 

The maximum stress intensity in the canister for this load case is calculated to be 4.56 ksi. The 
maximum stress intensity in the closure welds is calculated to be 2.42 ksi. 

Transfer Load Case 6: Accident condition 75 g side drop at 0° (no rail) at ambient 
temperature of 115 °F (75 g side drop + 30 psig internal 
pressure)—top end portion of canister 

The canister internal pressure of 30 psig plus a side acceleration of 75 g is analyzed in this load 
case. A multi-linear elastic-plastic stress-strain curve for material 304 SS at 500 °F is applied to 
all materials. The stress-strain curve is obtained from Reference 9. ASME code requires only 
primary stresses be evaluated under accident conditions. The values of the thermal expansion 
coefficients for all materials are therefore set to 0 to eliminate any secondary thermal stresses in 
the canister. 

The maximum stress intensity in the canister for this load case is calculated to be 25.5 ksi. The 
maximum stress intensity in the closure welds is calculated to be 23.3 ksi. 

Transfer Load Case 7: Accident condition 75 g side drop at 0° (no rail) at ambient 
temperature of 115 °F (75 g side drop + 30 psig internal 
pressure)—bottom end portion of canister 

The methodology of the analysis and stress evaluation used in this load case is the same as that 
described for Load Case 6. 

The maximum stress intensity in the canister for this load case is calculated to be 24.0 ksi. 

Transfer Load Case 8: Accident 75 g side drop at 180° (drop between two transfer cask 
bottom support pads) at ambient temperature of 115 °F (75 g side 
drop + 30 psig internal pressure)—top end portion of canister 

The same methodology of the analysis and stress evaluation used for Load Case 6 is used for this 
load case except that the gaps between the canister and the rigid cask are different due to the 
orientation of the transfer cask support pads. 

The maximum stress intensity in the canister for this load case is calculated to be 27.3 ksi. The 
maximum stress intensity in the closure welds is calculated to be 24.3 ksi. 
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Transfer Load Case 9: Accident 75 g side drop at 180° (drop between two cask bottom 
rails) at ambient temperature of 115 °F (75 g side drop + 30 psig 
internal pressure)—bottom end portion of canister 

The same methodology of the analysis and stress evaluation used for Load Case 7 is used for this 
load case except that the gaps between the canister and the rigid cask are different. 

The maximum stress intensity in the canister for this load case is calculated to be 24.7 ksi. 

Transfer Load Case 10: Accident 75 g side drop at 0° (drop at no cask rail) at ambient 
temperature of -20 °F (75 g side drop + 15 psig external 
pressure)—top end portion of canister 

The same methodology of the analysis and stress evaluation used for Load Case 6 is used for this 
load case except that external pressure instead of internal pressure is applied. 

The maximum stress intensity in the canister for this load case is calculated to be 25.9 ksi. The 
maximum stress intensity in the closure welds is calculated to be 23.4 ksi. 

Transfer Load Case 11: Accident 75 g side drop at 0° (drop at no cask rail) at ambient 
temperature of -20 °F (75 g side drop + 15 psig external 
pressure)—bottom end portion of canister 

The same methodology of the analysis and stress evaluation used for Load Case 7 are used for 
this load case except external pressure instead of internal pressure is applied. 

The maximum stress intensity in the canister for this load case is calculated to be 24.1 ksi. 

Transfer Load Case 12: Accident 75 g side drop at 180° (drop between two cask bottom 
rails) at ambient temperature of -20 °F (75 g side drop + 15 psig 
external pressure)—top end portion of canister 

The same methodology of the analysis and stress evaluation used for Load Case 8 is used for this 
load case except that external pressure instead of internal pressure is applied. 

The maximum stress intensity in the canister for this load case is calculated to be 27.3 ksi. The 
maximum stress intensity in the closure welds is calculated to be 24.2 ksi. 

Transfer Load Case 13: Accident 75 g side drop at 180° (drop between two cask bottom 
rails) at ambient temperature of -20 °F (75 g side drop + 15 psig 
external pressure)—bottom end portion of canister 

The same methodology of the analysis and stress evaluation used for Load Case 9 is used for this 
load case except that the external pressure instead of the internal pressure is applied. 

The maximum stress intensity in the canister is calculated to be 24.9 ksi. 

Transfer Load Case 14: Accident 75 g top end drop (75 g + internal pressure of 30 psig) 

The top end drop is not considered credible during storage and transfer operations under 10 CFR 
Part 72 because the transfer cask is always in the horizontal orientation. The top end drop  
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evaluation documented below is performed in support of a 10 CFR Part 50 evaluation that may 
be performed by the user if the user cannot demonstrate that this accident drop is not credible. 

The weight of the canister internals (basket and fuel assemblies) during end drop is accounted for 
by applying equivalent pressures on canister components that support them.  The actual weights 
of the canister basket and fuel assemblies are 29,451 lb and 51,520 lb (see Section A.3.2.1).  
Therefore, the total actual weight of the canister internals is 80,971 lb.  The weight of the 
canister internals used in this analysis is conservatively increased to 83,000 lb. 

The canister cavity inner radius at the top end is 34.375 in.  The pressure load equivalent to the 
inertial load of the internals at 75 g under accident condition, Pia, is, 

Pia = [83,000 / (π × 34.3752)] × 75 g = 1676.89 psi 

The top face of the canister outer top cover is held in the axial direction in order to simulate the 
rigid support provided by the transfer cask top cover.  An inertial load of 75 g in the negative y-
direction is applied to the model.  An internal pressure of 30 psig and the metal temperatures 
from the 115 °F ambient condition are also included in this analysis.  Temperature-dependent 
material properties are selected based on the temperature distribution in the canister.  The values 
of thermal expansion coefficients for all materials are set to zero so that secondary thermal 
stresses, which are not required for evaluation under an accident condition per Reference 3, are 
not calculated. 

The maximum stress intensity in the canister for this load case is calculated to be 17.68 ksi.  The 
maximum stress intensity in the closure welds is calculated to be 6.43 ksi. 

Transfer Load Case 15: Accident 75 g bottom end drop (75 g + internal pressure of 
30 psig) 

The bottom end drop is not considered credible during storage and transfer operations under 10 
CFR Part 72 because the transfer cask is always in the horizontal orientation.  The bottom end 
drop evaluation documented below is performed in support of a 10 CFR Part 50 evaluation that 
may be performed by the user if the user cannot demonstrate that this accident drop is not 
credible. 

The weight of the canister internals used in this analysis is 83,000 lb.  The canister cavity inner 
radius at the bottom end is 34.375 in.  The pressure load equivalent to the weight of the internals 
under the accident condition 75 g drop, Pia, is, 

Pia = [83,000 / (π × 34.3752) ] × 75 g = 1676.89 psi 

The bottom face of the canister is held in the axial direction in order to simulate the rigid support 
provided by the transfer cask bottom.  An inertial load of 75 g in the positive y-direction is 
applied to the model.  An internal pressure of 30 psig and the metal temperatures from the 115 °F 
ambient condition are included in this analysis.  Temperature-dependent material properties are 
selected based on the temperature distribution in the canister.  The values of thermal expansion 
coefficients for all materials are set to zero so that secondary thermal stresses, which are not 
required for evaluation under an accident condition per Reference 3, are not calculated. 
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The maximum stress intensity in the canister for this load case is calculated to be 21.05 ksi. The 
maximum stress intensity in the closure welds is calculated to be 4.27 ksi. 

Transfer Load Case 16: Accident 75 g top end drop (75 g + external pressure of 15 psig) 

The top end drop is not considered credible during storage and transfer operations under 10 CFR 
Part 72 because the transfer cask is always in the horizontal orientation. The top end drop 
evaluation documented below is performed in support of a 10 CFR Part 50 evaluation that may 
be performed by the user if the user cannot demonstrate that this accident drop is not credible. 

This load case is similar to Load Case 14 with different pressure loadings and metal 
temperatures. An external pressure of 15 psig and material properties at 500 °F are used in this 
analysis. The values of thermal expansion coefficients for all materials are set to zero so that 
secondary thermal stresses, which are not required for evaluation under an accident condition per 
Reference 3, are not calculated. 

The maximum stress intensity in the canister for this load case is calculated to be 30.7 ksi. The 
maximum stress intensity in the closure welds is calculated to be 8.7 ksi. 

Transfer Load Case 17: Accident 75 g bottom end drop in accident condition (75 g + 
external pressure of 15 psig) 

The bottom end drop is not considered credible during storage and transfer operations under 10 
CFR Part 72 because the transfer cask is always in the horizontal orientation. The bottom end 
drop evaluation documented below is performed in support of a 10 CFR Part 50 evaluation that 
may be performed by the user if the user cannot demonstrate that this accident drop is not 
credible. 

This load case is similar to Load Case 15 with different pressure loadings and metal 
temperatures. An external pressure of 15 psig and material properties at 500 °F are used in this 
analysis. The values of thermal expansion coefficients for all materials are set to zero so that 
secondary thermal stresses, which are not required for evaluation under an accident condition per 
Reference 3, are not calculated. 

The maximum stress intensity in the canister for this load case is calculated to be 26.1 ksi. The 
maximum stress intensity in the closure welds is calculated to be 6.1 ksi. 

Transfer Load Case 18: Fabrication test condition (DW + 25 psig internal pressure + 155 
kips axial load) 

After the canister bottom is welded to the shell a pressure test is conducted by applying an 
internal pressure of 25 psig with a top seal plate being held by an axial force of 155 kips. The 
canister bottom may be made, as an option, of composite plates. For each of these options the 
bottom inner plate, which is to be first welded to the shell and tested, has a minimum thickness 
of 2.25 inches. An ANSYS model, shown in Figure A.3.9.1-6, is generated that simulates the 
canister shell with the bottom inner plate for analysis of pressure and axial loads under the test 
condition. The deadweight load on the horizontal canister is manually analyzed using Roark’s 
formulas [7]. The stresses calculated from both manual and ANSYS analyses are conservatively 
added for ASME Code stress evaluation. 
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(1) 1g deadweight load 

It is conservatively assumed that the horizontal shell’s own weight is line supported at its base. 

From Case 15 of Table 9.2 in Roark’s Formulas for Stress & Strains, 7th Edition: 

 R (mean radius) = ½ (69.75 in. – 0.5 in.) = 34.625 in. 
 t (wall thickness) = 0.5 in. 
 ρ (density) = 0.29 lb/in3 

Take unit length (L = 1 in.) of shell, 

The weight per unit length of circumference of shell, w, is, 

w = (2 × π × R × t × L × ρ)/(2 × π × R) 
 = t × L × ρ = 0.5 × 1in. × 0.29 lb/in3 = 0.145 lb/in 

For a thin ring,  
)1(12 2

3

υ−
= t

I  = 0.01145, where υ = 0.3 

KT = 1 + 2AR

I  ≈ 1  K2 = 1– α =1 – 2AR

I ≈ 1 

Max. – M = – wR2(1.6408-K2) = –0.145 × 34.6252 ( 1.6408 – 1) = – 111.4 in-lb/in 

or, 

Max. + M = (3/2) wR2 = 1.5 × .145 × 34.6252 = 260.76 in-lb/in 
Max. bending stress,  σb = (6M)/(t2) = (6 × 260.76) / (0.52) = 6,258 psi 
N = NACos(x) + VA Sin(x) + LTN 
VA = 0 
LTN = – Wr(x)(Sin(x)) 
NA = w R/2 = 2.51 lb/in 
N = 2.51 Cos (x) – 0.145 × 34.625 × (x) × Sin(x)  lb/in  
Nmax = 2.51 lb/in at x = 0° 
Max. membrane stress, σm = Nmax / t  =  (2.51 lb/in)  /  (0.5 in) = 5 psi 

(2) 25 psig internal pressure + 155 kips axial load 

An internal pressure of 25 psig is applied while an axial force of 155 kips is applied to a seal 
plate on the top of the shell. An equivalent pressure of 933 psig is applied at the top of the shell 
to represent the axial load of 155 kips less the pressure load on the temporary test lid. Figure 
A.3.9.1-6 shows the model with the applied boundary conditions.  

2π R w (Line support) 
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The maximum stress intensity in the canister is calculated to be 12.86 ksi under these testing 
loads. 

The resultant stresses calculated in (1) and (2) above are conservatively added and evaluated 
against ASME Code allowable stresses in Table A.3.9.1-5. 

Transfer Load Case 19: Normal 80 kip push hydraulic load (internal pressure of 30 psig + 
80 kip push + thermal load of 115 °F ambient) 

During transfer of the canister from the transfer cask to the HSM a normal maximum push force 
of 80 kip is applied by a hydraulic ram over an area of 9 inch diameter on the canister bottom. A 
uniform pressure of 1258 psig [= 80,000 lb / ((π/4) × 92)] is applied over this area. The periphery 
of the top cover outer surface is held as boundary condition. The sustained loads of an internal 
pressure of 30 psig plus the equivalent push load pressure of 1,258 psi are applied in load step 1. 
The sustained loads plus the temperature load from fuel decay heat are applied in load step 2. 

The maximum stress intensity for load step 1 is calculated to be 15.73 ksi. The maximum stress 
intensity in the closure welds is calculated to be 10.75 ksi. 

The maximum stress intensity in the canister for load step 2 is calculated to be 38.19 ksi. The 
maximum stress intensity in the closure welds is calculated to be 14.91 ksi. 

Transfer Load Case 20: Normal 60 kip pull hydraulic load (internal pressure of 30 psig + 
60 kip pull + thermal of 115 °F ambient) 

During retrieval of the canister from the HSM into the transfer cask a normal maximum pull 
force of 60 kips is applied by a hydraulic ram over an annulus area of 12.62 inches outer 
diameter and 10 inches inner diameter on the inside surface of grapple ring. A uniform pressure 
of 1,289 psig [= 60,000 lb / ((π/4) × (12.622 – 102))] is applied over this area. The periphery of 
the top cover outer surface is held as boundary condition. The sustained loads of an internal 
pressure of 30 psig plus the equivalent pull load pressure of 1,289 psi are applied in load step 1. 
The sustained loads plus the temperature load from fuel decay heat are applied in load step 2. 

Stresses in the grapple ring, outer bottom cover plate, and the bottom 2 inches of the canister 
shell are linearized in ANSYS. The membrane stress results are compared against the general 
membrane stress, Pm, stress limits. The membrane plus bending stress results are compared 
against the primary membrane plus bending, Pm/PL+ PB , stress limits. The maximum stress 
intensity in the rest of the canister is compared against the general membrane stress, Pm, and 
primary membrane plus bending stress, Pm/PL+ PB, stress limit. 

The maximum membrane and membrane plus bending stress in the grapple ring, outer bottom 
cover plate, and the bottom 2 inches of the canister shell are 9.30 ksi and 25.80 ksi, respectively 
for Load Case 1. Maximum stress intensity in all other components is 14.97 ksi for Load Case 1. 
The maximum stress intensity in the closure welds is calculated to be 11.75 ksi. 

The maximum stress intensity in the canister is calculated to be 41.64 ksi for load step 2. The 
maximum stress intensity in the closure welds is calculated to be 14.94 ksi.  
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Transfer Load Case 21: Off-normal 80 kip push hydraulic load (internal pressure of 30 
psig + 80 kip push + thermal load of 115 °F ambient) 

The same 80 kip push hydraulic load analyzed in Load Case 19 is also designated as an off-
normal condition. Evaluation of this load in Load Case 19 as normal condition covers this off-
normal condition. 

Transfer Load Case 22: Off-normal 80 kip pull hydraulic load (internal pressure of 30 psig 
+ 80 kip pull + thermal of 115 °F ambient) 

During retrieval, the canister from the HSM into the transfer cask a normal maximum pull force 
of 80 kips is applied by a hydraulic ram over an annulus area of 12.62 inches outer diameter and 
10 inches inner diameter on the inside surface of grapple ring. A uniform pressure of 1,719 psig 
[= 80,000 lb / ((π/4) × (12.622 – 102))] is applied over this area. The periphery of the top cover 
outer surface is held as boundary condition. The sustained loads of an internal pressure of 30 
psig plus the equivalent pull load pressure of 1,719 psi are applied as the loading. ASME code 
requires only primary stresses to be evaluated under off-normal condition Service Level C, 
therefore the secondary thermal stresses are not evaluated. 

Stresses in the grapple ring, outer bottom cover plate, and the bottom 2 inches of the canister 
shell are linearized in ANSYS. The membrane stress results are compared against the general 
membrane stress, Pm, stress limits. The membrane plus bending stress results are compared 
against the primary membrane plus bending, Pm/PL+ PB , stress limits. The maximum stress 
intensity in the rest of the canister is compared against the general membrane stress, Pm, and 
primary membrane plus bending stress, Pm/PL+ PB , stress limit. 

The maximum membrane and membrane plus bending stress in the grapple ring, outer bottom 
cover plate, and the bottom 2 inches of the canister shell are 12.41 ksi and 34.43 ksi, 
respectively. The maximum stress intensity in all other components is 14.97 ksi. The maximum 
stress intensity in the closure welds is calculated to be 11.75 ksi. 

Transfer Load Case 23: Accident 110 kip push hydraulic load (internal pressure of 30 psig 
+ 110 kip push) 

The maximum accident hydraulic force applied by the ram to push the canister from its transfer 
cask to the HSM is set at 110 kips. The load will be applied over an area with a 9 inch diameter 
on the canister bottom. A uniform pressure of 1,729.1 psig [= 110,000 lb / ((π/4) × 92)] is applied 
over this area in the 2-D ANSYS canister model. The periphery of the canister top cover outer 
surface is held as boundary condition. The sustained loads of an internal pressure of 30 psig plus 
the equivalent push force pressure of 1,729 psi are applied as the loading. The secondary 
temperature load is not required by ASME code for an accident condition analysis. 

The maximum stress intensity in the canister for this load case is calculated to be 16.36 ksi. The 
maximum stress intensity in the closure welds is calculated to be 10.49 ksi. 
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Transfer Load Case 24: Accident 110 kip pull hydraulic load (internal pressure of 30 psig 
+ 110 kip pull) 

The maximum accident condition hydraulic force applied by the ram to pull the canister out of 
the HSM into the transfer cask is set at 110 kips. This pull force is applied over an annulus area 
of 12.62 inches outer diameter and 10 inches inner diameter on the inside surface of grapple ring. 
A uniform pressure of 2,363 psig [=110,000 lb / ((π/4) × (12.622 – 102))] is applied over this area 
in the 2-D ANSYS canister model. The periphery of the top cover outer surface is held as a 
boundary condition. The sustained loads of an internal pressure of 30 psig plus the equivalent 
pull force pressure of 2,363 psi are applied as loading. The secondary temperature load is not 
required by ASME code for an accident condition analysis. 

Stresses in the grapple ring, outer bottom cover plate, and the bottom 2 inches of the canister 
shell are linearized in ANSYS. The membrane stress results are compared against the general 
membrane stress, Pm, stress limits. The membrane plus bending stress results are compared 
against the primary membrane plus bending, Pm/PL+ PB , stress limits. The maximum stress 
intensity in the rest of the canister is compared against the general membrane stress, Pm, and 
primary membrane plus bending stress, Pm/PL+ PB , stress limit. 

The maximum membrane and membrane plus bending stress in the grapple ring, outer bottom 
cover plate, and the bottom 2 inches of the canister shell are 17.03 ksi and 47.25 ksi, 
respectively. The maximum stress intensity in all other components is 15.99 ksi. The maximum 
stress intensity in the closure welds is calculated to be 11.75 ksi. 

Transfer Load Case 25: Canister lifting 

Three-Piece Top End Assembly Design 

For the three-piece top end assembly design, four lifting lugs are used for lifting the empty 
canister into the transfer cask. The lifting lugs, support ring, reinforcing pad, connecting welds, 
and local stresses in the canister shell are evaluated using an empty DSC weight and a dynamic 
load factor of 1.15. 

Since lifting using internal lugs is an infrequent event (normally the DSC would be lifted for 
placement into the cask only once prior to fuel loading and will never occur after the DSC is in 
service), Service Level B allowable stresses are applied. Level B allowables are identical to 
Level A allowables for the components (shell, support ring, and lug). However, for the welds, 
Level B allowables are 33% greater than Level A values. 

The evaluation is performed using a combination of hand calculations and ANSYS finite element 
analyses. Hand calculations are used to evaluate the local stresses in the lifting lugs near the pin-
hole; finite element analyses are used to determine loads and/or stresses in all other components. 

The shell, support ring and lug components are modeled using ANSYS solid elements and welds 
are modeled by coupling the translational degrees of freedom for the coincident nodes. 

Results of the stress evaluation are calculated for different lifting configurations. The maximum 
stress ratio is 0.909 for the spreader bar assembly, 8' sling, and 10' sling lifting configurations. 
Therefore, the lug design and required welds are acceptable for the 32PTH Type 1 DSC.
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Alternate Two-piece Top End Assembly Design 

For the alternate two-piece top end assembly design, the evaluations performed for the 32PTH 
DSC are bounding. 

Canister Corner Drop Analysis 

As stated in [16], the end and corner drops are generally not considered credible during storage 
and transfer operations because the transfer cask will always be in horizontal orientation. Thus, 
corner drop load cases are not evaluated. 

D.4. Summary of Results for DSC Shell Assembly Stress Evaluation for Transfer Loads 

The calculated maximum stress intensities in the DSC shell assembly components are 
summarized in Table A.3.9.1-5 through Table A.3.9.1-8. These tables also show that the stress 
intensity results are below the ASME code stress intensity allowables.  

The stresses in the closure welds are summarized in Table A.3.9.1-9 through Table A.3.9.1-12. 
These tables also show that the stress results are below the ASME code stress allowables. 

Based on the results of these analyses, the design of the 32PTH Type 1 DSC shell assembly is 
structurally adequate under transfer loads of testing, normal (Service Level A), and accident 
(Level D) conditions. 

E. DSC Shell Assembly Stress Evaluation for Storage Loads 

This section evaluates the structural adequacy of the 32PTH Type 1 DSC shell assembly when it 
is in the horizontal storage position within an HSM-H. This section considers storage loads on 
the canister under both normal and hypothetical accident conditions. 

The evaluation of the stresses in the canister for storage loads employs an ANSYS 2-D 
axisymmetrical model to analyze three thermal conditions specified for the canister during 
storage. This 2-D model is the same model described in Section A.3.9.1.3.2 (D.2) used to 
compute stresses due to axisymmetric transfer loads. The analyses of axisymmetric loads such as 
internal and external pressure loads for transfer conditions are also valid for a horizontal storage 
canister. Their results are therefore used in this section for stress combinations and evaluations. 

The fuel basket stress analysis for storage loads (Section 3.9.1.2.3 (C)) uses an ANSYS 3-D 
model, which includes the DSC canister shell, to calculate the non-axisymmetrical seismic and 
deadweight loads. The calculated stress intensities in the canister under the seismic and 
deadweight loads from Section 3.9.1.2.3 (C) are used in this section for stress combinations and 
evaluations. 

The temperatures in the canister under 115 °F and -20 °F ambient conditions of and under HSH-
H blocked vent conditions for 34 hours are computed in Chapter 4. These temperatures are 
imposed on the stress model in this evaluation for thermal stress calculations. 

E.1. DSC Shell Assembly Storage Load Cases 

The storage load cases considered in this section are summarized in Table A.3.9.1-13. 
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E.2. DSC Shell Assembly Finite Element Model Descriptions 

The 2-D axisymmetrical stress models described in Section A.3.9.1.3.2 (D.2) for the transfer 
load analysis are also used for the storage load analysis. Figure A.3.9.1-1, Figure A.3.9.1-2, and 
Figure A.3.9.1-3 show this model. This model is used to evaluate the three specified thermal 
cases for storage, which are the -20 °F and 115 °F ambient conditions, and the blocked vent 
hypothetical accident condition. The temperature profiles in the canister for the three storage 
thermal cases are calculated in Chapter 4. 

E.3. DSC Shell Assembly Stress Analysis for Storage Loads 

All individual load cases specified in Table A.3.9.1-13 are described in detail in the following 
sections. 

Storage Load Case 1: Deadweight (1 g down) 

The canister shell and fuel basket containing the fuel assemblies, resting horizontally on the rails 
of an HSM-H is analyzed in Section 3.9.1.2.3 (C) for storage loads. The maximum primary 
membrane and membrane plus bending stress intensities in the canister shell due to the 
deadweight load are calculated to be 0.4 ksi, and 4.05 ksi, respectively (see Table 3.9.1-5). These 
stress intensities are also used as maximum stress intensities at closures welds (see Table 
A.3.9.1-15). 

Storage Load Case 2: Internal pressure of 30 psig 

The internal pressure of 30 psig applied on the canister is analyzed in load step 1 of Transfer 
Load Case 2 in Section A.3.9.1.3.2 (D). The maximum membrane plus bending stress intensities 
in the canister, calculated in Section A.3.9.1.3.2 (D) is 14.97 ksi. The maximum stress intensity 
in the closure welds is calculated to be 11.75 ksi calculated in Section A.3.9.1.3.2 (D). 

Storage Load Case 3: Seismic loads (0.65 g axial + 0.65 g transverse + 1.3g 
vertical down) 

The seismic loads on the canister, containing the basket and the fuel assemblies and resting on 
the rails of an HSM-H, are analyzed in Section 3.9.1.2.3 (C). The maximum primary membrane 
and membrane plus bending stress intensities are calculated in Section 3.9.1.2.3 (C) to be 0.63 
ksi, and 6.08 ksi, respectively (see Table 3.9.1-5). This specified seismic load includes a 1g 
deadweight load. 

Storage Load Case 4: Thermal load at -20 °F ambient 

The maximum temperature in the canister for this thermal case is calculated in Chapter 4 to be 
318 °F. The temperatures in the canister calculated in Chapter 4 are applied to the stress model in 
order to compute the thermal stress intensities in the canister. The maximum secondary thermal 
stress intensity is calculated to be 22.49 ksi. The 22.49 ksi stress is calculated based on canister 
maximum temperature of 324 °F. Since the revised temperature of 318 °F is less than 324 °F, 
22.49 ksi is conservatively used for load combination and compared with the allowables. The 
maximum stress intensity in the closure welds is calculated to be 2.47 ksi. 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3.9.1-20 

Storage Load Case 5: Thermal load at 115 °F ambient 

The thermal load case with the canister stored in the HSM-H with fins, described in Chapter 4, is 
selected for this evaluation. The maximum temperature in the canister for this thermal case is 
calculated in Chapter 4 to be 407 °F. The same procedure used for calculating the thermal stress 
intensities for the Load Case 4 is repeated for the 115 °F ambient thermal load. The secondary 
thermal stress intensity is calculated to be 20.51 ksi. The 20.51 ksi stress is calculated based on 
canister maximum temperature of 434 °F. Since the revised temperature of 407 °F is less than 
434 °F, 20.51 ksi is conservatively used for load combination and compare with the allowables. 
The maximum stress intensity in the closure welds is calculated to be 2.50 ksi. 

Storage Load Case 6: Blocked vent thermal accident condition 

The thermal evaluation presented in Chapter 4 reports four thermal cases for the canister stored 
in the HSM with blocked vent. The maximum temperature of 600 °F in the canister is reached 
after 34 hours of complete vent blockage in an HSM with fins. The 34 hour vent blockage is a 
conservative scenario, since the vent is visually checked at least every 24 hours. However, this 
case is reported in the thermal evaluation and is therefore selected for analysis in this section. 
The same procedure used for obtaining the thermal load in Load Case 4 is used in this load case. 
The secondary thermal stress intensity is calculated to be 20.96 ksi. The maximum stress 
intensity in the closure welds is calculated to be 7.12 ksi. 

Storage Load Case 7: Accident internal pressure of 70 psig (in the event of blocked vent) 

The internal pressure of 70 psig in the canister is analyzed for enveloping the accident condition 
internal pressures during the blocked vent scenario. The maximum primary membrane plus 
bending stress intensity in the canister is calculated to be 34.96 ksi. The maximum stress 
intensity in the closure welds is calculated to be 27.44 ksi. 

Storage Load Case 8: Accident flood load (enveloped by external pressure of 30 psig) 

The hypothetical accident condition flood load is enveloped by an external pressure of 30 psig. 
The maximum primary membrane plus bending stress intensity in canister is calculated to be 
5.48 ksi. The maximum stress intensity in the closure welds is calculated to be 2.90 ksi. 

E.4. Summary of the Stress Calculation Results for All Storage Load Cases 

Table A.3.9.1-14 and Table A.3.9.1-15 summarize the calculated stresses in the entire canister 
and their corresponding ASME code evaluations. 

Based on the results of this calculation, the 32PTH Type 1 DSC canister is structurally adequate 
under all normal (Service Level A), off-normal (Service Level C), and hypothetical accident 
(Service Level D) conditions during storage. 

A.3.9.1.3.3 DSC Shell Buckling Evaluation 

This section evaluates the structural adequacy of the 32PTH Type 1 DSC canister against 
buckling during a vertical end drop during transfer operations. 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3.9.1-21 

For the NUHOMS HD® System, the vertical end drops are not considered credible during 
storage and transfer operations under 10 CFR Part 72 because the transfer cask is always in the 
horizontal orientation. The vertical end drop buckling evaluation documented below is 
performed in support of a 10 CFR Part 50 evaluation that may be performed by the user if the 
user cannot demonstrate that this accident drop is not credible. 

A. Approach 

A finite element plastic analysis with large displacement option is performed to monitor 
occurrence of canister shell buckling under the specified loads. 

The thermal evaluation presented in Chapter 4 shows that the metal temperatures of the entire 
canister are below 500 °F during the transfer operations. The material properties of canister at 
500 °F are therefore conservatively used in this calculation. 

B. Material Properties used for Canister Buckling Evaluation 

The material properties of the canister materials, SA-240 Type 304 stainless steel, at 500 °F are 
as follows. 

Property @ 500 °F 

Sm (ksi) 17.5 

Sy (ksi) 19.4 

Su (ksi) 63.4 

E (psi) 25.8×106 

 
For the elastic-plastic finite element analysis, bilinear kinematic hardening material properties 
are used. Tangent modulus of 5% of elastic modulus is assumed after yield stress. 

The material properties for the top and bottom shield plug, A-36, at 500 °F are as follows: 

Property @ 500 °F 

Sm (ksi) 19.3 

Sy (ksi) 29.3 

Su (ksi) 58.0 

E (psi) 27.3×106 

 
C. Finite Element Buckling Analysis 

The following three hypothetical accident load cases for the canister are considered in this 
buckling analysis. 

Buckling Load Case 1:  End drop + 15 psig external pressure 
Buckling Load Case 2:  End drop + 30 psig internal pressure 
Buckling Load Case 3:  End drop + 0 psig internal pressure 

The two-dimensional axisymmetric finite element model of the canister described in Appendix 
A.3.9.1, Section A.3.9.1.3.2 (D.2) for the DSC canister stress analysis is used for this analysis.  
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The gap element real constants, node couplings and displacement boundary conditions are also 
the same as those used in Section A.3.9.1.3.2 (D.2).  The weight of the canister’s outer and inner 
top cover plus the top shield plug and its support ring is 12,856 lb, and the bottom shield plug is 
9,696 lb (see Section A.3.2.1).  Since the top end of the canister is heavier than the bottom end, it 
is a more severe case when the canister drops on its bottom end.  A drop on the bottom end is 
therefore chosen for analysis in this calculation. 

For load case with external pressure or internal pressure, a quasi-static plastic analysis consisting 
of two load steps is performed to monitor buckling of the canister.  The first load step applies 
external pressure or internal pressure alone.  A subsequent inertial load of 300g is added in the 
second load step.  The outer surface of the canister bottom is held in order to simulate the case 
that the canister drops on a rigid cask bottom face. 

In the load step 1, the stepped external or internal pressure is applied as a static load. 

In the load step 2, the weight of the canister internals (basket and fuel assemblies) is accounted 
for by applying an equivalent internal pressure on the canister bottom.  The actual total weight of 
the canister internals is 80,971 lb (basket 29,451 lb + fuel assemblies 51,520 lb) (Chapter A.3, 
Section A.3.2.1).  A total weight of 83,000 lb for the canister internals is conservatively used in 
this analysis.  This inertial load is uniformly distributed over the bottom surface of the canister 
cavity with a radius of 34.375 in.  This equivalent uniform pressure, Pin, exerted on the canister 
bottom by the weight of the internals under a 1 g load is calculated as follows. 

Pin = [83,000 / (π × 34.3752)]  = 22.3585 psi 

An equivalent pressure of 6707.55 psig on the canister bottom corresponding to the 300g load 
(Pin = 300 × 22.3585 = 6707.55 psi) is, therefore, applied to the canister bottom along with the 
300g acceleration load in the load step 2. 

A bilinear stress-strain relationship (with kinematic hardening) is used to obtain stresses and 
deflections beyond the elastic limit of the material.  The large displacement option in ANSYS is 
activated to monitor the buckling response. 

D. Summary Canister Buckling Analysis Results 

The following table summarizes the last converged load for the three load cases: 

Load 
Case 

Last Converged 
Load (g) 

g Load Used for Basket 
Structural Analysis Factor of Safety 

1 173.5 75 2.31 

2 174.9 75 2.33 

3 174.0 75 2.32 

 
The analysis shows that the critical buckling load for the canister end drop is 173.5g, which is 
well beyond the design 75g load.  Therefore, it is concluded that buckling of the canister will not 
occur during a hypothetical accident end drop.  
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A.3.9.1.3.4 Evaluation of Alternate DSC Top and Bottom Closure Assembly Design 

The alternate top closure assembly of the 32PTH Type 1 DSC which consists of the two-part 
combined shield plug /inner cover assembly (including the optional configurations), as well as 
the optional bottom end configurations (consisting of two-plate or single forging bottom 
assembly) are not analyzed explicitly. 

The evaluations for the 32PTH Type 1 DSC consider a DSC with a three-part top end 
configuration (with separate inner cover plate, shield plug, and outer cover plate) and a three-part 
bottom end configuration (with separate inner bottom cover, bottom shield plug, outer bottom 
cover plate).  The results from these evaluations are documented in Sections A.3.9.1.3.2 and 
A.3.9.1.3.3, and are considered to be bounding relative to those for a DSC with the alternate two-
part top end assembly or the optional bottom end configurations for cases involving internal 
pressure and handling loads.  For side drop accident loads, the results of the 32PTH DSC for the 
side drop accident load case are also applicable for the alternate top end and the optional bottom 
end configurations of the 32PTH Type 1 DSC.  This is justified because the side drop analyses 
are performed using two separate 3-D models which model the top and the bottom regions of the 
DSC shell assembly, respectively.  These models include a segment of the DSC shell and are 
intended to capture the maximum stresses that occur near the transition between the shell and the 
stiffer top and bottom ends, and, therefore, are not sensitive to the length differences between the 
32PTH and 32PTH Type 1 DSCs.  Furthermore, the loaded canister weight used in the 32PTH 
DSC analysis is the same as in the 32PTH Type 1 analyses. 
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A.3.9.1.4 32PTH Type 1 DSC and OS187H Type 1 Transfer Cask Thermal Expansion 
Evaluation 

A.3.9.1.4.1 Introduction 

The purpose of this section is to determine the thermal growths among components of fuel 
cladding, basket, canister, and transfer cask in the 32PTH Type 1 DSC and OS187H Type 1 TC. 
This thermal expansion calculation covers events of vacuum drying, transfer, storage, and 
storage with blocked vent. 

A.3.9.1.4.2 Approach 

The temperatures of the fuel cladding, basket, canister, and transfer cask under various events 
calculated in the thermal analyses of Chapter 4 are applicable for the 32PTH Type 1 DSC and 
OS187H Type 1 transfer cask. Transient thermal analyses are conducted for the vacuum drying 
and blocked vent events. Steady-state thermal analyses are conducted for the normal and off-
normal conditions during transfer and storage. This section computes the thermal expansions at 
the steady-state temperatures in the events of transfer and storage. 

In the vacuum drying load case, the profiles of transient temperature versus time computed in 
Chapter 4 are studied for selection of the critical time points at which the corresponding 
component temperatures would generate a minimum clearance between two nested components. 
For the blocked vent load case, the maximum temperatures from Chapter 4 are used in this 
calculation. 

The cold dimensions of each pair of nested components are so determined, based on design 
tolerances, which generates a minimum cold clearance between the two components. 

Unless otherwise stated, nominal dimensions of basket, canister, and cask are used for the 
thermal expansion calculations. 

A.3.9.1.4.3 Mechanical Properties of Materials 

The coefficient of thermal expansion of structural materials used for the fuel basket, canister 
shell, and transfer cask are provided in Table 3.9.1-6 as a function of temperature. The properties 
of SA-240 Type 304 are taken from Reference 1, and the zircaloy properties are taken from 
Reference 4. 

A.3.9.1.4.4 Thermal Expansion Computation 

A. Thermal Expansion between the Length of Fuel Assembly and Canister Cavity 

The maximum length of fuel assemblies in 32PTH Type 1 DSC is 170.0 inches and the 
minimum cavity length of the 32PTH Type 1 DSC is 171.63 inches. The clearance between the 
fuel assembly and the DSC cavity for 32PTH Type 1 DSC is calculated using the same 
methodology and data as described in Appendix 3.9.1, Section 3.9.1.4.4(A).  
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An irradiation growth of 1.25 inches is considered in Appendix 3.9.1, Section 3.9.1.4.4(A) for 
the fuel assemblies with a maximum length of 162.4 inches with a maximum burnup of 60 
GWd/MTU. The fuel assemblies in 32PTH Type 1 have a maximum length of 170.0 inches with 
the same maximum burnup of 60 GWd/MTU. Since the irradiation growth is proportional to the 
fuel assembly length for a given burnup, an irradiation growth of 1.31 inches is considered for 
the fuel assemblies in the 32PTH Type 1 DSC as calculated below.  

ΔLirrad = "31.1"25.1
"4.162
"0.170 =×  

The results of the calculation for the clearance between the fuel assembly and the DSC cavity for 
32PTH Type 1 DSC are summarized below using the same nomenclature as used in Appendix 
3.9.1, Section 3.9.1.4.4(A).   

Event 
TF 

(°F) 
αZ 

(in/in-°F) 

αS 

(in/in-°F) 
TC 

(°F) 
αC 

(in/in-°F) 
LF 

(in) 
LF, iirad 

(in) 
LCH 

(in) 
LCH - LFHT 

(in) 

Vacuum 
Drying 

760 3.01E-06 10.0E-06 210 8.94E-06 170.48 171.79 171.84 0.05 

Transfer 730 3.00E-06 10.0E-06 390 9.46E-06 170.46 171.77 172.15 0.38 

Storage,  
Off-Normal 

700 3.00E-06 10.0E-06 280 9.16E-06 170.44 171.75 171.96 0.21 

Storage 
Accident 

830 3.01E-06 10.1E-06 590 9.80E-06 170.53 171.84 172.50 0.66 

 
As seen in the above table, adequate clearance has been provided to permit free thermal 
expansion of the fuel assemblies within 32PTH Type 1 DSC cavity. 

B. Thermal Expansion between the Outer Diameter of the Basket and the Inner Diameter of 
the Canister Cavity 

The diametrical gap between the outer diameter of the basket and the inner diameter of the 
canister remains the same as for the 32PTH DSC. With the same radial temperature profile, the 
thermal expansion values calculated in Section 3.9.1.4.4.B are applicable for the 32PTH Type 1 
DSC. These calculations show that the gap will allow free thermal expansion. 

C. Thermal Expansion between the Length of Basket and Canister Cavity 

The maximum length of the 32PTH Type 1 basket and the minimum cavity length of the 32PTH 
Type 1 DSC are 169.0 inches and 171.63 inches, respectively at room temperature. The 
clearance between the basket and the DSC cavity for 32PTH Type 1 DSC is calculated using the 
same methodology and data as described in Appendix 3.9.1, Section 3.9.1.4.4(C).  

The results of the calculation for the clearance between the basket and the DSC cavity for 32PTH 
Type 1 DSC are summarized below using the same nomenclature as used in Appendix 3.9.1, 
Section 3.9.1.4.4(C).   
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Event Case 
TCNH 

(°F) 
αCN 

(in/in-°F) 
TBKH 
(°F) 

αBK 

(in/in-°F) 
LCNH 

(in) 
LBKH 

(in) 
LCNH – LBKH 

(in) 

Vacuum  
Drying 

TC Backfill 500 9.70E-06 550 9.80E-06 172.346 169.795 2.551 

                  

Transfer 

115°F Amb. 
Basket Type I, 

Conf.  # 1 
460 9.62E-06 640 9.88E-06 172.274 169.952 2.322 

  

115°F Amb. 
Basket Type I, 

Conf.  # 2 
460 9.62E-06 625 9.85E-06 172.274 169.924 2.350 

  

115°F Amb. 
Basket Type I, 

Conf.  # 3 
460 9.62E-06 630 9.86E-06 172.274 169.933 2.341 

  

115°F Amb. 
Basket Type I, 

Conf.  # 4 
460 9.62E-06 640 9.88E-06 172.274 169.952 2.322 

  

-20°F Amb. 
Basket Type I, 

Conf.  # 1 
390 9.46E-06 570 9.80E-06 172.150 169.828 2.321 

  

115°F Amb. 
Basket Type II, 

Conf.  # 1 
460 9.62E-06 640 9.88E-06 172.274 169.952 2.322 

                  

Storage 

115°F Amb. 
HSM-H w/ Finned 

Side Shield 
400 9.50E-06 600 9.80E-06 172.168 169.878 2.290 

  

-20°F Amb. 
HSM-H w/ Finned 

Side Shield 
280 9.16E-06 505 9.71E-06 171.960 169.714 2.246 

  

34 hours after 
Blockage HSM-H 
w/ Finned Side 

Shield 

590 9.80E-06 740 10.0E-06 172.505 170.132 2.373 

 
D. Thermal Expansion between the Outer Diameter of the Canister and the Inner Diameter 

of the Cask Body 

The diametrical gap between the outer diameter of the canister and the inner diameter of the cask 
remains the same as for the 32PTH DSC and OS187H transfer cask. With the same radial 
temperature profile, the thermal expansion values calculated in Section 3.9.1.4.4.D are applicable 
for the 32PTH Type 1 DSC and OS187H Type 1 transfer cask. These values show that the 
current gap will allow free thermal expansion. 

E. Thermal Expansion between the Length of the Canister and the Transfer Cask Cavity 

The maximum outer length of the 32PTH Type 1 DSC and the minimum cavity length of the 
OS187H Type 1 TC are 193.0 inches and 198.75 inches, respectively, at room temperature. The 
clearance between the DSC and the TC cavity for 32PTH Type 1 DSC is calculated using the 
same methodology and data as described in Appendix 3.9.1, Section 3.9.1.4.4(E).  

The results of the calculation for the clearance between the DSC and TC cavity for 32PTH 
Type 1 DSC are summarized below using the same nomenclature as used in Appendix 3.9.1, 
Section 3.9.1.4.4(E).    



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3.9.1-27 

Event Case 
TCKH 

(°F) 
αCK 

(in/in-°F) 
TCNH 
(°F) 

αCN 

(in/in-°F) 
LCKH 

(in) 
LCNH 

(in) 
LCKH – LCNH 

(in) 

Vacuum 
Drying 

TC Backfill 265 9.13E-06 525 9.75E-06 199.104 193.856 5.248 

                  

Transfer 115°F Amb. 330 9.26E-06 485 9.67E-06 199.229 193.775 5.454 

  -20°F Amb. 240 9.06E-06 500 9.70E-06 199.056 193.805 5.251 

 
As seen in the above table, the smallest clearance between the 32PTH Type 1 DSC and OS187H 
Type 1 TC is larger than 5.248 inches. A cask spacer with the height of 5 to 5.125 inches will be 
adequate to raise the DSC and enable welding operation and to maintain adequate clearance to 
permit free thermal expansion of the 32PTH Type 1 DSC within OS187H Type 1 TC.  

A.3.9.1.4.5 Thermal Expansion Analysis Conclusions 

This evaluation demonstrates that adequate clearance is provided between the 32PTH Type 1 
DSC fuel basket and canister shell, and between the 32PTH Type 1 DSC canister and the 
OS187H Type 1 transfer cask to permit free thermal expansions among these components due to 
all specified design and service conditions. 
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Table A.3.9.1-1 
 Temperature Dependent Material Properties for ASTM A-36 

Temp 
(oF) 

E 
(103 ksi) 

Sm 
(ksi) 

Sy 
(ksi) 

Su 
(ksi) 

αINST 

(10-6 oF-1) 
αAVG 

(10-6 oF-1) 

70 29.5 19.3 36.0 58.0 6.4 6.4 

200 28.8 19.3 33.0 58.0 6.9 6.7 

300 28.3 19.3 31.8 58.0 7.3 6.9 

400 27.7 19.3 30.8 58.0 7.7 7.1 

500 27.3 19.3 29.3 58.0 8.0 7.3 

600 26.7 17.7 27.6 58.0 8.4 7.4 

700 25.5 17.3 25.8 58.0 8.6 7.6 
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Table A.3.9.1-2 
 Material Stress Limits for 32PTH Type 1 DSC 

SA-240/SA-479 304 & SA-182 F304 

Temp Level A Level C Level D 

Elastic Elastic-Plastic 

(oF) Pm Pm + Pb Pm + Pb + Q Pm Pm + Pb Pm Pm + Pb Pm Pm + Pb 

70 20.0 30.0 60.0 30.0 45.0 48.0 72.0 52.5 67.5 

200 20.0 30.0 60.0 25.0 37.5 48.0 71.0 49.7 63.9 

300 20.0 30.0 60.0 24.0 36.0 46.3 66.2 46.3 59.6 

400 18.7 28.1 56.1 22.4 33.7 44.8 64.0 44.8 57.6 

500 17.5 26.3 52.5 21.0 31.5 42.0 63.0 44.4 57.1 

600 16.4 24.6 49.2 19.7 29.5 39.4 59.0 44.4 57.1 

700 16.0 24.0 48.0 19.2 28.8 38.4 57.6 44.4 57.1 

800 15.2 22.8 45.6 18.2 27.4 36.5 54.7 44.0 56.5 
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Table A.3.9.1-3 
 32PTH Type 1 DSC Canister Load Combinations during Transfer 

Loading Canister 
w/Transfer 

Cask 
Orientation 

Service 
Level 

Load for Analysis Load Combinations Analyzed 
Load 

Case No. 

ANSYS 
Model 

Dead weight Vertical(1) A 1 g down (axial) 1 g down 
+ 15 psig ext. press. 
+ thermal (vacuum dry) 

1 2-D 

External 
pressure 

Vertical(1) A 15 psig 

Thermal Vertical(1) A Vacuum dry 

Dead weight Horizontal(2) A 2 g axial 
+ 2 g trans. 
+ 2 g vertical 

A = 2 g axial + 2 g trans. 
+ 2 g vertical 
 
A+ 30 psig int. pressure 
+ thermal (115 °F) 
 
A+ 15 psig ext. pressure 
+ thermal (-20 °F) 

2 2-D 

Handling 
load in 
transfer cask 

Horizontal(2) 

A 

3 2-D 

Internal 
pressure 

Horizontal(2) A 30 psig(6) Pressure stress [2](5) 2-D 

External 
pressure 

Horizontal(2) A 15 psig Pressure stress [3](5) 2-D 

Thermal Horizontal(2) A Thermal stress 
(-20 °F Ambient) 

Thermal stress [3](5) 2-D 

Thermal Horizontal(2) A Thermal stress 
(115 °F ambient) 

Thermal stress [2](5) 2-D 

Internal 
pressure 

Horizontal D 120 psig(3) Pressure stress 4 2-D 

External 
pressure 

Horizontal D 25 psig(4) Pressure stress 5 2-D 

Side drop Horizontal D 75 g multiple orientations 
(0°, 30°, 45°, impact on 
two rails, impact on one 
rail) 
Drop angles are 
enveloped by 0° 
(no rail) and 180° 
(two rails) 

75 g side drop at 0° (no rail) + 
30 psig int. press. of 
top/bottom ends 

6/7 3-D 

75 g side drop at 180° (two 
rails) + 30 psig int. press. of 
top/bottom ends 

8/9 3-D 

75 g side drop at 0° (no rail) + 
15 psig ext. press. of 
top/bottom ends 

10/11 3-D 

75 g side drop at 180° (two 
rails) + 15 psig ext. press. of 
top/bottom ends 

12/13 3-D 

Corner drop Horizontal D Enveloped by 75 g Side Drop and 75 g End Drop 

End drop Vertical D 75 g End Drop 75 g top/bottom + 30 psig int. 
pressure 

14/15 2-D 

75 g top/bottom 
+ 15 psig ext. pressure 

16/17 2-D 

Notes: 
(1) Transfer cask supported at the bottom. 
(2) Transfer cask supported at 4 trunnion location. 
(3) Under accident fire condition. 
(4) Under accident flood condition. 
(5) [#] indicates this individual load case is enveloped in the analyzed load case No.  
(6) From Chapter 4, Table 4-10, the maximum normal operating pressure is 6.4 psig during transfer operation. However, a 

design pressure of 15 psig is used. Conservatively, 30 psig is used for structural evaluation of the canister. 
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Table A.3.9.1-4 
 32PTH Type 1 DSC Canister Load Combinations during Lifting, Testing, and Hydraulic 

Loads 

Loading 

Canister 
w/Transfer 

Cask 
Orientation 

Service 
Level Load for Analysis Load Combinations 

Analyzed 
Load 

Case No. 
ANSYS 
Model 

Dead weight Horizontal A 1 g 1 g 
+ 25 psig int. pressure 
+ 155 kips axial loads 

18 2-D 

Test 
pressure 

Horizontal A 25 psig(3)

Seal plate 
axial load 

Horizontal A 155 kips 

Hydraulic 
loads(1) (2) 

(push/pull) 

Horizontal A 80/60 kips 30 psig int. pressure 
+ 80 kips push/60 kips pull 
+ thermal (115 °F) 

19/20 2-D 

Hydraulic 
loads(1) (2) 

(push/pull) 

Horizontal C 80/80 kips 30 psig int. pressure 
+ 80 kips 
+ thermal (115 °F) 

21/22 2-D 

Hydraulic 
loads(1) (2) 

(push/pull) 

Horizontal D 110/110 kips 30 psig int. pressure 
+ 110 kips 

23/24 2-D 

Lifting Vertical A 1g 1 g 25 3-D 

Notes: 
(1) The hydraulic push loads are applied at the canister bottom surface within the grapple ring support. 
(2) The hydraulic pull loads are applied at the inner surface of the grapple ring. 
(3) From Chapter 4, Table 4-10, the maximum normal operating pressure is 6.4 psig during transfer operation. The canister is 

conservatively evaluated at higher test pressures. 
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Table A.3.9.1-5 
 Summary of Calculated Stresses for Testing Condition Loads 

Load 
Case 

Combination of 
Loads 

Canister 
Orientation 

Service 
Level Component 

Stress 
Category Stress (ksi) 

Stress 
Limit 
(ksi) 

18 DW + 25 psig int. 
press. + 155 kip 
axial load 

Horizontal A All(1) Pm 12.86(2) 24(4)

Pm + Pb 19.12 ksi(3) 40.5(5)

Notes: 
(1) Yield stress, Sy = 30,000 psi, is taken at test temperature of 100 °F for both material SA-240 GR.304 and SA-182 F304 
(2) Pm = 12.86 ksi + 0.005 ksi (dead weight, in load case 18) = 12.86 ksi 
(3) Pm + Pb = 12.86 ksi + 6.26 ksi (dead weight, in load case 18) = 19.12 ksi 
(4) Pm < 0.8 Sy = 24 ksi 
(5) Pm + Pb < 1.35 Sy = 40.5 ksi 
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Table A.3.9.1-6 
 Summary of Calculated Stress for Normal and Off-Normal 

Condition Transfer Loads 

Load 
Case 

Combination 
of Loads 

Canister 
Orientation 

Service 
Level Components 

Stress 
Category 

Stress(3) 

(ksi) 

Stress 
Limit 
(ksi) 

1 1 g down + 15 psig 
ext. press. + 
vacuum drying 
thermal 

Vertical A All(2) Pm 2.05 17.5 

Pm + Pb 2.05 26.3 

Pm + Pb + 
Q 

22.69 52.5 

2 Handling 2 g + 30 
psig int. press. + 
thermal (115 °F) 

Horizontal A All(2) Pm 14.97+0.88 = 15.85 17.5 

Pm + Pb 14.97+9.74 = 24.71 26.3 

Pm + Pb + 
Q 

41.70+9.74 = 51.44 52.5 

3 Handling 2 g + 15 
psig ext. press. + 
thermal (-20 °F) 

Horizontal A All(2) Pm 2.75+0.88 = 3.63 17.5 

Pm + Pb 2.75+9.74 = 12.49 26.3 

Pm + Pb + 
Q 

31.63+9.74 = 41.37 52.5 

19 30 psig int. press + 
80 kips push + 
thermal (115 °F) 

Horizontal A All(2) Pm 15.73 17.5 

Pm + Pb 15.73 26.3 

Pm + Pb + 
Q 

38.19 52.5 

20 30 psig int. press + 
60 kips pull + 
thermal (115 °F) 

Horizontal A GR, BOCP, 
and bottom 2” 

CS(1) 

Pm 9.30 20.0 

Pm + Pb 25.80 30.0 

Pm + Pb + 
Q 

27.45 60.0 

All except GR, 
BOCP, and 

bottom 2” CS(3) 

Pm 14.97 17.5 

Pm + Pb 14.97 26.3 

Pm + Pb + 
Q 

41.64 52.5 

21 30 psig int. press + 
80 kips push + 
thermal (115 °F) 

Horizontal C All(2) Pm 15.73 21.0 

Pm + Pb 15.73 31.5 

Pm + Pb + 
Q 

- - 

22 30 psig int. press + 
80 kips pull + 
thermal (115 °F) 

Horizontal C GR, BOCP, 
and bottom 2” 

CS(1) 

Pm 12.41 24.0 

Pm + Pb 34.43 36.0 

Pm + Pb + 
Q 

- - 

All except GR, 
BOCP, and 

bottom 2” CS(3) 

Pm 14.97 21.0 

Pm + Pb 14.97 31.5 

Pm + Pb + 
Q 

- - 

Notes: 
(1) GR–grapple ring; BOCP–bottom outer cover plate; CS–canister shell. Except for the vacuum drying and fire accident load 

cases, the temperature in the grapple ring, the bottom outer cover plate and the bottom 2 inches of the canister shell do 
not exceed 300 °F. Conservatively stress limits at 300 °F are used. 

(2) Conservatively the stress limits at 500 °F are used. 
(3) Conservatively the maximum stress intensity was used for both Pm and Pm + Pb stresses for all analyses except for 

grapple pull load cases, 20 and 22, where the stresses were linearized in the grapple ring, bottom outer cover plate and 
bottom 2 in of the canister shell. 
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Table A.3.9.1-7 
 Summary of Calculated Stress for Accident Condition Transfer Loads (Axisymmetric 

Loads) 

Load 
Case 

Combination of 
Loads 

Canister 
Orientation 

Service 
Level Components 

Stress 
Category 

Stress(4) 

(ksi) 

Stress 
Limit 
(ksi) 

4 120 psig int. press. 
under fire accident 

Horizontal D All(2) Pm 23.92 44.0 

Pm + Pb 23.92 56.5 

5 25 psig ext. press. 
under flood 
accident 

Horizontal D All(3) Pm 4.56 42.0 

Pm + Pb 4.56 63.0 

14 75 g top end drop 
+ 30 psig int. 
press. 

Vertical D All(3) Pm 17.68 42.0 

Pm + Pb 17.68 63.0 

15 75 g bottom end 
drop + 30 psig int. 
press. 

Vertical D All(3) Pm 21.05 42.0 

Pm + Pb 21.05 63.0 

16 75 g top end drop 
+ 15 psig ext. 
press. 

Vertical D All(3) Pm 30.68 42.0 

Pm + Pb 30.68 63.0 

17 75 g bottom end 
drop + 15 psig ext. 
press. 

Vertical D All(3) Pm 26.09 42.0 

Pm + Pn 26.9 63.0 

23 30 psig int. press. 
+ 110 kips push 

Horizontal D All(3) Pm 16.36 42.0 

Pm + Pb 16.36 63.0 

24 30 psig int. press. 
+ 110 kips pull 

Horizontal D GR, BOCP, 
and bottom 2” 

CS(1) 

Pm 17.03 46.3 

Pm + Pb 47.25 66.2 

All except GR, 
BOCP, and 

bottom 2” CS(3) 

Pm 15.99 42.0 

Pm + Pb 15.99 63.0 

Notes: 
(1) GR–grapple ring; BOCP–bottom outer cover plate; CS–canister shell. Except for the vacuum drying and fire accident load 

cases, the temperature in the grapple ring, the bottom outer cover plate, and bottom 2 inches of  the canister shell do not 
exceed 300 °F. Conservatively stress limits at 300 °F are used for elastic analysis. 

(2) Conservatively the stress limits at 800 °F are used for elastic-plastic analysis. 
(3) Conservatively the stress limits at 500 °F are used for elastic analysis. 
(4) Conservatively the maximum stress intensity was used for both Pm and Pm + Pb stresses for all analyses except for 

grapple pull load cases, 23, where the stresses were linearized in the grapple ring, bottom outer cover plate and bottom 2 
inches of the canister shell. 
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Table A.3.9.1-8 
 Summary of Stresses for Accident Condition Transfer Loads (3-D Inertial Loads) 

Load Case Load Combination Canister Maximum Stress 
Intensity(1) [ksi] 

Stress Limits 

PM PM+PB 

6 Side drop 75 g + 30 psig 
internal pressure 

Top end, no rails 
(orientation 0o) 

25.5 44.4 ksi 57.1 ksi 

7 Side drop 75 g + 30 psig 
internal pressure 

Bottom end, no rails 
(orientation 0o) 

24.0 44.4 ksi 57.1 ksi 

8 Side drop 75 g + 30 psig 
internal pressure 

Top end, rails 
(orientation 180o) 

27.3 44.4 ksi 57.1 ksi 

9 Side drop 75 g + 30 psig 
internal pressure 

Bottom end, rails 
(orientation 180o) 

24.7 44.4 ksi 57.1 ksi 

10 Side drop 75 g + 15 psig 
external pressure 

Top end, no rails 
(orientation 0o) 

25.9 44.4 ksi 57.1 ksi 

11 Side drop 75 g + 15 psig 
external pressure 

Bottom end, no rails 
(orientation 0o) 

24.1 44.4 ksi 57.1 ksi 

12 Side drop 75 g + 15 psig 
external pressure 

Top end, rails 
(orientation 180o) 

27.3 44.4 ksi 57.1 ksi 

13 Side drop 75 g + 15 psig 
external pressure 

Bottom end, rails 
(orientation 180o) 

24.9 44.4 ksi 57.1 ksi 

Note: 
(1) Shield plug component excluded in stress evaluation. 
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Table A.3.9.1-9 
 Summary of Calculated Stress at End Closure Welds for Testing Condition Loads 

Load Case Combination of Loads 
Canister 

Orientation 
Service 
Level 

Stress 
Category 

Stress(1) 
(ksi) 

Stress Limit 
(ksi) 

18 DW + 25 psig int. press. + 155 kip 
axial load 

Horizontal A Pm - - 

Pm + Pb - - 

Note: 
(1) There are no closure welds during pressure test. 

 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3.9.1-38 

Table A.3.9.1-10 
 Summary of Calculated Stress at the End Closure Welds for Normal and Off-Normal 

Condition Transfer Loads 

Load 
Case Combination of Loads 

Canister 
Orientation 

Service 
Level 

Stress 
Category 

Stress(2)  

(ksi) 
Stress Limit(1)

(ksi) 

1 1 g down + 15 psig ext. 
press. + vacc. dry thermal 

Vertical A Pm 1.52 16 

Pm + Pb 1.52 24 

Pm + Pb + Q 2.07 48 

2 Handling 2 g + 30 psig int. 
press. + thermal (115 °F) 

Horizontal A Pm 11.75+0.88 = 12.63 16 

Pm + Pb 11.75+9.74 = 21.49 24 

Pm + Pb + Q 14.94+9.74 = 24.68 48 

3 Handling 2 g + 15 psig ext. 
press. + thermal (-20 °F) 

Horizontal A Pm 1.46+0.88 = 2.34 16 

Pm + Pb 1.46+9.74 = 11.20 24 

Pm + Pb + Q 2.32+9.74 = 12.06 48 

19 30 psig int. press + 80 kips 
push + thermal (115 °F) 

Horizontal A Pm 10.75 16 

Pm + Pb 10.75 24 

Pm + Pb + Q 14.91 48 

20 30 psig int. press + 60 kips 
pull + thermal (115 °F) 

Horizontal A Pm 11.75 16 

Pm + Pb 11.75 24 

Pm + Pb + Q 14.94 48 

21 30 psig int. press + 80 kips 
push + thermal (115 °F) 

Horizontal C Pm 10.75 19.2 

Pm + Pb 10.75 28.8 

Pm + Pb + Q - - 

22 30 psig int. press + 80 kips 
pull + thermal (115 °F) 

Horizontal C Pm 11.75 19.2 

Pm + Pb 11.75 28.8 

Pm + Pb + Q - - 

Notes: 
(1) Since the temperatures at the closure welds do not exceed 300 °F, the allowable stresses at 300 °F are used. 
(2) Conservatively the maximum stress intensity was used for both Pm and Pm + Pb stresses for all analyses 
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Table A.3.9.1-11 
 Summary of Calculated Stresses at End Closure Welds for Accident Condition Transfer 

Loads (Axisymmetric Loads) 

Load 
Case Combination of Loads 

Canister 
Orientation 

Service 
Level 

Stress 
Category 

Stress(2) 
(ksi) 

Stress Limit(1) 
(ksi) 

4 120 psig int. press. under fire accident Horizontal D Pm 21.71 37.04 

Pm + Pb 21.71 47.68 

5 25 psig ext. press. under flood accident Horizontal D Pm 2.42 37.04 

Pm + Pb 2.42 52.96 

14 75 g top end drop + 30 psig int. press. Vertical D Pm 6.43 37.04 

Pm + Pb 6.43 52.96 

15 75 g bottom end drop + 30 psig int. press. Vertical D Pm 4.27 37.04 

Pm + Pb 4.27 52.96 

16 75 g top end drop + 15 psig ext. press. Vertical D Pm 8.67 37.04 

Pm + Pb 8.67 52.96 

17 75 g bottom end drop + 15 psig ext. press. Vertical D Pm 6.10 37.04 

Pm + Pb 6.10 52.96 

23 30 psig int. press. + 110 kips push Horizontal D Pm 10.49 37.04 

Pm + Pb 10.49 52.96 

24 30 psig int. press. + 110 kips pull Horizontal D Pm 11.75 37.04 

Pm + Pb 11.75 52.96 

Notes: 
(1) Since the temperatures at the closure welds do not exceed 300 °F, the allowable stresses at 300 °F are used. 
(2) Conservatively the maximum stress intensity was used for both Pm and Pm + Pb stresses for all analyses. 
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Table A.3.9.1-12 
 Summary of Calculated Stresses at End Closure Welds for Accident Condition Transfer 

Loads (3-D Inertial Loads) 

Load 
Case 

Load Combination Canister Maximum 
Stress Intensity 

(ksi) 

Stress Limits 

6 Side drop 75 g + 30 psig internal pressure Top end, no rails 
(orientation 0o) 

23.3 35.52 ksi 

8 Side drop 75 g + 30 psig internal pressure Top end, rails 
(orientation 180o) 

24.3 35.52 ksi 

10 Side drop 75 g + 15 psig external pressure Top end, no rails 
(orientation 0o) 

23.4 35.52 ksi 

12 Side drop 75 g + 15 psig external pressure Top end, rails 
(orientation 180o) 

24.2 35.52 ksi 
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Table A.3.9.1-13 
 32PTH Type 1 DSC Canister Load Combinations during Storage 

Loading 
Canister 

Orientation 
Service 
Level Load 

Enveloped Load for 
Analysis Load Combinations 

Dead weight Horizontal(1) A 1 g down .65 g axial 
+ .65 g trans. 
+ 1.3 g vertical 
 

.65 g axial + .65 g trans. + 
1.3 g vertical down 

Seismic loads Horizontal(1) C(2) 0.43 g axial 
+ 0.43 g trans. 
+0.20 g vertical 

.65 g axial + .65 g trans. + 
1.3 g vertical down + 30 
psig + thermal (115 F) 

.65 g axial + .65 g trans. + 
1.3 g vertical down + 30 
psig + thermal (-20 °F) 

Internal pressure Horizontal(1) A 15 psig 30 psig Pressure 

Thermal Horizontal(1) A Thermal 
(-20 °F ambient) 

Thermal 
(-20 °F ambient) 

Thermal 

Thermal Horizontal(1) A Thermal 
(115 °F ambient) 

Thermal 
(115 °F ambient) 

Thermal 

Thermal Horizontal(1) D Blocked vent Blocked vent 1 g down + 70 psig int. 
pressure + thermal 
(blocked vent) 

Internal pressure Horizontal(1) D < 67 psig due to 
blocked vent 

Enveloped by 70 psig internal pressure 

Flood Horizontal(1) D( 50 ft water (≈22 psig) Enveloped by 30 psig external pressure design 

Notes: 
(1) Canister supported at HSM rails and axial restrained by the seismic restraint devices. 
(2) Levels C loads are conservatively treated as Level A loads and so evaluated. 
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Table A.3.9.1-14 
 Summary of Calculated Stresses for Normal and Accident Condition Loads (canister in 

horizontal position) 

Load 
Case Combination of Loads 

Canister 
Orientation 

Service 
Level Components 

Stress 
Category 

Stress 
(ksi) 

Stress 
Limit 
(ksi) 

S1 Dead weight (1 g down) Horizontal A All(2) Pm 0.40 17.5 

Pm + Pb 4.05 26.3 

S2 30 psig internal pressure Horizontal A All(2) Pm
(3) 14.97 17.5 

Pm + Pb
(3) 14.97 26.3 

S3 Seismic (0.65 g axial + 0.65 
trans. + 1.3 vert. down) 

Horizontal A(1) All(2) Pm 0.63 17.5 

Pm + Pb 6.08 26.3 

S4 Thermal (-20 °F amb.) Horizontal A All(2) Q 22.49 52.5 

S5 Thermal (115 °F amb.) Horizontal A All(2) Q 20.51 52.5 

S6 Thermal (blocked vent) Horizontal D All(4) Q 20.96 63.0 

S7 Accident 70 psig internal 
pressure 

Horizontal D All(2) Pm
(3) 34.96 42.0 

Pm + Pb
(3) 34.96 63.0 

S8 Accident flood (enveloped by 
30 psig ext. pressure) 

Horizontal D All(2) Pm
(3) 5.48 42.0 

Pm + Pb
(3) 5.48 63.0 

SC1 S2 + S3 + S4 Horizontal A(1) All(2) Pm 15.60 17.5 

Pm + Pb 21.05 26.3 

Pm + Pb + Q 43.54 52.5 

SC2 S2 + S3 + S5 Horizontal A(1) All(2) Pm 15.60 17.5 

Pm + Pb 21.05 26.3 

Pm + Pb + Q 41.56 52.5 

SC3 S1 + S7 + S6 Horizontal D All(4) Pm 35.36 42.0 

Pm + Pb 39.01 63.0 

Pm + Pb + Q 59.97 63.0 

SC4 S1 + S8 Horizontal D All(2) Pm 5.88 42.0 

Pm + Pb 9.53 63.0 

Notes: 
(1) Seismic loads are conservatively treated as Level A loads. 
(2) Conservatively the stress limits at 500 °F are used. 
(3) Conservatively the maximum stress intensity was used for both Pm and Pm + Pb stresses for all analyses. 
(4) ASME code requires only primary stresses be evaluated under accident conditions, conservatively secondary stresses 

were evaluated and compared against the Pm + Pb stress limits. The peak stresses occur at the top and bottom of the 
canister where the maximum temperature is lower than 500 °F. The stress limits at 500 °F are used. 
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Table A.3.9.1-15 
 Summary of Calculated Stresses at the End Closure Welds for Normal and Accident 

Condition Storage Loads 

Load 
Case Combination of Loads 

Canister 
Orientation 

Service 
Level 

Stress 
Category 

Stress 
(ksi) 

Stress Limit(2) 

(ksi) 

S1 Dead weight (1 g down) Horizontal A Pm 0.40 16 

Pm + Pb 4.05 24 

S2 30 psig internal pressure Horizontal A Pm
(3) 11.75 16 

Pm + Pb
(3) 11.75 24 

S3 Seismic (0.65 g axial + 0.65 
trans. + 1.3 vert. down) 

Horizontal A(1) Pm 0.63 16 

Pm + Pb 6.08 24 

S4 Thermal (-20 °F amb.) Horizontal A Q 2.47 48 

S5 Thermal (115 °F amb.) Horizontal A Q 2.50 48 

S6 Thermal (blocked vent) Horizontal D Q(4) 7.12 52.96 

S7 Accident 70 psig internal 
pressure 

Horizontal D Pm
(3) 27.44 37.04 

Pm + Pb
(3) 27.44 52.96 

S8 Accident flood (enveloped by 30 
psig ext. pressure)  

Horizontal D Pm
(3) 2.90 37.04 

Pm + Pb
(3) 2.90 52.96 

SC1 S2 + S3 + S4 Horizontal A(1) Pm 12.38 16 

Pm + Pb 17.83 24 

Pm + Pb + Q 20.30 48 

SC2 S2 + S3 + S5 Horizontal A(1) Pm 12.38 16 

Pm + Pb 17.83 24 

Pm + Pb + Q 20.33 48 

SC3 S1 + S7 + S6 Horizontal D Pm 27.84 37.04 

Pm + Pb 31.49 52.96 

Pm + Pb + Q(4) 38.61 52.96 

SC4 S1 + S8 Horizontal D Pm 3.30 37.04 

Pm + Pb 6.95 52.96 

Notes: 
(1) Seismic loads are conservatively treated as Level A loads. 
(2) Since the temperatures at the closure welds do not exceed 300 °F, the stress limits at 300 °F are used. 
(3) Conservatively the maximum stress intensity was used for both Pm and Pm + Pb stresses for all analyses. 
(4) ASME code requires only primary stresses be evaluated under accident conditions, conservatively secondary stresses 

were also included and compared against the Pm + Pb stress limits. 
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Figure A.3.9.1-1 
 2-D Canister Axisymmetrical Thermal and Stress Finite Element Model 
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Figure A.3.9.1-2 
 Top End of the 2-D Axisymmetrical Canister Model 
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Figure A.3.9.1-3 
 Bottom End of the 2-D Axisymmetrical Canister Model 
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Figure A.3.9.1-4 
 3-D DSC Canister Top End Assembly Finite Element Model 
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Figure A.3.9.1-5 
 3-D DSC Canister Bottom End Assembly Finite Element Model 
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Figure A.3.9.1-6 
 32PTH Type 1 DSC Canister Finite Element Model used for Pressure Test Analysis 
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A.3.9.2 OS187H TYPE 1 TRANSFER CASK BODY STRUCTURAL ANALYSIS 

A.3.9.2.1 Introduction 

This appendix presents the structural analyses of the NUHOMS® OS187H Type 1 transfer cask 
(TC) body including the top cover, cylindrical shell assembly, bottom assembly, and the local 
stresses at the trunnion/cask body interface. The specific methods, models, and assumptions used 
to analyze the cask body for the various individual loading conditions specified in 10CFR72 [1] 
are described. The maximum stresses in each of the major components of the TC are reported in 
Section A.3.9.2.2.4 for each analyzed load case and load combination. The results are evaluated 
against the ASME Code [2] design criteria described in Section A.3.9.2.1.3. 

The OS187H Type 1 TC body structural analyses use static linear elastic analysis and elastic-
plastic analysis methods. The stresses and deformations due to the applied loads are determined 
using finite element models developed using the ANSYS [4] computer program and/or hand 
calculations. 

Other components associated with the TC are described and analyzed in the following 
appendices: 

Appendix A.3.9.3 OS187H Type 1 Transfer Cask Top Cover and Ram Access Cover Bolt 
Analyses 

Appendix A.3.9.4 Not used (since the end and corner drops are not credible under 10CFR 
Part 72, the lead slump and inner shell buckling analysis of the OS187H 
Type 1 TC for the 75g end drop load are not documented). 

Appendix A.3.9.5 OS187H Type 1 Transfer Cask Trunnion Analysis 
Appendix A.3.9.6 OS187H Type 1 Transfer Cask Shield Shell Panel Structural Analyses 

A.3.9.2.1.1 OS187H Type 1 Transfer Cask Geometry Description 

Key dimensions of the OS187H Type 1 TC are shown in Figure A.3.9.2-1. As with the OS187H 
TC described in Section 3.9.2.1, the shell, or cask body of the cylinder assembly, is an open 
ended (at the top) cylindrical unit with an integral closed bottom end. This assembly consists of a 
concentric inner shell (SA-240, Type 304) and an outer shell (SA-240, Type 304) welded to a 
massive closure flange (SA-182, Type F304N) at the top and bottom ends. The annulus between 
the shells is filled with lead shielding. The top cover is bolted to the top flange by 24-1 1/2 in. 
diameter high strength bolts and sealed with an O–ring. A cover plate is provided to seal the 
bottom hydraulic ram access penetration of the cask (by 12-1/2 in. high strength bolts with an 
O-ring) during fuel loading and transferring of the canister to the ISFSI. 

Two upper trunnions are provided for handling the TC in the plant’s fuel/reactor building using a 
lifting yoke and an overhead crane. Two lower support trunnions are provided for pivoting the 
TC from/to the vertical and horizontal positions on the support skid/transport trailer. 

The overall dimensions of the OS187H Type 1 TC are 210.5 inches long and 92.11 inches in 
diameter. The TC structural shell is 83.63 inches in diameter. The TC cavity is 198.75 inches 
long and 70.50 inches in diameter. A detailed physical description of the TC is provided in  
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Chapter A.1. Section A.1.5 also contains reference drawings of the NUHOMS® OS187H Type 1 
TC which are the source of dimensions and other information used to develop analysis models. 

The gross weight of the loaded TC is approximately 120 tons (240 kips) including a 32PTH Type 
1 DSC payload (dry) of 54.70 tons (109.410 kips), and a cask spacer (0.89 kips).  Sections 
A.3.9.2.1.2 and Figure A.3.9.2-1 summarize the component weights and key dimensions of the 
NUHOMS® OS187H Type 1 TC, respectively. 

This appendix evaluates the structural integrity of the OS187H Type 1 TC main structural 
members during all normal and hypothetical accident condition loadings. 

A.3.9.2.1.2 Transfer Cask Component Weights 

The following tables summarize the component weights of the NUHOMS® OS187H Type 1 TC 
as well as the dry loaded NUHOMS®-DSC weight, that are used for the TC structural evaluation. 

OS187H Type 1 Transfer Cask Component Weights 

Transfer Cask Component Weight (lb x 1000) 

Structural shell 23.73 

Inner shell 7.89 

Lead gamma shield 66.65 

Top flange 2.63 

Bottom flange 3.40 

Top cover 5.36 

Bottom assembly 3.94 

Neutron shield panel (including water) 13.81 

Upper trunnions (2) 1.45 

Lower trunnions (2) 1.06 

Total Transfer Cask Empty Weight 130.00(1) 

Total 32PTH Type 1 Weight (dry) 109.410 

Cask Spacer 0.89 

Total Transfer Cask Loaded Weight (dry) 240.00(1) 

Note:  
1. Rounded up to the nearest 1000 lb. 

 
Dry Loaded 32PTH Type 1 DSC Weight 

Transfer Cask Payload 
Weight 

(lb x 1000) 
Weight Used for Analysis 

(lb x 1000) 

32PTH Type 1 canister 28.44  

32PTH Type 1 basket 29.45  

Fuel assemblies (32) 51.52  

Total 32PTH Type 1 DSC Weight 109.41 110.00 

Cask spacer 0.89 5.00 

Total Payload 110.30 115.00 
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A.3.9.2.1.3 Stress Criteria 

The stress criteria used for the OS187H Type 1 TC is summarized in the table below. The 
resulting stresses are compared with the allowable stresses set forth by ASME B&PV Code, 
Section III, Subsection NC [2] for normal conditions and ASME B&PV Code, Section III, 
Appendix F [3] for accident conditions. 

Service Level 
Analysis 
Method Stress Category Stress Criteria 

A 
(Normal 
Conditions) 

Elastic 
Analysis 

Primary Membrane Stress, Pm Sm 
Primary Membrane +  
Bending Stress, Pm + Pb 1.5 Sm 

Primary + Secondary Stress, 
Pm + Pb + Q 3 Sm 

D 
(Accident 
Conditions) 

Elastic 
Analysis 

Primary Membrane Stress, Pm Lesser of 2.4 Sm or 0.7 Su 

Primary Local Membrane Stress, PL Lesser of 150% of Pm Stress Limit, or Su 

Primary Membrane + 
Bending Stress, Pm + Pb Lesser of 3.6 Sm or Su 

Elastic 
Plastic 
Analysis 

Primary Membrane Stress, Pm Greater of 0.7Su and Sy+1/3(Su - Sy) 

Primary Membrane + 
Bending Stress, Pm + Pb 0.9 Su 

 
A.3.9.2.1.4 Material Properties 

The material properties used for the analysis of the OS187H Type 1 TC are the same as those 
provided in Section 3.3 and Section 3.9.2.1.4 for the OS187H TC with the exception of the 
shielding material used in the top and bottom covers of the OS187H Type 1 TC, which uses a 
castable neutron shielding (NS-3) material instead of the resin material used in the OS187H TC. 
As discussed in Section A.3.3, the mechanical properties of these two shielding materials are not 
significantly different. 

The NUHOMS® OS187H Type 1 TC is primarily constructed from SA-240 Type 304 stainless 
steel. The massive flanges at the top and bottom ends are machined forgings made of SA-182 
Type 304N.  The upper and lower trunnions are solid monolithic steel components made of SA-
182 Type FXM-19 and SA-182 Type 304N, respectively.  The top cover is constructed from SA-
240 Type XM-19, or SA-182 Type FXM-19 (material properties for SA 240 Type XM-19 are 
bounding and used in the analysis). SA-540 Grade B23 Class 1 is used for the top cover and 
bottom cover bolts. Chemical lead is used for radial gamma shielding; NS-3 [5] is used for the 
solid axial neutron shielding, and liquid water is used for radial neutron shielding. 
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A.3.9.2.2 ANSYS Analysis 

A.3.9.2.2.1 Geometry Description 

The top cover, inner shell, structural shell, and bottom assembly are the primary structural 
members of the cask. Key components and dimensions of the confinement vessel are shown in 
Figure A.3.9.2-1. Chapter A.1 contains reference drawings of the NUHOMS® OS187H Type 1 
TC which are the source of dimensions and other information used to develop analysis models. 

A.3.9.2.2.2 Allowable Stresses 

No change. The allowable stresses used for the stress evaluation of the OS187H Type 1 TC are 
the same as those for the OS187H TC, documented in Section 3.9.2.2.2. These allowables are 
based on conservative bounding temperatures of 300 ºF and 400 ºF for the outer and inner shells, 
respectively (the maximum temperatures from Chapter 4 thermal analysis are 280 ºF and 340 ºF, 
respectively).  For the elastic-plastic analysis documented in Section A.3.9.2.5, the allowable 
stresses for the outer and inner shells are based on a bounding temperatures of 350 ºF. 

A.3.9.2.2.3 OS187H Type 1 Transfer Cask Finite Element Models 

Three separate finite element models (FEMs) were constructed. The first is a 2-dimensional, 
axisymmetric representation of the cask, which is constructed with plane elements. The second 
model is a 180° (or half-symmetry model) 3-dimensional representation of the TC using “brick” 
elements. The third model is a 360° (or full model) 3-dimensional representation using “brick” 
elements. 

A. 2-Dimensional Finite Element Model Description 

A 2-dimensional axisymmetric ANSYS [4] finite element model, constructed primarily from 
PLANE42 elements, is used to analyze all axisymmetric load cases. The basic dimensions of the 
OS187H Type 1 TC are provided in Figure A.3.9.2-1. An element plot of the 2-dimensional 
FEM is shown in Figure A.3.9.2-2. 

Model Material Properties 

No change. The temperature dependent material properties used for the analysis of the OS187H 
Type 1 TC are based on the same temperature distributions applied to the OS187H TC. The 
temperature distributions applied to the OS187H Type 1 TC are shown in Figure A.3.9.2-4 and 
Figure A.3.9.2-5 for the 115 ºF and -20 ºF ambient conditions. 

Unmodeled Components 

As with the OS187H TC, only the structural steel section of the top cover (3 in. thick.) is 
modeled. The top neutron shield material, the ¼ in. thickness top cover outer plate, and hoist ring 
standoffs are not modeled since they are not intended to provide any structural support. 
However, their inertial load is accounted for by increasing the density of the structural portion of 
the top cover. 
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The weight of the unmodeled top cover components (neutron shield, ¼” top cover, and hoisting 
standoffs) is approximately 1,114 lb. The weight of the structural steel portion of the top cover is 
4,246 lb. Thus, the total top cover weight, including the unmodeled components, is 5,360 lb. The 
density of the top cover is calculated in the ANSYS model based on this total weight. 

The radial neutron shield (water) and neutron shield panel are also not modeled, because they are 
not considered structural components of the transfer cask. Therefore, the density of the structural 
shell of the transfer cask is increased to account for these unmodeled components. The weight of 
the unmodeled radial neutron shield assembly is 13,806 lb. The weight of the structural shell is 
23,729 lb. Thus, the total weight, including the unmodeled neutron shield assembly is 37,535 lb. 
This total weight is used to calculate the density of the structural shell in the ANSYS model. 

Top Cover and Ram Access Cover Bolts 

No change. The top cover and ram access cover bolts are modeled with axisymmetric BEAM3 
elements, and are only used in the model to simulate the overall behavior of the closure joints. 
The stresses in the top cover and ram access cover bolts are evaluated separately in Appendix 
A.3.9.3. The element real constants for the top cover and the ram access cover bolts used in the 
ANSYS analysis are not changed from those used in the OS187H analysis. 

The initial strains in BEAM3 elements are adjusted to match the minimum preload values of 
27,270 lb and 6,364 lb for the top cover bolts and for the ram access cover bolts, respectively. 

Contact Elements 

CONTAC12 elements are placed between all surfaces of the top flange and top cover, between 
the ram access cover and ram access penetration that contact each other, and between the lead 
gamma shielding and the inner and structural shells. These contact elements are used to model 
the reaction forces that occur between these surfaces. 

The contact elements introduce nonlinearities in the analysis depending on whether they are open 
or closed. Initially, at all contact surfaces, the gaps are closed. The contact element spring 
constant, Kn, is calculated in the following way. 

Kn = f E h [4] 

Where, 

f = A factor usually between 0.01 to 100. 
E = Modulus of elasticity (27.0×106 psi for SA-240, Type 304 @ 300 °F) 
Elead= Modulus of Elasticity (2.06x106 psi for ASTM B-29 chemical lead @ 300 °F) 
h = contact target length. 
Average radius of lead, h ≈ 37.66 in. 

Therefore, 

Kn = 27.0×106 × 37.66× f ≈ 1.0×107 to 1.0×1011 lb/in. for steel 
Kn = 2.06×106 × 37.66× f ≈ 7.8×105 to 7.8×109 lb/in. for lead 
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Thus, there is a very wide range for the Kn value. For the 2-D finite element model, the structure 
responded well with a spring constant value of 1.0×106 lb/in. for the lead shield contact elements 
and 1.0×107 lb/in. for the top cover and ram access cover contact elements. 

Boundary Conditions 

Separate sets of boundary conditions are required for the various loading cases analyzed. The 
boundary condition sets are used to prevent rigid body motion and are assigned based on the 
specific loading configuration. In each of the boundary condition sets, displacement constraints 
are fixed such that no displacement is permitted in the prescribed direction. 

B. 3-Dimensional Finite Element Models Description 

A 3-dimensional ANSYS [4] finite element model, constructed primarily from SOLID45 
elements, is used to analyze all non-axisymmetric load cases. A 180° version (half symmetry 
model) is used for symmetric load cases such as the 6 g lifting and side drop load cases. A 360° 
version (full model) is used for asymmetric load cases such as the transfer load cases. A plot of 
the 3-dimensional FEM (half model) is shown in Figure A.3.9.2-3. 

Model Material Properties 

No change. As in the 2-dimensional model, the temperature dependent material properties used 
for the analysis of the OS187H Type 1 TC are based on the same temperature distributions 
applied to the OS187H TC. 

Unmodeled Components Weights 

Only the structural steel section of the top cover (3 in. thick.) is modeled. The top neutron shield 
material, the ¼ in. thickness top cover outer plate, and hoist ring standoffs are not modeled since 
they are not intended to provide any structural support. However, their inertial load is accounted 
for by increasing the density of the structural portion of the top cover. 

The weight of the unmodeled top cover components (neutron shield, ¼” top cover, and hoisting 
standoffs) is approximately 1,114 lb. The weight of the structural steel portion of the top cover is 
4,246 lb. Thus, the total top cover weight including the unmodeled components is 5,360 lb. The 
density of the top cover is calculated in the ANSYS model based on this total weight. 

The radial neutron shield (water) and neutron shield panel are also not modeled, because they are 
not considered structural components of the TC. The weight of the unmodeled radial neutron 
shield assembly is 13,806 lb. Therefore, the density of the structural shell of the TC is increased 
by 13,806 lb to account for the unmodeled components. 

The NS-3 material in the bottom cask cover weights 554 lb and is not modeled. Therefore, the 
densities of the bottom end plate, the bottom neutron shield plate, and the bottom flange 
components in the ANSYS model are increased in proportion to their respective weights to 
account for the unmodeled bottom neutron shield weight. 
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Top Cover and Ram Access Cover Bolts 

No change. The top cover and ram access cover bolts are modeled with BEAM4 elements, and 
are only used in the model to simulate the overall behavior of the closure joints. The stresses in 
the top cover and ram access cover bolts are evaluated separately in Appendix A.3.9.3. The 
element real constants for the top cover and the ram access cover bolts used in the ANSYS 
analysis are not changed from those used in the OS187H analysis. 

The initial strains in BEAM4 elements are adjusted to match the minimum preload values of 
27,270 lb and 6,364 lb for the top cover bolts and for the ram access cover bolts, respectively. 

Contact Elements 

CONTAC52 elements are placed between all surfaces of the top flange and top cover, between 
the ram access cover and ram access penetration that contact each other, and between the lead 
gamma shielding and the inner and structural shells. These contact elements are used to model 
the reaction forces that occur between closure surfaces. LINK8 elements with a very low 
modulus of elasticity and density are placed in all locations where CONTAC52 elements exist in 
order to maintain overall stability of the model. This is only required in the 3-dimensional model. 

The contact elements introduce nonlinearities in the analysis depending on whether they are open 
or closed. Initially, at all contact surfaces, the gaps are closed. The contact element spring 
constant, Kn, is calculated in the following way [4]. 

Kn = f E h 

Where, 

f = A factor usually between 0.01 to 100. 
E = Modulus of elasticity (27.0×106 psi for SA-240, type 304 @ 300 °F) 
h = contact target length (i.e., the square root of target area). 
Typical element length ≈ 1/2 in. 
Typical element width ≈ 1 in. 
Typical target length, h = (0.5 × 1.0)0.5 = 1.22 in. 

Therefore, 

Kn = 25.8×106 × 1.22 × f ≈ 3.39×105 to 3.39×109 lb/in. 

Thus, there is a very wide range for the Kn value. For the 3-D finite element model, the structure 
responded well with a spring constant value of 1.0×107 lb/in. for the lead shield contact elements 
and 1.0×108 lb/in. for the top cover and ram access cover contact elements. 

A.3.9.2.2.4 Load Cases 

The following two tables describe the normal (Level A) and accident (Level D) condition load 
cases analyzed in this calculation. The load cases considered consist of 115 °F hot ambient 
and -20 °F cold ambient environments, 30 psig internal, vacuum drying conditions, transfer 
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loads, and 75 g accident condition end and side drops. The normal and accident load conditions 
are summarized in the following table. 

Summary of Normal and Accident Load Conditions 

Load Case 
Number Loading Condition 

Service 
Level Case Description 

1A 6 g vertical lifting A Cask vertical, supported at top trunnions, 6 g vertical 
acceleration + 30 psi internal pressure 

1B 6 g vertical lifting + thermal loads A Cask vertical, supported at top trunnions, 6 g vertical 
acceleration + 30 psi internal pressure + 115 °F ambient 

2 Vacuum drying A Cask vertical, supported at cask bottom, 15 psi external 
pressure + vacuum drying thermal loads 

3 30 psi internal pressure A 30 psi internal pressure 

4 115 °F ambient hot thermal 
environment 

A 115 °F ambient temperature 

5 -20 °F ambient cold thermal 
environment 

A -20 °F ambient temperature 

6A Transfer inertial loads—axial accel. 
toward bottom  

A Cask horizontal, 2 g acceleration in all directions—axial 
acceleration toward the bottom of the cask 

6B Transfer inertial loads—axial accel. 
toward top 

A Cask horizontal, 2 g acceleration in all directions—axial 
acceleration toward the top of the cask 

7A Transfer loads—axial accel. toward 
bottom + internal pressure 

A Cask horizontal, 2 g acceleration in all directions—axial 
acceleration toward the bottom of the cask + 30 psi 
internal pressure 

7B Transfer loads—axial accel. toward 
top + internal pressure 

A Cask horizontal, 2 g acceleration in all directions—axial 
acceleration toward the top of the cask + 30 psi internal 
pressure 

7C Transfer loads + 115 °F ambient+ 
internal pressure 

A Cask horizontal, supported at top and bottom trunnions, 2 
g acceleration in all directions + 30 psi internal pressure + 
115 °F ambient 

8 Transfer loads + -20 °F ambient + 
internal pressure 

A Cask horizontal, supported at top and bottom trunnions, 2 
g acceleration in all directions + 30 psi internal pressure 
+ -20 °F ambient 

9 75 g bottom end drop + internal 
pressure 

D Cask vertical, supported at bottom, 75 g vertical up 
acceleration + 30 psi internal pressure 

10 75 g top end drop + internal 
pressure 

D Cask vertical, supported at top, 75 g vertical down 
acceleration + 30 psi internal pressure 

11 75 g side drop + internal pressure D Cask horizontal, supported on side, 75 g transverse 
acceleration + 30 psi internal pressure 

12 Transfer thermal accident (Fire) D 30 psi internal pressure + thermal accident loads 
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Method of Applying Load to the Cask Body 

Pressures applied in the axial direction are calculated based on load divided by pressure area 
calculation. 

Pressures applied in the radial direction in the 3-dimensional finite element model are based on 
cosine distributed pressure functions. These pressure distributions simulate the internal cask 
contents applying pressure to the inner cask wall. The pressure distribution is assumed to be in 
the longitudinal direction over a specified length and vary with a cosine distribution around the 
circumference of the cask. 

The following sections describe the boundary conditions used for each individual load case and 
load combination. 

Load Case 1: 6 g Lifting (3-D FEM) 

The 6 g Lifting Load case consists of the loaded OS187H Type 1 TC in the vertical position, 
supported by the two top trunnions. A 6 g vertical acceleration is conservatively used to bound 
the normal lifting load. An internal pressure of 30 psi is also applied. 

The weight of the TC internals (canister, basket, and fuel assemblies) is accounted for by 
applying equivalent pressures. The weight of the cask internals used in this analysis is 
115,000 lb. The TC inner radius is 35.25 in., and the inner radius of the ram access penetration is 
11.00 in. The inertial load of the TC internals reacts against the annular surface bounded by these 
two radii during lifting. Therefore the area of the reaction surface, A6gi, is as follows. 

A6gl = π(35.252 – 11.002) = 3,523.49 in2. 

The pressure equivalent to the inertial load of the internals during a 6 g lift, P6gi, is, 

P6gl = [115,000/3,523.49] × 6 gs = 195.83 psi 

Symmetry displacement boundary conditions are applied along the y-axis of the 3-dimensional 
axisymmetric model. 

A depiction of the 6 g lifting load case boundary conditions is provided in Figure A.3.9.2-6. 

Load Case 2: Vacuum Drying 

The applied loads used to calculate the maximum stress in the TC during vacuum drying include 
a 15 psi external pressure, a maximum radial temperature gradient, and a 1g axial (gravity) load. 
The stresses generated in the TC shell by these three loads are computed using hand calculations. 
Since the primary load during vacuum drying is caused by the radial temperature gradient, the 
maximum TC stress is computed for the outer radial structural shell. 

A uniform 15 psi pressure is applied to the external radial surface of the cask, generating a hoop 
stress in the cask structural shell. The hoop stress, σp, in the shell is computed in the following 
way. 
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σp = external pressure × the mean structural shell radius / the minimum structural shell 
thickness 

 = 15 psi × (78.87 + 1.50)/2 in. / 1.50 in. = 402 psi 

The stress generated in the structural shell by the 1g axial load is conservatively computed 
assuming that the weight of the entire TC is taken by the cross sectional area of the structural 
shell. The weight of the TC is conservatively taken to be 250,000 lb. The 1g axial stress in the 
structural shell, σg, is computed as follows. 

σg = 1g × maximum TC weight / minimum cross sectional area of the structural shell 
 = 1g × 250,000 / [ (π/4)×(81.872 – 78.872) ] = 660 psi 

The maximum hoop stress generated by the radial thermal gradient during the vacuum drying 
process will occur in the outer structural shell due to the thermal expansion of the lead gamma 
shield. From Chapter 4, the maximum temperature difference between the lead gamma shield 
and the structural shell occurs during the drying process, when the lead and structural shell are at 
275 °F and 219 °F, respectively. 

The change in the outer radius of the lead gamma shield, ∆Rl, is computed as follows. 

∆Rl = Rl × αl × ∆Tl = 39.435 in. × 17.34 ×10-6 in./in. °F (@300 °F) × (275 – 70) °F 
 = 0.1402 in. 

The change in the inner radius of the structural shell, ∆Rs, is computed as follows. 

∆Rs = Rs × αs × ∆Ts = 39.435 in. × 8.9 ×10-6 in./in. °F (@200 °F) × (219 – 70) °F 
 = 0.0523 in. 

Therefore the differential radial expansion between the lead and structural shell, ∆R, is as 
follows. 

∆R = 0.1402 in. – 0.0523 in. = 0.0879 in. 

Therefore, the lead cylinder, if it were free, would grow 0.0879 in. more than the inner surface of 
the structural shell. If all of the differential expansion is accommodated in the lead, the lead 
strain, εl, would be the following. 

εl = ∆R/Rl = 0.0879 in./39.435 in. = 0.00223 in./in. 

If the lead remained linear elastic, the maximum hoop stress in the lead would be, 

σl = El × εl = 2.06×106 psi (@300 °F) × 0.00223 in./in. = 4,594 psi 

Conservatively assuming that the lead remains linear elastic, the interference pressure on the 
outer structural shell required to exert an average hoop stress of 4,594 psi in the lead can be 
determined in the following way. 

Pinterface = σl × lead thickness/Rinterface = 4,594 psi × 3.56 in./39.435 in. = 415 psi 
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This interference pressure would generate the following hoop stress in the structural shell. 

σs = Pinterface × Rinterface/shell thickness = 415 psi × 39.435/1.50 = 10,910 psi 

The total combine maximum stress intensity, σ, in the TC during vacuum drying operations is 
then, 

σ = 402 psi + 660 psi + 10,910 psi = 11,972 psi 

Load Case 3: 30 psi Internal Pressure (2-D FEM) 

A uniform 30 psi pressure is applied to the internal surface of the OS187H Type 1 TC up to the 
top cover and ram access cover seal locations. Symmetry displacement boundary conditions are 
applied along the y-axis of the 2-dimensional axisymmetric model, and the TC is held in the y-
direction at one location to prevent rigid body motion. A depiction of the internal pressure load 
case boundary conditions is provided in Figure A.3.9.2-7. 

Load Case 4: 115 °F Ambient Hot Thermal Environment (2-D FEM) 

The temperature distribution resulting from a 115 °F ambient environment is shown in Figure 
A.3.9.2-4. The distribution is based on the temperature profile used in the OS187H TC which is 
bounding when applied to the OS187H Type 1 TC. The temperature dependent coefficients of 
thermal expansion are applied to each corresponding material type, in order to induce thermal 
stresses in the model. 

Symmetry displacement boundary conditions are applied along the cut boundary of the 
2-dimensional axisymmetric model, and the TC is held in the axial direction at one location to 
prevent rigid body motion. 

Load Case 5: -20 °F Ambient Cold Thermal Environment (2-D FEM) 

The temperature distribution resulting from a -20 °F ambient environment is shown in Figure 
A.3.9.2-5. The distribution is based on the temperature profile used in the OS187H TC which is 
bounding when applied to the OS187H Type 1 TC. The temperature dependent coefficients of 
thermal expansion are applied to each corresponding material type, in order to induce thermal 
stresses in the model. 

Symmetry displacement boundary conditions are applied along the cut boundary of the 
2-dimensional axisymmetric model, and the TC is held in the axial direction at one location to 
prevent rigid body motion. 

Load Case 6-8: Transfer Loads (3-D FEM) 

The transfer load cases consist of the loaded TC in the horizontal position, supported at both 
upper and lower trunnions in the vertical direction, supported at the bottom two trunnions in the 
axial direction, and supported at one side of the trunnion towers of the skid (the loaded side) in 
the lateral (transverse) direction. 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3.9.2-12 

An acceleration of 2 g in all directions (axial, vertical, and transverse) is applied to the TC model 
in order to bound all possible transfer accelerations. For the transverse and vertical directions, the 
weights of the DSC and spacer are accounted for by applying a cosine varying pressure on the 
inside surface of the inner shell. The approach is explained below. 

The vertical and transverse accelerations are combined, so that a single horizontal acceleration is 
applied to the finite element model in the following way. 

Resultant Acceleration = [2 g2 transverse +2 g2 vertical ]1/2 = 2.828 g 

The resultant inertial load of the TC internals is accounted for by applying a cosine varying 
pressure on the inside surface of the cask inner shell. Assuming that the TC internals react upon 
90° arc of the inside surface, then the inertial load of the internals, P(θ), which varies with angle, 
θ, (θ = 0 is at the impact point), is governed by the following expression. 

P(θ) = Pmax cos(2θ) 

Where Pmax is the maximum load at the impact point (θ = 0). Assuming the axial length of the 
applied load is L, the inside radius of the cask inner shell is R, and the load distribution, P(θ) 
above, then the total inertial load generated by the internals, F, is the following. 
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The applied forces are the inertial load of the DSC, Fi, and the inertial load of the spacer and air 
wedges, FS: 

Fi = 110,000 lb x 2.828 g = 311,080 lb, 
Fs = 5,000 lb x 2.828 g = 14,140 lb. (spacer weight of 5,000 lb is bounding; 

see section A.3.9.2.1.2) 

Additional input data are: 

TC inner shell inner diameter,   R = 35.25 in., 
axial length of the applied DSC load,  Li =190.25 in., and 
axial length of the applied spacer load,  Ls =5.0 in., are applied 

Therefore, Pmax for the DSC and spacer are the following: 
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The axial inertial load of the TC internals is accounted for by applying a pressure on the inside 
surface of the cask lid. For a 2 g inertial load, the applied axial pressure, Pa, is as follows. 

PaBOT = 115,000 lb × 2 g / [ π × (35.252 - 112)] = 65.28 psi - Cases 6A and 7A 
PaTOP = 115,000 lb × 2 g / [ π × 35.832 ] = 57.03 psi - Cases 6B and 7B 

Transfer loads are run with and without internal pressure of 30 psi to bound any possible 
pressure build up inside the cask. Displacement constraints are applied at the trunnion locations 
to the 3-dimensional full model. 

A depiction of the transfer loads load case boundary conditions is provided in Figure A.3.9.2-8. 
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Load Case 9: 75 g Bottom End Drop (2-D FEM) 

The bottom end drop is not considered credible during storage and transfer operations under 10 
CFR Part 72 because the TC will always be in the horizontal orientation. The bottom drop 
evaluation documented below is performed in support of a 10 CFR Part 50 evaluation that may 
be performed by the user if the user cannot demonstrate that this accident drop is not credible. 

The weight of the TC internals (canister, basket, spacer, and fuel assemblies) is accounted for by 
applying equivalent pressures. The total actual weight of the cask internals is 109.50 kips. For 
conservatism, the weight of the cask internals used in this analysis is increased to 115 kips. The 
TC inner radius is 35.25 in., and the inner radius of the ram access penetration is 11.00 in. The 
inertial load of the TC internals reacts against the annular surface bounded by these two radii 
during a bottom end drop. The area of this reaction surface, Abi, is as follows. 

Abi = π(35.252 – 11.002) = 3,523 in2. 

The pressure equivalent to the inertial load of the internals under accident conditions, Pbi, is, 

Pin = [115,000 / 3,523] × 75 gs = 2,447.86 psi 

Internal pressure of 30 psi is applied. 

Symmetry displacement boundary conditions are applied along the y-axis of the 2-dimensional 
axisymmetric model. The bottom end of the TC is held in the axial direction in order to simulate 
the rigid reaction force generated by the impact target. A 75 g inertial load in the positive 
y-direction is also applied to the model for the accident condition load case. 

A depiction of the Bottom End Drop load case boundary conditions is provided in Figure 
A.3.9.2-9. 

Load Case 10: 75 g Top End Drop (2-D FEM) 

The top end drop is not considered credible during storage and transfer operations under 10 CFR 
Part 72 because the TC will always be in the horizontal orientation. The top end drop evaluation 
documented below is performed in support of a 10 CFR Part 50 evaluation that may be 
performed by the user if the user cannot demonstrate that this accident drop is not credible. 

The weight of the TC internals (canister, basket, spacer, and fuel assemblies) is accounted for by 
applying equivalent pressures. The weight of the canister internals used in this analysis is 
115,000 lb. The inertial load of the TC internals reacts against the inside surface of the top cover 
assembly during a top end drop. The outer radius of the inside surface of the TC top cover 
assembly is 35.675 in. Therefore the area of the reaction surface, Abi, is as follows. 

Abi = π(35.6752) = 3,998.32 in2. 

The pressure equivalent to the inertial load of the internals under accident conditions, Pbi, is, 

Pin = [115,000/3,998.32] × 75 gs = 2,157.16 psi 
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The internal pressure of 30 psi is also applied to the model. 

Symmetry displacement boundary conditions are applied along the y-axis of the 2-dimensional 
axisymmetric model. The outer surface of the top cover is held in the axial direction in order to 
simulate the rigid reaction force generated by the impact target. A 75 g inertial load in the 
negative y-direction is also applied to the model for the accident condition load case. 

A depiction of the top end drop load case boundary conditions is provided in Figure A.3.9.2-10. 

Since the top end vertical drop will induce much higher shear stress in the weld between the TC 
inner shell and top flange, this load case is used to calculate the weld stresses. The ANSYS run 
result file from this load case is post processed to get the maximum shear stress at this weld 
location. 

The maximum shear stress is 7,991 psi and the allowable shear stress is 0.42 Su (0.42 x 64,000 = 
26,880 psi, for 304 SS at 400 °F). Factor of safety = 26,880/7,991 = 3.36. 

Load Case 11: 75 g Side Drop (3-D FEM) 

During the 75 g side drop load case, the loaded TC is dropped onto a concrete target generating a 
transverse acceleration of 75 g. 

The impact side of the TC is supported in the cask radial direction along the entire length of the 
cask. The radial support spans 15° of the 180° model. The radial support is intended to model the 
reaction of the concrete target during impact. 

The inertial load of the TC internals is accounted for by applying a cosine varying pressure on 
the inside surface of the cask inner shell using the same method that was used for the transfer 
loads case. The applied forces are the inertial load of the DSC, Fi, and the inertial load of the 
spacer and air wedges, Fs: 

Fi = 110,000 lb x 75 g = 8,250,000 lb, 
Fs = 5,000 lb x 75 g = 375,000 lb. 

Therefore, Pmax for the DSC and spacer are the following: 
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Symmetry displacement boundary conditions are applied along the cut boundary of the 
3-dimensional half model. An internal pressure of 30 psi is also applied to the model. 

A depiction of the 75 g side drop load case boundary conditions is provided in Figure A.3.9.2-11. 

Load Case 12: Transfer Thermal Accident (Fire) 

The applied loads used to calculate the maximum stress in the transfer during fire accident event 
include a maximum radial temperature gradient and normal conditions transfer loads. The 
stresses generated in the TC shell by the temperature gradient are computed using hand 
calculations. The resulting stresses caused by the thermal temperature gradient are added to the 
stresses computed for the transfer load case. Since the primary load for the fire accident is caused 
by the radial temperature gradient, the maximum TC stress is computed for the outer radial 
structural shell. 

The maximum stress generated by the radial thermal gradient fire accident will occur in the outer 
structural shell due to the thermal expansion of the lead gamma shield. From Chapter 4, the 
maximum temperature difference between the lead gamma shield and the structural shell occurs 
when the lead and structural shell are at 618 °F and 553 °F, respectively. 

The change in the outer radius of the lead gamma shield, ∆Rl, is computed as follows. 

∆Rl = Rl × αl × ∆Tl = 39.435 in. × 19.68×10-6 in./in. °F (@600 °F) × (618 – 70) °F 
 = 0.4253 in. 

The change in the inner radius of the structural shell, ∆Rs, is computed as follows. 

∆Rs = Rs × αs × ∆Ts = 39.435 in. × 9.7×10-6 in./in. °F (@500 °F) × (553 – 70) °F 
 = 0.1848 in. 

Therefore the differential radial expansion between the lead and structural shell, ∆R, is as 
follows: 

∆R = 0.4253 in. – 0.1848 in. = 0.241 in. 

Therefore, the lead cylinder, if it were free, would grow 0.241 in. more than the inner surface of 
the structural shell. If all of the differential expansion is accommodated in the lead, the lead 
strain, εl, would be the following. 

εl = ∆R/Rl = 0.241 in./39.435 in. = 0.006 in./in. 

If the lead remained linear elastic, the residual hoop stress in the lead would be, 

σl = El × εl = 1.64×106 psi (@600 °F) × 0.006 in./in. = 9,840 psi 

Conservatively assuming that the lead remains linear elastic, the interference pressure on the 
outer structural shell required to exert an average hoop stress of 9,840 psi in the lead can be 
determined in the following way. 
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Pinterface = σl × lead thickness / Rinterface = 9,840 psi × 3.56 in./39.435 in. = 888 psi 

This interference pressure would generate the following hoop stress in the structural shell. 

σs = Pinterface × Rinterface / ts = 888 psi × 39.435/1.50 = 23,346 psi ≈ 23.35 ksi 

The total combined maximum stress, σ, in the TC during the fire accident is then, 

σ  = 5.06 ksi (stress due to 30 psi internal pressure from load case 3) + 23.35 ksi 
 = 28.41 ksi 
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A.3.9.2.3 ANSYS Analysis Results and Reporting Methodology 

The maximum nodal stress intensities in various components of the NUHOMS® OS187H Type 1 
TC are extracted from the ANSYS results files for all load cases. These stresses are compared to 
the normal and accident condition allowable stresses set forth by ASME B&PV Code Section III, 
Subsection NC [2] and Appendix F [3]. Allowable stresses are derived from material properties 
taken from Reference 6 at the various component temperatures listed in the Material Properties 
section. A summary of the maximum TC component stresses and corresponding allowable 
stresses is presented in Table A.3.9.2-1. 

The maximum nodal stress intensities (Pm + Pb) are conservatively compared to the allowable 
membrane stress intensities, unless otherwise stated. In load cases where the nodal stress 
intensity exceeds the membrane allowable stress, individual membrane and membrane plus 
bending stresses are computed by linearizing the maximum component stresses through the 
thickness of the component. The resulting linearized stresses are then compared to their 
corresponding Pm and Pm + Pb allowable stresses. 

For the load combinations involving mechanical loads and thermal loads (i.e., 6 g lifting plus 
115 °F ambient), the maximum stresses from the mechanical load case and the maximum stress 
from the thermal load case are simply summed for each of the major cask components. This 
method of computing the maximum load combination stresses is very conservative, because, in 
general, the maximum stress caused by a mechanical load and the maximum stress caused by a 
thermal load will not occur at the same location in the TC. 

Typically, fictitious stresses at nodes where point contact exists are ignored. These unrealistic 
stresses usually occur in the top cover at locations where the top cover bolts are fixed to the 
cover by node coupling (in all degrees of freedom) at a single node. Similarly, in the transfer 
loads analysis, the TC is held at the trunnion locations. This boundary condition creates fictitious 
stresses in the structural shell around the trunnions. Thus, stresses 4-inches around the trunnions 
are not evaluated. Local stresses in the shell due to trunnion loads are evaluated separately and 
are documented in Section A.3.9.2.4. For the 75 g side drop, high fictitious stresses are created 
due to the boundary condition discontinuity at the contact location. These stresses are also not 
evaluated. 
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A.3.9.2.4 Evaluation of OS187H Type 1 Transfer Cask Trunnion Local Stresses 

The purpose of this section is to evaluate the local stress intensities in the NUHOMS® OS187H 
Type 1 TC radial shells near the upper and lower trunnions, due to all applied loads during fuel 
loading and transfer operations. 

A.3.9.2.4.1 Approach 

The NUHOMS® OS187H Type 1 TC has two upper trunnions made of SA-182 Gr. FXM19 
forging and two lower trunnions made of SA-182 Gr. F304N. The OS187H Type 1 TC 
cylindrical shell and the reinforcing pad are made of SA-240 Type 304 stainless steel. 

The two top trunnions are used to first lift the cask, containing an empty DSC, into a fuel pool 
for loading of the spent fuel. After the spent fuel has been loaded into the DSC, the cask is lifted 
to a decontamination area. After draining and drying of the pool water, welding of the canister 
cover, and bolting of the cask top cover, the cask is placed on a trailer for transfer to an onsite 
HSM-H. 

The TC is vertically lifted into the trailer and rests its bottom trunnions on a support frame 
mounted to the top of the trailer. Then the cask is allowed to rotate, using the bottom trunnion 
supports as the pivot points, into a horizontal position until the top trunnions rest on their 
supports on the trailer. Throughout the operation the maximum total load is applied to the cask 
top trunnions. After the cask has been placed in the trailer, it is supported by all four trunnions 
and is subject to a set of specified handling loads. 

The following two load cases are analyzed for the four cask trunnions and adjoining shell: 

1. Lifting Loads (cask is in vertical position, lifted from the pool to the decontamination area 
and then to the trailer). The two top trunnions and interfacing structural shell are analyzed for 
vertical 6g load. The two bottom trunnions are not used during lifting of the cask. 

2. Handling Loads (cask is in a horizontal position mounted on the trailer). All four trunnions 
rest on the supports in the trailer. 

These four trunnion-shell interfaces are designed to resist the following transfer load 
combinations: 

1. DW (dead weight) + 1 g axial (load resisted by lower trunnions only) 

2. DW + 1 g transverse (load is resisted by trunnions on one side of the cask) 

3. DW + 1 g vertical (load is distributed to all four trunnions) 

4. DW + 1/2 g axial + 1/2 g transverse +1/2 g vertical 
(Directions of transfer loads are relative to a horizontal cask) 

In load combination 4, the load components are distributed according to the direction used in 
load cases 1 through 3 above. 
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HSM insertion/withdrawal loads are bounded by the analyzed transfer loads. For the OS187H 
Type 1 TC, the maximum load that may be reacted by the trunnions during insertion/withdrawal 
of the DSC to/from the HSM is 80 kips. The evaluation of local stresses near the upper trunnions 
considers loads exceeding that magnitude. 

The trunnions and cask shells are assumed to be at a 400° F uniform temperature during transfer, 
which is conservative compared to the maximum temperature computed in Chapter 4 for the 
115 °F ambient environment condition (see Figure A.3.9.2-4). 

The following calculations are based on the method described in Reference 10. A spreadsheet 
based on Figure 3.9.2-12, which implements the Reference 10 method, was developed to aid in 
the computations. The computation spreadsheets presented in Table A.3.9.2-2 through Table 
A.3.9.2-15 document the evaluation of local shell stresses for the various load cases analyzed. 

A.3.9.2.4.2 Load Cases 

The weights of NUHOMS® OS187H Type 1 TC components are listed in Section A.3.9.2.1.2. 
The weight of the NUHOMS® OS187H Type 1 TC loaded with a 32PTH Type 1 DSC (dry) is 
240,000 lbs.  The wet weight of a loaded OS187H Type 1 TC (includes the weight of water in 
the DSC and TC/DSC annulus and excludes the weight of the TC lid and DSC top covers) is 
approximately 244,500 lbs. However, for conservatism, a weight of 250,000 lb is used in this 
analysis. 

In the estimation of the magnitude of trunnion reactions it is assumed that: 

a) Maximal load considered for vertical lift is 125 kips (per trunnion) plus the 15% 
allowance, or 143.75 kips. 

b) The moment arm is measured from the center of the yoke of the (lifting) hook to the 
middle surface of the TC structural shell. 

c) The cask weight is distributed proportionally between the upper and lower trunnions and 
the cask is analyzed as a simply supported beam. 

The requirement given in (b) above is consistent with the methodology in WRC-107 Bulletin 
[10]. Based on geometry relations the median radius of cask shell, Rm, can be defined as: 

Rm= RI + (Tshell + Tpad)/2 

where: 

Tshell is nominal thickness of cask shell at trunnion location 
Tpad is the thickness of reinforcement pad 
RI  = 39.44 inch is inner radius of cask shell 

The table below provides values of median radius of cask shell Rm and moment arms used in this 
calculation. Reinforcement pad thickness Tpad = 1.31 inches is used conservatively in the 
calculations (actual design thickness = 1.375 inches). 
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Upper Trunnion - Input Data for Reinforcement Pad-Trunnion Joint (Load Cases UT 1-5) 

RI [in] Rm [in] Tshell [in] Tpad [in] Load Type Moment Arm Definition Moment 
Arm[in] 

39.44 41.29 2.38 1.31 6g Lifting Load 46.3+3.75+ 3.25/2-Rm 10.390 

Transfer Loads 46.3+3.75/2-Rm 6.8900 

Upper Trunnion - Input Data for Reinforcement Pad - Shell Joint (Load Cases UT 6-10) 

39.44 40.63 2.38 0 6g Lifting Load 46.3+3.75+ 3.25/2-Rm 11.045 

Transfer Loads 46.3+3.75/2-Rm 7.5450 

Lower Trunnion Input Data for Trunnion-Shell Joint - No Reinforcement Pad (Load Cases LT 1- 4) 

39.44 40.19 1.5 0 Transfer Loads 46.3+3.5/2-Rm 7.8600 

 
The figure below shows basic geometry relations, derived from the OS187H Type 1 TC 
drawings. 

 

The above geometrical relations are used in the calculation of reaction forces for the upper and 
lower trunnions. The total length of the cask is 210.50 inches. The dimension TLID = 3.75 inches 
denotes the thickness of the top cover above the top edge of the cask. Distance a = 19.25 inches, 
distance b = 152.5 inches. 

Assuming a total weight of 250 kips, the reaction forces at trunnion locations can be calculated 
as Fupper = 71 kips for the upper trunnion, and Flower = 54 kips for the lower trunnion. 

The stress classification locations (AU, BU, CU, DU and AL, BL CL, DL) as well as basic 
parameters used in WRC-107 Bulletin [10] are illustrated in the figure below: 
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In the WRC-107 Bulletin coordinate system convention, the radial load P is assumed positive 
when directed away from cylinder centerline. Axial loads (e.g., critical lifting loads for upper 
trunnions, axial transport loads for lower trunnions) are represented as VL loads. When the 
transfer cask is supported in the horizontal position the vertical transfer loads and deadweight 
loads acting on the transfer cask are tangential loads VC. The ML loads are force moments 
generated by VL loads, while MC loads are force moments generated by VC loads. 

A.3.9.2.4.3 Material Properties 

The following pertinent material properties are taken from Reference 6 corresponding to a 
(conservative) temperature of 400 °F. 

Property 
SA-240, Type 304 

stainless steel (cask shells and pad) 

Sm 18.7 ksi 

Sy 20.7 ksi 

Su 64.0 ksi 

 
A.3.9.2.4.4 Stress Criteria 

All load cases analyzed are Service Level A load cases. According to ASME Code, Section III, 
Subsection NC [2], for Service Level A conditions, the maximum allowable general primary 
membrane stresses (Pm) shall be limited to Sm. Local primary membrane stresses (PL) shall be 
limited to 1.5 Sm, while maximum allowable primary plus secondary stresses, PL + Pb + Q, shall 
be limited to 3.0 Sm. 

Primary stresses result from an imposed loading for which it is necessary to satisfy the laws of 
equilibrium between external and internal forces and moments. The basic characteristic of 
primary stress is that it is not self-limiting. If the primary stress exceeds yield through the entire 
thickness of the wall, the failure of the design depends entirely on strain hardening properties of 
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material. In the case of trunnion load, the primary stress is the membrane stress occurring near 
the trunnion, caused by mechanical load. 

General primary stresses (Pm) are stresses that are located remote from any structural 
discontinuity. Such stresses should be derived as the average stresses through the thickness of the 
cask shell at the location remote from discontinuity. No redistribution of load occurs as a result 
of yielding of material of general primary stress. 

Local primary stress (PL) is also average stress across a solid section, but it includes the effect of 
gross structural discontinuities. This type of stress is self-limiting when it exceeds yield because 
the load is resisted by other parts of the structure, but it may result in excessive distortion of the 
structure because of the shift of the load to other parts. In the case of the WRC-107 
methodology, the example of local primary stress is stress in the vicinity of a nozzle (trunnion) 
occurring as a result of external loads. 

Secondary stresses (Q) are developed as a result of the strain pattern induced by the maintaining 
of structural continuity between structural members of the design. The basic characteristic of 
secondary stresses is that they are self-limiting. In the case of external loads imposed onto 
trunnions the secondary stresses are surface stresses caused by mechanical load in the vicinity of 
the trunnion. In the case of the WRC-107 methodology, these stresses are surface stresses at 
stress classification locations AU, BU, CU, DU and AL, BL CL, DL. 

For the upper trunnions region, stress levels for primary membrane and secondary stresses are 
checked in the trunnion to reinforcement pad juncture and the reinforcement pad to cask shell 
juncture. For the lower trunnions region, the primary membrane and secondary stresses are 
checked at the trunnion-to-shell juncture. 

The TC shells and pad are constructed from stainless steel, SA-240, Type 304. The material 
properties are taken at 400 °F, which bounds the maximum inner shell and structural shell 
temperatures generated during 150 °F ambient transfer condition. 

The table below shows a summary of stress acceptance criteria used in the stress evaluation: 

Stress Location Stress Description 
Stress 

Classification 
Criteria 

Limit 
Criteria Limit 

[ksi] 

Cask shell at both 
trunnion locations 

Local membrane PL 1.5*Sm 28.1 

Surface stress PL+Pb+Q 3.0*Sm 56.1 

   
A.3.9.2.4.5 Stress Computation 

For the upper trunnion, stress levels for primary membrane and secondary stresses are checked in 
the trunnion-to-reinforcement pad juncture and the reinforcement pad-to-cask shell juncture. For 
the lower trunnion, the primary membrane and secondary stresses are checked at the trunnion-to-
shell juncture. The detailed information about input loads VL, ML, VC, MC, and P at these 
locations is provided below. The definition of these input loads is presented in section 
A.3.9.2.4.2. 
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Stress results for the load combinations presented below are calculated in the attached 
spreadsheets (Table A.3.9.2-2 through Table A.3.9.2-15). Each spreadsheet contains the 
specification of all input parameters used in the stress calculation. The summary of stress results 
is provided in Table A.3.9.2-16. 

The specification of input loads at the juncture of the upper trunnion and reinforcement pad is 
presented in the table below. Stress calculations for load cases UT1, UT2 UT3, UT4, and UT5 
are documented in Table A.3.9.2-2 through Table A.3.9.2-6. 

Load Type Load Combination Case ID 
Axial Load 

Axial Load 
Moment 

Tangential 
Load 

Tangential 
Load Moment 

Radial 
Load 

VL  [kips] ML [in-kips] VC [kips] MC [in-kips] P  [kips] 

Lifting Loads Critical lifts UT1 862.5 8961.4 0.0 0.0 0.0 

Transfer 
Handling 

Loads 

DW+1g Axial UT2 0.0 0.0 71.0 489.2 0.0 

DW+1g Transverse UT3 0.0 0.0 71.0 489.2 -142.0 

DW+1g Vertical UT4 0.0 0.0 142.0 978.4 0.0 

1/2g Axial + 1/2g 
Transverse + 1/2g 

Vertical + DW 
UT5 0.0 0.0 106.5 733.8 -71.0 

 
The specification of input load at the juncture of the upper trunnion reinforcement pad and cask 
shell is shown in the following table. Stress calculations for load cases UT6, UT7 UT8, UT9, and 
UT10 are documented in Table A.3.9.2-7 through Table A.3.9.2-11. 

Load Type Load Combination Case ID 
Axial Load 

Axial Load 
Moment 

Tangential 
Load 

Tangential 
Load Moment 

Radial 
Load 

VL  [kips] ML [in-kips] VC [kips] MC [in-kips] P  [kips] 

Lifting Loads Critical lifts UT6 862.5 9526.3 0.0 0.0 0.0 

Transfer 
Handling 

Loads 

DW+1g Axial UT7 0.0 0.0 71.0 535.7 0.0 

DW+1g Transverse UT8 0.0 0.0 71.0 535.7 -142.0 

DW+1g Vertical UT9 0.0 0.0 142.0 1071.4 0.0 

1/2g Axial + 1/2g 
Transverse + 1/2g 

Vertical + DW 
UT10 0.0 0.0 106.5 803.5 -71.0 

 
Finally, the specification of input loads at the interface of the lower trunnion and cask shell is 
presented in the table below. Stress calculations for load cases LT1, LT2, LT3, and LT4 are 
documented in Table A.3.9.2-12 through Table A.3.9.2-15. 
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Load Type Load Combination Case ID 
Axial Load 

Axial Load 
Moment 

Tangential 
Load 

Tangential 
Load Moment 

Radial 
Load 

VL  [kips] ML [in-kips] VC [kips] MC [in-kips] P  [kips] 

Transfer 
Handling 

Loads 

DW+1g Axial LT1 125.0 982.5 54.0 424.4 0.0 

DW+1g Transverse LT2 0.0 0.0 54.0 424.4 -108.0 

DW+1g Vertical LT3 0.0 0.0 108.0 848.9 0.0 

1/2g Axial + 1/2g 
Transverse + 1/2g 

Vertical + DW 
LT4 62.5 491.3 81.0 636.7 -54.0 

 
A.3.9.2.4.6 Stress Intensity Calculation 

Membrane plus bending stress intensities are calculated in the following way. 
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In order to calculate the membrane or bending stress intensity, only those components associated 
with membrane or bending stress, respectively, are summed to calculate σφ, σx and τ. 

A.3.9.2.4.7 Local Shell Stress Results 

Table A.3.9.2-16 summarizes the maximum stress intensities and compares them against 
applicable allowables. 

A.3.9.2.4.8 Local Shell Stress Conclusions 

All calculated local membrane stresses are less than the allowable local membrane stress of 
28.1 ksi, and all local membrane plus bending stress intensities are less than the allowable local 
membrane plus bending stress of 56.1 ksi. Therefore, the NUHOMS® OS187H Type 1 TC shells 
adjoining the trunnions are structurally adequate with respect to local stresses generated during 
lifting and transfer operations. 
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A.3.9.2.5 Stress and Deflection of Transfer Cask Inner Shell Support Rails 

The 3D finite element model used for side drop analyses as described in Appendix A.3.9.2, 
Section A.3.9.2.2.3 (B) is modified as follows and used to calculate the stresses and deflections 
of the transfer cask inner shell along the support rail locations. 

Finite Element Model Modifications 

1. Include the 3” wide x 0.12” thick rails in the 3-D TC inner shell (SHELL 43 element) 

2. Include canister shell (SOLID 45 element) in the 3-D model 

3. Gap elements (CONTACT 52) are used between the canister shell and transfer cask inner 
shell and between the canister shell and inner shell rail 

Radial gap elements (CONTACT 52) are used to simulate the interface between the outer radius 
of the canister and inner radius of the cask inner shell. Each gap element contains two nodes; one 
on each surface of the structure. The gap size at each gap element is determined by the difference 
between the canister outer radius and the inside radius of the cask (canister outer radius = 
34.875” and cask inner radius = 35.25” to give a 0.375 inch mean gap). Radial gap elements are 
generated using an ANSYS macro. Actual gap sizes for the gap element, at each radial location, 
were determined and input into the model as real constants using another ANSYS macro. This 
macro accepts the drop orientation and model geometry as inputs and determines the 
circumferential position of each gap element. The macro then computes the appropriate real 
constants and applies to appropriate gap elements. 

During drops on cask rails (180° side drop), the initial gaps between the canister and the cask are 
modified using the ANSYS macro. Two 3 inch wide and 0.12 inch thick rails are welded to the 
cask inner shell at 12° on both sides of the vertical center line of the model and another set of 
two rails are welded at 38° on both sides of the same vertical center line. For the 180° side drop 
onto the rails, the initial gaps at the two inner rail locations are assumed closed (0 gap). 
In-between these two rail locations, the initial gaps are set to 0.12 inches. On the other two rail 
locations, the gaps are initially set to open, and the gap sizes are generated by macro with 
consideration of the rail thickness. 

The ANSYS 3-D finite element models including cask shell, lead, rails, canister, and gap 
elements are shown on Figure A.3.9.2-13 through Figure A.3.9.2-18. 

Loadings 

Pressures applied in the radial direction to the inner surface of the canister in the 3-dimensional 
finite element model are based on a cosine distribution. This pressure distribution simulates the 
load which the internal canister contents exert on the inner canister wall. Two drop cases are 
analyzed: impact on two rails (Figure A.3.9.2-19) and impact on one rail (Figure A.3.9.2-20). 

Materials 

In order to properly calculate the deflections of the rails, elastic and inelastic material properties 
of the canister and cask at the temperatures are used for the analysis. 
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Results 

The following table summarizes the maximum stress intensities at the TC inner and outer shells 
for the above two drop load cases. 

Summary of Maximum Stress Intensities and Allowables 

Load Case Component 
Stress 

Category 

Calculated Max. 
Stress Intensity

(ksi) 

Allowable 
Membrance 

Stress Intensity 
(ksi)(1) 

Factor 
of 

Safety 

Impact on two 
rails 

Inner Shell PL+Pb 43.786 45.57 1.04 

Outer Shell PL+Pb 37.674 45.57 1.21 

Impact on one rail Inner Shell PL+Pb 45.282 45.57 1.01 

Outer Shell PL+Pb 37.805 45.57 1.21 

Note: 
(1) Since the calculated maximum stress intensity is less than the allowable membrane stress intensity (Pm), 

therefore only maximum stress intensity is reported. 

 
The calculated stresses are less than the code allowables and the calculated maximum deflection 
in the rail is 0.0725”. This small deflection will not affect the retrieving of the canister from the 
TC after an accident drop. 

The maximum stress intensity plots of the cask inner shell and outer shell for the impact to the 
two rails load case are shown on Figure A.3.9.2-21 and Figure A.3.9.2-22, respectively. The 
maximum stress intensity plots of the inner shell and outer shell for the impact to the one rail 
load case are shown on Figure A.3.9.2-23 and Figure A.3.9.2-24, respectively. 
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Table A.3.9.2-1 
 Transfer Cask Components Stress—Summary of Results 

Load Case 
Number 

Loading 
Condition 

Service 
Level Component(6) 

Maximum 
Stress 

Intensity (ksi) 

Allowable 
Stress 
(ksi) 

1A 6 g vertical lifting A Structural 
shell 

Pm 8.71 20.00 

Pm + Pb 27.48 30.00 

Top cover 8.92 31.40 

Inner shell 15.08 18.70 

Bottom end 
plates 

Pm 15.22 20.00 

Pm + Pb 27.34 30.00 

Ram acc. 
and cover 

Pm 19.51 20.00 

Pm + Pb 21.45 30.00 

1B 6 g vertical lifting 
+ thermal loads 

A Structural shell 53.6 60.00(1) 

Top cover 19.54 94.20(1) 

Inner shell 41.83 56.10(1) 

Bottom end plates 39.79 60.00(1) 

Ram access and cover 36.44 60.00(1) 

2 Vacuum drying A Structural shell 11.97 60.00(1) 

3 30 psi internal 
pressure 

A Structural shell 5.06 20.00 

Top cover 6.31 31.40 

Inner shell 3.89 18.70 

Bottom end plates 5.06 20.00 

Ram access and cover 3.93 20.00 

4 115 °F ambient 
hot thermal 
environment 

A Structural shell 26.12 60.00(1) 

Top cover 10.62 94.20(1) 

Inner shell 23.70 56.10(1) 

Bottom end plates 12.45 60.00(1) 

Ram access and cover 14.99 60.00(1) 

5 -20 °F ambient 
cold thermal 
environment 

A Structural shell 10.97 60.00(1) 

Top cover 9.34 94.20(1) 

Inner shell 26.75 56.10(1) 

Bottom end plates 11.83 60.00(1) 

Ram access and cover 12.43 60.00(1) 

A Transfer inertial 
loads—axial 
accel. toward 
bottom 

A Structural shell 18.90 20.00 

Top cover 8.55 31.40 

Inner shell 12.81 18.70 

Bottom end plates 10.70 20.00 

Ram access and cover 9.09 20.00 
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Table A.3.9.2-1 
 Transfer Cask Components Stress—Summary of Results (continued)   

Load 
Case 

Number 
Loading 

Condition 
Service 
Level Component(6) 

Maximum 
Stress 

Intensity (ksi) 

Allowable 
Stress 
(ksi) 

6B Transfer inertial 
loads—axial 
accel. toward 
top 

A Structural 
shell 

Pm 9.27 20.00 

Pm + Pb 22.85 30.00 

Top cover 12.14 31.40 

Inner shell Pm 8.48 18.70 

Pm + Pb 17.66 28.05 

Bottom end plates 7.43 20.00 

Ram access and cover 6.50 20.00 

7A Transfer 
loads—axial 
accel. toward 
bottom + 
internal 
pressure 

A Structural shell 18.37 20.00 

Top cover 11.92 31.40 

Inner shell 12.38 18.70 

Bottom end plates 14.89 20.00 

Ram access and cover 12.23 20.00 

7B Transfer 
loads—axial 
accel. toward 
top + internal 
pressure 

A Structural 
shell 

Pm 9.12 20.00 

Pm + Pb 21.17 30.00 

Top cover 15.74 31.40 

Inner shell 18.50 18.70 

Bottom end plates 6.85 20.00 

Ram access and cover 7.68 20.00 

7C(7) Transfer loads + 
115 °F ambient 
+ internal 
pressure 

A Structural shell 48.97 60.00(1) 

Top cover 26.36 94.20(1) 

Inner shell 42.70 56.10(1) 

Bottom end plates 27.34 60.00(1) 

Ram access and cover 27.22 60.00(1) 

8(7) Transfer loads + 
-20 °F ambient 
+ internal 
pressure 

A Structural shell 33.82 60.00(1) 

Top cover 25.08 94.20(1) 

Inner shell 45.25 56.10(1) 

Bottom end plates 26.72 60.00(1) 

Ram access and cover 24.66 60.00(1) 

9 75 g bottom end 
drop + internal 
pressure 

D Structural shell 39.62 46.34 

Top cover 46.41 65.94 

Inner shell 16.69 44.80 

Bottom end plates 26.50 46.34 

Ram access and cover 43.86 48.00 
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Table A.3.9.2-1 
 Transfer Cask Components Stress—Summary of Results (concluded)   

Load 
Case 

Number 
Loading 

Condition 
Service 
Level Component(6) 

Maximum 
Stress 

Intensity (ksi) 

Allowable 
Stress 
(ksi) 

10 75 g top end 
drop + internal 
pressure 

D Structural shell 43.61 46.34 

Top cover 39.44 65.94 

Inner shell 18.11 44.80 

Bottom end plates 5.93 46.34 

Ram access and cover 4.87 48.00 

11 75 g side drop + 
internal 
pressure 

D Structural 
shell(5) 

Pm 45.06 46.34 

(Pm or PL) + 
Pb 

61.64 66.20(3) 

Top cover(5) Pm 63.82 65.94 

(Pm or PL) + 
Pb 

79.79 94.20(3) 

Inner shell Pm 35.43 44.80 

(Pm or PL) + 
Pb 

44.35 64.00(3) 

Bottom end 
plates(4) 

Pm 45.96 46.34 

PL 50.73 66.20 

(Pm or PL) + 
Pb 

51.21 66.20(3) 

Ram access 
and cover 

Pm 44.47 48.00 

(Pm or PL) + 
Pb 

54.42 71.00(3) 

12 Transfer thermal 
accident (fire) 

D Structural shell 28.41 58.32(2) 

Notes 
(1) PL + Pb + Q allowable stress. 
(2) Sm = 16.2 ksi. For SA-240 type 304 at a temperature of 650 °F. (the maximum TC temperature is 618° 

during the thermal accident condition). The allowable stress is taken as 3.6Sm. 
(3) Membrane plus bending [ (Pm or PL) + Pb ] allowable stress. 
(4) Stresses at the edge of the impact target support at the 15° location is considered local and are compared to 

PL allowable stresses. 
(5) High stresses due to boundary condition discontinuity and bearing stresses at contact locations are not 

evaluated for top cover and top flange. 
(6) See Figure A.3.9.2-1 for the stress reporting components. Structural Shell component includes the structural 

shell, the top flange and the bottom support ring components shown in Figure A.3.9.2-1. Bottom end plates 
component includes the bottom end plate and bottom neutron shield plate components.  

(7) Load cases 6A and 6B are transfer handling load cases without internal pressure; load cases 7A and 7B are 
transfer handling load cases with internal pressure. If the component stresses for transfer handling load 
cases without internal pressure is higher, conservatively the higher stress is used for load combination in 
load cases 7C and 8. 
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Table A.3.9.2-2 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case UT1 
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Table A.3.9.2-3 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case UT2 
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Table A.3.9.2-4 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case UT3 
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Table A.3.9.2-5 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case UT4 
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Table A.3.9.2-6 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case UT5 
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Table A.3.9.2-7 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case UT6 

 

 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3.9.2-38 

Table A.3.9.2-8 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case UT7 
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Table A.3.9.2-9 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case UT8 
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Table A.3.9.2-10 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case UT9 
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Table A.3.9.2-11 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case UT10 
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Table A.3.9.2-12 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case LT1 
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Table A.3.9.2-13 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case LT2 
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Table A.3.9.2-14 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case LT3 
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Table A.3.9.2-15 
 Local Shell Stress at Trunnion Locations—Computation Spreadsheet 

for Case LT4 
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Table A.3.9.2-16 
 Local Shell Stress at Trunnion Locations—Summary of Results 

Case 
ID. Location Load Combination 

Maximum Stress 
Allowable 

[ksi] 
Reference 

Table  Type Value [ksi] 

UT1 
Upper trunnion 

pad 
Critical lifting 

6g axial 

PL 17.4 28.1 Table A.3.9.2-2 

PL+Pb+Q 42.7 56.1 Table A.3.9.2-2 

UT6 
Upper trunnion 

shell 
Critical lifting 

6g axial 

PL 15.4 28.1 Table A.3.9.2-7 

PL+Pb+Q 37.9 56.1 Table A.3.9.2-7 

UT2 
Upper trunnion 

pad 
Transfer load 
DW+1g axial 

PL 1.4 28.1 Table A.3.9.2-3 

PL+Pb+Q 2.9 56.1 Table A.3.9.2-3 

UT7 
Upper trunnion 

shell 
Transfer load 
DW+1g axial 

PL 1.3 28.1 Table A.3.9.2-8 

PL+Pb+Q 3.6 56.1 Table A.3.9.2-8 

UT3 
Upper trunnion 

pad 
Transfer load 

DW+1g transverse 

PL 2.4 28.1 Table A.3.9.2-4 

PL+Pb+Q 11.7 56.1 Table A.3.9.2-4 

UT8 
Upper trunnion 

shell 
Transfer load 

DW+1g transverse 

PL 4.1 28.1 Table A.3.9.2-9 

PL+Pb+Q 14.6 56.1 Table A.3.9.2-9 

UT4 
Upper trunnion 

pad 
Transfer load 

DW+1g vertical 

PL 2.9 28.1 Table A.3.9.2-5 

PL+Pb+Q 5.8 56.1 Table A.3.9.2-5 

UT9 
Upper trunnion 

shell 
Transfer load 

DW+1g vertical 

PL 2.5 28.1 Table A.3.9.2-10 

PL+Pb+Q 7.3 56.1 Table A.3.9.2-10 

UT5 
Upper trunnion 

pad 
Transfer load 

1/2g A+1/2gT+1/2gV +DW 

PL 2.2 28.1 Table A.3.9.2-6 

PL+Pb+Q 8.8 56.1 Table A.3.9.2-6 

UT10 
Upper trunnion 

shell 
Transfer load 

1/2g A+1/2gT+1/2g V+DW 

PL 2.6 28.1 Table A.3.9.2-11 

PL+Pb+Q 10.9 56.1 Table A.3.9.2-11 

LT1 
Lower trunnion 

shell 
Transfer load 
DW+1g axial 

PL 8.0 28.1 Table A.3.9.2-12 

PL+Pb+Q 28.9 56.1 Table A.3.9.2-12 

LT2 
Lower trunnion 

shell 
Transfer load 

DW+1g transverse 

PL 9.4 28.1 Table A.3.9.2-13 

PL+Pb+Q 51.2 56.1 Table A.3.9.2-13 

LT3 
Lower trunnion 

shell 
Transfer load 

DW+1g vertical 

PL 6.3 28.1 Table A.3.9.2-14 

PL+Pb+Q 34.4 56.1 Table A.3.9.2-14 

LT4 
Lower trunnion 

shell 
Transfer load 

1/2g A+1/2gT+1/2gV +DW 

PL 8.8 28.1 Table A.3.9.2-15 

PL+Pb+Q 43.0 56.1 Table A.3.9.2-15 
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Figure A.3.9.2-2 
 2-Dimensional Finite Element Model, Element Plot 
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Figure A.3.9.2-3 
 3-Dimensional Finite Element Model, Element Plot 
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Figure A.3.9.2-4 
 115 °F Ambient Temperature Distribution 
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Figure A.3.9.2-5 
 -20 °F Ambient Temperature Distribution 
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Figure A.3.9.2-6 
 6 g Lifting Boundary Conditions (3D Half Model) 

  

 

6g Vertical 
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Figure A.3.9.2-7 
 30 psi Internal Pressure Boundary Conditions (2D Model) 

  

 

Single Support to Prevent 
Rigid Body Motion 

30 psi 
Internal 
Pressure 
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Figure A.3.9.2-8 
 Transfer Loads Boundary Conditions (3D Full Model) 

  

 

2g Acceleration in 
All Directions

Canister Reaction 
Pressure 

Note: 2g load also applied in 
the vertical direction—
All 4 trunnions support 
the weight in the vertical 
direction 

Note: Solid lines in the axial 
direction depict the 
loading for Cases 6a and 
7a, dashed lines in the 
axial direction depict the 
loading for Cases 6b and 
7b 
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Figure A.3.9.2-9 
 75 g Bottom End Drop Boundary Conditions (2D Model) 

  

 

75g Vertical 
Acceleration 

Canister Reaction Pressure 

Target 
Reaction 
Support 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3.9.2-56 

 

Figure A.3.9.2-10 
 75 g Top End Drop Boundary Conditions (2D Model) 
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Figure A.3.9.2-11 
 75 g Side Drop Boundary Conditions (3D Model) 
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Figure A.3.9.2-12 
 Computational Worksheet for WRC 107 Bulletin Evaluation 
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Figure A.3.9.2-13 
 NUHOMS OS187H Type 1 Transfer Cask Side Drop– 3D Finite Element Model 
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Figure A.3.9.2-14 
 Transfer Cask Side Drop Model Top Cover/Flange/Lead Interface 
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Figure A.3.9.2-15 
 Transfer Cask Side Drop Model Canister/Cask Shell/Lead/Interface 
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Figure A.3.9.2-16 
 Transfer Cask Side Drop Model Canister/ Bottom Access Ram/Lead/Interface 
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Figure A.3.9.2-17 
 Transfer Cask Side Drop Model—Rail Locations for Load Case 1 
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Figure A.3.9.2-18 
 Transfer Cask Side Drop Model—Rail Locations for Load Case 2 
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Figure A.3.9.2-19 
 Transfer Cask Side Drop—Sketch of Drop Modeling for Load Case 1 
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Figure A.3.9.2-20 
 Transfer Cask Side Drop—Sketch of Drop Modeling for Load Case 2 
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Figure A.3.9.2-21 
 Transfer Cask Side Drop Results—Inner Shell Stress Intensity for Load Case 1 
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Figure A.3.9.2-22 
 Transfer Cask Side Drop Results—Outer Shell Stress Intensity for Load Case 1 
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Figure A.3.9.2-23 
 Transfer Cask Side Drop Results—Inner Shell Stress Intensity for Load Case 2 
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Figure A.3.9.2-24 
 Transfer Cask Side Drop Results—Outer Shell Stress Intensity for Load Case 2 
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A.3.9.3 OS187H TYPE 1 TRANSFER CASK TOP COVER AND RAM ACCESS COVER 
BOLT ANALYSES 

A.3.9.3.1 Introduction 

This section documents the evaluation of the top cover bolts and ram access cover bolts of the 
NUHOMS® OS187H Type 1 transfer cask (TC) under normal and accident conditions. The 
criteria and methods of evaluation used are the same as those of the OS187H TC documented in 
Section 3.9.3. The stress analysis is performed in accordance with NUREG/CR-6007 [1]. 

The NUHOMS® OS187H Type 1 TC top cover closure and ram access cover design, including 
bolts type and mechanical properties of the bolt material are the same as the OS187H TC. As 
shown in drawing 10494-72-9003-SAR, the 3.0 inch thick top cover is bolted to the top flange of 
the TC using twenty four 1½ inch diameter bolts. As shown in drawings 10494-72-9001-SAR 
and 10494-72-9003-SAR, the 1.0 inch thick ram access cover is bolted to the ram access 
penetration ring using twelve ½ inch diameter bolts. The bolt material for both applications is 
SA-540 Gr. B23 Class 1, which has a minimum yield strength of 150 ksi at room temperature 
[2]. 

Table A.3.9.3-1 and Table A.3.9.3-2 summarize the design parameters used for the evaluation of 
the OS187H Type 1 TC top cover bolts and the ram access cover bolts, respectively. These tables 
are similar to Tables 3.9.3-1 and 3.9.3-2 for the OS187H TC. Based on a comparison between 
these sets of tables, the table below summarizes the differences that affect the evaluation of the 
top cover and ram access cover bolts between the two TCs. The evaluations documented in the 
following sections of this appendix are performed to address the effect of these differences. 

Top Lid Closure Parameter 
OS187H 

(See Table 3.9.3-1) 
OS187H Type 1 

(See Table A.3.9.3-1) 

Closure lid diameter (at bolt circle), in. 77.61 76.85 

Closure lid diameter (at the seal), in. 74.19 73.61 

Closure lid diameter (outer edge), in. 82.20 81.37 

Flange thickness, in. 5.575 6.50 

Payload weight, lb 110,300 120,000 

 

Ram Access Cover Parameter 
OS187H 

(See Table 3.9.3-2) 
OS187H Type 1 

(See  Table A.3.9.3-2) 

Ram access cover diameter (at bolt circle), in. 23.50 24.50 

Ram access cover diameter (at the seal), in. 21.16 23.16 

Ram access cover diameter (outer edge), in. 25.45 26.45 

Ram access cover diameter (at inner edge), in. 20.00 22.00 

Ram access penetration thickness, in. 4.00 3.00 

 
As with the OS187H TC, the following evaluations are presented in this section: 

• Top cover and ram cover bolt torque 

• Bolt preload 

• Gasket seating load 
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• Pressure load 

• Temperature load 

• Impact load 

• Thread engagement length evaluation 

• Bearing stress 

• Load combinations for normal and accident conditions 

• Bolt stresses and allowable stresses 
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A.3.9.3.2 Top Cover Bolt Load Calculations 

The design parameters of the top cover are summarized in Table A.3.9.3-1. The top cover bolt 
data and material allowables are presented in Table A.3.9.3-3 through Table A.3.9.3-5. These 
tables are the same as Table 3.9.3-3 through Table 3.9.3-5 and are presented here for 
completeness of presentation. The temperature of 300 °F is used in the top cover bolt region 
during normal and accident conditions. The following load cases are considered in the analysis. 

• Preload + temperature load (normal condition) 

• Pressure load (normal condition) 

• Pressure + 80 inch corner drop (accident condition) 

 
Symbols and terminology used in this analysis are taken from NUREG/CR-6007 [1] and are 
reproduced in Table A.3.9.3-1. 

A.3.9.3.2.1 Top Cover Bolt Preload and Bolt Torque 

This evaluation is not changed from that presented in Section 3.9.3.2.1 for the OS187H TC and 
is presented here for purposes of completeness of presentation. 

A bolt torque range of 450 to 580 ft. lb. has been selected. 

Using the minimum torque, 

Fa = Q/KDb = 450×12/(0.132×1.50) = 27,270 lb., and 

Preload stress = Fa / Stress Area = 27,270/1.406 = 19,400 psi 

Where: 

Stress Area = 1.491 in2 (Table A.3.9.3-3; conservatively, used 1.406 in2). 

Using the maximum torque, 

Fa = Q/KDb = 580×12/(0.132×1.50) = 35,150lb., and 

Preload stress = Fa / Stress Area = 35,150/1.406 = 25,000 psi 

Where: 

Stress Area = 1.491 in2 (Table A.3.9.3-3; conservatively, used 1.406 in2). 

Residual torsional moment for minimum torque of 450 ft. lb. is, 

Mtr = 0.5Q = .5(450×12) = 2,700 in. lb. 
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Residual torsional moment for maximum torque of 580 ft. lb. is, 

Mtr = 0.5Q = .5(580×12) = 3,480 in. lb. 

Residual tensile bolt force for maximum torque, 

Far = Fa = 35,150 lb. 

A.3.9.3.2.2 Top Cover Gasket Seating Load 

Since a self energizing O-ring is used, the gasket seating load is negligible. 

A.3.9.3.2.3 Pressure Loads  

The methodology of Reference 1, Table 4.3, is used. Axial force per bolt due to internal pressure 
is 

( )
b

loli
a N

PPD
F

4

2
lg −

=
π

 

Dlg (median lid seal diameter) = 73.61 in. Then, 

320,5
)24(4

)030)(61.73( 2

=−= π
aF lb./bolt 

The fixed edge closure lid force is, 
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= lolilb
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The fixed edge closure lid moment is, 
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The shear bolt force per bolt is, 
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The top cover shoulder takes this shear force, so that Fs = 0. 
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A.3.9.3.2.4 Temperature Loads 

The top cover bolt material is SA-540, Grade B23. The top cover is constructed from SA-240 
Type XM-19 or SA-182 Type FXM-19, and the flange is constructed from SA-182 Type F304N. 
The bolts have a coefficient of thermal expansion of 6.9×10-6 in./in.°F-1 at 300 °F, the lid has a 
coefficient of thermal expansion of 8.8×10-6 in./in.°F-1 at 300 °F, and the flange has a coefficient 
of thermal expansion of 9.2×10-6 in./in.°F-1at 300 °F [2]. 

Therefore, the tensile load in the bolt due to different thermal expansion is, 

Fa = 0.25 π Db
2 Eb (al Tl – ab Tb) 

Fa = 0.25(π)(1.502)(26.7×106){(8.8×10-6)(230) – (6.9×10-6)(230)} = 20,620 lb. 

Even though the top cover and flange are constructed from different materials, the shear force 
per bolt, Fs, due to a temperature change of 230 °F is, 0 psi, since the clearance holes in the lid 
are oversized (1.88 in. diameter) allowing the lid to grow in the radial direction. 

Fs = 0 

The temperature difference between the inside and outside of the top cover will always be less 
than one degree (see Chapter A.4). Consequently, the resulting bending moment is negligible. 

Mf = 0 

A.3.9.3.2.5 Impact Loads  

Per Reference 1, Table 4.5, the non-prying tensile bolt force per bolt, Fa,  

)sin()(370,7
24

)000,120)()(1.1)(sin(34.1))()()(sin(34.1
xiai

aixi

N

WWaiDLFxi
F

b

cl
a ==

+
= lb./bolt 

Note: Wl + Wc is conservatively assumed to be 120,000 lb. (see Table A.3.9.3-1) 

The shear bolt force is, 

)cos()(2.229
24
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Waixi
F
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l
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The lid shoulder during normal and accident condition drops takes shear force. Therefore, 

Fs = 0 

The fixed-edge closure lid force, Ff, is, 

))(sin(6.732
)85.76(
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The fixed-edge closure lid moment, Mf, is, 

))(sin(038,7
8

)000,120)()(1.1)(sin(34.1
8

))()()(sin(34.1
aixi

aixiWWaiDLFxi
M cl

f ==
+

=
ππ

in.lb.in-1 

The accident condition impact load is taken to be the axial acceleration due to corner drop. As 
described in Section 3.1.1.4, end and corner drops are not considered credible during transfer 
operations under10 CFR Part 72 because the transfer cask is always in the horizontal orientation. 
The evaluation below is performed in support of a 10 CFR Part 50 evaluation that may be 
performed by the user if the user cannot demonstrate that these accident drops are not credible. 
The following corner drop acceleration and impact angle are assumed to bound any possible 
corner drop accident scenario: 

ai = 25 gs, and  xi = 60° 

Therefore, 

Fa = 7,370 × 25 × sin(60°) = 159,565 lb./bolt 

Fs = 0 lb./bolt 

Ff = 732.6 × 25 × sin(60°) = 15,861 lb./bolt, and 

Mf = 7,038 × 25 × sin(60°) = 152,373 lb./bolt 

The top cover individual load is summarized in the following table. 

Top Cover Bolt Individual Load Summary 

Load 
Case 

Applied Load 

Non-Prying 
Tensile 

Force, Fa 
(lb.) 

Torsional 
Moment, 
Mt (in. lb.) 

Prying Force, 
Ff  (lb.in.-1) 

Prying 
Moment, 

Mf 
(in. lb. in.-1) 

Preload Residual Minimum 
torque 

27,270 2,700 0 0 

Maximum 
torque 

35,150 3,480 0 0 

Gasket Seating load 0 0 0 0 

Pressure 50 psig internal 5,320 0 576.4 5,537 

Thermal 300 °F 20,620 0 0 0 

Impact Accident condition drop 159,565 0 15,861 152,373 
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A.3.9.3.3 Top Cover Bolt Load Combinations  

A summary of normal and accident condition load combinations ([1], Table 4.9) is presented in 
the following table. 

Top Cover Bolt Normal and Accident Load Combinations 

Load 
Case 

Combination Description 

Non-Prying 
Tensile 

Force, Fa 
(lb.) 

Torsional 
Moment, 
Mt (in. lb.) 

Prying Force, 
Ff  (lb.in.-1) 

Prying 
Moment, 

Mf 
(in. lb. in.-1) 

1 

Preload + 
temperature 
(normal 
condition) 

Minimum 
torque 

47,890 2,700 0 0 

Maximum 
torque 

55,770 3,480 0 0 

2 Pressure (normal condition) 5,320 0 576.4 5,537 

3 
Pressure + accident impact 
(accident condition) 

164,885 0 16,437 157,910 
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A.3.9.3.4 Top Cover Bolt Stress Calculations 

Additional Prying Bolt Force 

Table Top Cover Bolt Normal and Accident Load Combinations above shows that all loading 
conditions cause outward acting loads only. Outward acting loads generate no additional prying 
bolt forces, because the gap between the lid and flange at the outer edge prevents the creation of 
a prying moment. 

Bolt Bending Moment 

The maximum bending bolt moment, Mbb, generated by the applied load is evaluated as follows: 

f
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b
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lb
bb M

KK

K

N

D
M 








+








= π

 

The Kb and Kl are based on geometry and material properties and are defined in Reference 1, 
Table 2.2. By substituting the values given above, 
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24
85.76π  = 1.587 Mf. 

For load case 2, Mf = 5,537 in. lb. Substituting this value into the equation above gives, 

Mbb = 8,789 in. lb./bolt 

A.3.9.3.4.1 Average Tensile Stress 

A summary of the applied loads for the transfer cask lid bolts is provided in Section A.3.9.3.3, in 
the table Top Cover Bolt Normal and Accident Load Combinations. 

For the normal condition load cases, the applied bolt preload maintains closure of the transfer 
cask top cover. The closure force per bolt generated by the minimum lid bolt torque, with or 
without the additional closure force generated by thermal loads, is greater than the normal 
condition forces trying to open the top cover. 
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For accident conditions, the impact loads may instantaneously relax pressure on the top cover 
seals. However the accident condition loads will not cause lid bolt failure, as shown below, and 
immediately following the accident impact the top closure seal will be reseated by the bolt 
preload. 

Per Reference 1, Table 5.1, 

Normal Condition 

390,37
378.1
770,552732.12732.1 22 ===

ba

a
ba D

F
S psi = 37.4 ksi 

Accident Condition 

555,110
378.1

885,1642732.12732.1 22 ===
ba

a
ba D

F
S psi = 110.6 ksi 

A.3.9.3.4.2 Bending Stress 

Normal Condition 

213,34
378.1
789,8186.10186.10 33 ===

ba

bb
bb D

M
S psi = 34.2 ksi 

A.3.9.3.4.3 Shear Stress 

For both normal and accident conditions, the average shear stress caused by shear bolt force Fs 
is, 

Sbs = 0 

For normal and accident conditions the maximum shear stress caused by the torsional moment 
Mt is, 

773,6
378.1
480,3093.5093.5 33 ===

ba

t
bt D

M
S psi = 6.8 ksi 

A.3.9.3.4.4 Maximum Combined Stress Intensity 

The maximum combined stress intensity is calculated in the following way (Ref. [1], Table 5.1). 

Sbi = {(Sba + Sbb)2 + 4(Sbs + Sbt)2}0.5 

For normal conditions combine tension, shear, bending, and residual torsion. 

Sbi = {(37,390 + 34,213)2 + 4 (0 + 6,773)2}0.5 = 72,873 psi = 72.9 ksi 
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A.3.9.3.4.5 Stress Ratios 

In order to meet the stress ratio requirement, the following relationship must hold for both 
normal and accident conditions. 

Rt
2 + Rs

2 < 1 

Where Rt is the ratio of average tensile stress to allowable average tensile stress, and Rs is the 
ratio of average shear stress to allowable average shear stress. 

For normal conditions 

Rt = 37,390/92,400 = 0.405 

Rs = 6,773/55,400 = 0.122 

Rt
2 + Rs

2 = (0.405)2 + (0.122)2 = 0.179 < 1 

For accident conditions 

Rt = 110,555/115,500 = 0.957 

Rs = 6,773/69,300 = 0.098 

Rt
2 + Rs

2 = (0.957)2 + (0.098)2 = 0.925 < 1 

A.3.9.3.4.6 Bearing Stress (Under Bolt Head) 

A standard 1.50 in. washer is placed under the head of each top cover bolt. The inside and 
outside diameter of a standard 1.50 in. washer is 1.50 in. and 3.00 in. respectively. The diameter 
of the bolt clearance hole in the top cover is 1.88 in. Therefore, the total bearing area under the 
top cover bolts, Ab, is the following. 

Ab = (π/4) [ 3.002 – 1.882 ] = 4.293 in.2 

According to Reference 1, bearing stress evaluation is required for normal condition loads only. 
For normal conditions, the maximum bearing stress under the washer, σb, is the following. 

σb = 55,770 lb. / 4.293 in.2 = 12,991 psi 

The normal condition allowable bearing stress on the cover is taken to be the yield stress of the 
cover material at 300 °F. The cover is manufactured out of SA-240 Type XM-19 or SA-182 
Type FXM19, which have a yield stress of 43.3 ksi at 300 °F. 
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A.3.9.3.5 Top Cover Bolt Analysis Results 

A summary of the stresses calculated above is listed in the following table: 

Summary of Top Cover Bolt Stresses and Allowables 

Stress Type 

Normal Condition Accident Condition 

Stress Allowable Stress Allowable 

Average tensile (ksi) 37.4 92.4 110.6 115.5 

Shear (ksi) 6.8 55.4 6.8 69.3 

Combined (ksi) 72.9 124.7 Not Required [1] 

Interaction equation 
Rt

2 + Rs
2 < 1 

0.179 1 0.925 1 

Bearing (ksi) allowable (ksi) 
(Sy of lid material) 

13.0 43.3 Not Required [1] 

 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3.9.3-12 

A.3.9.3.6 Minimum Engagement Length for Top Cover Bolt and Flange 

The top cover bolt and flange minimum engagement length evaluation is not changed from that 
presented in Section 3.9.3.6 for the OS187H TC and is presented here for purposes of 
completeness of presentation. 

For a 1 1/2"– 8UN – 2A bolt, the material is SA-540 Grade B23 Class 1, with 

Su  = 165 ksi and 

Sy = 150 ksi (at room temperature) 

The helicoil insert is neglected in the thread engagement length computation. It is conservative to 
neglect the helicoil insert, because it has a much higher tensile strength (200 ksi, [3]) than the 
flange material. The flange material is constructed from Type 304 stainless steel and has the 
following material properties. 

Su = 75 ksi and 

Sy = 30 ksi (at room temperature) 

The minimum engagement length, Le, for the bolt and flange is ([4], p. 1149), 

( )
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Where, 

At = tensile stress area = 1.491 in.2, 
n = number of threads per inch = 8, 
Kn max = maximum minor diameter of internal threads = 1.390 in. ([4], p. 1292) 
Es min = minimum pitch diameter of external threads = 1.4093 in. ([4], p. 1292) 

Substituting the values given above, 
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eL  = 1.159 in. 

uin
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Where, Sue is the tensile strength of external thread material, and Sui is the tensile strength of 
internal thread material. 

As = shear area of external threads = 3.1416 nLe Kn max {1/(2n) + .57735 (Es min – Kn max)} 
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An = shear area of internal threads = 3.1416 nLe Ds min {1/(2n) + .57735(Ds min – En max)} 

For the bolt/Helicoil insert connection: 

En max = maximum pitch diameter of internal threads  = 1.4283 in. ([4], p.1292) 

Ds min = minimum major diameter of external threads = 1.4828 in. ([4], p. 1292) 

Therefore, 

As = 3.1416(8)(1.159)(1.390){1/(2×8)  + .57735 (1.4093 – 1.390)}  = 2.982 in.2 

An = 3.1416(8)(1.159)(1.4828){1/(2×8)  + .57735 (1.4828 – 1.4283)} = 4.059 in.2 

So, 

616.1
)0.75(059.4
)0.165(982.2 ==J  

Q = Le J = (1.159)(1.616) = 1.873 in. 

The actual engagement length can be calculated as: 

4.50 in. bolt length – 1.50 in. cover thickness – 0.180 in. washer thickness = 2.82 in. > 1.873 in. 
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A.3.9.3.7 Ram Access Cover Bolt Calculations 

The design parameters of the ram access cover bolts are summarized in  Table A.3.9.3-2. The 
ram access cover bolt data and material allowables are presented in Table A.3.9.3-3 through 
Table A.3.9.3-5. A temperature of 300 °F is used in the ram access cover bolt region during 
normal and accident conditions. The following load cases are considered in the analysis. 

• Preload + temperature load (normal condition) 

• Pressure load (normal condition) 

• Pressure + 80 inch corner drop (accident condition) 
 
Symbols and terminology used in this analysis are taken from NUREG/CR-6007 [1] and are 
reproduced in  Table A.3.9.3-2. 

A.3.9.3.7.1 Ram Access Cover Bolt Preload and Bolt Torque 

A bolt torque range of 35 to 40 ft. lb. has been selected. 

Using the minimum torque, 

Fa = Q/KDb = 35×12/(0.132×0.50) = 6,363.6 lb., and 

Preload stress = Fa / Stress Area (Table A.3.9.3-3) = 6,364 /0.142 = 44,814 psi 

Using the maximum torque, 

Fa = Q/KDb = 40×12/(0.132×0.50) = 7,273 lb., and 

Preload stress = Fa / Stress Area (Table A.3.9.3-3) = 7,273/0.142 = 51,216 psi 

Residual torsional moment for minimum torque of 35 ft. lb. is, 

Mtr = 0.5Q = .5(35×12) = 210 in. lb. 

Residual torsional moment for maximum torque of 40 ft. lb. is, 

Mtr = 0.5Q = .5(40×12) = 240 in. lb. 

Residual tensile bolt force for maximum torque, 

Far = Fa = 7,273 lb. 

A.3.9.3.7.2 Ram Access Cover Gasket Seating Load 

Since a self-energizing O-ring is used, the gasket seating load is negligible. 
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A.3.9.3.7.3 Pressure Loads 

Axial force per bolt due to internal pressure is (per Reference 1, Table 4.3), 
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The radial growth of the access ring due to an internal pressure of 30 psi, δr, is given by the 
following equation. 

c
r Et

2Pr=δ  

Where, P is the applied pressure (30 psi), r is the mean radius of the ram access penetration ring 
(12.00 in.), E is the material modulus of elasticity (27.0×106 psi @ 300° F [2]), and tc= 3.0 in. is 
the thickness of the ram access penetration (Table A.3.9.3-2). 

Therefore, 

)00.3)(1027(
)00.12)(30(

6

2

×
=rδ = 5.33×10-5 in. 
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Since the radial growth due to internal pressure is less than the ram access bolt clearance (0.563 
in. – 0.5 in. = 0.063 in.), no shear force is generated in the ram access cover bolts. Therefore, 

Fs = 0 

A.3.9.3.7.4 Temperature Loads 

The cover bolt material is SA-540 Grade B23 Class 1. The ram access penetration and ram 
access cover are both constructed from SA-240 Type 304. The bolts have a coefficient of thermal 
expansion of 6.9×10-6 in./in. °F-1 at 300 °F, and the ram access penetration and ram  access cover 
have a coefficient of thermal expansion of 9.2×10-6 in./in. °F-1 at 300 °F. The tensile load in the 
bolt due to different thermal expansion is, 

Fa = 0.25 π Db
2 Eb (al Tl – ab Tb) 

Fa = 0.25(π)(0.502)(26.7×106){(9.2×10-6)(230) – (6.9×10-6)(230)} = 2,773 lb./bolt 

The shear force per bolt, Fs, due to a temperature change of 230 °F is 0 lb, since there is 
negligible differential thermal expansion between the ram access penetration and ram access 
cover, which are both constructed from the same material, and since the clearance holes in the 
cover are oversized (0.563 in. diameter). Therefore, 

Fs = 0 

The temperature difference between the inside and outside of the cover will always be less than 
one degree (see Chapter A4). Consequently, the resulting bending moment is negligible. 

Mf = 0 

A.3.9.3.7.5 Impact Loads  

The DSC inside the NUHOMS® OS187H Type 1 transfer cask is supported in the axial direction 
at the bottom of the cask by the bottom end plate. During a free drop event, the inertial load of 
the transfer cask internals is transferred through the bottom end plate, bottom neutron shield, and 
neutron shield plate to the impact target. Consequently, only the inertial load of the ram access 
cover itself generates loads in the bolts.  

The non-prying tensile bolt force per bolt, Fa, is (per Reference 1, Table 4.5), 

)sin()(57.24
12

)200)()(1.1)(sin(34.1))()()(sin(34.1
xiai

aixi

N

WWaiDLFxi
F

b

cl
a ==+= lb./bolt 

Note: Wl + Wc is assumed to be only the weight of the ram access cover, Wc = 200 lb. [see  Table 
A.3.9.3-2] 
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The shear bolt force is, 
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The cover shoulder during normal and accident condition drops takes shear force. Therefore, 

Fs = 0 

The fixed-edge cover force, Ff, is, 
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The fixed-edge cover moment, Mf, is, 
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The accident condition impact load is taken to be the axial acceleration due to corner drop. As 
described in Section 3.1.1.4, end and corner drops are not considered credible during transfer 
operations under10 CFR Part 72 because the transfer cask is always in the horizontal orientation. 
The evaluation below is performed in support of a 10 CFR Part 50 evaluation that may be 
performed by the user if the user cannot demonstrate that these accident drops are not credible. 
The following corner drop acceleration and impact angle are assumed to bound any possible 
corner drop accident scenario: 

ai = 25 gs, and  xi = 60° 

Therefore, 

Fa = 24.57 × 25 × sin(60°) = 532.0 lb./bolt, 
Fs = 0.0 lb./bolt, 
Ff = 3.83 × 25 × sin(60°) = 82.92 lb./in., and 
Mf = 11.73 × 25 × sin(60°) = 254.0 in.lb./in. 
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The ram cover bolt individual load is summarized in the following table. 

Ram Access Cover Bolt Individual Load Summary 

Load 
Case Applied Load 

Non-Prying 
Tensile 

Force, Fa 
(lb.) 

Torsional 
Moment, 
Mt (in. lb.) 

Prying 
Force, 

Ff  (lb.in.-1) 

Prying 
Moment, 

Mf 
(in. lb. in.-1) 

Preload Residual Minimum 
torque 

6,364 210 0 0 

Maximum 
torque 

7,273 240 0 0 

Gasket Seating load 0 0 0 0 

Pressure 30 psig internal 1053.2 0 183.8 562.7 

Thermal 300 °F 2,773 0 0 0 

Impact Accident condition drop 532 0 82.92 254.0 
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A.3.9.3.8 Ram Access Cover Bolt Load Combinations  

A summary of normal and accident condition load combinations (Reference 1, Table 4.9) is 
presented in the following table. 

Ram Access Cover Bolt Normal And Accident Load Combinations 

Load 
Case Combination Description 

Non-Prying 
Tensile 

Force, Fa 
(lb.) 

Torsional 
Moment, 
Mt (in. lb.) 

Prying 
Force, 

Ff  (lb.in.-1) 

Prying 
Moment, 

Mf 
(in. lb. in.-1) 

1 Preload + 
Temperature 
(Normal 
Condition) 

Minimum 
torque 

9,134 210 0 0 

Maximum 
torque 

10,043 240 0 0 

2 Pressure (Normal Condition) 1053.2 0 183.8 562.7 

3 
Pressure + Accident Impact 
(Accident Condition) 1585.2 0 266.7 816.7 
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A.3.9.3.9 Ram Access Cover Bolt Stress Calculations 

Additional Prying Bolt Force (Ref. [1], Table 2.1) 

The additional prying bolt force, Fap, is calculated in the following way. 
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B is the non-prying tensile bolt force, and P is the bolt preload. Since Ff = 0, then Ff < P, and 
therefore B = P. Parameters B, P, Ff, and Mf are quantities per unit length of bolt circle. The 
equations above show that it is conservative to use the bolt preload, P, using the minimum bolt 
torque. For the applied inward force, 
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 = 1159.6 lb./bolt 

It is observed that the additional tensile bolt force due to prying plus the maximum combined 
accident condition load is less than the minimum applied bolt preload. Therefore the additional 
prying bolt force is not critical for the bolt stress evaluation. 
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Bolt Bending Moment ([1], Table 2.2) 

The maximum bending bolt moment, Mbb, evaluated for normal conditions only, is evaluated as 
follows: 
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Kb and Kl are based on geometry and material properties and are defined in Reference 1, Table 
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For load case 2, Mf  = 562.7 in.lb./in. Substituting this value into the equation above gives, 

Mbb = 159.6 in. lb./bolt 

A.3.9.3.9.1 Average Tensile Stress 

A summary of the applied loads for the transfer cask ram access cover bolts is provided in 
Section A.3.9.3.8, in the table Ram Access Cover Bolt Normal and Accident Load Combinations. 

For both normal and accident condition load cases, the applied bolt preload maintains closure of 
the transfer cask ram access cover. The closure force per bolt generated by the minimum ram 
access cover bolt torque, with or without the additional closure force generated by thermal loads, 
is greater than all loads trying to open the ram access cover. 

Per Reference 1, Table 5.1, 
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Normal and Accident Condition 

792,70
425.0
043,102732.12732.1 22 ===

ba

a
ba D

F
S psi = 70.8 ksi 

A.3.9.3.9.2 Bending Stress 

Normal Condition 

177,21
425.0

6.159186.10186.10 33 ===
ba

bb
bb D

M
S psi = 21.2 ksi 

A.3.9.3.9.3 Shear Stress 

For normal conditions and for accident conditions, the average shear stress caused by shear bolt 
force Fs is, 

Sbs = 0 

For normal and accident conditions the maximum shear stress caused by the torsional moment 
Mt is, 

922,15
425.0
240093.5093.5 33 ===

ba

t
bt D

M
S psi = 15.9 ksi 

A.3.9.3.9.4 Maximum Combined Stress Intensity 

The maximum combined stress intensity is calculated in the following way (Ref. [1], Table 5.1). 

Sbi = [(Sba + Sbb)2 + 4(Sbs + Sbt)2]0.5 

For normal conditions combine tension, shear, bending, and residual torsion. 

Sbi = [(70,792 + 21,177)2 + 4 (0 +15,922)2]0.5 = 97,326 psi = 97.3 ksi 

A.3.9.3.9.5 Stress Ratios 

In order to meet the stress ratio requirement, the following relationship must hold for both 
normal and accident conditions. 

Rt
2 + Rs

2 < 1 

Where Rt is the ratio of average tensile stress to allowable average tensile stress, and Rs is the 
ratio of average shear stress to allowable average shear stress. 

For normal conditions 

Rt = 70,792/92,400 = 0.766 
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Rs = 15,922/55,400 = 0.287 

Rt
2 + Rs

2 = (0.766)2 + (0.287)2 = 0.669 < 1 

For accident conditions 

Rt = 70,792/115,500 = 0.613 

Rs = 15,922/69,300 = 0.23 

Rt
2 + Rs

2 = (0.613)2 + (0.23)2 = 0.429 < 1 

A.3.9.3.9.6 Bearing Stress (Under Bolt Head) 

A 0.5 in. standard washer is placed under the head of each ram access cover bolt. The inside and 
outside diameter of the washer are 0.531 in. and 1.062 in. respectively. The diameter of the bolt 
clearance hole in the cover is 0.563 in. Therefore, the total bearing area under the top cover bolts, 
Ab, is the following. 

Ab = (π/4) [ 1.0622 – 0.5632 ] = 0.637 in.2 

According to Reference 1, bearing stress evaluation is required for normal condition loads only. 
For normal conditions, the maximum bearing stress under the washer, σb, is the following. 

σb = 10,043 lb. / 0.637 in.2 = 15,766 psi = 15.8 ksi 

The normal condition allowable bearing stress on the cover is taken to be the yield stress of the 
cover material at 300 °F. The cover is manufactured out of SA-240 Type 304, which has a yield 
stress of 22.4 ksi at 300 °F. 
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A.3.9.3.10 Ram Access Cover Bolt Analysis Results 

A summary of the stresses calculated above is given in the following table: 

Summary of Stresses and Allowables 

Stress Type 

Normal Condition Accident Condition 

Stress Allowable Stress Allowable 

Average tensile (ksi) 70.8 92.4 70.8 115.5 

Shear (ksi) 15.9 55.4 15.9 69.3 

Combined (ksi) 97.3 124.7 Not Required [1] 

Interaction E.Q. Rt2 + Rs2 < 1 0.669 1 0.429 1 

Bearing (ksi) allowable (ksi) 
(Sy of cover material) 

15.8 22.4 Not Required [1] 

Note: The preload load case controls for both normal and accident conditions 
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A.3.9.3.11 Minimum Engagement Length for Ram Access Cover Bolt 

The ram access cover bolt minimum engagement length evaluation is not changed from that 
presented in Section 3.9.3.11 for the OS187H TC and is presented here for purposes of 
completeness of presentation. 

For a 1/2"– 13UNC – 2A bolt, the material is SA-540 Grade B23 Class 1, with 

Su  = 165 ksi, and 
Sy = 150 ksi (at room temperature) 

The ram access penetration and threaded insert material are both constructed from Type 304 
stainless steel and have the following material properties. 

Su = 75 ksi, and 
Sy = 30 ksi (at room temperature) 

The minimum engagement length, Le, for the bolt and flange is ([4], p. 119) 

( )
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Where, 

At = tensile stress area = 0.142 in.2 
n = number of threads per inch = 13 
Kn max = maximum minor diameter of internal threads = 0.434 in. ([4], p. 1283) 
Es min = minimum pitch diameter of external threads = 0.4435 in. ([4], p. 1283) 

Substituting the values given above, 
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Where, Sue is the tensile strength of external thread material, and Sui is the tensile strength of 
internal thread material. 

As = shear area of external threads = 3.1416 nLe Kn max {1/(2n) + .57735 (Es min – Kn max)} 

An = shear area of internal threads = 3.1416 nLe Ds min {1/(2n) + .57735(Ds min – En max)} 
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For the bolt/Helicoil insert connection: 

En max = maximum pitch diameter of internal threads = 0.4565 in. ([4], p. 1283) 
Ds min = minimum major diameter of external threads = 0.4876 in. ([4], p. 1283) 

Therefore, 

As = 3.1416(13)(0.365)(0.434){1/(2×13)  + .57735 (0.4435 – 0.434)}  = 0.2843 in.2 

An = 3.1416(13)(0.365)(0.4876){1/(2×13)  + .57735 (0.4876 – 0.4565)} = 0.4101 in.2 

So, 

525.1
)0.75(4101.0
)0.165(2843.0 ==J  

Q = Le J = (0.365)(1.525) = 0.557 in. 

The actual engagement length can be calculated as: 

1.25 in. bolt length – 1.00 in. cover thickness + 0.66 in. cover counter bore – 0.125 in. washer 
thickness = 0.785 in. > 0.557 in. 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3.9.3-27 

A.3.9.3.12 Brittle Fracture Analysis of Top Cover Bolt 

The transfer cask and its attachment bolts are designed and fabricated per ASME Subsection NC 
Code [6]. The fracture toughness requirements for the bolting material are specified in Section 
NC-2332.3, which indicates that in order to meet the fracture toughness requirements, a Charpy 
V-notch test shall be performed. The test shall be performed at or below the lowest service metal 
temperature, and all three specimens shall meet the requirements of [6], Table NC-2332.3-1. The 
size of the top cover bolt is 1.5” diameter, and based on [6], Table NC-2332.3-1, the required Cv 
value is 25 mil (lateral expansions). 

In addition to the above Charpy V-notch test, a brittle fracture evaluation is performed to 
demonstrate that brittle fracture is not a concern for the top cover bolts. 

The top cover bolts are fabricated from SA-540 Grade B23 Class 1 and have the following 
material properties. 

Material Grade 
Yield Strength, ksi 

(Room Temperature) 
Ultimate Tensile Strength, ksi 

(Room Temperature) 

SA-540 Grade B23 Class 1 150 165 

 
In accordance with the ASME Code, Section II, Part A [7], the bar stocks of these materials are 
quenched and fully tempered (1000 – 1100 °F or higher) to produce a strong and tough 
microstructure. 

ASM Metal Handbook [8], Figure 26 (reproduced here in Figure A.3.9.3-1) shows that a 4340 
steel tempered at 1035 °F for 1 ½ hours to produce a yield strength of 158 ksi exhibits a very low 
Charpy impact transition temperature (< -20 °F) and an upper shelf energy of about 45 ft-lb at –
20 °F. 

Reference 8, p. 705, Figure 31 (reproduced here in Figure A.3.9.3-2) shows that a medium 
carbon low alloy steel tempered to a yield strength of 107 ksi (like SA-193, Grade B7) would 
have an upper shelf energy of about 52 ft-lb and absorb about 48 ft-lb at –20 °F while material at 
a yield strength of 149 ksi (like SA-540 Grade B23 Class 1) would have an upper shelf energy of 
35 ft-lb and absorb about 30 ft-lb at -20 °F. 
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The following table summarizes the equivalent impact energy of the SA-540 Grade B23 Class 1 
at -20 °F and the Charpy values used for the brittle fracture evaluation. 

Summary of the Equivalent Impact Energy 

Material Grade 
Yield Strength

(ksi) 

Charpy Value,
-20 °F 
(ft-lb) 

Charpy Value Used for 
Brittle Fracture Evaluation

(ft-lb) 

4340 steel tempered at 1035 °F 
for 1½ hours (Figure A.3.9.3-1) 

158 45  

Medium-carbon low alloy (Figure 
A.3.9.3-2) 

149 30  

SA-540 Grade B23 Class 1 150  20* 

* By comparison with the similar yield strength materials, lower values are conservatively used for SA-540 
Grade B23 Class 1 brittle fracture evaluations. 

 

A brittle fracture evaluation of the top cover bolt is performed based on a service temperature of 
–20 °F. The work includes the following: 

• Methodology 
• Stress 
• Material fracture toughness 
• Fracture toughness criteria 
• Allowable flaw calculations 
• NDE Inspection Plan 

Methodology 

The allowable flaw sizes were performed using the Singular Integral Equation and Asymptotic 
Approximation [9] (see Figure A.3.9.3-3). The total applied stress intensity Kapplied is calculated 
based on the following equations. 

σnet = P/(π a2) 
Kapplied = σnet (π a)1/2 F1(a/b) (see Figure A.3.9.3-3 for definitions) 

Stress 

The maximum tensile stress for the top cover bolts is 110.6 ksi and is calculated in Section 
A.3.9.3.5. The maximum net tensile stress is calculated based on 0.025” deep 360o 
circumferential crack. 

σnet = 110.6 {1.5/(1.5-2x0.025)}2  = 118.36 ksi 

Material Fracture Toughness 

The Charpy impact value may be transformed into a fracture toughness value by using the 
empirical relation developed in Section 4.2 of NUREG/CR-1815 [10] as follows: 

Kid = {5E(Cv)}1/2 
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Where 

Kid = Dynamic Fracture Toughness, psi -(in)1/2 
E = Modulus of Elasticity, 26.7 × 106 psi 
Cv = Charpy Impact Value, 20 ft-lb 

Substituting the values given above, 

Kid = {5E(Cv)}1/2 = {5 × 26.7 × 106 (20)}1/2 = 51,672 psi-in1/2 

Fracture Toughness Criteria 

Using the method described in the ASME Code, Section XI, IWB-3613 [11], the limiting 
fracture toughness values are reduced by a factor of √2 for the accident condition and are 
calculated as follows: 

Kallowable ≤ 51,672/√2 = 36.54 ksi-√in 

Allowable Flaw Size Calculation 

Using the above load definitions, fracture toughness values and assumed flaw size (0.025”), the 
total applied stress intensity K1 (applied) is calculated based on the singular integral equation and 
asymptotic approximation (see Figure A.3.9.3-3). 

Kapplied = σnet (π a)1/2 F1(a/b) 
2b = 1.5 in. b = 0.75 in. 
2a =1.5 in. - 2 x 0.025 in. = 1.45 in. a = 0.725 in. 
a/b = 0.725/0.75 = 0.97 F1 (a/b) = 0.18 
Kapplied =118.36 (π × 0.725)1/2 (0.18) = 32.15 ksi-√in ≤ 36.54 ksi-√in 

NDE Inspection Plan 

The results of the fracture toughness analysis show that the critical flaws in the attachment bolts 
which would result in unstable crack growth or brittle fracture are larger than those generally 
observed in the bolt and bar stock. 

The allowable flaw size for the attachment bolts is 0.025 in. The attachment bolts are fabricated 
per ASME Subsection NC code and only visual inspection is required by this code. In order to 
detect the surface indication, a PT or MT will be performed using NB code paragraph NB-
2583.3. The requirement is that any linear nonaxial indications are unacceptable and therefore 
assuming 0.025” deep 360o circumferential crack for brittle fracture evaluation is conservative. 

The liquid penetrant or magnetic particle method will be used in accordance with Section V, 
Article 6 of the ASME Code [12]. 
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A.3.9.3.13 Conclusions 

Top cover and ram access cover bolt stresses meet the acceptance criteria of NUREG/CR-6007 
Stress Analysis of Closure Bolts for Shipping Casks [1]. 

The top cover and ram cover bolt, insert, and flange thread engagement length is acceptable. 

The calculated stress intensity factor for a maximum flaw size 0.025 in. is less than the allowable 
stress intensity factor. Hence, there is no potential for top cover bolt brittle fracture failure up to 
this flaw size. 
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Table A.3.9.3-1 
 Design Parameters for Top Cover Bolt Analysis 

Db Nominal diameter of closure bolt; 1.500 in. 

K Nut factor for empirical relation between the applied torque and achieved preload is 0.132 

Q Applied torque for the preload (in.-lb) 

Dlb Closure lid diameter at bolt circle, 76.85 in. 

Dlg Closure lid diameter at the seal = 73.61 in. 

Ec Young’s modulus of cask wall material, 27.0×106 psi @ 300 °F 

El Young’s modulus of lid material, 27.0 × 106 psi @ 300 °F 

Nb Total number of closure bolts, 24 

Nul Poisson’s ratio of closure lid, 0.3, ([5]. p. 5-6) 

Pei Inside pressure of cask, 30 psig 

Dlo Closure lid diameter at outer edge, 81.37 in. 

Pli Pressure inside the closure lid, 30 psig 

tc Thickness of flange, 6.50 in. 

tl Thickness of lid, 3.0in./1.5 in. 

ab Thermal coefficient of expansion, bolt material, 6.9 × 10-6 in. in.-1 °F-1 at 300 °F 

ac Thermal coefficient of expansion, cask, 9.2 × 10-6 in. in.-1 °F-1 at 300 °F 

al Thermal coefficient of expansion, lid, 8.8 × 10-6 in. in.-1 °F-1 at 300 °F 

Eb Young's modulus of bolt material, 26.7 × 106 psi at 300 °F 

ai Maximum rigid-body impact acceleration (g) of the cask 

DLF Dynamic load factor to account for any difference between the rigid body acceleration and 
the acceleration of the contents and closure lid = 1.1 

Wc Weight of contents = 51,520 lb (fuel) + 29450 lb (basket) + 28,440 lb (canister) + 888 lb 
(cask spacer) = 110,298 lb 

Wl Weight of closure lid = 5,360 lb, conservatively use 5,500 lb 

Wc+Wl 110,298 + 5,500 = 115,798 lb, conservatively use 120,000 lb 

xi Impact angle between the cask axis and target surface 

Syl Yield strength of closure lid material, 43.3 ksi @ 300 °F 

Sul Ultimate strength of closure lid, 94.2 ksi @ 300 °F 

Syb Yield strength of bolt material (see Table A.3.9.3-4) 

Sub Ultimate strength of bolt material (see Table A.3.9.3-5) 

Plo  Pressure outside the cover 

Pco Pressure outside the cask, 0 psig (worst case scenario) 

Lb Bolt length between the top and bottom surfaces of closure, 1.50 in. 
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Table A.3.9.3-2 
 Design Parameters for Ram Access Cover Bolt Analysis 

Db Nominal diameter of closure bolt, 0.50 in. 

K Nut factor for empirical relation between the applied torque and achieved preload is 0.132 

Q Applied torque for the preload (in.-lb.) 

Dlb Ram access cover diameter at bolt circle, 24.50 in. 

Dlg Ram access cover diameter at the seal = 23.16 in. 

Ec Young’s modulus of ram access penetration wall material, 27.0×106 psi @ 300 °F 

El Young’s modulus of cover material, 27.0 × 106 psi @ 300 °F 

Nb Total number of closure bolts, 12 

Nul Poisson’s ratio of closure ram access cover, 0.3 ([5], pp 5-6) 

Pci Inside pressure of ram access penetration, 30 psig 

Dlo Cover diameter at outer edge, 26.45 in. 

Dli Cover diameter at inner edge, 22.00 in. 

Pli  Pressure inside the cover, 30 psig 

tc Thickness of the ram access penetration, 3.00 in. 

tl Thickness of cover, 1.0 in. 

ab Thermal coefficient of expansion, bolt material, 6.9 × 10-6 in. in.-1 °F-1 at 300 °F 

ac Thermal coefficient of expansion, ram access penetration, 9.2 × 10-6 in. in.-1 °F-1 at 300 °F 

al Thermal coefficient of expansion, ram access cover, 9.2 × 10-6 in. in.-1 °F-1 at 300 °F 

Eb Young's modulus of bolt material, 26.7 × 106 psi at 300 °F 

ai Maximum rigid-body impact acceleration (g) of the cask 

DLF Dynamic load factor to account for any difference between the rigid body acceleration and 
the acceleration of the contents and cover = 1.1 

Wc The inertial load of the transfer cask contents does not affect the cover bolts 

Wl Weight of ram access cover = 157 lb., conservatively use 200 lb. 

Wc+Wl 0 + 200 = 200 lb. 

xi Impact angle between the cask axis and target surface 

Syl Yield strength of closure cover material, 22.4 ksi @ 300 °F 

Sul Ultimate strength of closure lid, 66.2 ksi @ 300 °F 

Syb Yield strength of bolt material (see Table A.3.9.3-4) 

Sub Ultimate strength of bolt material (see Table A.3.9.3-5) 

Plo Pressure outside the cover, 0 psig (worst case scenario) 

Pco Pressure outside the ram access penetration, 0 psig (worst case scenario) 

Lb Bolt length between the top and bottom surfaces of closure, 1.00 in. 
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Table A.3.9.3-3 
 Bolt Data 

Parameter 
Top cover bolts 

(1 1/2"– 8UN – 2A) 
Ram closure bolts 
(1/2"– 13UNC – 2A) 

N (no of threads per inch) 8 13 

p (pitch) 1/8" = .125 in. 1/13" = .0769 in. 

Db (nominal diameter) 1.50 in. 0.50 in. 

Dba (bolt diameter for stress 
calculations) 

Db - .9743p = 1.50 - .9743 
(0.125) 
= 1.378 in. 

Db - .9743p = 0.50 - .9743 
(0.0769) 
= 0.425 in. 

Stress area π/4 (1.378)2 = 1.491 in2 π/4 (0.425)2 = 0.142 in2 

Data from [1], Table 5.1 
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Table A.3.9.3-4 
 Allowable Stresses in Closure Bolts for Normal Conditions 

(Material: SA-540 Grade B23 Class 1) 

  Normal Condition Allowables 

Temperature 
(oF) 

Yield Stress(1) 
(ksi) 

Ftb
(2,4) 

(ksi) 
Fvb

(3.4) 
(ksi) 

S.I.(5) 
(ksi) 

100 150 100.0 60.0 135.0 

200 143.4 95.6 57.4 129.1 

300 138.6 92.4 55.4 124.7 

400 134.4 89.6 53.8 121.0 

500 130.2 86.8 52.1 117.2 

600 124.2 82.8 49.7 111.8 

Notes: 
(1) Yield stress values are from ASME Code, Section II, Table 4 (Ratio: Sy = 3Sm) [2] 
(2) Allowable Tensile stress, Ftb = 2/3 Sy (Ref. [1], Table 6.1) 
(3) Allowable shear stress, Fvb = 0.4 Sy (Ref. [1], Table 6.1) 
(4) Tension and shear stress must be combined using the following interaction equation: 

 

0.12

2

2

2

≤+
vb

vb
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Stress intensity from combined tensile, shear and residual torsion loads, S.I. ≤ 0.9 Sy (Ref. [1], 
Table 6.1) 
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Table A.3.9.3-5 
 Allowable Stresses in Closure Bolts for Hypothetical Accident Conditions 

(Material:  SA-540 Grade B23 Class 1) 

  Accident Condition Allowables 

Temperature 
(oF) 

Yield Stress(1) 
(ksi) 

0.6 Sy
(3) 

(ksi) 
Ftb

(2,4) 
(ksi) 

Fvb
(3,4) 

(ksi) 

100 150.0 90.0 115.5 69.3 

200 143.4 86.0 115.5 69.3 

300 138.6 83.2 115.5 69.3 

400 134.4 80.6 115.5 69.3 

500 130.2 78.1 115.5 69.3 

600 124.2 74.5 115.5 69.3 

Notes: 
(1) Yield and tensile stress values are from ASME Code, [2], Table 4, Note that Su is 165.0 ksi at all 

temperatures of interest. 
(2) Allowable Tensile stress, Ftb = MINIMUM(0.7 Su, Sy), where 0.7 Su = 0.7 (165.0) = 115.5 ksi (Ref. 

[1], Table 6.3) 
(3) Allowable shear stress, Fvb = MINIMUM(0.42 Su, 0.6 Sy), where 0.42 Su = 0.42 (165.0) = 69.3 ksi 

(Ref. [1], Table 6.3) 
(4) Tension and shear stresses must be combined using the following interaction equation: 
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Figure A.3.9.3-1 
 Effect of Tempering Temperature on Notch Toughness 
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Figure A.3.9.3-2 
 Correlation between Notch Toughness and Yield Strength 
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Figure A.3.9.3-3 
 Singular Integral Equation and Asymptotic Approximation for Brittle Fracture Evaluation 
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APPENDIX A.3.9.4 
OS187H TYPE 1 TRANSFER CASK LEAD SLUMP AND INNER SHELL 

BUCKLING ANALYSIS 

In accordance with the HD System Safety Evaluation Report (SER), the top and bottom end 
accident drops and the corner accident drop are not credible under 10CFR Part 72 because the 
OS187H Type 1 transfer cask (TC) is always in the horizontal orientation. Therefore, the 
OS187H Type 1 TC lead slump and shell buckling analysis are not evaluated and, thus, this 
appendix has been deleted. These analyses may need to be evaluated under 10CFR Part 50 
should the user not be able to demonstrate that the top and bottom end and the corner drops are 
not credible during loading operations, or during transport operations governed under 10CFR 
Part 71. 
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Appendix A.3.9.5 
OS187H Type 1 Transfer Cask Trunnion Analysis 
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A.3.9.5 OS187H TYPE 1 TRANSFER CASK TRUNNION ANALYSIS 

A.3.9.5.1 Introduction 

This appendix presents the evaluation of the NUHOMS® OS187H Type 1 transfer cask (TC) 
trunnion stresses due to all applied loads during fuel loading and transfer/handling operations at 
normal (Service Level A) conditions. 

The OS187H Type 1 TC has two upper trunnions and two lower trunnions made of monolithic 
forged stainless steel, SA-182 Type FXM-19 and Type F304N, respectively. Schematic 
representation of the upper trunnion is shown in Figure A.3.9.5-1, while the lower trunnion is 
shown in Figure A.3.9.5-2. The design details for both sets of trunnions are provided in Drawing 
10494-72-9002-SAR in Section A.1.5. 

The two upper trunnions are used to lift the TC containing a canister and an empty basket into a 
fuel pool prior to loading spent fuel assemblies. After the spent fuel has been loaded into the 
basket, the TC is lifted to a decontamination area. There, after water has been removed from the 
TC and the canister, the canister is sealed by welding the canister cover in place. The TC lid is 
lowered onto the TC and bolted in place. The TC is then placed on a trailer/transfer skid for 
transfer to an onsite HSM. The TC is vertically lifted above the transfer skid and then lowered 
until the lower trunnions rest in matching trunnion towers support pockets of the skid. The TC is 
downended, using the lower trunnion supports as the pivot points, to a horizontal position when 
the upper trunnions rest on their support pockets. Prior to the downending operation the weight 
of the TC is carried by the upper trunnions. During the downending, the TC weight is shared by 
both upper and lower trunnions. After completion of the process, the TC is supported by all four 
trunnions. After securing the TC onto the skid’s trunnion towers, the TC is towed to the ISFSI. 
At the ISFSI, the TC is aligned to the HSM opening and the DSC is pushed into the HSM. 
During this operation, the upper trunnions take the reaction force required to push the DSC into 
the HSM. 

Analyzed loads include lifting loads and transfer/handling loads. Acceptance criteria and 
applicable stress limits for upper and lower trunnions are listed in Section A.3.9.5.4. Stresses 
caused by handling loads are assessed against the ASME Service Level A criteria [3]. Critical lift 
load stresses for the upper trunnions are evaluated against ANSI N14.6 [1] criteria. 

The TC shell and trunnions are assumed to be at 300 °F during transfer. This assumption is 
conservative based on the thermal evaluation performed in Chapter A.4. 
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A.3.9.5.2 Component Weights 

The weight of the OS187H Type 1 TC is 240 kips, including the loaded canister (Section 
A.3.2.2). However, for conservatism, a weight of 250.00 kips is used in the analysis. 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3.9.5-3 

A.3.9.5.3 Material Properties 

The following material properties, used in the trunnion stress analysis, are taken from Reference 
[2], for temperature 300 °F. 

Material 
Property 

SA-182, Type FXM-19 
(upper trunnions) 

SA-182, Type F304N 
(lower trunnions) 

Sm 31.4 ksi 22.5 ksi 

Sy 43.3 ksi 25.0 ksi 

Su 94.2 ksi 76.1 ksi 
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A.3.9.5.4 Stress Criteria 

Critical lift load stresses at the upper trunnions are assessed against ANSI N14.6 criteria [1]. 
Upper and lower trunnion stresses caused by transfer and handling loads are assessed against 
ASME Service Level A criteria [3]. Acceptance criteria and applicable stress limits for upper 
trunnions and lower trunnions are listed in the table below: 

 Lift Loads Handling Loads 

Component Upper trunnion Lower trunnion Upper trunnion Lower trunnion 

Basis ANSI N14.6 ASME Level A ASME Level A ASME Level A 

Stress 
classification 

Maximum 
tensile 

Combined 
shear PM PM+PB PM PM+PB PM PM+PB 

Criteria 
Smaller of 
Sy, 0.6Su 

Smaller of 
Sy, 0.6Su Sm 1.5 Sm Sm 1.5 Sm Sm 1.5 Sm 

Allowable 
stress 43.3 ksi 43.3 ksi 22.5 ksi 33.8 ksi 

31.4 
ksi 

47.1 
ksi 22.5 ksi 33.8 ksi
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A.3.9.5.5 Load Cases 

The trunnion design is evaluated against the following two load types: 

A. Lifting loads—(The OS187H Type 1 TC is in vertical position, lifted from the pool to the 
decontamination area and then to the trailer). The two upper trunnions are analyzed for this 
critical lifting load. 

The two bottom trunnions are not used for lifting of the TC. However, when the vertical TC 
is lowered and placed onto the transfer skid, a portion of the TC weight is reacted by the 
lower trunnions during downending of the TC to its horizontal position. 

The lifting loads for upper trunnions and lower trunnions are described in Section 
A.3.9.5.5.1. 

B. Transfer handling loads—(The OS187H Type 1 TC is in a horizontal position on the 
transfer trailer/skid). All four trunnions rest on the trunnion tower supports. The trunnions are 
designed to withstand the following transfer handling load combinations, listed below: 

1) DW + 1g axial—axial load resisted by lower trunnions only 

2) DW + 1g transverse—transverse load resisted by trunnions on one side of TC 

3) DW + 1g vertical—vertical load shared by all four trunnions 

4) DW + 1/2g axial + 1/2g transverse +1/2g vertical 

In load combination 4, the load components are distributed as defined in load combinations 1 
through 3 above. 

The distribution of deadweight loads onto upper trunnions and lower trunnions is described in 
Section A.3.9.5.5.2. In addition to the combinations listed above, the trunnion stresses are also 
evaluated for the envelope of all four transfer load combinations. 

A.3.9.5.5.1 Critical Lifts 

ANSI N14.6-1993 [1] imposes two requirements on the upper trunnion design. The first is to 
withstand six times the weight of the lifted TC (6g load) without generating a combined shear 
stress or maximum tensile stress at any point in excess of the yield strength of the trunnion 
material, Sy. The second is to withstand ten times the weight of the lifted TC (10g load) without 
generating a combined shear stress, or maximum tensile stress at any point in excess of the 
ultimate strength of the trunnion material, Su. 

In the evaluation, the two requirements are reduced to a single criterion for tensile/shear stress 
limit: the minimum of Sy and 0.6Su (0.6Su = 6g / 10g Su), applied to the 6g load. 

For the lifting load case, the TC weight is increased by a dynamic load factor of 15% to account 
for dynamic effects that may be experienced during lifting of the TC. The resulting loads are: 

FL (upper trunnion) = 1.15 x 6 x DW/2 = 1.15 x 6 x 250.0 / 2 =862.5 kips/trunnion 
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As discussed above, the two bottom trunnions are not used for lifting of the TC. However, the 
bottom trunnions react a portion of the TC weight during downending of the TC to its horizontal 
position. For evaluation purposes, it is conservatively assumed that the lower trunnions will react 
the entire weight of the cask: 

FL (lower trunnion) = 1.15 x DW / 2 = 1.15 x 250 / 2 = 143.75 kips/trunnion 

A.3.9.5.5.2 Transfer Handling Loads 

The figure below shows the geometry derived from the OS187H Type 1 TC drawings. 

 
 

These dimensions are used to calculate the reaction forces for the upper and lower trunnions. 
Dimensions “a” (distance from TC bottom to centerline of lower trunnion) and “b” (distance 
between upper and lower trunnions) are 19.25 in., and 152.5 in., respectively. 

Conservatively assuming a total weight of 250 kips, the support reaction forces at the trunnions 
can be calculated as FUpper = 71 kips for each upper trunnion, and FLower = 54 kips for each lower 
trunnion. 
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A.3.9.5.6 Stress Calculation 

The geometry and major dimensions used in the stress evaluation of the upper and lower 
trunnions are shown in Figure A.3.9.5-1 and Figure A.3.9.5-2, respectively. Materials used for 
each part are listed in Section A.3.9.5.3. 

Section properties and moment arms are calculated at the trunnion sections shown in Figure 
A.3.9.5-3 and Figure A.3.9.5-4 for the upper and lower trunnions, respectively. The following 
assumptions are used in the specification of loads acting on trunnions: 

1. Loads from the skid and lifting yoke are assumed to act at the center of the bearing surface. 

2. The lifting load is the total weight of 250 kips times a dynamic load factor of 1.15. 

3. All axial and vertical loads on the lower trunnion act through the part of the trunnion that 
rests on the transfer skid. 

4. Transverse (radial) loads are resisted by bearing of the trunnion against the skid support 
towers. Therefore, the radial load is resisted by Section 1-1 (see table below). 

Trunnion moment arms and section properties used in calculations are presented in the table 
below: 

Upper Trunnion 

Section OD A  Ι S LSKID LLIFT LHSM 

1 - 1 17.15 in 231.0 in2
 4,246 in4 495.2 in3 7.88 in 11.38 in 13.00 in

2 - 2 12.00 in 113.1 in2
 1,018 in4

 169.7 in3
 1.88 in 5.38 in 7.00 in

3 - 3 8.00 in 50.27 in2
 201.1 in4

 50.28 in3
 n/a  1.63 in 3.25 in 

Lower Trunnion 

Section OD A Ι S LSKID LLIFT LHSM 

1 - 1 14.63 in 168.1 in2
 2,249 in4 307.5 in3 8.75 in n/a 10.5 in

2 - 2 12.00 in 113.1 in2
 1,018 in4

 169.7 in3
 1.75 in n/a 3.5 in 

 
Definitions used in the table above are explained below: 

OD section diameter 
A section area A = π x OD2 /4 
Ι section moment of inertia I = π x OD4 /64 
S section modulus S = I x 2 / OD 

In order to illustrate the calculation method, DW + 1g axial load case, calculated at Section 2-2 
of upper trunnion (UT) is detailed below. The load for this case consists of the axial force FL= 0 
kips (axial load per upper trunnion) because of the sliding trunnion support, the tangential force 
FT = 71 kips (deadweight) and the bending moment caused by the tangential force. (Radial load 
FR for this case is zero, FR = 0). 

The acting moment arm of deadweight is LSKID = 1.88 inches, therefore the moment induced by 
this force is 
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FT x LSKID = 71 x 1.88 = 133.5 in.-kips 

The total shear force acting on section 2-2 is 

Fv = (FL
2+FT

2)0.5 = (02+712)0.5 = 71 kips 

The total moment at section 2-2 is 

MB = (ML
2+MT

2)0.5 = (02+133.52)0.5 = 133.5 in.-kips 

The maximum shear stress for a solid circular section is 4/3 x (Shear Force)/(Section Area) 
(Reference [4], page 129). The area of section 2-2 is A= 113.1 in2, so the maximum shear stress 
at section 2-2 is 

Sv = 4 x Fv / (A x 3) = 4 x 71/ (113.1 x 3) = 0.837 ksi 

The maximum bending stress is calculated as SB = (Total Acting Moment)/(Section Modulus). 
The section modulus of section 2-2 is S = 169.7 in3. The resulting bending stress is then 

SB = MB/S = 133.5 / 169.7 = 0.787 ksi 

Maximum normal stress for section 2-2 is calculated as 

SR = SB + FR/A = 0.787 + 0.0 / 113.1 = 0.787 ksi 

Maximum combined shear stress is calculated as 

Sv
max = ((SR/2)2+SV

2)0.5 = ((0.787 / 2)2 + 0.8372)0.5 =0.925 ksi 

Maximum tensile stress is calculated as  

Smax = SB/2+Sv
max = 0.787 / 2 + 0.925 = 1.319 ksi 

Finally, membrane stress intensity PM and membrane plus bending stress intensity PM+PB are 
calculated respectively as: 

PM = ((FR/A)2 + 4 x SV
2)0.5 = ((0.0 / 113.1)2 + 4 x (0.837)2)0.5 = 1.674 ksi 

PM+PB = 2 x Sv
max = 2 x 0.925 = 1.850 ksi 
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A.3.9.5.7 Summary of Computed Stresses 

The calculated maximum trunnion stresses are summarized in Table A.3.9.5-1 and compared 
with their corresponding allowable stresses. 
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A.3.9.5.8 Conclusions 

Table A.3.9.5-1 shows that all calculated trunnion stresses are less than their corresponding 
allowable stresses. Therefore, the NUHOMS® OS187H Type 1 TC trunnions are structurally 
adequate to withstand loads during lifting and transfer operations. 
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Table A.3.9.5-1 
 Summary of Computed and Allowable Trunnion Stresses 

Upper Trunnions 

Load 
type 

Load combination 
Maximum Stress [ksi] Allowable 

(ksi) 
Stress 
ratio Type Magnitude 

Lifting 
loads 

Critical lift 
Combined 
shear 26.81 43.3 0.62 

Max tensile 40.79 43.3 0.94 

Handling 
loads 

DW+1g axial 
PM 1.67 31.4 0.05 

PM+PB 1.85 47.1 0.04 

DW+1g transverse 
PM 1.67 31.4 0.05 

PM+PB 1.93 47.1 0.04 

DW+1g vertical 
PM 3.35 31.4 0.11 

PM+PB 3.70 47.1 0.08 

1/2g axial + 1/2g transverse + 
1/2g vertical + DW 

PM 2.51 31.4 0.08 

PM+PB 2.78 47.1 0.06 

Lower Trunnions 

Load 
type 

Load combination 
Maximum stress [ksi] Allowable 

(ksi) 
Stress 
ratio Type Magnitude 

Lifting 
loads 

Critical lift 
PM 3.39 22.5 0.15 

PM+PB 4.69 33.8 0.14 

Handling 
loads 

DW+1g axial 
PM 3.21 22.5 0.14 

PM+PB 4.44 33.8 0.13 

DW+1g transverse 
PM 1.27 22.5 0.06 

PM+PB 2.34 33.8 0.07 

DW+1g vertical 
PM 2.55 22.5 0.11 

PM+PB 3.52 33.8 0.10 

1/2g axial + 1/2g transverse + 
1/2g vertical + DW 

PM 2.41 22.5 0.11 

PM+PB 3.62 33.8 0.11 
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Figure A.3.9.5-3 
 Loads and stress sections at upper trunnion 

 

Figure A.3.9.5-4 
 Loads and stress sections at lower trunnion 
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A.3.9.6 OS187H TYPE 1 TRANSFER CASK SHIELD PANEL STRUCTURAL 
ANALYSIS 

A.3.9.6.1 Introduction 

The purpose of this appendix is to present the evaluation of the stresses in the NUHOMS® 
OS187H Type 1 transfer cask (TC) neutron shield shell assembly due to all applied loads during 
fuel loading and transfer operations. 

A finite element model of the neutron shield shell assembly was built for the structural analysis. 
The model includes the outer neutron shield panel, the top and bottom support ring plates, the 
shield panel stiffener plates, and the structural shell. These components were modeled with the 
ANSYS 2D Structural Solid PLANE42 elements with axisymmetric option. Double nodes were 
created at all weld locations. These nodes were coupled in x and y directions to simulate the weld 
effect. Figure A.3.9.6-1, Figure A.3.9.6-2 and Figure A.3.9.6-3 show the overall finite element 
model and its details. The same finite element model is used for all loading conditions. 
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A.3.9.6.2 Material Properties 

The TC neutron shield shell is assumed to be at a 300 °F uniform temperature during transfer 
operations. This assumption is based on the thermal evaluations performed in Chapter 4. 
Material allowables are conservatively taken at 350 °F. 

All shell components are constructed from stainless steel SA-240, Grade 304. The following 
mechanical and thermal material properties taken from Reference 1 are used in the analysis: 

Material 
Temp. 

°F 
Su 

(ksi) 
Sy 

(ksi)
Sm 

(ksi)
E 

(106 psi) 

α 
(10-6) 

(in/in/°F)
Conductivity 
(Btu/hr-in-°F) 

Density
(lb/in3) 

SA-240 Stainless 
Steel 304 

70 75.0 30.0 20.0 28.3 8.5 0.7217 0.29 

200 71.0 25.0 20.0 27.6 8.9 0.775 0.29 

300 66.2 22.4 20.0 27.0 9.2 0.8167 0.29 

400 64.0 20.7 18.7 26.5 9.5 0.8667 0.29 
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A.3.9.6.3 Component Weights 

The weight of the NUHOMS® OS187H Type 1 TC neutron shield shell, including the cylindrical 
shell, the top and bottom support rings, and the 16 central support rings is 5,134 lb. The weight 
of the neutron shield shell water is 8,671 lb (the transfer component weights are tabulated in 
Section A.3.2). However, for conservatism, a bounding weight of 8,900 lb. is used for the weight 
of water in this analysis. 

For the TC in the vertical orientation, the inertial force due to water weight is applied as pressure 
in the following way. 

The weight of the neutron shield water, W is 8,900 lb. The maximum hydrostatic pressure at the 
bottom of the neutron shield shell, Wh, is, 

Wh = 62.4 lb/ft3 × 190.1 in / 123= 6.86 psi 

This hydrostatic pressure is uniformly applied to the entire internal region of the neutron shield. 

In addition to the water weight pressure, an additional internal uniform pressure of 45 psig is 
used in all load cases. 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.3.9.6-4 

A.3.9.6.4 Stress Criteria 

All load cases are analyzed and results evaluated to the requirements of ASME Code, Subsection 
NC [2] as normal condition (Level A) load cases. According to Reference 2, the maximum 
allowable membrane (Pm) and membrane plus bending (Pm + Pb) stress intensities for normal 
conditions are Sm and 1.5 Sm, respectively. Also, average pure shear is limited to 0.6 Sm. The 
maximum primary plus secondary stress is limited to 3.0 Sm. 

The components of the neutron shield shell assembly are constructed from SA-240, Type 304 
stainless steel. Therefore, the maximum allowable membrane and membrane plus bending stress 
intensities (conservatively taken at 350 °F) are as follows: 

Stress Category Stress Criteria Maximum Allowable Stress 

Pm Sm 19.35 ksi 

Pm + Pb 1.5 Sm 29.03 ksi 

Pm + Pb + Q 3.0 Sm 58.05 ksi 

Pure Shear 0.6 Sm 11.61 ksi 
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A.3.9.6.5 Load Cases 

The following load cases are considered. When transfering the loaded cask to the ISFSI, the 
transfer loads are 1 g axial, 1 g transverse, and 1 g vertical. For conservatism, a bounding 2 g 
axial + 2 g transverse + 2 g vertical is used for stress calculations. 

Load Case Applied Load 

3 g Lifting 
(cask vertical) 

45 psi pressure + hydrostatic pressure + 3 g longitudinal 

Transfer loads 
(cask horizontal) 

45 psi pressure + water pressure + 2 g longitudinal + 2 g vertical + 2 g 
transverse + dead weight 
45 psi pressure + water pressure + 2 g longitudinal + 2 g vertical + 2 g 
transverse + cold thermal + dead weight 
45 psi pressure + water pressure + 2 g longitudinal + 2 g vertical + 2 g 
transverse + hot thermal + dead weight 
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A.3.9.6.6 Stress Calculations 

A.3.9.6.6.1 3 g Lifting Load Case 

The pressure at the bottom plate due to the 3 g lifting load for water = 3 × 6.86 = 20.58 psi (use 
21 psi). 

The ANSYS elastic stress run is made by applying a 45 psi internal pressure and a 21 psi 
hydrostatic pressure. The loading applied to the model is shown in Figure A.3.9.6-4. A 3 g 
vertical acceleration is applied to account for the inertia loads. As shown in Figure A.3.9.6-4, an 
internal pressure of 66.0 psi (45 psi + 21 psi) is uniformly applied to the entire internal region of 
the neutron shield. 

The resulting stress intensity distribution in the various shell components is shown in Figure 
A.3.9.6-5. It is seen that the maximum nodal stress intensity in the shell model is 28,058 psi. 
This maximum stress occurs near the weld between the center support ring and the neutron 
shield panel. In the stress evaluation, nodal stresses corresponding to the centerline nodes 
(through the component’s plate thicknesses) are considered membrane stresses. Conservatively, 
membrane plus bending stresses are taken as the maximum stress at any node in the various 
structural components. These stresses are presented in Table A.3.9.6-1. 

A.3.9.6.6.2 Transfer Load Condition 

During transfer operations, the cask is in the horizontal position and the neutron shield shell is 
subjected to 45 psi internal pressure, transfer handling loads (2 g vertical + 2 g lateral + 2 g 
axial) and dead weight. 

The vertical and lateral loads are combined in the following way. 

gtransverse = (3.02 + 2.02) 1/2 = 3.61 g 

The stress due to the 3.61 g inertia load conservatively assumes that the weight of the shell 
structure (5,134 lb.) and water (8,900 lb.) are uniformly distributed only over the 190.1 inch 
length and a 60° arc. Therefore, the equivalent pressure applied to the outer shell is, 

pvl = [(5,134 + 8,900) × 3.61] / [2 π (45.87)(190.1) × (60°/360°)] = 5.55 psi 

Again, the 5.55 psi load on the 60° sector is conservatively assumed to act on the full 360°. This 
pressure is added to 45 psi pressure and applied to the shield shell. 

For 2 g axial acceleration, the pressure due to the water inertial load on the top plate is, 

pa = 8,900 × 2.0 / [π×(45.872 – 40.9352)] = 13.23 psi 

Therefore, a pressure of 58.23 psi (45 + 13.23) is applied to the top plate. Also, there is a 45 psi 
pressure applied to the bottom plate. 
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An ANSYS elastic stress run is made by applying the above calculated pressures to the finite 
element model. The loading is shown in Figure A.3.9.6-6. The resulting stress intensity 
distribution is shown in Figure A.3.9.6-7. It is seen that the maximum nodal stress intensity in 
the shell model is 21,458 psi. This maximum stress occurs in the outer shell near the bottom 
plate weld. Nodal stresses at the middle thickness (considered Pm) and the maximum stresses 
(considered Pm + Pb) are summarized and evaluated in Table A.3.9.6-1. 

A.3.9.6.6.3 Thermal Analyses 

The thermal analysis of the neutron shield shell assembly model is conducted for both cold and 
hot environmental conditions. Steady-state ANSYS thermal analyses of the model are conducted 
to obtain the nodal temperature distribution in the structural model by mapping the temperatures 
from the thermal heat transfer analysis model as the boundary conditions for both cold and hot 
conditions. The mapped temperature distribution bounds that resulting from the Chapter 4 
thermal analysis. Two-dimensional thermal elements (PLANE55) are used in the analyses. 
Temperature dependent thermal material properties are also used in the analysis. 

The resulting temperature distributions for cold and hot ambient cases are shown in Figure 
A.3.9.6-8 and Figure A.3.9.6-9, respectively. 

A.3.9.6.6.4 Thermal Stress Analyses 

Elastic stress analyses of the neutron shield shell structure are conducted in order to evaluate the 
transfer plus thermal loads. The transfer condition loading as shown in Figure A.3.9.6-6 and the 
nodal temperature distribution from the above thermal analyses results are combined and applied 
to the stress model to obtain the transfer plus thermal stresses in the model.  

The nodal stress intensity distribution is shown in Figure A.3.9.6-10 for the cold condition 
analysis case and in Figure A.3.9.6-11 for the 115 °F hot ambient condition case. The critical 
stress intensities (considered Pm + Pb + Q stresses) are summarized in Table A.3.9.6-1. 

It is seen from Figure A.3.9.6-10 and Figure A.3.9.6-11 that the maximum thermal stress 
intensities are generated in the cold ambient case. The maximum nodal stress intensity in the 
neutron shield shell assembly model is 26,805 psi. This maximum stress occurs in the outer shell 
near the bottom support ring plate weld. Cold and hot nodal stresses maximum stresses are 
summarized and evaluated in Table A.3.9.6-1. 

A.3.9.6.6.5 Weld Stresses 

Per Section A.3.9.6.4, the pure shear allowable stress in the fillet and plug welds is 0.6 times the 
base material allowable membrane stress. The analysis utilizes an axisymetric model for which 
loads and force results are applied on a 360-degree basis, the weld stress is based on the total 
area of the weld around the circumference of the structure. The weld stresses are summarized in 
Table A.3.9.6-2 for the 3 g lifting load case and Table A.3.9.6-3 for the transfer load cases. 
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A.3.9.6.7 Conclusions 

Based on the results of the analyses, it is concluded that the outer shell structure is structurally 
adequate for the specified lifting and transfer loads. 
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Table A.3.9.6-1 
 Summary of Calculated and Allowable Neutron Shield Shell Stresses 

Load Case Stress Category Maximum Stress
(ksi) 

Allowable Stress 
(ksi) 

3 g lifting Pm 17.73 19.35 

Pm + Pb 28.06 29.02 

Transfer load Pm 13.64 19.35 

Pm + Pb 21.46 29.02 

Pm + Pb + Q 
(Cold) 

26.81 58.05 

Pm + Pb + Q (Hot) 24.78 58.05 

 
Table A.3.9.6-2 

 Summary of Weld Stresses (3 g Lifting) 

Stress 

Weld Locations 

Top and 
Bottom Support 

Rings, 
Structural Shell 

Central Support 
Rings, 

Structural Shell 

Central Support 
Rings, T 
Section 

Neutron Shield 
Shell Plug 

Welds 

Neutron Shield 
Shell, Top and 
Bottom Rings 

Max. shear (S) [kips] 41.85 32.92 19.74 2.6 97.6 

Max. tension (T)[kips]  265.76 74.89 68.07 72.36 17.3 

Weld area (A) [in2] 56.8 11.4 7.58 4.5 38.3 

Tensile stress (S1=T/A) 
[ksi] 

4.68 6.57 8.98 16.08 0.45 

Shear stress (S2=S/A) 
[ksi] 

0.74 2.89 2.60 0.58 2.55 

Max. stress intensity 
(S=(S12+4S22)1/2) [ksi] 

4.91 8.75 10.38 16.12 5.12 

Pure shear allowable 
stress 0.6 Sm (Sa1) [ksi] 

11.61 11.61 11.61 11.61 11.61 

Weld allowable stress 
(Sa2) Sm [ksi] 

19.35 19.35 19.35 19.35 19.35 

Shear stress ratio 
(S2/Sa1) 

0.06 0.25 0.22 0.05 0.22 

Stress ratio (S/Sa2) 0.25 0.45 0.54 0.83 0.26 
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Table A.3.9.6-3 
 Summary of Weld Stresses (Transfer Load) 

Stress Weld Location 

Top and 
Bottom Support 

Rings, 
Structural Shell 

Central Support 
Rings, 

Structural Shell 

Central Support 
Rings, T 
Section 

Neutron Shield 
Shell Plug 

Welds 

Neutron Shield 
Shell, Top and 
Bottom Rings 

Max. shear (S) [kips] 36.92 32.95 1.36 2.71 92.68 

Max. tension (T)[kips]  239.56 77.86 73.19 80.69 17.38 

Weld area (A) [in2] 56.8 11.4 7.58 4.5 38.3 

Tensile stress (S1=T/A) 
[ksi] 

4.22 6.83 9.66 17.93 0.45 

Shear stress (S2=S/A) 
[ksi] 

0.65 2.89 0.18 0.60 2.42 

Max. stress intensity 
(S=(S12+4S22)1/2) [ksi] 

4.41 8.95 9.66 17.97 4.86 

Pure shear allowable 
stress 0.6Sm (Sa1) [ksi] 

11.61 11.61 11.61 11.61 11.61 

Weld allowable stress 
(Sa2) Sm [ksi] 

19.35 19.35 19.35 19.35 19.35 

Shear stress ratio 
(S2/Sa1) 

0.06 0.25 0.02 0.05 0.21 

Stress ratio (S/Sa2) 0.23 0.46 0.50 0.93 0.25 

 
  

)4( sT σσ +
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Figure A.3.9.6-1 
 Neutron Shield Shell Finite Element Model 
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Figure A.3.9.6-2 
 Neutron Shield Shell Finite Element Model, Top Plate Region 
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Figure A.3.9.6-3 
 Neutron Shield Shell Finite Element Model, Bottom Plate Region 
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Figure A.3.9.6-4 
 Neutron Shield Shell Finite Element Model, 3 g Lifting Loads 
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Figure A.3.9.6-5 
 3 g Lifting Stress Intensity Distribution 
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Figure A.3.9.6-6 
 Neutron Shield Shell Finite Element Model, Transfer Loads  
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Figure A.3.9.6-7 
 Transfer Loads Stress Intensity Distribution 
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Figure A.3.9.6-8 
 Cold Ambient Environment Temperature Distribution 
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Figure A.3.9.6-9 
 Hot Ambient Environment Temperature Distribution  
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Figure A.3.9.6-10 
 Transfer Loads plus Cold Ambient Condition Stress Intensity Distribution
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Figure A.3.9.6-11 
 Transfer Loads plus Hot Ambient Condition Stress Intensity Distribution 
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Appendix A.3.9.7 
OS187H Type 1 Transfer Cask Impact Analysis 

Appendix 3.9.7 describes the evaluations originally performed to substantiate the 75g accident 
drop decelerations used for the structural evaluation of the NUHOMS® HD System components. 
During the licensing of the 32PTH System and as part of the RAI process, TN performed an 
accident drop analysis of the OS187H TC using the LS-DYNA computer code. This LS-DYNA 
evaluation is documented in Appendix 3.9.10 and forms the basis for the acceleration values 
used for evaluation of the NUHOMS® HD System components. The justification for applicability 
of the Appendix 3.9.7 to the 32PTH Type 1 DSC and OS187H Type 1 TC is provided in 
Appendix A.3.9.10. Therefore, Appendix A.3.9.7 is deleted. 
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Appendix A.3.9.8 
Damaged Fuel Cladding Structural Evaluation 

No change. The damaged fuel cladding evaluations documented in Appendix 3.9.8 are applicable 
without change to the 32PTH Type 1 DSC. 
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Appendix A.3.9.9 
HSM-H Structural Analysis 

The structural evaluation of the HSM-H documented in Appendix 3.9.9 remains applicable when 
the HSM-H is loaded with a 32PTH Type 1 DSC.  The HSM-H evaluation in Appendix 3.9.9 is 
based on a DSC weight of 110 kips which bounds the weight of the loaded 32PTH Type 1 DSC 
of 109,410 kips. Also, as documented in Chapter 4, the HSM-H design is based on temperature 
distributions resulting from thermal analysis using a bounding heat load of 40.8 kW which is 
higher than the 32PTH Type 1 maximum heat load of 34.8 kW.  As documented in Chapter A.4, 
the longer 32PTH Type 1 DSC is not expected to change significantly the HSM-H temperature 
distributions documented in Chapter 4 for the HSM-H loaded with a 32PTH DSC. 

Two minor design modifications are made to the HSM-H to accommodate the 32PTH Type 1 
DSC. These consist of a small (½”) increase in the length of the support rail structure, and, to 
accommodate the rail length increase, an alternate design of the DSC stop plate at the rear of the 
rail support structure is implemented (the 1” thick stiffened canister stop plate assembly is 
replaced with a single 2” thick plate welded to the top flange of the support rail structure).  These 
design modifications are shown in drawings 10494-72-100-SAR and 10494-72-107-SAR.  These 
modifications do not affect the overall structural qualification of the HSM-H as documented in 
Appendix 3.9.9.  The increased length provides additional bearing area for the support rail 
structure on its concrete support on the rear wall of the module and, thus, has no effect on the 
structural qualification of the rail support structure.  The alternate DSC stop plate is evaluated 
using the same loads and allowables as the original stop plate design and is shown to meet the 
same stress allowable criteria.  The maximum bending and shear stresses are on the order of 
13.0 ksi and 2.5 ksi, respectively, versus allowable stresses of 18.9 ksi and 12.5 ksi, respectively. 
The weld between the stop plate and the top flange of the rail is conservatively specified as a full 
penetration weld. 

Therefore, the HSM-H as evaluated in Appendix 3.9.9 with the minor design modifications 
described above is qualified to store a 32PTH Type 1 DSC. 
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Appendix A.3.9.10 
OS187H Type 1 Transfer Cask Dynamic Impact Analysis 

The analysis to determine the rigid body accelerations for the NUHOMS® OS187H transfer cask 
(TC) documented in Appendix 3.9.10 is applicable to the OS187H Type 1 TC. This is based on 
the overall similarity of the two transfer cask designs. Both the OS187H and the OS187H Type 1 
TCs have similar geometric and mass configuration and are fabricated using the same materials 
of construction. The OS187H Type 1 has the same diameter, its overall length is approximately 
14” longer (210.5” versus 197.07”, about a 7% difference) and its maximum weight, including 
payload, is about 10 kips heavier (239 kips versus 229 kips, about a 4% difference). 

Overall, the magnitude of the noted differences is not significant enough to alter appreciably the 
resulting rigid body accelerations determined from the LS-DYNA analysis documented in 
Appendix 3.9.10. This is confirmed by energy balance considerations, whereby the increased 
potential energy resulting from the increased weight of the OS187H Type 1 TC is equated to the 
strain energy of the TC. Based on these energy balance considerations, it is estimated that the 
OS187H Type 1 TC drop accelerations would be on the order of 2% to 2.5% higher than the 
OS187H TC accelerations. 

Therefore, the maximum accelerations obtained for the various components of the OS187H TC 
by the LS-DYNA analysis are conservatively increased by 2.5%. The table below summarizes 
the OS187H TC and the OS187H Type 1 TC maximum accelerations. These accelerations are 
well below the acceleration of 75 g used in the accident drop evaluations, and therefore, have no 
effect on the structural evaluations of the NUHOMS® HD 32PTH Type 1 and OS187H Type 1 
components, documented in Chapter A.3, and Appendices A.3.9.1 and A.3.9.2. 

Transfer Cask Section 

OS187H TC 
(LS-DYNA) 

Maximum Accelerations 

OS187H Type 1 TC 
(Estimated) 

Maximum Accelerations 

Lid section 62.9 g 64.5 g 

Top trunnion section 55.8 g 57.2 g 

Middle section 57.3 g 58.7 g 

Bottom trunnion section 46.9 g 48.1 g 

Bottom plate section 44.0 g 45.1 g 
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Appendix A.3.9.11 
NUHOMS® 32PTH Type 1 DSC Dynamic Amplification Factor Analysis 
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A.3.9.11 NUHOMS® 32PTH TYPE 1 DSC DYNAMIC AMPLIFICATION FACTOR 
ANALYSIS 

A.3.9.11.1 Introduction 

This appendix computes the dynamic amplification factor (DAF) to be applied to the response 
accelerations obtained from the drop accident dynamic analysis of the OS187H Type 1 transfer 
cask (TC) when applying those accelerations as input to an equivalent static analysis of the 
32PTH Type 1 DSC of the same postulated drop accident event. 

The DAF is computed for the loaded 32PTH Type 1 DSC in the horizontal orientation. Vertical 
and corner drop accidents are not credible events since the TC is always in the horizontal 
configuration. 
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A.3.9.11.2 Side Drop Modal Analysis 

A. Canister Shell 

The fundamental natural frequency of the 32PTH Type 1 DSC shell corresponding to an ovalling 
(radial-axial) mode is determined assuming the cylindrical shell is simply supported without 
axial constraint. The natural frequency of the cylindrical shell ovalling mode is given by the 
following [1, p. 305, Table 12-2, Frame 5]: 
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Where L is taken to be the length between the top and bottom shield plugs, which is roughly 
171.63 in, E = 25.8×106 psi (for SA-240 Type 304 stainless steel at 500 °F [2]), R is the average 
shell radius, 34.625 in., ν is Poisson’s ratio, which is 0.305 for stainless steel [3, page 5-6], μ = 
0.29/386.4 = 0.000751 lbm. in-3, and thickness h = 0.5 in. 

For the fundamental mode, i = 2 and j = 1. 
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B. Basket with Fuel Assemblies 

The basket for the 32PTH Type 1 DSC is identical to the 32PTH DSC, except that the length of 
the basket is longer in the 32PTH Type 1 DSC and the fuel tubes at the top of the basket are also 
connected with crossbars and fusion welds. The length of the 32PTH DSC basket is 162 inches 
and the length of the 32PTH Type 1 DSC is 169 inches. The weight of the fuel remains the same. 
As discussed in Appendix A.3.9.1, the axial length of the finite element model of the 32PTH 
basket assembly is based on a 15 inch segment which corresponds to the pitch of the cross bars 
where the compartment tubes are welded together. This basket model and analysis results are 
also applicable to the 32PTH Type 1 basket. Thus, the DAF for the 32PTH DSC basket assembly 
computed in Appendix 3.9.11 are also applicable to the 32PTH Type 1 basket assembly. 
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A.3.9.11.3 Dynamic Load Factor Calculations 

The natural frequency of the 32PTH Type 1 canister (79.4 Hz) is lower than the 32PTH canister 
(86.0 Hz) in the horizontal orientation. It is concluded from the results in Section 3.9.11.5 and 
the amplification factor results for a half sine wave [4, Figure 2.15] that frequencies lower than 
86 Hz will result in a lower DAF than 1.03. Thus the DAF calculated for the 32PTH canister side 
drop bounds the DAF for the 32PTH Type 1 canister. 

Since the natural frequencies of the NUHOMS®32PTH Type 1 basket are the same as the 
NUHOMS®32PTH basket, the DAF for the NUHOMS®32PTH Type 1 will also be the same as 
the DAF for the NUHOMS®32PTH basket, which is 1.18. 
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A.3.9.11.4 Summary of g-Loads for 32PTH Type 1 DSC Impact Analyses 

Appendix A.3.9.10 summarizes the maximum g-loads computed for the OS187H Type 1 transfer 
cask during an 80 inch side drop. A DAF of 1.18 is used to compute g-loads for canister and 
basket impact loads for side drops. These impact loads are computed in the following table: 

Drop 
Orientation 

Acceleration 
Direction 

Maximum 
Transfer cask 

g-Load 
Maximum DSC 

g-Load 

g-Load Used for 
Canister and Basket 

Analyses 

Side drop Transverse 58.73 g(1) 58.73 g x 1.18 = 
69.30 g 

75 g 

Note: 
(1) A total of five sections ranging from the lid down to the bottom plate are reported in A.3.9.10. However, only the middle 

three sections (top trunnion, middle, and bottom trunnion sections) will transmit loads to the canister and basket. 
Therefore, only the maximum g load in these sections is used to compute the g load seen by the canister and basket. 
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Chapter A.4 
Thermal Evaluation 
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 THERMAL EVALUATION A.4

A.4.1 Discussion 

The NUHOMS® 32PTH Type 1 DSC is designed to passively reject decay heat during storage 
and transfer for normal, off-normal, and accident conditions while maintaining temperatures and 
pressures within specified limits. There are changes to the thermal evaluation as discussed in 
Chapter 4 of the SAR. 

In general, the thermal evaluations and results documented in Chapter 4 for the 32PTH DSC 
inside the HSM-H and OS187H TC are bounding for the 32PTH Type 1 DSC inside the HSM-H 
and the OS187H Type 1 TC. 

As shown in Table A.1-1, the main differences between the 32PTH DSC and the 32PTH Type 1 
DSC consist of a longer overall DSC length and a corresponding longer internal cavity length to 
accommodate an increased basket length. The effect of these differences is addressed below and 
shown to have a negligible effect on the overall thermal performance of the 32PTH Type 1 DSC 
as compared to the 32PTH DSC. 

The longer length of the 32PTH Type 1 DSC affects the HSM-H air flow calculation, and the 
longer cavity length affects the decay heat flux and heat generation rate of the 32PTH Type 1 
DSC. 

A.4.1.1 Air Flow Evaluation for 32PTH Type 1 DSC in HSM-H 

The mass flow rates, exit and average air temperatures, and total loss coefficients for the 32PTH 
Type 1 DSC in the HSM-H are calculated for the bounding off-normal conditions using the same 
methodology used for the 32PTH DSC described in Chapter 4. Table A.4-1 shows the results of 
the air flow calculations in comparison to those from the 32PTH DSC. 

Table A.4-1  Airflow Calculation Results for HSM-H Loaded with 32PTH Type 1 DSC 

Parameter 
32PTH Type 1 

DSC 
32PTH 
DSC 

32PTH Type 1 
DSC 

32PTH 
DSC 

Ambient temperature, Tamb, (°F) -20 -20 115* 115* 

Exit air temperature, TExit, (°F) 46.1 46.2 191.8 191.9 

Average air temperature, Taver, (°F) 13.0 13.1 148.4 148.4 

Total loss coefficient, ΣK, (ft-4) 0.0984 0.0988 0.1012 0.1016 

Mass flow rate, (lbm/s) 2.076 2.073 1.577 1.574 

*24-hour average of 105 °F used 

 
As seen from Table A.4-1, the differences in the air flow calculation results for HSM-H loaded 
with 32PTH Type 1 DSC or 32PTH DSC are insignificant. The exit air temperatures for 32PTH 
Type 1 DSC are bounded by those of the 32PTH DSC due to the longer DSC length which 
results in a lower decay heat flux at the DSC surface and a larger heat transfer surface. The 
reduced air temperature difference from the exit to the inlet of the HSM-H results in increasing 
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air mass flow rate through the HSM-H cavity. Thus, the air flow calculation results used for the 
thermal evaluation of the 32PTH DSC in the HSM-H can be conservatively used for thermal 
evaluation of the 32PTH Type 1 DSC in the HSM-H. 

A.4.1.2 Thermal Evaluation of 32PTH Type 1 DSC in HSM-H 

The main design differences between the 32PTH DSC and the 32PTH Type 1 DSC listed in 
Table A.1-1 only affect applied decay heat load used for normal and off-normal conditions and 
heat generation rate within the DSC used for blocked vent accident conditions. Table A.4-2 
summarizes the applied decay heat load and heat generation rate for 32PTH DSC and 32PTH 
Type 1 DSC in the HSM-H. 

Table A.4-2  Applied Decay Heat Load and Heat Generation Rate  
within 32PTH DSC and 32PTH Type 1 DSC in HSM-H 

Parameter 32PTH Type 1 DSC 32PTH DSC 

Total decay heat load, Q 118748 Btu/hr (34.8kW) 

DSC inner diameter, Di, (in.) 68.75 

DSC cavity length, L, (in.) 171.63 164.5 

Decay heat flux = Q/(πDi L), (Btu/hr-in.2) 3.2034 3.3422 

Heat generation rate = Q/(πDi
2
 L/4), (Btu/hr-in.3) 0.1864 0.1945 

 
As seen from Table A.4-2, both the decay heat flux and the heat generation rate for the 32PTH 
Type 1 DSC are bounded by those used for 32PTH DSC in HSM-H. The 32PTH Type 1 DSC is 
longer, which provides larger heat transfer surface for DSC outer shell than 32PTH DSC. The 
added length of the 32PTH Type 1 DSC basket increases the heat rejection capacity of the 
basket. Therefore, the temperatures of 32PTH Type 1 DSC in HSM-H for storage conditions are 
bounded by those calculated for 32PTH DSC. 

Due to the longer length of the 32PTH Type 1 DSC, the HSM-H is exposed to a lower heat 
flux/heat generation rate than the 32PTH DSC. Thus, the temperature distribution in the HSM-H 
concrete structure and steel support structure will correspondingly decrease with the lower heat 
flux/heat generation rate. Therefore, the temperatures in the HSM-H loaded with a 32PTH DSC 
as calculated in Chapter 4 are bounding. 

A.4.1.3 Thermal Evaluation of 32PTH Type 1 DSC in OS187H Type 1 TC 

Since the 32PTH Type 1 DSC cavity and OS187H Type 1 TC cavity are longer than that of 
32PTH DSC and OS187H TC, the total decay heat load (34.8kW) would be distributed over a 
larger radial inner surface of the DSC cavity than the one considered in the Chapter 4 thermal 
analysis for transfer conditions. This means the applied heat fluxes and heat generation rates 
considered in Chapter 4 bound those for the 32PTH Type 1 DSC and OS187H Type 1 TC. 
Furthermore, the longer DSC/TC length provide large heat transfer surface for heat rejection 
from the DSC to the ambient. The maximum DSC/TC component temperatures decrease with a 
lower heat flux/heat generation rate and a larger DSC/TC heat transfer surface, and therefore the 
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results of the 32PTH DSC in OS187H thermal analysis bound those for the 32PTH Type 1 DSC 
and OS187H Type 1 TC. 

A.4.1.4 Maximum 32PTH Type 1 DSC Internal Pressure for Storage and Transfer Conditions 

The 32PTH Type 1 DSC has a longer cavity length in comparison to 32PTH DSC, which 
provides an additional 4.3% of cavity volume. The overall 32PTH Type 1 DSC cavity gas 
volume with the increased basket length is still higher than that of 32PTH DSC. Furthermore, the 
authorized fuel assembly types and decay heat loads are the same for 32PTH Type 1 DSC, and, 
therefore, the volumes of fission and fill gas calculated for 32PTH DSC are unchanged. As 
discussed in Sections A.4.1.2 and A.4.1.3, the average cavity gas temperatures for 32PTH Type 
1 DSC for both storage and transfer conditions are bounded by the 32PTH DSC. Therefore, the 
maximum internal pressures within the 32PTH Type 1 DSC are bounded by those for 32PTH 
DSC design and the pressure design criteria are satisfied for the 32PTH Type 1 DSC. 
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 SHIELDING EVALUATION A.5

The NUHOMS® 32PTH Type 1 DSC and the OS187H Type 1 transfer cask (TC) are designed to 
be equivalent to the NUHOMS® 32PTH DSC and OS187H TC from a shielding standpoint for 
all conditions of loading, storage and transfer. In general, the shielding evaluation documented in 
Chapter 5 for the 32PTH DSC and OS187H TC is applicable and bounding for the 32PTH Type 
1 DSC and OS187H Type 1 TC. 

The effect on shielding due to the small changes in the geometry and material design of the 
32PTH Type 1 DSC and OS187H Type 1 TC is evaluated herein. The 32PTH Type 1 DSC and 
OS187H Type 1 TC are designed to be longer than the 32PTH DSC and OS187H TC. Since 
there is no change in the authorized fuel contents of the NUHOMS® HD System, all the source 
terms and fuel qualification tables determined in Chapter 5 remain unchanged. The 
computational model of the DSC inside the HSM-H for long term storage described in Chapter 5 
is insensitive to the length of the DSC. Therefore, the shielding evaluations for the 32PTH DSC 
inside the HSM-H documented in Section 5.4.8.1 are applicable to the 32PTH Type 1 DSC. The 
differences between the 32PTH  and 32PTH Type 1 DSCs inside the OS187H TC and the 
OS187H Type 1 TCs, respectively, that are relevant to the calculation of dose rates during 
loading and transfer are evaluated and discussed below: 

• The OS187H Type 1 TC inner liner thickness is increased from 0.500″ to 0.625″. This 
change results in a reduction in radial dose rates and is an improvement in the shielding 
design. 

• The OS187H Type 1 TC lead shielding thickness is reduced from 3.60″ to 3.56″. The 
shielding calculations documented in Chapter 5 utilize a lead shield thickness of 3.56″ and 
therefore, the results from Chapter 5 radial dose rate calculations are applicable for the Type 
1 DSC and Type 1 TC. 

• Type 1 TC water (radial) neutron shield is extended to mate with the upper trunnion. This 
design change is an improvement and results in a reduction in the neutron dose rates below 
the upper trunnion as there are no pocket-to-neutron shield gaps. 

• Type 1 TC trunnions utilize a monolithic forging (solid steel) with removal of the solid 
neutron shield resin inside the trunnions. This is an improvement in design since it results in 
a significant reduction in the gamma dose rates around the trunnions. The slight increase in 
the neutron dose rates due to the removal of the solid neutron shield resin inside the trunnions 
is more than compensated by the increase in the gamma shielding due to the stainless steel. 
Note that the dose rates around the transfer cask are mostly due to contribution from gamma 
sources. 

• The solid neutron shielding material (resin) at the top and bottom of the OS187H Type 1 TC 
is changed from TN Proprietary Polyester Resin to NS-3. The material composition of the 
resin material is shown in Table 5-17. The material composition of the NS-3 material is 
shown in Table A.5-1. The shielding characteristics of these materials are similar and do not 
result in a substantial change in the dose rate magnitude and distribution at the top and 
bottom of the transfer cask.  
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A shielding evaluation with the MCNP computer code (described in Chapter 5, Section 5.4) 
is performed to determine the effect of the change of the solid neutron shield material for the 
OS187H Type 1 TC. The MCNP model for this evaluation is identical to that described in 
Chapter 5, Section 5.3.1.3 for the transfer configuration (shown in Figures 5-5 through 5-7) 
except for the use of NS-3 as the solid neutron shield material at the axial ends of the TC. 
The results of this evaluation are shown in Table A.5-2. A comparison of the dose rates at the 
top and bottom ends of the Type 1 TC with those shown in Table 5-4 and Table 5-5 for the 
OS187H TC indicates that the differences in dose rates from use of NS-3 vary from being up 
to 33% higher at the top end to being statistically insignificant at the bottom end. The dose 
rate increase at the top end of the OS187H Type 1 TC due to the use of NS-3 as the solid 
neutron shielding material is relatively insignificant in comparison to the dose rates at the 
side and bottom of the TC. More specifically, the average dose rates at the top end during the 
transfer operations (approximately 30 mrem/hr at the surface) are significantly lower than the 
average dose rates at the bottom end (approximately 180 mrem/hr at the surface) or the TC 
side (approximately 330 mrem/hr at the surface, Table 5-3). 

Further, the average dose rates at the top end of the TC during transfer operations 
(approximately 30 mrem/hr at the top surface) are significantly lower than those during 
welding operations (approximately 200 mrem/hr at the top surface, Table 5-4) or during 
decontamination operations (approximately 700 mrem/hr at the top surface, Table 5-4). 
Therefore, even a 33% increase in the top end dose rates during transfer operations is a 
statistically insignificant increase in comparison to all of the loading and transfer operations 
involving the OS187H Type 1 TC. 

• The 32PTH Type 1 DSC top shielding design includes a two-piece assembly, consisting of 
separate top shield plug and the inner top cover plate. This configuration is equivalent to the 
single piece top shield plug/inner top cover plate assembly modeled in the Chapter 5 
shielding calculations for all operations following decontamination. During decontamination, 
the 32PTH Type 1 DSC top shielding configuration consists of the shield plug only which 
results in a reduction of the amount of steel at the top of the DSC (during decontamination 
operations) by 2″. The shielding models for decontamination are described in Chapter 5, 
Section 5.3.1.2. Due to the two-piece top shield plug and inner top cover plate assembly 
design, it is not necessary to decontaminate the top surface of the shield plug (as opposed to 
the single piece design where it is required). Therefore, top dose rates during this stage of 
operation do not significantly impact total occupational exposure and are not calculated. The 
radial dose results for these operations from Chapter 5, Section 5.4.8 are applicable for both 
the 32PTH Type 1 DSC and OS187H Type 1 TC. 

In summary, the shielding evaluation documented in Chapter 5 for the 32PTH DSC and OS187H 
TC is applicable and bounding for the 32PTH Type 1 DSC and OS187H Type 1 TC for all 
conditions of loading, storage and transfer, except for the TC top end dose rate calculation with 
NS3 which is documented herein. However, it has been shown that the increase in dose rates due 
to the change in the neutron shielding material has a relatively insignificant impact in 
comparison to the dose rates around the TC during loading and transfer operations. 
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Table A.5-1  Material Composition of NS-3 Neutron Shielding Resin 

Element Weight % 

Hydrogen 4.85 

Carbon 9.35 

Calcium 5.61 

Oxygen 57.05 

Silicon 3.36 

Aluminum 17.89 

Iron 0.56 

Trace(1) 1.33 

Density (g/cm3) 1.76 

Note: 
(1) Trace elements were modeled as oxygen 

in the shielding analysis 

 
 

Table A.5-2  Type 1 Transfer Cask Top and Bottom Dose Rate Summary 
During Transfer Operations 

Location 
Dose Rate 
mrem/hr 

On Outside 
Surface 

1.5 Feet from 
Surface 

Three Feet from 
Surface 

Gamma Neutron Gamma Neutron Gamma Neutron

Top end Maximum 19.8 34.4 9.55 21.2 5.07 12.6 

Minimum 6.16 12.1 5.16 7.49 3.69 6.20 

Average(1) 
surface 

10.9 18.6 6.37 11.5 4.10 8.08 

 

Location 
Dose Rate 
mrem/hr 

On Outside 
Surface 

One Foot from 
Surface 

Three Feet from 
Surface 

Gamma Neutron Gamma Neutron Gamma Neutron

Bottom end Maximum 460 1318 119 289 57.1 113 

Minimum 13.7 47.2 18.6 41.1 16.9 39.2 

Average(1) 
surface 

48.4 133 36.2 86.9 26.8 58.3 

Note: 
(1) Surface weighted average of ring detectors used as tally surfaces 
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Chapter A.6 
Criticality Evaluation 

The NUHOMS® 32PTH Type 1 DSC and the OS187H Type 1 transfer cask (TC) are designed to 
be identical to the NUHOMS® 32PTH DSC and OS187H TC from a criticality standpoint for all 
conditions of loading, storage and transfer. In general, the criticality analysis documented in 
Chapter 6 for the 32PTH DSC in the OS187H TC is applicable and bounding for the 32PTH 
Type 1 DSC in the OS187H Type 1 TC. 

The effect on criticality due to the small changes in the geometry of the Type 1 DSC and Type 1 
TC is determined by investigating the effect due to the geometry modeling employed in the 
criticality calculations documented in Chapter 6. These considerations are listed below: 

• The height of the individual egg-crate sections in the active fuel region of the basket of the 
32PTH Type 1 DSC does not change. The increase in overall height of the 32PTH Type 1 
DSC is due to an increase in the number of egg-crate sections. Though the height of the top 
egg-crate section of the Type 1 DSC is different from that of the 32PTH DSC, the top section 
of the Type 1 DSC contains more neutron poison than that of the 32PTH DSC. Therefore, the 
criticality analysis model in Chapter 6, that considers an infinite axial array of egg-crate 
sections, is applicable, conservatively, to the Type 1 DSC.  Note that the gap between the top 
of the neutron poison sheets and the bottom of the top shield plug is decreased for the 32PTH 
Type 1 DSC. 

• The difference between the basket length and the DSC cavity length for the Type 1 DSC is 
greater than that of the 32PTH DSC by approximately 0.15 inches. However, this difference 
is well within the conservatism employed in the damaged fuel criticality calculations 
documented in Section 6.4.2.4 (shifting of fuel assemblies beyond fixed the poison sheet 
height) of Chapter 6. 

In summary, the criticality analysis documented in Chapter 6 for the 32PTH DSC in the OS187H 
TC is applicable and bounding for the 32PTH Type 1 DSC in the OS187H Type 1 TC for all 
conditions of loading, storage, and transfer. 
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 CONFINEMENT A.7

A.7.1 Confinement Boundary 

No change. Section 7.1 applies in its entirety to the 32PTH Type 1 DSC. The 32PTH DSC 
confinement boundary described in Section 7.1 and shown in Figure 7-1 is applicable without 
change to the 32PTH Type 1 DSC design when the optional two-part top end closure assembly is 
used. In addition, as described in Chapter A.1, the 32PTH Type 1 DSC also features a three-part 
top end closure assembly, consisting of separate top shield plug, inner top cover and outer top 
cover plates. This three-part closure design is the same as that used in other NUHOMS® canister 
designs [1] and includes a vent and siphon block which is welded to the shell during fabrication. 

The confinement boundary for the three-part closure consists of the DSC cylindrical shell, the 
inner top cover plate, the siphon and vent block, the inner bottom cover plate, and the associated 
welds. At the top, the inner top cover plate, the siphon and vent block, and the DSC shell are 
welded to each other using partial penetration welds, which are subject to multi-level PT 
examination. The vent and siphon block contains two ports which are used for draining, vacuum 
drying, and backfilling. These ports are closed with welded cover plates which are also subject to 
multi-level PT. Along the shell and at the bottom end of the DSC, the confinement boundary is 
the same as for the 32PTH DSC. 

The confinement boundary for the three-part top end closure configuration is shown in Figure 
A.7-1. 
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A.7.2 Requirements for Normal Conditions of Storage 

No change. 
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A.7.3 Confinement Requirements for Hypothetical Accident Conditions 

No change. 
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A.7.4 Supplemental Data 

A.7.4.1 Confinement Monitoring Capability 

No change. 
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No. 72-1004. 
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Figure A.7-1 
 32PTH Type 1 DSC Confinement Boundaries and Welds for Three-Part Top End 

Configuration 
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 OPERATING PROCEDURES A.8

Chapter 8 applies in its entirety and without change to the 32PTH Type 1 DSC when the optional 
two-part top end closure assembly (which is similar to the 32PTH DSC) is used. In addition, as 
described in Chapter A.1, the 32PTH Type 1 DSC also features a three-part top end closure 
assembly, consisting of separate top shield plug, inner top cover and outer top covers. The 
modifications to the operating procedures described in this chapter apply to the three-part closure 
design and are based on the similar three-part closure used in other NUHOMS® canister designs 
[3].  
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A.8.1 Procedures for Loading the DSC and Transfer to the HSM-H 

A.8.1.1 Narrative Description 

The following steps describe the recommended modifications to the generic operating 
procedures described in Sections 8.1 and 8.2, and are applicable when the standard three-part top 
end closure assembly is implemented in the 32PTH Type 1 DSC. For purposes of completeness 
of presentation, the entire sequence of operational steps is presented whenever a modification has 
been introduced in any particular operation. When no changes are made to a section, “No 
Change” is indicated and a reference is listed to the applicable section in Chapter 8. 

A.8.1.1.1 Transfer Cask and DSC Preparation 

 Verify by plant records or other means that candidate fuel assemblies meet the physical, 1.
thermal and radiological criteria specified in the Technical Specifications. 

 Clean or decontaminate the transfer cask as necessary to meet licensee pool and ALARA 2.
requirements, and to minimize transfer of contamination from the cask cavity to the DSC 
exterior. 

 Examine the transfer cask cavity for any physical damage. Insert cask spacer at the bottom of 3.
the transfer cask, if required. 

 Verify specified lubrication of the transfer cask rails. 4.

 Examine the DSC for any physical damage and for cleanliness. Verify that bottom fuel 5.
spacers or damaged fuel bottom end caps, if required, are present in all fuel compartments. 
Remove damaged fuel top end caps if they are in place. Record the DSC serial number which 
is located on the grappling ring. Verify the basket type by identifying the “Z” character in the 
XXX-32PTH-YYY-Z-1 serial number. 

 Not used. 6.

 Lift the DSC by the internal lifting lugs and lower it into the cask cavity. Rotate the DSC to 7.
match the transfer cask alignment marks. 

 Not used. 8.

 Fill the transfer cask/DSC annulus with clean water. 9.

 Seal the top of the annulus, using for example an inflatable seal. 10.

 A tank filled with clean water, and kept above the pool surface may be connected to the top 11.
vent port of the transfer cask via a hose to provide a positive pressure in the annulus. This is 
an optional arrangement, which provides additional assurance that contaminated water from 
the fuel pool will not enter the annulus. Do not pressurize this tank, nor raise it sufficiently 
high to float the DSC. For the 32PTH Type 1 DSC with a 69.75 inch OD, and an empty 
weight of 45,000 lb, a differential pressure of approximately 11.7 psi, equivalent to 27.1 ft of 
pure water, would be sufficient to lift the DSC.  
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 If the DSC top shield plug and top cover plates were trial fitted, they must be removed prior 12.
to filling the DSC with water. The vent port quick connect fitting in the inner top cover may 
be removed to facilitate hydrogen monitoring later. The drain port fitting may be either left in 
place or removed—water may be pumped from the DSC either with or without the fitting. 

 The licensee shall develop procedures to verify that the boron content of the water added to 13.
the DSC conforms to the Technical Specifications. Fill the DSC with water from the fuel 
pool or an equivalent source meeting the minimum boron concentration required by the 
Technical Specifications. Optionally, this may be done at the time of immersing the cask in 
the pool. If the pool water is allowed to flow over the transfer cask lip and into the DSC, 
provision must be made to protect the annulus seal from being dislodged by the water 
running over it. 

14a. Optionally, secure a sheet of suitable material to the bottom of the cask to minimize the 
potential for ground-in contamination. This step may be done at any convenient time prior 
to immersion. 

14b. Drain or fill the transfer cask liquid neutron shield, as required by licensee ALARA 
requirements and crane weight limits. This step may be done at any convenient time prior to 
immersion. 

 Prior to the cask being lifted into the fuel pool, the water level in the pool should be adjusted 15.
as necessary to accommodate the transfer cask and DSC volume. If the water placed in the 
DSC cavity was obtained from the fuel pool, a level adjustment may not be necessary. 

A.8.1.1.2 DSC Fuel Loading 

 Verify proper engagement of the lifting yoke with the transfer cask lifting trunnions. 1.

 Lift the transfer cask/DSC and position them over the cask loading area of the spent fuel 2.
pool. 

 Lower the cask into the fuel pool until the bottom of the cask is at the height of the fuel pool 3.
surface. As the cask is lowered into the pool, spray the exterior surface of the cask with clean 
water to minimize surface adhesion of contamination. 

 Place the cask in the location of the fuel pool designated as the cask loading area. 4.

 Disengage the lifting yoke from the transfer cask lifting trunnions and move the yoke clear of 5.
the cask. Spray the lifting yoke with clean water if it is raised out of the fuel pool. 
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 Load pre-selected spent fuel assemblies into the DSC basket compartments. The licensee 6.
shall develop procedures to verify that the boron content of the water conforms to the 
Technical Specifications, and that fuel identifications are verified and documented. The 
loading plan must be developed according to Figure 2-1 for the orientation of the fuel 
assemblies. Damaged fuel must be loaded only in designated compartments fitted with a 
damaged fuel bottom end cap. 

 After all the fuel assemblies have been placed into the DSC and their identities verified, 7.
install damaged fuel top end caps into designated compartments containing damaged fuel. 

 Lower the top shield plug into the DSC. 8.

 Visually verify that the top shield plug is properly seated in the DSC. Reseat if necessary. 9.

 Position the lifting yoke and verify that it is properly engaged with the transfer cask 10.
trunnions. 

 Lift the transfer cask to the pool surface and spray the exposed portion of the cask with clean 11.
water. 

 Drain any water from above the top shield plug back to the spent fuel pool. Up to 1300 12.
gallons of water may be removed from the DSC prior to lifting the transfer cask clear of the 
pool surface. Up to 15 psig of helium may only be used to assist the removal of water. The 
DSC shall be backfilled only with helium after drainage of bulk water. 

 Lift the cask from the fuel pool, continuing to spray the cask with clean water. 13.

 Move the cask with loaded DSC to the area designated for DSC draining and closure 14.
operations. The set-down area should be level, or if slightly sloped, the transfer cask and 
DSC should be placed with the slope down toward the DSC drain/siphon tube. 

A.8.1.1.3 DSC Closing, Drying, and Backfilling 

 Fill the transfer cask liquid neutron shield if it was drained for weight reduction during 1.
preceding operations. 

 Decontaminate the transfer cask exterior. 2.

 Disengage the rigging from the top shield plug, and remove the eyebolts. Disengage the 3.
lifting yoke from the trunnions. 

 Disconnect the annulus overpressure tank if one was used, decontaminate the exposed 4.
surfaces of the DSC shell perimeter, remove any remaining water from the top of the annulus 
seal, and remove the seal. 
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 Open the cask cavity drain port and allow water from the annulus to drain out until the water 5.
level is approximately twelve inches below the top of the DSC shell. Take swipes around the 
outer surface of the DSC shell to verify conformance with Technical Specification limits. 

 Cover the transfer cask/DSC annulus to prevent debris and weld splatter from entering the 6.
annulus. 

 If water was not drained from the DSC earlier, connect a pump to the DSC drain port and 7.
remove up to 1,300 gallons of water. Consistent with ISG-22 [4] guidance and Technical 
Specification 3.1.1, helium at 1-3 psig is used to backfill the DSC with an inert gas (helium) 
as water is being removed from the DSC. This lowers the water sufficiently to allow welding 
of the inner top cover, while keeping a sufficient volume of water in the DSC to cool the 
spent fuel. Up to 15 psig of helium gas may be applied at the vent port to assist the water 
pump down. 

CAUTION: Verify that no inadvertent draining of the TC Neutron Shield has occurred. 

CAUTION: Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARA practices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 

7a. Monitor TC/DSC annulus water level to be approximately twelve inches below the top of 
the DSC shell and replenish as necessary until drained. 

 Install the automated welding machine onto the inner top cover and place the inner top cover 8.
with the automatic welding machine onto the DSC. Optionally, the inner top cover and the 
automatic welding machine can be place separately. Verify proper fit up of the inner top 
cover with the DSC shell. 

 Hydrogen monitoring is required prior to commencing and continuously during the welding 9.
of the inner top cover. Install hydrogen monitoring equipment that samples the atmosphere 
below the shield plug.  

 Verify that the hydrogen concentration does not exceed 2.4% [1]. If this limit is exceeded, 10.
stop all welding operations and purge the DSC cavity with helium to reduce hydrogen 
concentration safely below the 2.4% limit. 

 Complete the inner top cover welding and perform the non-destructive examinations as 11.
required by the Technical Specifications. The weld must be made in at least two layers. 

 Remove the automated welding machine. 12.

 Pump remaining water from the DSC. Remove as much free standing water as possible to 13.
shorten vacuum drying time. Use of helium is required per Technical Specification 3.1.1. Up 
to 15 psig of helium gas may be applied at the vent port to assist the water pump down.  All 
helium used in backfilling operations shall be at least 99.99% pure (this may be done as part 
of step 15). 

(NOTE:  Proceed cautiously when evacuating the dry shielded canister (DSC) to avoid 
freezing consequences.) 

 DELETED. 14.
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 Connect a vacuum pump/helium backfill manifold to the vent port or to both the vent and 15.
drain ports. The quick connect fittings may be removed and replaced with stainless steel pipe 
nipple/vacuum hose adapters to improve vacuum conductance. Make provision to prevent 
icing, for example by avoiding traps (low sections) in the vacuum line. Provide appropriate 
measures as required to control any airborne radionuclides in the vacuum pump exhaust. 
Purge air from the helium backfill manifold. 

Optionally, leak test the manifold and the connections to the DSC. The DSC may be 
pressurized to no more than 15 psig for leak testing. 

CAUTION:  Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARA practices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 

CAUTION:  During the vacuum drying evolution, personnel should be in the area of loading 
operations, or in nearby low dose areas, in order to take proper action in the event of a 
malfunction. 

 Evacuate the DSC to the pressure required by the Technical Specification for vacuum drying, 16.
and isolate the vacuum pump. The isolation valve should be as near to the DSC as 
practicable, with a pressure gauge on the DSC side of the valve. Prior to performing the 
vacuum hold for 30 minutes as required by the Technical Specification, the vacuum pump 
must be turned off; or if the pump is not turned off, provide a tee and valve (or other means) 
to open the line to atmosphere between the pump and the DSC isolation valve. 

Note:  The user shall ensure that the vacuum pump is isolated from the DSC cavity when 
demonstrating compliance with Technical Specification 3.1.1 requirements. Simply closing 
the valve between the DSC and the vacuum pump is not sufficient, as a faulty valve allows the 
vacuum pump to continue to draws a vacuum on the DSC. Turning off the pump, or opening 
the suction side of the pump to atmosphere are examples of ways to assure that the pump is 
not continuing to draw a vacuum on the DSC. 

 DELETED. 17.

 If the Technical Specification is satisfied, i.e., if the pressure remains below the specified 18.
limit for the required duration with the pump isolated, continue to the next step. If not, repeat 
step 16. 

19a. Purge air from the backfill manifold, open the isolation valve, and backfill the DSC cavity 
with helium to 16.5 to 18 psig and hold for 10 minutes. 

19b. Reduce the DSC cavity pressure to atmospheric pressure, or slightly over. 

 If the quick connect fittings were removed for vacuum drying, remove the vacuum line 20.
adapters from the ports, and re-install the quick connect fittings using suitable pipe thread 
sealant. 

CAUTION: Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARA practices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 
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 Evacuate the DSC through the vent port quick connect fitting to a pressure of 100 mbar or 21.
less. 

Note:  The user shall ensure that the vacuum pump is isolated from the DSC cavity when 
demonstrating compliance with Technical Specification 3.1.1 requirements. Simply closing 
the valve between the DSC and the vacuum pump is not sufficient, as a faulty valve allows the 
vacuum pump to continue to draws a vacuum on the DSC. Turning off the pump, or opening 
the suction side of the pump to atmosphere are examples of ways to assure that the pump is 
not continuing to draw a vacuum on the DSC. 

 Backfill the DSC with helium to the pressure specified in the Technical Specifications, and 22.
disconnect the vacuum/backfill manifold from the DSC. 

 DELETED. 23.

24a. Weld the covers over the vent and drain ports, performing non-destructive examination as 
required by the Technical Specifications. The welds shall have at least two layers. 

24b. Install a temporary test head fixture (or any other alternative means). Perform a leak test of 
the inner top cover to the DSC shell welds and siphon/vent cover welds in accordance with 
the Technical Specification limits. Verify that the personnel performing the leak test are 
qualified in accordance with SNT-TC-1A. 

 Place the outer top cover plate onto the DSC and verify correct rotational alignment of the 25.
cover and the DSC shell. Install the automated welding machine onto the outer top cover 
plate. As an option, the welding machine may be mounted onto the cover plate and then 
placed together on the DSC. 

 Complete the outer top cover welding and perform the non-destructive examinations as 26.
required by the Technical Specifications. The weld must be made in at least two layers. 

 Remove everything except the DSC from the transfer cask cavity: welding machine, 27.
protective covering from the transfer cask / DSC annulus, temporary shielding, etc., and 
drain the water from the transfer cask/DSC annulus. 

 Install the transfer cask lid and bolt it. 28.

 Evacuate the transfer cask cavity to below 100 mbar, and backfill the transfer cask annulus 29.
with helium in accordance with the Technical Specifications pressure tolerance and time 
limit.  

CAUTION:  Monitor the applicable time limits of the Technical Specifications for transfer 
cask annulus helium backfill. 

A.8.1.1.4 Transfer Cask Downending and Transport to ISFSI 

No change. See Section 8.1.1.4. 

A.8.1.1.5 DSC Transfer to the HSM-H 

No change. See Section 8.1.1.5. 
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A.8.1.1.6 Monitoring Operations 

No change. See Section 8.1.1.6. 
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A.8.2 Procedures for Unloading the DSC 

The following section outlines the procedures for retrieving the DSC from the HSM-H and for 
removing the fuel assemblies from the DSC. 

A.8.2.1 DSC Retrieval from the HSM-H 

No change. See Section 8.2.1. 

A.8.2.2 Removal of Fuel from the DSC 

If it is necessary to remove fuel from the DSC, it can be removed in a dry transfer facility or the 
initial fuel loading sequence can be reversed and the plant's spent fuel pool utilized. 

Procedures for wet unloading of the DSC are presented here. Dry unloading procedures are 
essentially identical up to the removal of the DSC vent and drain port covers. 

 Tow the trailer with the loaded cask to the cask handling area inside the plant's fuel handling 1.
building. Drain the transfer cask liquid neutron shield as required by licensee ALARA 
requirements and crane weight limits. 

 Position and ready the trailer for access by the crane. 2.

 Engage the lifting yoke with the trunnions of the transfer cask. 3.

 Verify that the yoke lifting hooks are properly aligned and engaged onto the transfer cask 4.
trunnions. 

 Lift the transfer cask approximately one inch off the trunnion supports. Verify that the yoke 5.
lifting hooks are properly positioned on the trunnions. 

 Move the crane in a horizontal motion while simultaneously raising the crane hook vertically 6.
and lift the transfer cask off the trailer. Move the transfer cask to the cask decontamination 
area. 

 Lower the transfer cask into the cask staging area in the vertical position. 7.

 Unbolt the transfer cask lid and remove it. 8.

 Install temporary shielding to reduce personnel exposure as required. Fill the transfer 9.
cask/DSC annulus with clean water and seal the top of the annulus, using, for example, an 
inflatable seal. 

 Locate the drain and vent port using the indications on the outer top cover plate. Place a 10.
portable drill press on the top of the DSC. Align the drill over the drain port. 

 Cut or drill a hole through the top cover plate to expose the drain port on the inner top cover. 11.
Remove the drain port cover plate with an annular hole cutter. Repeat for the vent port. 
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CAUTION: Radiation dose rates are expected to be high at the vent and siphon port 
locations. Use proper ALARA practices (e.g., use of temporary shielding, appropriate 
positioning of personnel, etc.) to minimize personnel exposure. 

 Obtain a sample of the DSC atmosphere. Confirm acceptable hydrogen concentration and 12.
check for presence of fission gas indicative of degraded fuel cladding. 

 If degraded fuel is suspected, additional measures appropriate for the specific conditions are 13.
to be planned, reviewed, and implemented to minimize exposures to workers and radiological 
releases to the environment. 

 Verify that the boron content of the fill water conforms to the Technical Specifications. Fill 14.
the DSC with water from the fuel pool or equivalent source through the drain port with the 
vent port open. The vented cavity gas may include steam, water, and radioactive material, 
and should be routed accordingly. Monitor the vent pressure and regulate the water fill rate to 
ensure that the pressure does not exceed 15 psig. 

 Provide for continuous hydrogen monitoring of the DSC cavity atmosphere during all 15.
subsequent cutting operations to ensure that hydrogen concentration does not exceed 2.4%. 
Purge with helium as necessary to maintain the hydrogen concentration below this limit. 

 Provide suitable protection for the transfer cask during cutting operations. 16.

 Using a suitable method, such as mechanical cutting, remove the weld of the outer top cover 17.
plate to the DSC shell. 

 Remove the outer top cover plate. 18.

 Remove the weld of the inner top cover to the shell in the same manner as the outer cover 19.
plate. Remove the inner top cover. Do not remove the top shield plug at this time unless the 
removal is being done remotely in a dry transfer system. 

 Remove any remaining excess material on the inside shell surface by grinding. 20.

 Clean the transfer cask surface of dirt and any debris which may be on the transfer cask 21.
surface as a result of the weld removal operation. 

 Engage the yoke onto the trunnions, install eyebolts or other lifting attachment(s) into the top 22.
shield plug, and connect the rigging cables to the eyebolts/lifting attachment(s). 

 Verify that the lifting hooks of the yoke are properly positioned on the trunnions. 23.

 Lift the transfer cask just far enough to allow the weight of the transfer cask to be distributed 24.
onto the yoke lifting hooks. Verify that the lifting hooks are properly positioned on the 
trunnions. 
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 Optionally install suitable protective material onto the bottom of the transfer cask to 25.
minimize cask contamination. Move the transfer cask to the spent fuel pool. 

 Prior to lowering the transfer cask into the pool, adjust the pool water level, if necessary, to 26.
accommodate the volume of water which will be displaced by the transfer cask during the 
operation. 

 Position the transfer cask over the cask loading area in the spent fuel pool. 27.

 Lower the transfer cask into the pool. As the transfer cask is being lowered, the exterior 28.
surface of the transfer cask should be sprayed with clean water. 

 Disengage the lifting yoke from the transfer cask and lift the top shield plug from the DSC. 29.

 Remove any failed fuel top end caps. 30.

 Remove the fuel from the DSC. 31.
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A.8.3 Supplemental Information 

No change. See Section 8.3. 
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 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM A.9

Chapter 9 applies in its entirety to this chapter, except for the leakage tests described in Section 
9.1.3.  The 32PTH Type 1 DSC design contains an inner and outer top cover, and a separate top 
shield plug; therefore, the leakage test procedure has been revised to reflect this geometry.  This 
three-part closure design is the same as that is used in other NUHOMS® DSC canister designs. 

A.9.1 Acceptance Criteria 

A.9.1.1 Visual Inspection and Non-Destructive Examination (NDE) 

No change from Chapter 9, Section 9.1.1. 

A.9.1.2 Structural and Pressure Tests 

No change from Chapter 9, Section 9.1.2. 

A.9.1.3 Leak Tests 

The 32PTH-Type 1 DSC confinement boundary is tested using two procedures described below.  
Personnel performing the leakage test are qualified in accordance with SNT-TC-1A [1]. 

Procedure 1 is accomplished during fabrication: 

Upon completion of all 32PTH-Type 1 DSC shell welding and attachment of the inner bottom 
cover plate to the DSC shell, a temporary seal plate is placed over the open end of the 32PTH-
Type 1 DSC.  A bag or other enclosure is placed around the outside of the entire 32PTH-Type 1 
DSC and it is filled with helium.  The 32PTH-Type 1 DSC cavity is evacuated and a helium 
leakage test is performed using a port in the seal plate.  This test is used to show that the entire 
32PTH-Type 1 DSC confinement boundary tested is leak tight (1x10-7 ref cm3/s). 

Procedure 2 occurs after the 32PTH-Type 1 DSC has been loaded with fuel assemblies: 

The 32PTH-Type 1 DSC cavity has been dried, back filled with helium, and the inner top cover 
plate and the vent and siphon port cover plates have been welded in place.  After these welds are 
completed, a temporary test cover is installed or the outer top cover plate is welded in place with 
at least the root pass of the full weld.  The cavity between the inner top cover plate and the 
temporary test cover or outer top cover plate is evacuated and a helium leakage test is performed 
using a test port in the temporary test cover or in the outer top cover plate.  The leakage test thus 
includes the weld attaching the inner top cover plate to the 32PTH-Type 1 DSC shell, the vent 
and siphon port cover plate welds, and the base metal of the inner top cover plate and vent and 
siphon port cover plates.  The vent and siphon ports are filled with helium prior to welding the 
vent and siphon port covers.  This test verifies that the tested welds and cover plates are leak 
tight (1x10-7 ref cm3/s).  
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A.9.1.4 Components 

No change from Chapter 9, Section 9.1.4. 

A.9.1.5 Shielding Integrity 

No change from Chapter 9, Section 9.1.5. 

A.9.1.6 Thermal Acceptance 

No change from Chapter 9, Section 9.1.6. 

A.9.1.7 Neutron Absorber Tests 

No change from Chapter 9, Section 9.1.7. 
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A.9.2 Maintenance Program 

No change from Chapter 9, Section 9.2. 
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A.9.3 Marking 

No change from Chapter 9, Section 9.3. 
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A.9.4 Pre-Operational Testing and Training Exercise 

No change from Chapter 9, Section 9.4. 
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A.9.5 Specification for Neutron Absorbers 

No change from Chapter 9, Section 9.5. 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.9-7 

A.9.6 References 
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Certification in Nondestructive Testing,” 1992. 
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 RADIATION PROTECTION A.10

A.10.1 Ensuring That Occupational Radiation Exposures Are As Low As Reasonably 
Achievable (ALARA) 

No change. 
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A.10.2 Radiation Protection Design Features 

The estimates of off-site dose rates in and around an ISFSI containing arrays (two generic arrays 
– 2x10 back-to-back array and 2-1x10 front-to-front array) of loaded HSM-Hs (each HSM-H 
containing a 32PTH DSC fully loaded with design basis fuel) during long term storage are 
presented in Section 10.2 of Chapter 10. As described in Chapter A.5, the authorized fuel content 
has not changed, the top and bottom canister shielding thicknesses are not changed, and therefore 
there is no change in the dose rates in and around the HSM-H loaded with a 32PTH Type 1 DSC. 
Therefore, the off-site dose estimates presented in Chapter 10 are applicable to the 32PTH Type 
1 DSC. 
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A.10.3 Estimated Onsite Collective Dose Assessment 

The estimates of occupational dose during the loading of a 32PTH DSC fully loaded with design 
basis fuel for long term storage in an HSM-H using an OS187H TC during transfer are presented 
in Section 10.3 of Chapter 10. As described in Chapter A.5, the differences in the design of the 
32PTH Type 1 DSC and the OS187H Type 1 TC do not result in a substantial change in the dose 
rates in and around the TC during loading and transfer operations. Some of the design changes 
result in a reduction in these near field dose rates. For the top end design option with separate 
shield plug and inner cover plate, the occupational exposure during decontamination operations 
is expected to be lower because the DSC top shield plug is not required to be decontaminated. 
Overall, the occupational exposure estimates presented in Chapter 10 are applicable and 
bounding to the Type 1 DSC and Type 1 TC. 
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 ACCIDENT ANALYSIS A.11

A.11.1 Introduction 

No change. 



NUHOMS® HD System Updated Final Safety Analysis Report Rev. 6, 09/17 

Page A.11-2 

A.11.2 Off-Normal Operation 

No change. 
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A.11.3 Postulated Accident 

No change. 

A.11.3.1 Cask Drop 

No change. 

A.11.3.2 Earthquake 

No change. 

A.11.3.3 Tornado Wind and Tornado Missiles Effect on HSM-H 

No change. 

A.11.3.4 Tornado Wind and Tornado Missiles Effect on Transfer Cask 

This section summarizes the evaluation of the OS187H Type 1 transfer cask (TC) for tornado 
wind speed and tornado missile spectrum specified in Chapter 2, Section 2.2.1. This evaluation is 
similar to the evaluation for the OS187H presented in Section 11.3.4 and is performed to 
reconcile the changes in geometry parameters between the two TCs as documented in the table 
below. Subsections which are not affected by the changes in TC geometry are not repeated and 
are indicated as “No change.” 

Parameter OS187H TC OS187H Type 1 

Length of structural shell, in. 193.2 206.7 

OD of structural shell, in. 82.70 81.87 

OD of neutron shield, in.  92.20 92.11 

Thickness of lead shielding, in. 3.60 3.56 

Thickness of inner liner, in. 0.50 0.625 

 
The maximum DBT tornado wind speed of 360 mph produces a design pressure of 304 psi.  The 
4,000 pound automobile and 276 pound eight inch diameter shell missiles were also considered. 
The other types of missiles are enveloped by the eight inch shell missile. 

This analysis is performed for the cask secured in the horizontal position on the support skid. 
The following criteria are used to evaluate the adequacy of the transfer cask for the loads 
described above. 

• Penetration resistance 

• Impact stress analysis 

Stability analysis is not required since the cask is already evaluated for a design basis cask drop 
accident. 
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A.11.3.4.1 Penetration Resistance 

No change. 

A.11.3.4.2 Impact Stress Analysis 

Tornado Wind Load 

Chapter 2, Section 2.2.1.1 specifies a maximum tornado wind speed at 360 mph. The 
corresponding velocity pressure, qz , can be calculated by Eq. 6-1 of [12]. 

qz = 0.00256KzKztV2I (lb/ft2) 

Where, 

Kz = velocity pressure exposure coefficient 
= 1.03 (height above ground < 15 ft in Exposure D, Table 6-3 of [12] 
Kzt = topographic factor 
= 1 
V = basic wind speed 
= 360 mph 
I = importance factor 
= 1.15 (Category IV, Table 6-2 of [12]) 
qz = 0.00256 × 1.03 × 1 × 1.15 = 393 lb/ft2 

(a) Transverse wind pressure acting on cask shell surface 

The projected area of the transfer cask normal to the wind is equal to the OD (92.11 inch) of the 
neutron shield multiplied by the length of the cask. The total wind force is then equal to the wind 
pressure multiplied by this projected area. This total wind force is equivalent to a line force, p, 
acting at the elevation of the cask centerline and along the entire cask length. This wind force 
will be assumed to be solely resisted only by the cask outer structural shell, which has a length of 
206.7" with an OD of 81.87" and a thickness of 1.5". 

p = qz × (OD of neutron shield) 
= 393 lb/ft2 × (92.11 / 12) ft 
= 3016.6 lb/ft 
= 251.4 lb/in 

Case 9c in Table 31 of [13] provides stress formula for a thin-walled cylindrical vessel supported 
at both ends and subjected to a uniform load over the entire length of its top element as follows. 

B = [12(1-υ2)]1/8 = 1.348 , υ = 0.3 

Maximum hoop membrane stress, 

σ2 = – 0.492 B p R3/4 L -1/2 t-5/4 
= – 0.492 × (1.348) × 251.4 × (81.87/2)3/4 × (206.7)-1/2 × (1.5)-5/4 
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= – 113.1 psi 

Maximum hoop bending stress, 

σ2
' = – 1.217 B-1 p R1/4 L1/2 t-7/4 

= – 1.217 × (1.348)-1 × 251.4 × (81.87/2)1/4 × (206.7)1/2 × (1.5)-7/4 
= – 4059.8 psi 

Maximum hoop membrane plus bending stress, 

(σ2) Total = σ2 + σ2
' = –113.1 psi – 4059.8 psi = – 4172.9 psi 

Maximum axial membrane stress, 

σ1 = axial membrane stress 
= – 0.1188 B3 p R1/4 L1/2 t-7/4 
= – 0.1188 × (1.348)3 × 251.4 × (81.87/2)1/4 × 206.71/2 × (1.5)-7/4 
= –1308.5 psi 

Maximum axial bending stress, 

σ1
' ≈ υ × σ2

' = 0.3 × ( – 4059.8 psi) = –1217.9 psi 

Maximum axial membrane plus bending stress, 

(σ1) Total = σ1 + σ1
' = –1308.5 psi + ( –1217.9 psi) = – 2526.4 psi 

Maximum membrane plus bending stress intensity = 0 – (– 4172.9) = 4172.9 psi 

The ASME code allowable stress for the general membrane stress intensity will be 
conservatively used for evaluation of the above calculated maximum membrane plus bending 
stress intensity. The Service Level D allowable stress for the membrane stress intensity is the 
lesser of 2.4Sm and 0.7Su. For SA-240 Gr. 304 cask structural shell material, Sm = 20,000 psi at 
300 °F and Su = 66,200 psi. Thus the allowable stress is 0.7Su = 46,340 psi. 

Therefore the maximum calculated membrane plus bending stress intensity, under tornado wind 
load, in the cask shell is acceptable. 

(b) Axial wind pressure acting on the top end cover of the transfer cask 

Case 10b in Table 24 of [13] provides a formula for calculating the resultant moment on the 1.5" 
recessed flange thickness of the fixed cask top end plate under the wind pressure. 

Maximum bending moment, 

Mra = – qz a2 /8 
= – 393 lb/ft2 × (1 ft2 / 144 in2) × (81.87/2 in)2 / 8 
= – 571.6 in-lb/in 
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Maximum bending stress, 

σ = 6Mra / t2 
= 6 × (571.6 in-lb/in ) / ( 1.5 in)2 
= 1524.4 psi < 46,340 psi OK 

(c) Axial wind pressure acting on the bottom end cover of the transfer cask 

Case 2f in Table 24 of [13] provides a formula for calculating the resultant moment on the 2" 
thick fixed bottom end plate of the cask under the wind pressure. 

b = 14" = radius of the cask bottom ram penetration ring 
a = 81.87" / 2 = 40.935" = outer radius of bottom end plate 
b/a = .3420  KMra = – 0.0889 (by interpolation) 

Maximum bending moment, 

Mra = KMra qz a2 = – 0.0889 × 393/144 × 40.9352 = – 406.6 in-lb/in 

Maximum bending stress, 

σ = 6Mra / t2 = 6 × (406.6 in-lb/in) / (2 in)2= 609.9 psi < 46,340 psi OK 

Massive Automobile Missile 

The impact forces applied to the cask as it is struck by the automobile missile is determined as 
follows: 

The massive automobile missile is assumed to crush 3 feet under a constant force during the 
impact. The loss of kinetic energy is assumed to be dissipated by crushing of the missile. The 
frontal contact area of the automobile is specified to be 20 sq. ft. 

Fa × 3ft = ½ [ma vo
2 ] 

Pa = Fa / 20 ft2 

where: 

ma = mass of missile = 4,000 lb 
vo = missile initial velocity = 195 ft/sec 
Fa = impact force on cask by missile automobile 
pa = impact pressure on cask by missile automobile 
 
Fa = ½ × {4,000lbm × [(195 × 12) in/sec]2}/ (3 × 12) in 
= 3.042 × 108 lbm- in/sec2 
= 3.042 × 108 lbm- in/sec2 × [1 lbf / (386.4 lbm- in/sec2)] 
= 787,267 lbf 
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Pa = 787,267 lbf / [20×(12)2 in2] 
= 273.4 psi 

The automobile missile deforms and is crushed during the impact. The shear stress in the cask 
wall is conservatively calculated below. It is assumed that the impact force is concentrated on a 
small curved section of the cask wall having dimensions w x L. It is also assumed that only two 
side edges of the impact section are tending to shear. Edges above and below the impact section 
are assumed to bend, not shear. It is also assumed that the concentrated impact section is 3 ft 
wide, half of the automotive width. The impact area is then 36" wide by 80" high (equal to 20 ft2 
area). 

Shear area = 2 × ( 20 ft2 / 3ft) × the thickness of the cask outer structural shell 
= 2 × 80" × 1.5" = 240 in2 
The shear stress, τ = force/area = 787,267 lb / 240 in2 = 3,280 psi 

The level D allowable shear stress for the cask shell is 0.42 Su = 0.42 × 66,200 = 26,480 psi. The 
shear stress is well below the allowable shear stress. 

Assuming that the impact on the side of the cask is reacted by a 36"×80" section of the cask 
shell, Case 1c from Table 26 of [13] is used to calculate the resulted stresses in the shell. This 
case represents a flat plate with simply supported edges under a uniform load over a central 
rectangular area. It is conservative for this case to represent the automotive crushing onto a 
curved section of the cask. 

The transfer cask shell is made of a three-layer composite. It consists of a 1.5" outer structural 
shell, a 3.56" lead gamma shield, and a 0.625" inner liner (see sketch below). This sandwiched 
composite plate may be represented by an equivalent one-piece plate which has a thickness 
producing the same moment of inertia as that of the composite. The thickness of its equivalent 
one-piece plate is calculated as follows. 

 

For unit length of the composite plate, 
neglecting the strength of the 3.6" thick lead, 
the distance from base line to C.G. 

= [(1.5" × 1") × (1.5"/2 + 3.56" + 0.625") + (0.625"×1")×(0.625"/2)] ÷ 
[(1.5" × 1") + (0.625"×1")] 
= 7.6" ÷ 2.125 
= 3.58" 

  

 

Base Line

C.G.

1.5″

3.56″

0.625″
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The combined moment of inertia of the composite structural plates, Icomb 

Icomb = (1×1.53/12) + (1.5×1)×(1.5/2+3.56+0.625-3.58)2 + (1×0.6253/12) + (0.625×1) × (3.58-
0.625/2)2 
= 9.73 in4 

The thickness of the equivalent one-piece plate, teq 

Icomb = 9.73 in4 = (1×teq
3)/12  teq = 4.89" 

An automobile missile crushing into the horizontal cylindrical canister with an impact area of 
36” wide by 80” high is conservatively analyzed by a case that the same impact is applied to a 
rectangular plate of dimensions at the cask length by the cask OD. All edges of the rectangular 
plate are assumed simply supported. Case 1c in Table 26 of [13] provides maximum stress 
calculation of this rectangular plate as follows. 

Max σ = ( βW) / t2 

W = Fa = 787,267 lb, calculated in Section 11.3.4.2 
t = teq = 4.89" 

a1 = 36”, b1 = 80" 
a = 206.7" (cask length) 
b = 81.87" (cask OD) 
a1 / b = 0.4397 
b1 / b = 0.977 
a / b = 2.525 

Use (b1 / b) = 0.8, and (a1 / b) = 0.4 for the table given under the Case 1c in Table 26 of [13]; 

From this table, 

β = 0.68 for (a / b) = 1.4, and β = 0.76 for (a / b) = 2 

By extrapolation, β = 0.83 for (a / b) = 2.525 

∴ Max σ = (0.83 × 787,267 lb) / (4.892) = 27,326 psi 

The ASME code allowable stress for the general membrane stress intensity will be 
conservatively used for evaluation of the above calculated maximum membrane plus bending 
stress intensity. The Service Level D allowable stress for the membrane stress intensity is the 
lesser of 2.4Sm and 0.7Su. For SA-240 Gr. 304 cask structural shell material, Sm = 20,000 psi at 
300°F and Su = 66,200 psi. Thus the allowable stress is 0.7Su = 46,340 psi. Therefore the 
maximum membrane plus bending stress of 27,326 psi is acceptable. 
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A.11.3.4.3 Accident Dose Calculation 

Based on the above analyses, the 32PTH Type 1 DSC confinement boundary will not be 
breached as a result of the missile impacts. Accordingly, no 32PTH Type 1 DSC damage or 
release of radioactivity is postulated. 

The missile impact scenario may result in the loss of cask neutron shielding and local 
deformation/damage of the gamma shielding. The effect of loss of the neutron shielding due to a 
missile impact is bounded by that resulting from a cask drop scenario. The radiation dose due to 
local deformation/damage of the gamma shielding is negligible. 

A.11.3.4.4 Corrective Action 

The transfer cask will be inspected for damage. These operations will take place in the plant fuel 
building decontamination area and spent fuel pool after recovery of the transfer cask. 

Following recovery of the transfer cask and unloading of the DSC, the transfer cask will be 
inspected, repaired and tested as appropriate prior to reuse. 

For recovery of the cask and contents, it may be necessary to develop a special sling/lifting 
apparatus to move the transfer cask from the site to the fuel pool. This may require several weeks 
of planning to ensure all steps are correctly organized. During this time, lead blankets may be 
added to the transfer cask to minimize on-site exposure to site operations personnel. The transfer 
cask would be roped off to ensure the safety of the site personnel. 

A.11.3.5 Flood 

No change. 

A.11.3.6 Blockage of HSM-H Air Inlet and Outlet Openings 

No change. 

A.11.3.7 Lightning 

No change. 

A.11.3.8 Fire/Explosion 

No change. 
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A.11.4 References 

No change. 
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Chapter A.12 
Operating Controls and Limits 

No change. 
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Chapter A.13 
Quality Assurance 

No change. 
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Chapter A.14 
Decommissioning 

No change. 
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