
September 29, 2011 
 
 
 
 
 
Dr. Jayant Bondre, Vice President 
Transnuclear, Inc. 
7135 Minstrel Way, Suite. 300 
Columbia, MD 21045 
 
SUBJECT: REVISION 3 OF CERTIFICATE OF COMPLIANCE NO. 9302 

FOR THE MODEL NO. NUHOMS®-MP197 PACKAGE 
 
Dear Dr. Bondre: 
 
By letter dated April 14, 2009, as supplemented by letters dated June 22, 2009; April 20 and 
July 15, 2010; and March 29 and August 11, 2011, you submitted a revised application for an 
amendment to Certificate of Compliance (CoC) No. 9302 for the Model No. NUHOMS®-MP197 
transportation package (MP197).  The application proposes to add a modified version of the 
MP197, designated the MP197HB, and includes various NUHOMS®

 dry shielded canisters as 
authorized payloads in the MP197HB transport package.  This application was superseded by a 
consolidated application dated August 17, 2011, as supplemented by letter dated 
September 15, 2011.   
 
This application also proposed to update the design in order to be assigned a package 
identification number of B(U)F-96.  Changes made to the enclosed certificate are indicated by 
vertical lines in the margin.  The staff’s Safety Evaluation Report is also enclosed. 
 
The amendment application requested approval of high burnup fuel for up to 70 GWd/MTU and 
nine DSC designs: 69BTH, 61BTH, 61BT, 37PTH, 32PTH, 32PTH1, 32PT, 24PTH, and 24PT4.  
However, since technical issues remain unsolved related to the high burnup fuel, the staff is 
limiting the contents to low burnup fuel (≤ 45 GWd/MTU) for four DSCs: 69BTH, 61BTH, 61BT, 
and 24PT4.  The 37PTH, 32PTH, 32PTH1, 32PT, and 24PTH DSCs are not approved for 
transportation in this amendment request.  Separate correspondence will be sent to address 
open technical issues that will need to be considered in any future revision request for these 
same designs. 
 
Transnuclear, Inc., has been registered as a user of the package under the general license 
provisions of 10 CFR 71.17.  This approval constitutes authority to use the package for 
shipment of radioactive material and for the package to be shipped in accordance with the 
provisions of 49 CFR 173.471.    
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If you have any questions regarding this certificate, please contact me at (301) 492-3297 or Kim 
Hardin of my staff at (301) 492-3339. 
 

Sincerely, 
 

       
      /RA/ 

Michael D. Waters, Chief 
Licensing Branch 
Division of Spent Fuel Storage and Transportation  
Office of Nuclear Material Safety 
  and Safeguards 
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Enclosures:  1. Certificate of Compliance 
   No. 9302, Rev. No. 3 
          2. Safety Evaluation Report 
 
cc w/encls.:   R. Boyle, U.S. Department of Transportation 
           J. Shuler, U.S. Department of Energy
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Safety Evaluation Report 
Model No. MP197HB Package 

Docket No. 71-9302 
Certificate of Compliance No. 9302 

Revision 3 
 
 

SUMMARY 
 
By letter dated April 14, 2009, as supplemented by letters dated June 22, 2009; April 20 and 
July 15, 2010; and March 29 and August 11, 2011, Transnuclear, Inc. (TN or applicant) 
submitted an application for revision to Certificate of Compliance (CoC) No. 9302 for the Model 
No. NUHOMS®-MP197 transportation package (MP197).  The applicant requested the addition 
of a modified version of the MP197, designated the MP197HB, and included a request for 
various NUHOMS® Dry Shielded Canisters (DSCs) containing authorized payloads to be placed 
in the MP197HB transport package.  This application also proposes to update the design in 
order to be assigned a package identification number of B(U)F-96.  This application was 
superceded by a consolidated application dated August 17, 2011, as supplemented by letter 
dated September 15, 2011.   
 
The amendment application requested approval of high burnup fuel for up to 70 GWd/MTU and 
nine DSC designs: 69BTH, 61BTH, 61BT, 37PTH, 32PTH, 32PTH1, 32PT, 24PTH, and 24PT4.  
However, since technical issues remain unsolved related to the high burnup fuel, the staff is 
limiting the contents to low burnup fuel (≤ 45 GWd/MTU) for four DSCs: 69BTH, 61BTH, 61BT, 
and 24PT4.  The 37PTH, 32PTH, 32PTH1, 32PT, and 24PTH DSCs are not approved for 
transportation in this amendment request. 
 
Forty-five license drawings were added to incorporate the new DSC designs. 
 
EVALUATION 
 
The submittal was evaluated against the regulatory standards in Title 10 of the Code of Federal 
Regulations (10 CFR) Part 71, including the general standards for all packages, standards for 
fissile material packages, and performance standards under normal conditions of transport 
(NCT) and hypothetical accident conditions (HAC).  Staff reviewed the application using the 
guidance in NUREG-1617, “Standard Review Plan for Transportation Packages for Spent 
Nuclear Fuel.”  
 
Based on the statements and representations in the application and the conditions listed in the 
CoC, the staff concludes that the design has been adequately described and evaluated and that 
the changes do not affect the ability of the package to meet the requirements of 
10 CFR Part 71. 
 
REFERENCES 
 
Transnuclear, Inc., application dated August 17, 2011, as supplemented September 15, 2011. 
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1.0 GENERAL INFORMATION 
 
1.1  Package Description 
 

The MP197HB is designed to ship commercial spent nuclear fuel and irradiated and/or 
contaminated non-fuel-bearing solid materials.  The evaluation presented is of a 
modified version of the MP197.  This modified version is a Type B(U) spent fuel 
transport package developed by Transnuclear, Inc. (TN) and designated as the Model 
No. MP197HB package. 
 
Staff performed this evaluation of a revision request to the MP197 spent fuel 
transportation package.  Staff reviewed the design features and safety analyses 
presented in the Safety Analysis Report (SAR) which demonstrates that the MP197 
complies with applicable requirements of 10 CFR Part 71. 
 
The MP197 packaging consists of the transport packaging, which is used for the off-site 
transportation of the DSCs in accordance with 10 CFR Part 71.  The package is 
intended to be shipped as exclusive use.  The criticality safety index (CSI) for nuclear 
criticality control for the package is 0.0. 
 
TN has an approved quality assurance program (Docket No. 71-0250) which satisfies 
the requirements of 10 CFR Part 71, Subpart H. 

 
1.2  Packaging Drawings 
 
 The applicant submitted forty-five new license drawings.  The new drawings include: 
 
MP197HB-71-1001 Rev 1 NUHOMS®-MP197HB Packaging Transport 

Configuration (2 sheets) 
 

MP197HB-71-1002 Rev 2 NUHOMS®-MP197HB Packaging Parts List (2 sheets) 

MP197HB-71-1003 Rev 1 NUHOMS®-MP197HB Packaging General Arrangement 
(1 sheet) 
 

MP197HB-71-1004 Rev 2 NUHOMS®-MP197HB Packaging Cask Body Assembly 
(1 sheet) 
 

MP197HB-71-1005 Rev 1 NUHOMS®-MP197HB Packaging Cask Body Details  
(3 sheets) 
 

MP197HB-71-1006 Rev 0 NUHOMS®-MP197HB Packaging Lid Assembly & 
Details (1 sheet) 
 

MP197HB-71-1007 Rev 0 NUHOMS®-MP197HB Packaging Regulatory Plate  
(1 sheet) 
 

MP197HB-71-1008 Rev 1 NUHOMS®-MP197HB Packaging Impact Limiter 
Assembly (1 sheet) 
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MP197HB-71-1009 Rev 1 NUHOMS®-MP197HB Packaging Impact Limiter Details 
(1 sheet) 
 

MP197HB-71-1011 Rev 0 NUHOMS®-MP197HB Packaging Transport 
Configuration Outer Sleeve With Fins Option (1 sheet) 
 

MP197HB-71-1014 Rev 0 NUHOMS®-MP197HB Packaging Internal Sleeve 
Design (2 sheets) 
 

NUH24PT4-71-1001 Rev 0 NUHOMS® 24PT4 Transportable Canister For PWR 
Fuel Basket Assembly (5 sheets) 
 

NUH24PT4-71-1002 Rev 0 NUHOMS® 24PT4 Transportable Canister For PWR 
Fuel Main Assembly (8 sheets) 
 

NUH24PT4-71-1003 Rev 0 NUHOMS® 24PT4 Transportable Canister For PWR 
Fuel Failed Fuel Can (4 sheets) 
 

NUH61BT-71-1000 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel 
Parts List (1 sheet) 
 

NUH61BT-71-1001 Rev 1 NUHOMS® 61BT Transportable Canister For BWR Fuel 
Basket Assembly (1 sheet) 
 

NUH61BT-71-1002 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel 
Basket Details (1 sheet) 
 

NUH61BT-71-1003 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel 
General Assembly (1 sheet) 
 

NUH61BT-71-1004 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel 
General Assembly (1 sheet) 
 

NUH61BT-71-1005 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel 
Shell Assembly (1 sheet) 
 

NUH61BT-71-1006 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel 
Shell Assembly (1 sheet) 
 

NUH61BT-71-1007 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel 
Canister Details (1 sheet) 
 

NUH61BT-71-1008 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel 
Canister Details (1 sheet) 
 

NUH61BT-71-1009 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel 
Basket Details (1 sheet) 
 

NUH61BT-71-1010 Rev 0 NUHOMS® 61BT Transportable Canister For BWR Fuel 
Additional Basket Details – Damaged Fuel (4 sheets) 
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NUH61BTH-71-1000 Rev 0 NUHOMS® 61BTH Type 1 Transportable Canister For 
BWR Fuel Main Assembly (5 sheets) 
 

NUH61BTH-71-1100 Rev 1 NUHOMS® 61BTH Type 2 Transportable Canister For 
BWR Fuel Main Assembly (7 sheets) 
 

NUH61BTH-71-1101 Rev 0 NUHOMS® 61BTH Type 2 Transportable Canister For 
BWR Fuel Shell Assembly (2 sheets) 
 

NUH61BTH-71-1102 Rev 1 NUHOMS® 61BTH Type 2 Transportable Canister For 
BWR Fuel Basket Assembly (8 sheets) 
 

NUH61BTH-71-1103 Rev 0 NUHOMS® 61BTH Type 2 Transportable Canister For 
BWR Fuel Transition Rails (2 sheets) 
 

NUH61BTH-71-1104 Rev 0 NUHOMS® 61BTH Type 2 Transportable Canister For 
BWR Fuel Damaged Fuel End Caps (1 sheet) 
 

NUH61BTH-71-1105 Rev 0 NUHOMS® 61BTHF Type 2 Transportable Canister For 
BWR Fuel Failed Fuel Can (2 sheets) 
 

NUH61BTH-71-1106 Rev 1 NUHOMS® 61BTH Type 2 Transportable Canister For 
BWR Fuel Top Grid Assembly Alternate 3 (2 sheets) 
 

NUH69BTH-71-1001 Rev 1 NUHOMS® 69BTH Transportable Canister For BWR 
Fuel Main Assembly (4 sheets) 
 

NUH69BTH-71-1002 Rev 1 NUHOMS® 69BTH Transportable Canister For BWR 
Fuel Basket – Shell Assembly (4 sheets) 
 

NUH69BTH-71-1003 Rev 1 NUHOMS® 69BTH Transportable Canister For BWR 
Fuel Shell Assembly (4 sheets) 
 

NUH69BTH-71-1004 Rev 2 NUHOMS® 69BTH Transportable Canister For BWR 
Fuel Alternate Top Closure (6 sheets) 
 

NUH69BTH-71-1011 Rev 1 NUHOMS® 69BTH Transportable Canister For BWR 
Fuel Basket Assembly (5 sheets) 
 

NUH69BTH-71-1012 Rev 1 NUHOMS® 69BTH Transportable Canister For BWR 
Fuel Transition Rail Assembly And Details (6 sheets) 
 

NUH69BTH-71-1013 Rev 1 NUHOMS® 69BTH Transportable Canister For BWR 
Fuel Holddown Ring Assembly (2 sheets) 
 

NUH69BTH-71-1014 Rev 1 NUHOMS® 69BTH Transportable Canister For BWR 
Fuel Damaged Fuel Modification (1 sheet) 
 

NUH69BTH-71-1015 Rev 1 NUHOMS® 69BTH Transportable Canister For BWR 
Fuel Damaged Fuel End Caps (1 sheet) 
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NUHRWC-71-1001 Rev 0 NUHOMS® System RWC Canister -  Welded Top Shield 
Plug Design Main Assembly (5 sheets) 
 

NUHRWC-71-1002 Rev 0 NUHOMS® System RWC Canister -  Welded Top Shield 
Plug Design Inner Liner (3 sheets) 
 

NUHRWC-71-1003 Rev 0 NUHOMS® System RWC Canister -  Bolted Top Shield 
Plug Design Main Assembly (4 sheets) 
 

 
The drawings were added to incorporate the new DSCs. 

 
1.3 Contents 
 

The TN NUHOMS®-MP197 package is designed to transport spent Boiling Water 
Reactor (BWR) and Pressurized Water Reactor (PWR) fuel assemblies with the 
characteristics described in Appendixes A.1.4.1, A1.4.7, A.1.4.8, and A.1.4.9 of the SAR.  
The fuel and the dry irradiated and/or contaminated non-fuel bearing solid materials that 
may be transported in the MP197HB package are presented in Section A.1.2.3 of the 
SAR. 
 
The amendment application requested approval of high burnup fuel for up to 70 
GWd/MTU and nine DSC designs: 69BTH, 61BTH, 61BT, 37PTH, 32PTH, 32PTH1, 
32PT, 24PTH, and 24PT4.  However, since technical issues remain unsolved related to 
the high burnup fuel, the staff is limiting the contents to low burnup fuel (≤ 45 GWd/MTU) 
for four DSCs: 69BTH, 61BTH, 61BT, and 24PT4.  The 37PTH, 32PTH, 32PTH1, 32PT, 
and 24PTH DSCs are not approved for transportation in this amendment request.  
Separate correspondence will be sent to address open technical issues that will need to 
be considered in any future revision request for these same designs. 
 

1.4 -96 Evaluation 
 
On January 26, 2004, the U.S. Nuclear Regulatory Commission (NRC) published its final 
rule revising 10 CFR Part 71 to address compatibility with the 1996 Edition of the 
International Atomic Energy Agency’s (IAEA) transportation safety standards, 
“Regulation of the Safe Transport of Radioactive Material” (TS-R-1) and other 
transportation safety amendments.  The revised 10 CFR Part 71 final rule became 
effective on October 1, 2004 (69 FR 3698). 

 
Evaluation 

 
By application dated August 17, 2011, TN requested an amendment to Certificate of 
Compliance No. 9302 for its Model No. TN NUHOMS®-MP197 package to include the 
designation “-96” in the identification number, as specified in 10 CFR 71.19(e).  The staff 
evaluated the applicant’s request, as described below. 

 
• Issue 1, Changing Part 71 to the International Systems of Units (SI) Only.   

 
This proposal was not adopted in the final rule, and therefore no changes are 
needed in the package application or the Certificate of Compliance to conform to 
the new rule. 



- 6 - 

• Issue 2, Radionuclide Exemption Values.   
 

The final rule adopted radionuclide activity concentration values and 
consignment activity limits in TS-R-1 for the exemption from regulatory 
requirements for the shipment or carriage of certain radioactive low-level 
materials.  In addition, the final rule adopted an exemption from regulatory 
requirements for certain natural material and ores containing naturally occurring 
radionuclides.  This revision was not applicable to this licensing action based on 
the design purpose of the package and the allowed contents specified in the 
certificate.  Thus, no changes are needed to conform to the new rule. 

 
• Issue 3, Revision of A1 and A2.   

 
The final rule adopted changes in the A1 and A2 values from TS-R-1, with the 
exception of two radionuclides.  The A1 and A2 values were modified in TS-R-1 
based on refined modeling of possible doses from radionuclides, and the NRC 
agreed that incorporating the latest in dosimetric modeling would improve 
transportation regulations.  This revision was not applicable to this licensing 
action based on the design purpose of the package and the allowed contents 
specified in the certificate.  Thus, no changes are needed to conform to the new 
rule. 

 
• Issue 4, Uranium Hexafluoride (UF6) Package Requirements. 

 
These changes are not applicable, since the package is not authorized for the 
transport of uranium hexafluoride.  Therefore, no changes are needed to conform 
to the new rule. 

  
• Issue 5, Criticality Safety Index (CSI).   

 
The final rule adopted the CSI requirement from TS-R-1.  The applicant has 
incorporated the CSI nomenclature.  The Certificate of Compliance has no 
reference to the Transport Index for criticality control. 

 
• Issue 6, Type C Packages and Low Dispersible Material. 

 
This proposal was not adopted for the final rule.  Thus, no changes are 
necessary. 

 
• Issue 7, Deep Immersion Test.   

 
The final rule adopted an extension of the previous version of 10 CFR 71.61 from 
packages for irradiated fuel to any Type B package containing activity greater 
than 105 A2.  The staff confirmed that the stresses on the package containment 
system components resulting from this type of event are within allowable values 
in Section 2.7 of this Safety Evaluation Report and the original SER for the 
MP197.  Thus, no changes are necessary to conform to the new rule. 
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• Issue 8, Grandfathering Previously Approved Packages.   
 

The final rule adopted a process for allowing continued use, for specific periods 
of time, of a previously approved packaging design without demonstrating 
compliance to the final rule.  The applicant has decided in accordance with 
10 CFR 71.19(e) to submit information demonstrating compliance with the final 
rule.  Thus, grandfathering the design of the package is not necessary. 

 
• Issue 9, Changes to Various Definitions. 

 
The final rule adopted several revised and new definitions.  These changes were 
adopted to provide clarity to Part 71.  No change is necessary to conform to the 
new rule. 

 
• Issue 10, Crush Test for Fissile Material Packages.   

 
The revised 10 CFR 71.73 expanded the applicability of the crush test to fissile 
material packages.  The crush test is required for packages with a mass not 
greater than 500 kilograms (1100 pounds).  Since the Model No. TN NUHOMS®-

MP197 package has a mass greater than this, the crush test is not applicable.  
Therefore the requirement to perform a crush test is not applicable to the 
package, and no change is necessary to conform to the new rule. 

 
• Issue 11, Fissile Material Package Design for Transport by Aircraft.   

 
The final rule adopted a new section, Section 71.55(f), which addresses 
packaging design requirements for packages transporting fissile material by air.  
The applicant did not request transport of fissile material by air.  Therefore, for 
clarity, the Certificate of Compliance has been revised to specify that air transport 
is not authorized. 

 
• Issue 12, Special Package Authorizations.   

 
The final rule adopted provisions for special package authorization that will apply 
only in limited circumstances and only to one-time shipments of large 
components.  This provision is not applicable to the Model No. NUHOMS®-
MP197 package.  Thus, no change is necessary to conform to the new rule. 

 
• Issue 13, Expansion of Part 71 Quality Assurance (QA) Requirements to 
Certificate Holders.   

 
The final rule expanded the scope of Part 71 QA requirements to apply to any 
person holding or applying for a Certificate of Compliance.  QA requirements 
apply to design, purchase, fabrication, handling, shipping, storing, cleaning, 
assembly, inspection, testing, operation, maintenance, repair, and modification of 
components of packaging that are important to safety.  TN has an approved 
quality assurance program (Docket No. 71-0250) which satisfies the 
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 requirements of 10 CFR Part 71, Subpart H.  Thus, no change is necessary to 
conform to the new rule. 

 
• Issue 14, Adoption of the American Society of Mechanical Engineers 
(ASME) code. 

 
This proposal was not adopted in the final rule.  Thus, no change is needed to 
conform to the new rule. 

 
• Issue 15, Change Authority for Dual-Purpose Package Certificate 
Holders. 

 
 

This proposal was not adopted for the final rule.  Thus, no change is necessary 
to conform to the new rule. 

 
• Issue 16, Fissile Material Exemptions and General License Provisions.   

 
The final rule adopted various revisions to the fissile material exemptions and the 
general license provisions in Part 71 to facilitate effective and efficient regulation 
of the transport of small quantities of fissile material.  The criticality safety of the 
package does not rely on limiting fissile materials to exempt or generally licensed 
quantities.  Chapter 6 of the package application demonstrates criticality safety of 
the package with the authorized fissile contents.  Therefore, no change is 
necessary to conform to the new rule. 

 
• Issue 17, Double Containment of Plutonium.   

 
The final rule removed the requirement that packages with plutonium in excess of 
0.74 terabecquerel (20 curies) have a second separate inner container.  These 
changes are not applicable, since this is commercial reactor fuel elements.  
Therefore, no changes are needed to conform to the new rule. 

 
• Issue 18, Contamination Limits as Applied to Spent Fuel and High Level 
Waste Packages.   

 
This proposal was not adopted for the final rule.  Thus, no change is needed to 
conform to the new rule. 

 
• Issue 19, Modification of Events Reporting Requirements.   

 
The final rule adopted modified reporting requirements.  While the final rule is 
applicable to the package, no change is needed to either the Certificate of 
Compliance or the package application to conform to the new rule. 

 
Conclusion 

 
Based on the statements and representations in the application, the staff concludes that 
the design has been adequately described and meets the requirements of the revised 
10 CFR Part 71.  Thus, the staff agrees that including the designation “-96” in the 
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identification number is warranted.  To allow time to modify the packaging markings to 
include the “-96” designation in the package identification number, the certificate has 
been conditioned to allow use of packagings marked with the “-85” designation for a 
period of approximately one year.  After September 30, 2012, the packaging must be 
marked with the package identification number including the “-96” designation. 
 

2.0 STRUCTURAL AND MATERIALS EVALUATION 
 
The staff reviewed the application to revise the MP197/MP197HB package structural design and 
evaluation to assess whether the package will remain within the allowable values or criteria for 
NCT and HAC as required in 10 CFR Part 71.  This application was also reviewed to determine 
whether the package fulfills the acceptance criteria listed in Section 2 (Structural Review) of 
NUREG-1617, “Standard Review Plan for Transportation Packages for Spent Nuclear Fuel.”  
 
The MP197HB transport package is comprised of a steel containment assembly containing DSC 
with integrated steel fuel basket, external gamma and neutron shielding, steel and aluminum 
impact limiters, and personnel barrier.  The MP197HB packaging is designed to transport a 
payload of up to 56.0 tons of dry irradiated and/or contaminated non-fuel bearing solid materials 
or commercial spent nuclear fuel in DSCs.  The safety analysis of the package takes no credit 
for the containment provided by secondary containers.  

 
The evaluation presented is for a modified version of the MP197 package.  This modified 
version is a Type B(U) spent fuel transport packaging developed by TN and designated as 
Model Number MP197HB package.  Four DSC designs are authorized for transport in the 
MP197HB packaging, three of which are new under this amendment.  The 61BT DSC has been 
previously approved for transport of BWR fuel assemblies for burnup up to 40 GWd/MTU with 
the MP197 package.  The 61BTH is licensed under this amendment for transport of BWR fuels 
of various types for a burnup up to 45 GWd/MTU.  The 69BTH is licensed under this 
amendment for transport of BWR fuel of various types for a burnup up to 45 GWd/MTU.  The 
24PT4 DSC is licensed under this amendment for transport of PWR fuel assemblies (with or 
without control components) for burnups up to 45 GWd/MTU.  In addition, the MP197HB 
packaging can be used to transport a Radioactive Waste Canister (RWC) with dry irradiated 
and/or contaminated non-fuel bearing solid materials.  

 
The MP197HB package is designed for a maximum heat load of 32 kW depending on the 
NUHOMS® DSC being transported and package configuration.  The contents for each 
authorized DSC are described in its respective Appendix of the SAR as follows: 24PT4 in 
Appendix A.1.4.1; 61BT in Appendix A.1.4.7; 61BTH in Appendix A.1.4.8; 69BTH in Appendix 
A.1.4.9; and the RWC in Appendix A.1.4.9A.  The package is shipped as exclusive use. 

 
Containment Assembly – The package body structure is the primary containment boundary of 
the packaging.  The shell, or package body cylinder assembly, is an open ended (at the top) 
cylindrical unit with an integral closed bottom end.  The package containment boundary consists 
of the inner shell, a 6.50 inch thick bottom plate with a 28.88 inch diameter, 2.50 inch thick 
radioactive material (RAM) access closure plate, a package body flange, a 4.50 inch thick lid 
with lid bolts, vent and drain port closures and bolts, and O-ring seals for each of the 
penetrations.  A 70.50 inch diameter, 199.25 inch long cavity is provided.  The assembly 
consists of a concentric inner shell (SA-203 Grade E) and an outer shell (SA-203 Grade E) 
welded to a closure flange (SA-350 Grade LF3) at the lid end and a flat steel plate (SA-350 
Grade LF3) at the bottom end.  The annulus between the shells is filled with lead shielding 
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(ASTM-B29).  The lid is bolted to the cylindrical shell by 48-1½ inch diameter high strength bolts 
and sealed with two O-rings.  

 
The containment vessel prevents leakage of radioactive material from the package cavity.  It 
also maintains an inert atmosphere (helium) in the package cavity.  Helium assists in heat 
removal and provides a non-reactive environment to protect fuel assemblies against fuel 
cladding degradation.  The package cavity is pressurized with helium to above atmospheric 
pressure.  
 
Fuel Baskets - The structural integrity evaluations for the basket assemblies that are part of the 
payload of the MP197HB transport package are performed for loads due to NCT and HAC.  Due 
to differences in maximum allowed heat load, the 61BTH basket configuration consists of more 
than one basket type.  The 61BTH Type 2 basket has a higher heat load capacity than the 
61BTH Type 1 basket and, therefore, the welded steel transition rails in the Type 1 basket are 
replaced with solid aluminum transition rails in the Type 2 basket. 
 
Hold-down Ring (if required) – Each DSC includes a fuel basket assembly, located inside the 
DSC.  The baskets support the fuel assemblies, transfer heat to the DSC wall, and provide 
neutron absorption to satisfy nuclear criticality requirements.  For some DSC designs (61BT, 
61BTH, 69BTH), a basket hold down ring is installed on top of the basket, after fuel loading, to 
prevent axial motion of the basket within the DSC.  

 
Spacers – Spacers are required to be installed between the fuel and DSC in order to keep the 
maximum gap below 0.5 inch.  Spacers are also required between the DSC and the overpack in 
order to keep the maximum gap below 0.5 inch. 
 
Impact Limiters - Impact limiters consisting of balsa wood and redwood encased in stainless 
steel shells are attached to each end of the MP197HB package during shipment.  An aluminum 
thermal shield is provided between each impact limiter and the package to minimize heat 
transfer to the impact limiters.  

 
The front and rear impact limiters absorb energy during impact events by crushing balsa wood 
and redwood.  The two impact limiters are identical.  Each has an outside diameter of 126 
inches and a height of 58 inches.  The inner and outer shells are Type 304 stainless steel joined 
by radial gussets of the same material.  The gussets limit the stresses in the 0.25 inch thick 
stainless steel outer cylinder and end plates due to pressure differentials caused by elevation 
and temperature changes during normal transport.  The metal structure locates, supports, 
confines, and protects the wood energy absorption material.  

 
Each impact limiter is attached to the NUHOMS®-MP197HB package by twelve (12) attachment 
bolts.  The attachment bolts are designed to keep the impact limiters attached to the package 
body during all NCT and HAC.  Each impact limiter is provided with seven fusible plugs that are 
designed to melt during a fire accident, thereby relieving excessive internal pressure.  Each 
impact limiter has three hoist rings for handling, and two support angles for supporting the 
impact limiter in a vertical position during storage.  The hoist rings are threaded into the impact 
limiter shell, while the support angles are welded to the shell.  Prior to transport, the impact 
limiter hoist rings are removed and replaced with bolts.  
 
Trunnions - There are four trunnion sockets on the package; two front trunnion sockets, and 
two rear trunnion sockets.  They accommodate removable trunnions for handling, lifting, and 
rotating the package.  These trunnion sockets are attached to the structural shell. Two types of 
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trunnions are provided for the MP197HB transport package lifting.  One type of trunnion has a 
double shoulder (non-single failure proof).  The other type of trunnion has a single shoulder 
(single failure proof).  The front (lifting) or rear set of trunnions could be either type, depending 
on site and transfer operation requirements.  The trunnions are fabricated and tested in 
accordance with ANSI N14.6.  
 
Personnel Barrier - A personnel barrier is mounted to the transport frame to prevent 
unauthorized access.   
 
Radioactive Waste Canister – The Radioactive Waste Canister (RWC) is designed to contain 
dry irradiated and/or contaminated non-fuel-bearing solid materials, and is supported by the 
transport package.  Under NCT, the canister rests on four canister rails, attached to the inside 
surface of the aluminum inner sleeve of the MP197HB transport package.  The RWC is 
designed to transport its payload dry and in an air or inert gas environment.  When a wet-load 
procedure (i.e., in-pool) is followed for package loading, the RWC and transport package 
cavities are drained and dried in order to ensure that free liquids do not remain in the package 
during transport. 
 
2.1 Structural Design Criteria 
 
 2.1.2 Design Criteria 
  

Section A.2.1.2 of the SAR presents the design criteria used for the MP197HB 
components.  The containment boundary is designed to the maximum practical 
extent as an ASME Class I component in accordance with the rules of the ASME 
Boiler and Pressure Vessel Code, Section III, Subsection NB.  The containment 
vessel consists of the inner shell, including the flange inside of the lid inner O-
ring, the bottom, RAM access closure plate, and the lid.  The lid and RAM access 
closure plate bolts and seals, as well as the drain and vent port plug bolts and 
seals are also part of the containment vessel.  Although the use of Section III, 
Subsection NB, is a deviation from ASME Code Section III, Division 3, it is 
acceptable since the codes are fundamentally similar.  The components of each 
DSC are designed, fabricated, and inspected in accordance with the ASME Code 
Subsection NB to the maximum practical extent.  The baskets for all of the DSCs 
are designed, fabricated and inspected in accordance with the ASME Code 
Subsection NG.  The neutron shield shell is designed, fabricated, and inspected 
in accordance with the ASME Code Subsection NF, to the maximum practical 
extent.  Structural and structural attachment welds are examined by the dye 
penetrant test (PT) or magnetic particle test (MT) methods, in accordance with 
Section V, Article 6, of the ASME Code.  The PT or MT examination acceptance 
standards are in accordance with Section III, Subsection NF, Paragraph NF-5350 
or NF-5340.  Alternatives to the ASME Code are presented in Appendix 
A.2.13.13 of the SAR. Staff has reviewed the alternatives to ASME design criteria 
(most relating to Code stamping, Code use and pressure testing) and found them 
acceptable. 

 
  2.1.2.1 Loading and Load Combinations 
 

Loads and Load Combinations are evaluated per Regulatory Guide 7.8. 
Staff finds this approach acceptable. 
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2.1.3 Weights and Centers of Gravity 
 

The SAR summarizes several content configurations with varying weights and 
center of gravity locations.  The empty weight of the packaging without lid or 
impact limiters is 157,500 lbs.  The package lid weight is 6,000 lbs.  The 
maximum loaded DSC weight is 112,000 lbs.  The maximum weight of a fully 
loaded MP197HB package is 303,600 lbs.  The center of gravity of the package 
is located on the axial centerline between 103.5 inches and 105.75 inches from 
the base of the package, depending on the DSC. 

  
 2.1.4 Codes and Standards  
 

The Codes and Standards utilized for package design are identified in Section 
A.2.1.4 of the SAR.  Specifically, the containment boundary and shell, top 
outer/inner plates, inner bottom cover plate, siphon vent block, and siphon/vent 
port cover plate of the DSC are designed, fabricated and inspected in 
accordance with Section III, Division 1 of the ASME Code, subsection NB and 
Appendix F.  The basket is designed, fabricated and inspected in accordance 
with ASME Code Subsection NG.  Packaging components (such as the shield 
shell and neutron shielding) and DSC components (such as outer bottom cover, 
top and bottom shield plugs) are not governed by the ASME Code.  The ASME 
code alternatives for package, canister, and basket are specified in Appendix 
A.2.13.13. 

 
2.2 Mechanical and Thermal Properties of Materials 
 

The certified MP197 transport system consists of a DSC and transport package with 
impact limiters.  The major changes from the current system are: 

 
• Addition of a total of four DSCs containing fuel, and one DSC containing non-fuel 

components.  Three of the DSCs containing fuel have been previously approved for 
storage in one or more TN overpacks.  One DSC designed to contain fuel (69BTH) is 
new and has not been previously reviewed. 

• The transport package MP197HB is very similar to the approved MP197.  The major 
changes are the addition of radial and axial spacers to accommodate the different 
size DSCs and the potential to use external heat fins. 

 
A complete materials review was conducted for the three DSCs previously approved for 
storage (24PT4, 61BT, and 61BTH).  Therefore, these DSCs were only reviewed for 
issues that are unique to transportation: 

 
• Definition of damaged fuel, 
• Cladding mechanical properties, 
• Potential change in content condition during storage, 
• Drying during direct loading for transportation, and 
• Degradation of the DSC during unloading from storage. 

 
The new DSC (69BTH) was given a complete materials review, largely by comparison to 
the materials review for the previously approved DSCs.  The fuel assembly contents of 
the 69BTH have been previously included as contents in the canisters already reviewed 
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and approved (CoC No. 9302, Rev. 2, for transport and CoC No. 1004, Amendment 10, 
for storage), therefore only those properties of the fuel assembly contents unique to the 
canister were reviewed further.  

 
2.2.1 New Dry Storage Containers 

 
2.2.1.1 Dry Storage Container - 69BTH 

 
Under NCT, the canister rests on four canister rails attached to the inside of the 
transport package.  
 
CONTENTS  

 
Allowable contents are intact 7 x 7, 8 x 8, 9 x 9, or 10 x 10 BWR assemblies 
manufactured by General Electric (GE), Exxon/Advanced Nuclear Fuels (ANF), 
Framatome ANP (FANP), or ASEA Brown Boveri (ABB).  Reload assemblies 
manufactured to the same specifications are also permitted.  The maximum peak 
rod average burnup is 45 GWd/MTU.  No more than 4 reconstituted assemblies 
each containing no more than 4 irradiated stainless steel rods per assembly may 
be loaded as intact assemblies.  An unlimited number of unirradiated stainless 
steel rods or zirconium alloy rods may be used as replacements in an intact 
assembly.  A maximum of 24 damaged assemblies may be loaded into specific 
basket locations.  Fuel parameters used for the criticality calculations (Table 
A.6.5.2-2) were spot checked and found to be correct. 

 
Damaged Fuel – Assemblies with missing rods, partial fuel rods or rods having 
breaches greater than pinholes or hairline cracks are considered damaged.  A 
damaged assembly must have a top and bottom end fitting or nozzles or tie 
plates so the assembly is able to be handled by normal means.  Fuel assemblies 
with more damage than described above are not authorized for transport.  Any 
assembly that is in a physical condition where it cannot meet initial structural 
assumptions used to determine if criticality, shielding, or thermal requirements 
are met under either NCT or HAC must be considered damaged.  The ability of 
the fuel in the modified configurations to meet the criticality, shielding, and 
thermal requirements is reviewed in the thermal, criticality, and shielding sections 
of this SER. 

 
For canisters exposed to a coastal saltwater marine environment prior to 
transportation under 10 CFR Part 72, the package user must evaluate the 
condition of the canister to verify 1) that canister degradation has not occurred to 
the extent that the fuel has incurred gross breaches due to oxidation and 2) that 
degradation of neutron absorbers and  basket materials has not occurred to the 
extent they would no longer comply with the applicable materials and dimensions 
specified in section 5(a)(4) and 5(a)(5) for Drawings.  For these canisters, the 
aging management plan and evaluation for each canister or set of canisters shall 
be submitted to the NRC at least 120 days prior to shipment.    
 
RE-FLOOD ANALYSIS 
 
The effects of re-flood during a possible unloading were addressed in SAR 
Section A.3.3.4.  Three effects were considered: (1) overpressure of the package 
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due to water flashing to steam, (2) maintenance of cooling of the fuel rods, and 
(3) thermal stress placed on the rods due to the temperature gradient across the 
cladding.  The staff finds no issues with the analysis of the first two issues.  The 
third effect was previously analyzed in Appendix T, Section T.4.7.3, and 
Appendix U, Section U.4.7.3 for BWR and PWR fuel assemblies respectively, 
associated with Amendment 10 to Part 72, CoC No. 1004, for the Standardized 
NUHOMS® System.  Although not a requirement of 10 CFR Part 71, the re-flood 
analysis assures the staff that the canister can be unloaded in a pool, if 
necessary. 

 
DRYING 
 
Vacuum drying is required during the loading procedure.  After the pressure is 
reduced to <3 mm Hg, the pump is valved off and the pressure must stay lower 
than 3 mm Hg for at least 30 minutes (SAR Appendix A.7.7.9).  This procedure is 
the accepted method for drying in NUREG-1536.  The canister is backfilled with 
helium after drying (See Section 3.7 of this SER). 
 
FUEL BASKET 

 
Materials and Properties - The basket structure consists of welded ASME SA 240 
Type 304 stainless steel tubes separated by poison plates.  There are six 
different basket configurations based on the boron content of the poison plates.  
The basket is open at each end except for the cells designed to accommodate 
damaged fuel that will have top and bottom caps.  The cap design, materials 
specifications, and weld designations are given in drawing NUH69BTH-71-1015.  
The caps are free to slide within the damaged fuel can but are constrained so 
they do not fall out.  The basket is surrounded by stainless steel and aluminum 
support rails to maintain its orientation within the package.  6061-O aluminum 
alloy (annealed) material properties are used for the aluminum transition rails.  

 
The baskets for all of the DSCs are designed, fabricated, and inspected in 
accordance with the ASME Code Subsection NG to the maximum practical 
extent.  Acceptable alternative codes are described in SAR Table A.2.13.13-21.  
For those aspects not covered by the codes, justifications for the alternatives are 
provided. 

 
The materials used in this DSC are the same as those in previously approved 
baskets for storage so the accuracy of the materials properties was not checked 
by the staff in detail.  The staff checked the thermal properties (thermal 
conductivity and heat capacity) of the materials of construction in SAR Section 
A.3.2.1 against the ASME B&PV code part D, or independent web data bases 
and found them to be correct. 

 
Neutron Absorbers - Poison plates can consist of borated aluminum or Al/B4C 
metal matrix composite (MMC) with a 10B areal density ranging from 0.02 g/cm2 
to 0.061 g/cm2 or boral with a 10B areal density ranging from 0.024 g/cm2 to 0.071 
g/cm2.  Ninety percent (90%) credit is taken for the borated aluminum or MMC 
absorbers, and 75% credit is taken for the boral in the criticality analysis.  The 
acceptance testing specified in SAR Section A.8.1.7 is the same as in 
amendment 11 for the storage application, making it consistent for all the DSCs.  



- 15 - 

The acceptance testing is incorporated by reference into the CoC.  The staff 
checked the thermal conductivity of the boral, borated aluminum, and MMCs in 
SAR Section A.3.2.1 Subsections 17 and 18, against the values in the Electric 
Power Research Institute (EPRI) 2006 Edition of the absorber handbook and 
found them to be correct.  The neutron absorber alternatives are acceptable to 
satisfy 10 CFR 71.33(a)(5)(ii), 10 CFR 71.111, and 10 CFR 71.123. 
GALVANIC INTERACTIONS/GAS GENERATION  

 
The lower limit for a flammable hydrogen/air mixture is 4%.  Due to the number of 
variables affecting the generation rate of hydrogen when water is in the DSC, 
SAR Appendix A7.7.9 indicates that the hydrogen content should be continuously 
monitored when the closure weld is made.  If the H2 concentration exceeds 2.4%, 
all welding should stop and the container purged.  After the DSC is sealed, but 
before it is dried, there is a galvanic action between aluminum and stainless 
steel.  Since the components will be in a moist atmosphere for such a short time 
before drying is complete, the extent of the interaction is inconsequential.  The 
staff accepts the steps taken to assure that any hydrogen generated will be 
maintained at a safe level. 

 
CONTAINER  

 
The shell assembly consists of a cylindrical body, the inner cover plates of the 
top and bottom shield plug assemblies and outer top cover plate.  The shell 
assembly is a high integrity ASME SA-240 Type 304 stainless steel welded 
pressure vessel.  The top shield plug is made of ASME SA-36 steel.  The inner 
and outer top cover plates, and the siphon and vent port covers are also made of 
ASME SA-240 Type 304 stainless steel.  The 69BTH DSC has double redundant 
seal welds that join the shell and the top and bottom cover plate assemblies to 
seal the canister.  The bottom end assembly welds are made during fabrication 
of the 69BTH DSC.  Top plug penetrations are doubly sealed.  Alternate #2 top 
closure uses Butyl and Parker nitride compound in the siphon valve pipe adapter. 

 
The materials properties for the DSC steels in Tables A.2.13.7-1 and A.2.13.7-2 
were checked against the ASME B&PV Code and found to be as specified.  The 
staff checked the thermal properties of the materials (thermal conductivity and 
heat capacity) of construction in SAR Section A.3.2.1 against the ASME B&PV 
Code, Part D, or independent web data bases, and found them to be as 
specified. 

 
All materials, weld types, code specifications for the materials, and weld 
inspection methods are indicated on the container main assembly drawings 
NUH69BTH-71-1001 through -1004.  The DSC shell assembly is designed, 
fabricated, and inspected in accordance with ASME B&PV Code Subsection NB. 
(SAR Section A.1.4.9.1).  Acceptable alternative codes are described in SAR 
Table A.2.13.13-20.  For those aspects not covered by the codes, justifications 
for the alternatives are given. 

 
The only carbon steel component is the shield plug that has no containment or 
structural function.  No fracture analysis was conducted since the shield plug is 
confined under the two Type 304 lids so that even if it is fractured it cannot move, 
and will still perform its shielding function. 
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2.2.1.2 Dry Storage Container (RWC)  
 

CONTENTS 
 

The payload will vary from shipment to shipment.  Combinations of the following 
BWR non-fuel bearing neutron activated solid metals or metal oxide components 
will be shipped: 

 
1. Control Rod Blades, 
2. Local Power Range Monitors (LPRM), 
3. Fuel Channels, 
4. Poison Curtains, 
5. Burnable Poison Rod Assemblies (BPRA), and 
6. Reactor Vessel and Internals. 

 
There is a drain and siphon port in the lid.  Drying procedures are specified in 
SAR Chapter A.7 in Appendix A.7.7.10.  The canister is force drained using 
either air or inert gas (staff notes that air is acceptable in this case since the 
RWC does not contain fuel).  The drying procedure is not as rigid as for fueled 
canisters, (vacuum of 10 mbar for 10 min.) but is sufficient since no fuel is 
involved. 

 
CONTAINER 

 
The RWC is a stainless steel cylindrical body with top and bottom shield plugs 
(ASTM A240 type 304) and shield plates (ASTM A240 type F304).  A drainable 
inner stainless steel liner is optional.  The canister is either welded or bolted 
closed using a fluorocarbon O-ring.  All RWC welding procedures, welders, and 
welding are performed in accordance with the requirements of AWS D1.1.98 and 
AWS D1.6.99.  All inspections are performed in accordance with AWS D1.1.98 
and AWS D1.6.99.  Drawings that specify the materials, weld types and 
tolerances, and codes are provided in SAR Appendix A.1.4.10.11.   

 
GALVANIC INTERACTIONS/GAS GENERATION 

 
According to SAR Section A.1.4.9A.1, “All structural components and payloads 
are of the same or similar alloys of stainless steel and therefore are not subject to 
chemical or galvanic action.  Similarly, no hydrogen gas generation is expected.”  
The staff agrees with this statement since a dry atmosphere of air or helium is 
used. 

 
2.2.2 Previously Approved Storage DSCs 

 
2.2.2.1 Condition of DSC 

 
A requirement was added to the Operating Procedures in the SAR, Chapter 
A.7.1.3, that all DSCs that are already in dry storage under the 10 CFR Part 72 
regulations are to have their loading records examined to ensure that the canister 
was not damaged during loading.  In addition to the extraction forces when the 
DSC is removed from storage, the DSC will be monitored to ensure that it is not 
damaged during this process. 
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The following condition has been placed in the CoC: “For canisters exposed to a 
coastal saltwater marine environment prior to transportation under 10 CFR Part 
72, the package user must evaluate the condition of the canister to verify 1) that 
canister degradation has not occurred to the extent that the fuel has incurred 
gross breaches due to oxidation and 2) that degradation of neutron absorbers 
and  basket materials has not occurred to the extent they would no longer comply 
with the applicable materials and dimensions specified in section 5(a)(4) and 
5(a)(5) for Drawings.  For these canisters, the aging management plan and 
evaluation for each canister or set of canisters shall be submitted to the NRC at 
least 120 days prior to shipment an amendment that describes detailed 
evaluations that will be conducted to determine the extent of damage and 
suitability for transport.”  This approach is acceptable to the staff  to provide 
materials conditions and properties necessary to meet any containment or 
structural requirements of 10 CFR Part 71. 

 
POTENTIAL CHANGE IN CONTENT CONDITION DURING STORAGE PRIOR 
TO TRANSPORT 

 
Fuel – The condition described above CoC requires an aging management plan 
be submitted to NRC to demonstrate that canisters stored in a coastal saltwater 
marine environment have maintained an inert atmosphere.  The aging 
management plan will verify that the fuel does not incur gross breaches during 
storage, and the basket and neutron absorbers maintain their ability to perform 
their safety functions. 
 
Damaged Fuel - The definitions of damaged fuel in previously loaded canisters 
for storage are consistent with the definitions used in this amendment for 
transportation.  The damaged fuel is end-capped and assumed to be in one of a 
number of modified configurations for criticality, thermal, and shielding 
calculations.  Thus, the conditions for a modified definition, based on functionality 
in ISG-1, Rev. 2, are met.  The ability of the fuel in the modified configurations to 
meet the criticality, shielding, and thermal requirements is evaluated in the 
thermal, criticality, and shielding sections of this SER. 

 
CLADDING MECHANICAL PROPERTIES 

 
REMOVED PER 10 CFR 2.390 – PROPRIETARY INFORMATION 
The modulus and yield of the Zircaloy cladding were calculated in SAR Section 
A.2.13.11.1 using the correlations developed by Geelhood and Beyer, an NRC 
recommended reference for Zircaloy properties of cladding without any hydride 
reorientation.  Stresses used in the structural calculations were corrected for the 
maximum 120 μm (0.0027 inch) of cladding oxidation in SAR Section 
A.2.13.11.1. 

 
Basket and Neutron Absorber (See Section 6.3.2 of this SER) – Prior approval 
for storage of the canisters included an accepted procedure for drying and 
inerting the canister and fuel.  Unless the canister breaches during the storage 
period, the staff finds no mechanism to degrade the basket or neutron absorbers.  
An aging management is required by the CoC condition described in above. 
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2.2.3 Overpack/Package 
 

The containment vessel contains an integral closed bottom end and a bolted and 
flanged top closure plate (lid).  If a spacer sleeve is needed to accommodate the 
smaller DSCs, the spacer sleeve has slots on the outside to accommodate the 
package rails and rails on the inside to support the DSC.  The package contains 
rails to support the DSC during transport.  The space between the DSC and 
containment vessel is helium filled.  On the outside of the containment vessel is a 
borated resin neutron shield.  Aluminum fins are attached to an outer aluminum 
sleeve that is placed on the package, if necessary, for heat rejection, when there 
is greater than 26 KW in the 69BTH container. 

 
2.2.3.1 Containment Vessel Materials  

 
The shell or package body cylinder assembly is an open ended (at the top) 
cylindrical unit with an integral closed bottom end.  This assembly consists of 
concentric inner and outer shells, both SA- 203 Grade E  nickel-alloy steel (NAS), 
welded to a closure flange (SA-350 LF3) at the lid end and a flat steel plate (SA-
350 LF3) at the bottom end.  The closure lid is SA-350 LF3 or SA-203 Grade E.  
The annulus between the shells is filled with lead shielding (ASTM-B29).  

 
A complete parts list with the materials and applicable codes is given on drawing 
MP197HB-71-1002. The drawings (MP197HB-71-1002, -1003, 1004 thru -1006) 
specify the types of welds, post-weld surface treatment, and required weld 
testing.  Where more than one material has been specified for a component, the 
most limiting properties were used.  The mechanical material properties of the 
steels used in the package construction were checked against the ASME B&PV 
Code Part II by the staff and found to be correct.  These properties were 
accurately transferred to the HAC stress evaluation in SAR Section A.2.13.1.8.  
The properties also transferred over correctly to Tables A.2.13.1-1 thru -47, -52, -
53, Table A.2.13.2-3, and Table A.2.13.5-1 in the SAR. 

  
The staff checked the thermal conductivity and heat capacity of the structural 
materials of construction in SAR Section A.3.2.1 and thermal expansion 
coefficients in Section A.2.13.10.1 and found them to agree with the ASME 
B&PV Code Part II or independent web data bases.  The emissivities listed in 
SAR Section A.3.2.1 Subsection 31, and Section A.3.6.5.2 were checked against 
the values given in www.coleparmer.com/techinfo/techinfo.asp and found to be 
accurate. 

 
CLOSURE SEALS/BOLTS 

 
The containment vessel contains an integrally-welded bottom closure and a 
bolted and flanged top closure plate (lid).  Per SAR Section A.4.1.1.3, all 
containment welds are full penetration bevel or groove welds that are examined 
visually, or by liquid penetrant method, in accordance with Section V of the 
ASME Code.  Electrodes, wire, and fluxes used for fabrication comply with the 
applicable requirements of the ASME Code, Section II, Part C.  The lid plate is 
attached to the package body with forty eight (48), high strength, SA-540, Grade 
B23, Class 1, 1 ½ inch diameter bolts.  There are two AMS-R-83485  
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fluorocarbon O-ring seals on the lid seal.  The RAM closure plate is attached with 
twelve SA-540, Grade B23, Class 1, 1 inch diameter cap screws.   

 
Each of the vent and drain ports is sealed with a single 3/4 inch SA-540, Grade 
B23, Class 1 bolt, having a gasket under the head of the bolt, that is tightened to 
the values shown in Drawing MP197HB-71-1002.  The long term temperature 
ranges for the fluorocarbon seals (Viton O-rings) in the containment vessel for 
NCT and HAC are -26°C (-15°F) to 204°C (400°F), respectively.  This is the 
range specified by the Parker Handbook (Reference 1) when the Viton is in 
contact with ordinary atmospheres.  According to SAR Chapter A.5, the 
maximum dose rate at the surface of the MP-197HB is approximately 59 
mrem/hour gamma, and 151 mrem/hour neutron.  At the end of one year of 
continuous exposure, this would result in absorbed energy in the seals of about 
1E5 rad, well below the threshold of polymer damage.  In addition the seals will 
be changed after every shipment to minimize any radiation damage.  The staff 
does not expect any thermal or radiation deterioration of the polymer seals in the 
ports in this application. 

 
CODES  

 
The containment vessel is designed, fabricated, examined, and tested in 
accordance with the requirements of Subsection NB of the ASME Code to the 
maximum extent practicable.  The containment vessel is designed to the ASME 
Code, Section III, Subsection NB, Article 3200.  The materials of construction 
meet the requirements of Section III, Subsection NB-2000 and Section II material 
specifications or the corresponding ASTM Specifications.  The containment 
vessel is designed to the ASME Code, Section III, Subsection NB, Article 3200.  
It is fabricated and examined in accordance with NB-2500, NB-4000, and NB-
5000.  The design meets Regulatory Guides 7.6 and 7.8.  Alternatives to the 
code are in SAR Appendix A.2.13.13. 

 
The welding procedures, welders and weld operators are qualified in accordance 
with Section IX of the ASME Code III, Subsection NB.  Weld materials conform to 
NB-2400 and the material specification requirements of Section II, Part C of 
ASME B&PV.  Non-containment welds are inspected according to ASME B&PV 
Code Subsection NF.  

 
2.2.3.2 Trunnions  

 
The package has four trunnions.  The front trunnions are fabricated and tested 
according to ANSI N14.6.  The trunnions are constructed of SA-182 F316N 
ferritic stainless steel forgings.  Both the front and rear trunnions are bolted to the 
package body through a flange connection, using 12-1¼ inches diameter bolts 
made of SA-540 Grade B23 Class steel (Reference 2).  The trunnion 
replacement plugs are made of polypropylene encased in 304 stainless steel.  
The issue of most concern related to these plugs is thermal degradation of the 
polypropylene.  The SAR states that polypropylene starts to lose weight at 
~230°C (446°F) with no significant weight loss below 350°C (662°F), and the 
production of volatile products begins above 300°C (572°F).  The staff finds that 
these statements are inconsistent but that the maximum temperature limit of
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 229°C (445°F) given in the SAR Section A.3.1 is appropriately conservative for 
polypropylene to prevent thermal degradation of resin in the trunnion plugs. 
 
2.2.3.3 Impact Limiters 

 
The impact limiters consist of redwood and balsa wood glued together with 
National Casein R-14 Phenol Resorcinol resin or equivalent, then sealed inside 
an A240 304 stainless steel shell.  The shell limits exposure to moisture and air 
that could rot the wood.  The limiters have fusible plugs, designed to melt during 
a fire to relieve pressure, and three hoist rings.  An aluminum thermal shield is 
placed between the impact limiter and the package body.  Except for the number 
of hoist rings, there does not appear to be any difference in the impact limiters 
between the previously approved MP197 systems and the current system.  As 
such the current impact limiters were only spot checked for material properties.  

 
The range of densities and moisture content for the woods is specified on 
Drawing MP197HB-71 -1008.  The staff checked the heat capacity and 
mechanical properties of the wood in SAR Section A.3.2.1 against the wood  

 
handbook and found them to be correct.  The charring rate for redwood stated in 
SAR Section A.3.4 was checked and found to be accurate. 
 
2.2.3.4 Gamma and Neutron Shield 

 
The neutron shield material, VYAL B, is a proprietary vinyl ester resin mixed with 
alumina hydrate and zinc borates, which are added for their fire retardant 
properties.  The resin is cast in 6063-T651 Al tubes which are protected from 
damage or loss by a coated SA-516-70 steel enclosure.  The density and resin 
composition of H and B of each pour will be determined after each fabrication.   

 
The staff checked the thermal properties of the neutron shield resin (thermal 
conductivity and heat capacity) in SAR Section A.3.2.1 and found it to be correct 
(Reference 3). 

 
The neutron shield shell is designed, fabricated, and inspected in accordance 
with the ASME Code Subsection NF, to the maximum practical extent.  Structural 
and structural attachment welds are examined by the liquid penetrant method, in 
accordance with Section V, Article 6, of the ASME Code.  The liquid penetrant 
examination acceptance standards are in accordance with Section III, Subsection 
NF, paragraph NF-5350.  The shielding will be emplaced by qualified personnel 
using qualified procedures.  The applicant provided short term testing data 
(Reference 3) and modeling of the VYAL B neutron shield material to show it 
would be thermally stable at the maximum allowable temperature under NCT of 
160°C (320°F). The staff agrees with this assessment.  The package neutron 
shielding will be tested before each shipment (SAR Section A.8.1.6.2) to ensure 
the dose limits are met.  

 
Gamma shielding is provided by cast ASTM B29 copper lead shielding poured 
between the two shells of the containment vessel using a carefully controlled 
procedure.  To prevent melting of the gamma shield (lead) under NCT, an 
allowable maximum temperature of 327.5ºC (621ºF – melting point of lead) is 



- 21 - 

considered for the gamma shield (SAR Section A.3.1).  The procedure for 
pouring the lead (SAR Section A.3.6.7.1) ensures that there is no hot gap when 
the pour is made and the lead solidifies so the only gap available for possible 
slumping is due to thermal differential contraction of the material.  The integrity of 
the poured lead gamma shield is tested by gamma scanning.  The staff checked 
the thermal conductivity and heat capacity of the gamma shield lead in SAR 
Section A.3.2.1 and found them to be in agreement with accepted values.   
 
2.2.3.5 Coatings 

 
The exterior of the package is carbon steel with the exception of the trunnion-
bearing surfaces and surfaces contacting the impact limiters, which are painted 
using an epoxy, acrylic urethane, or equivalent enamel coating.  The paint is 
selected to be compatible with the pool water and easy to decontaminate.   The 
interior of the package and the sealing surfaces are overlayed with stainless 
steel.  The coatings emissivities listed in SAR Section A.3.2.1 Subsection 3,1 
were checked against the values given in 
www.coleparmer.com/techinfo/techinfo.asp and found to be accurate. 

 
2.2.3.6 Lubricants 

 
A lubricant may be used to coat the threads and shoulders of the bolts and the 
slide rails and the contact areas of the trunnions during lifting operations.  
Lubricants are selected from the list of materials approved for contact with the 
pool water at the facility where wet loading occurs.  The lubricants have no 
significant effect on the package materials.   

 
2.2.3.7 Galvanic and Chemical Interactions 

 
The painted exterior of the package and the stainless steel covered impact 
limiters are exposed to a variety of environmental conditions.  Therefore, the 
package exterior must be protected from chemical, galvanic, or other reactions 
during transportation.  After wet loading, the space between the package and the 
DSC is vacuum dried then filled with helium.  The inert environment precludes 
general or galvanic corrosion of these interior surfaces.  

 
A complete list of dissimilar component material couples and both the wet 
loading and transport environments are given in SAR Section A.2.2.2.  Galvanic 
interaction between 300 series stainless steel and aluminum or between 
stainless steel and nickel-alloy steel, or non-galvanic corrosion of the package 
and materials in water are of concern.  Each interaction is satisfactorily discussed 
by the applicant. A number of potential galvanic couples between components 
not important to safety are identified, such as the Al thermal shield and stainless 
steel of the impact limiter.  In this case the Al is shielded from a moist 
atmosphere during transport by the impact limiter shell and the shell itself is not 
important to safety.  The staff concluded that no significant radiolytic, galvanic, or 
corrosive interactions will take place. 
 
2.2.3.8 Acceptance testing, maintenance, inspection 

 
The acceptance testing specified in SAR Section A.8.1.7 is the same as in 
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Amendment 11 for the storage application under 10 CFR Part 72 (CoC No. 
1004), making it consistent for all the DSCs.  The acceptance testing is 
incorporated by reference into the CoC.  The staff found that the neutron 
absorber alternatives are acceptable to satisfy 10 CFR 71.33(a)(5)(ii), 
10 CFR 71.111, and 10 CFR 71.123. 

 
The staff requires an aging management plan to demonstrate that canisters 
stored in a coastal saltwater marine environment have maintained an inert 
atmosphere and will be included as a condition in the CoC.  The aging 
management plan verifies that the fuel does not incur gross breaches, and the 
basket and neutron absorbers maintain their ability to perform their safety 
functions. 

 
2.2.4 Materials Conclusion 

 
A detailed review was conducted for the materials used in construction of the 
NUHOMS® 69BTH.  The remaining two DSCs had been previously approved for 
storage so only those materials that affect the ability to meet requirements strictly 
related to transportation were evaluated.  Since the MP197HB package itself was 
very similar to the MP197 package previously approved, only those materials that 
changed, or the effects of all the materials to meet the transportation 
requirements, were evaluated in detail.  The remainder of the package materials 
properties were audited on a selective basis. 

 
• The staff agrees with the applicant that if any galvanic, chemical, corrosive, or 

radiological interactions take place, they are limited by the design of the 
system or administrative controls and that the system meets the requirements 
of 10 CFR 71.43(d)(3). 

• The staff expects that the welds and seals will behave as expected over both 
the temperature and stress ranges expected for NCT and HAC and not 
compromise the containment of radionuclides as required in 10 CFR 71.43(f), 
10 CFR 71.51(a)(1), and 10 CFR 71.51(a)(2). 

• A complete chemical and physical description of the contents of the DSCs 
was given, including a definition of damaged fuel meeting 
10 CFR 71.33(b)(3), and 10 CFR 71.55(e)(1).  The staff found that the fuel 
and cladding properties of the undamaged cladding were sufficiently accurate 
to analyze the behavior of the contents during NCT and HAC and, as such, 
meet the requirements of 10 CFR 71.55(d)(2).  Based on these properties, 
the most credible configuration consistent with the fuel form could be 
determined, thus meeting 10 CFR 71.55(b)(1).   

• The staff has checked the mechanical and thermal properties of the materials 
of construction and found them to be accurate and suitable for analysis of the 
behavior of the system over the expected ranges of temperature and stress 
to maintain containment and shielding, thus meeting the requirements of 
10 CFR 71.33(a)(5), 10 CFR 71.43(f), 10 CFR 71.47(a), 10 CFR 71.55(d)(4), 
and 10 CFR 71.55(e). 

• The staff found that the neutron absorbers were described in sufficient detail, 
with reasonable quality assurance and acceptance plans to meet the 
requirements of 10 CFR 71.33(a)(5)(iii), 10 CFR 71.111, and 10 CFR 71.123.   



- 23 - 

• Applicable codes or defensible code alternates are listed meeting 
10 CFR 71.3(c).  The drawings are complete, containing lists of the materials 
of construction, weld specifications, and acceptance codes meeting the 
requirement in 10 CFR 71.107(a).   

• As indicated by SAR Tables A.3-8 to A.3-19, all the materials stay below their 
temperature limits for both NCT and HAC, thus meeting the requirements of 
10 CFR 71.33(a)(5), 10 CFR 71.43(f), 10 CFR 71.47(a), 10 CFR 71.55(d)(4), 
and 10 CFR 71.55(e). 

• The staff found that - provided the condition in the CoC requiring an adequate 
aging management plan - that all material requirements of 10 CFR Part 71 
would be met.  

 
2.3 Fabrication and Examination 

 
 Fabrication and examination of package components are per ASME Code and 

alternatives as identified in Section A.2.1.4 of the SAR (Identification of Codes and 
Standards for Package Design). 

 
2.4 General Standards for All Packages (10 CFR 71.43) 
 
 2.4.1 Minimum Package Size 
 

The smallest overall dimension exceeds the specified requirement of 4 inches, 
therefore, the package meets the requirements of 10 CFR 71.43(a) for minimum 
size. 

 
 2.4.2 Tamper-Proof Feature 
    

A security wire seal is installed in the front impact limiter above an attachment 
bolt prior to each shipment.  The presence of this seal demonstrates that 
unauthorized entry into the package has not occurred.  The requirements of 
10 CFR 71.43(b) are satisfied. 
 

 2.4.3 Positive Closure 
 

Positive closure is demonstrated by the use of a bolted closure lid weighing 
several thousand pounds as well as sealed and bolted port covers/caps.  
Opening of the package requires specialized tools and a power source therefore, 
inadvertent opening is not credible.  The package was adequately analyzed for 
maximum internal and external differential pressures as well as expected 
external and internal pressures during NCT and HAC.  Thus, the requirements of 
10 CFR 71.43(c) are satisfied. 

 
 2.4.4 Chemical and Galvanic Reactions 
 

See Section 2.2 of this Safety Evaluation Report for a description of all issues 
related to the materials of the package. 
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2.5 Lifting and Tie-Down Standards for All Packages (10 CFR 71.45) 
 
 2.5.1 Lifting Devices 

  
The MP197HB transport package is lifted by the upper two removable trunnions.  
The trunnion attachment blocks are welded to the package structural shell.  The 
applicant evaluated the local stress intensities in the trunnion/package shell 
intersection, trunnion, flanges, welds, and package walls due to 3 g (double 
shoulder trunnion) and 6 g (single shoulder trunnion) lifting loads. 

 
As required by 10 CFR 71.45(a), “Any lifting attachment that is a structural part of 
a package … must be designed so that failure of any lifting device under 
excessive load would not impair the ability of the package to meet other 
requirements of this subpart.”  The applicant justified this by noting that the 
calculated minimum margin of safety occurs at the trunnion shoulder instead of at 
the junction of the trunnion and package outer shell (0.13 vs. 0.72 for double 
shoulder trunnion and 0.12 vs. 0.36 for single shoulder trunnions), and that, 
therefore, an excessive load would damage the trunnions, but the package would 
maintain its structural integrity.  

 
Staff reviewed the calculations and justifications presented by the applicant and 
found them acceptable, therefore, the requirements of 10 CFR 71.45(a) for lifting 
devices are met. 

 
 2.5.2 Tie-Down Devices 
 

As required by 10 CFR 71.45(b)(1), if there is a system of tie-down devices that 
is a structural part of the package, the system must be capable of withstanding, 
without generating stress in any material of the package in excess of its yield 
strength, a static force applied to the center of gravity of the package having a 
vertical component of 2 times the weight of the package with its contents, a 
horizontal component along the direction in which the vehicle travels of 10 times 
the weight of the package with its contents, and a horizontal component in the 
transverse direction of 5 times the weight of the package with its contents. 

 
The MP197HB is designed such that the vertical and horizontal loads are taken 
by saddles and tie-down straps, which are not structural parts of the package.  A 
shear key bearing block and pad plate, which are parts of the package structure, 
are analyzed for the 10 g longitudinal transportation load.  The bearing block is a 
welded structure.  The 36 inches × 37.20 inches × 1.5 inches pad plate is used to 
spread the longitudinal shear load over a large area of the package structural 
shell to which it is welded, thus preventing the package outer shell to be 
subjected to any bending moment resulting from the longitudinal load.  The 
applicant analyzed the effect of the 10 g load on the bearing block and the weld 
between plate and package shell. The minimum margin of safety from this 
calculation was of 0.41 for the weld.  Staff reviewed the calculations and finds 
them acceptable, therefore the requirements of 10 CFR 71.45(b) are satisfied. 
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2.6 Normal Conditions of Transport (10 CFR 71.71) 
 
 2.6.1 Heat 
    
  Structural Integrity  
 

The applicant analyzed the Heat conditions using finite element analysis with the 
program ANSYS.  The load combinations were in accordance with Regulatory 
Guide 7.8, and included bolt preload, gravity, a conservative assumption of 30 
psig internal Maximum Normal Operating Pressure (MNOP) (compared to the 
calculated MNOP of 12.7 psig), and 100°F ambient temperature.  Thermal 
stresses were considered in the structural analyses by using the bounding cases 
from the thermal analyses (as shown in Table A.2.13.1-4).  The thermal analyses 
also considered content decay heat.  The stress results for the hot condition 
analysis are shown in Table A.2.13.1-18.  The results show a significant safety 
margin with the largest stress ratio (result over allowable), which occurs at the 
top flange, at 52.1%. 

 
Differential Thermal Expansion 

 
Radial thermal expansion is calculated for each DSC in Section A.2.13.10.2.  The 
hot gaps calculated range is between 0.77 inch and 0.83 inch, which shows there 
is adequate room for thermal expansion. 
 
Axial thermal expansion is calculated for each DSC in Section A.2.13.10.3.  The 
hot gaps calculated range is between 0.51 inch and 0.83 inch, which shows there 
is adequate room for thermal expansion.  Since the package utilizes spacers to 
limit the gaps between fuel and DSC and DSC and overpack using a formula 
which accounts for thermal expansion, differential thermal expansion in the axial 
direction is not a concern.  The requirements of 10 CFR 71.71(c)(1) are satisfied. 
 

 2.6.2 Cold 
 

The applicant analyzed the Cold conditions using finite element analysis with the 
program ANSYS.  The load combinations were in accordance with Regulatory 
Guide 7.8, and included bolt preload, gravity, 25 psig external pressure, and 
-40°F uniform temperature.  The stress results for the Cold condition analysis are 
shown in Table A.2.13.1-19 of the SAR.  The stress results are all below the 
allowables.  The requirements of 10 CFR 71.71(c)(2) are satisfied. 
 

 2.6.3 Reduced External Pressure 
 

The applicant analyzed the Reduced External Pressure conditions using finite 
element analysis with the program ANSYS.  The combined load included bolt 
preload, gravity, 30 psig internal pressure, and 100°F uniform temperature.  The 
stress results for the Reduced External Pressure condition analysis are shown in 
Table A.2.13.1-21 of the SAR.  The stress results are all below the allowable, 
therefore, the staff finds that the requirements of 10 CFR 71.71(c)(3) are 
satisfied. 
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2.6.4 Increased External Pressure 
 

The applicant analyzed the Increased External Pressure conditions using finite 
element analysis with the program ANSYS.  A net external pressure loading of 
25 psi is conservatively used.  The combined load included bolt preload, gravity, 
25 psig external pressure, and -20°F temperature.  The stress results for this 
load case are shown in Table A.2.13.1-20 of the SAR.  The stress results are all  
below the allowable, therefore, staff finds that the requirements of 
10 CFR 71.71(c)(4) are satisfied. 

 
 2.6.5 Vibration 
   

The applicant performed a fatigue analysis on the containment and lid bolts due 
to the following loads:  operating bolt preload, test pressure, road shock/vibration, 
pressure and temperature fluctuations, and 1-foot NCT drop.  The fatigue 
evaluation is based on 1000 shipments for the package and a limit of 600 
shipments for the lid.  The results of the fatigue evaluation show that the total 
damage factor for the package containment is 0.854 after 1000 shipments and 
0.889 for the lid after 600 shipments.  Both values are less than 1.0, 
demonstrating that the fatigue effects on the MP197HB containment are 
acceptable. 

 
A fatigue analysis was also performed on the closure bolts.  The calculations 
assume the bolts are replaced after 250 round trip shipments.  The damage 
factor results are presented in Table A.2.13.2-8, where the total damage factor is 
0.59, which is less than 1.0.  Based on the analyses presented, 
10 CFR 71.71(c)(5) is satisfied. 

 
 2.6.6  Water Spray 
 

The applicant stated that all exterior surfaces of the MP197HB package body are 
metal and therefore not affected by soaking.  Additionally, the outer shells of the 
impact limiters completely enclose the wood crushable medium.  Therefore, no 
structural degradation will result from water absorption.  Based on Regulatory 
Guide 7.8, the NRC staff has determined that water spray is not significant to the 
structural design of large packages.  The intent of 10 CFR 71.71(c)(6) is 
satisfied. 

 
 2.6.7 Free Drop 
 

The structural evaluation of a 1-foot free drop is performed in the program 
ANSYS and is discussed in Section A.2.6.1 of the SAR.  Based on staff review of 
the results presented by the applicant which show that all stresses are below the 
allowables, as well as the higher load bound of HAC drop conditions, the 
requirements of CFR 71.71(c)(7) are satisfied. 

 
 2.6.8 Corner Drop 
 

The corner drop test does not apply since the gross weight of the package 
exceeds 110 lb (50 kg), in accordance with 10 CFR 71.71(c)(8). 
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 2.6.9 Compression 
 

The compression drop test does not apply since the gross weight of the package 
exceeds 11000 lb (5000 kg), in accordance with 10 CFR 71.71(c)(9).  
 

 2.6.10 Penetration 
 

The applicant pointed out the lack of external protuberances to justify the 
negligible effect of the penetration test.  Staff has determined that penetration is 
not significant to the structural design of the packaging.  The intent of 
10 CFR 71.71(c)(10) is satisfied.  

 
2.7 Hypothetical Accident Conditions (10 CFR 71.73) 

  
 2.7.1 30-foot (9-meter) Free Drop  
 

The applicant performed a multi-step computational evaluation of the 30-foot free 
drop cases.  In general, the methodology employed was a quasi static analysis 
using the finite element method.  The g loads for the quasi static analyses were 
obtained from dynamic analyses. 
 
Benchmarking of the dynamic analysis methodology was performed against 1/3 
scale model drop test results that were previously used in the impact limiter drop 
testing program documented in the MP197 transport package, main SAR.  The 
finite element model used for the HAC accident drop analyses is shown on 
Figures A.2.13.1-3 and A.2.13.1-4. 
 
The following drop orientations were analyzed: end drop onto bottom end, end 
drop onto lid end, side drop, center of gravity (C.G.) over corner drop on bottom 
end, C.G. over corner drop on lid end, 10° slap down impact on lid end, 10° slap 
down impact on bottom end, 20° slap down impact on lid end, and 20° slap down 
impact on bottom end.  The baseline g loads used for the analyses are presented 
in Appendix A.2.13.1, Section A.2.13.1.2, Subsection D. 
 
When considering mitigation of secondary impact due to gaps between the 
contents, including the fuel assemblies and the basket, the applicant employed a 
bounding case of 0.5 inch between the packaging and DSC.  Spacers are 
required to be installed between the fuel and DSC in order to keep the maximum 
gap below 0.5 inch.  Spacers are also required between the DSC and the 
overpack in order to keep the maximum gap below 0.5 inch.  The package will 
use spacers between the fuel and DSC, and the DSC and packaging.  The 
spacer lengths will be calculated at the time of shipment according to Tables 
A.2.13.14-1 and A.2.13.14-2. 

 
Staff reviewed the modeling methodologies, calculation packages, results from 
the dynamic and quasi-static evaluations, and comparisons with allowable 
stresses.  Staff also verified values obtained from the analytical models by 
recreating reported data and associated pictorial plots showing deceleration time 
histories, stress contours, and deformed and un-deformed configurations of the 
package.  The staff verified that energy balances for each of the drop scenarios 
were consistent with good practice in explicit dynamics finite element analysis.  
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The staff finds that the computational modeling performed for the HAC drops 
demonstrates that the package satisfies the requirements of 10 CFR 71.73(c)(1). 

 
 2.7.2 Crush 
 

This evaluation is not applicable due to the package mass exceeding 500 kg 
(1100 lb.) per 10 CFR 71.73(c)(2). 

 
 2.7.3 Puncture 
 

The applicant performed an analysis computing the shell thickness necessary to 
preclude penetration by using the Nelms equation.  The applicant justified not 
evaluating penetration for the lid or closure areas due to the cover provided by 
the impact limiters.  Staff finds that the requirements of 10 CFR 71.73(c)(3) are 
met. 

 
 2.7.4 Thermal 
   

The applicant utilized temperature information at the time of maximum thermal 
gradient from the evaluated fire event (ANSYS thermal analysis) to determine the 
effects on the structural integrity of the package.  The applicant considered a 
uniform height of 0.25” for the crushed impact limiter blocks in order to bound any 
deformation from a 30-foot drop.  A conservative pressure value of 120 psig was 
assumed for the analysis (versus the calculated 14.4 psig).  The main 
conclusions drawn by the applicant are that the temperature across any section 
of the containment boundary remains below the maximum allowable temperature 
for level D conditions for ASME NB components, internal part interferences do 
not occur due to differential thermal expansion both during and after the fire 
event, and the packaging closure lid bolts do not unload leading to a reduction of 
compression load on the gasketed surfaces.  Staff reviewed the evaluation 
presented by the applicant and found their reasoning and conclusions 
acceptable, therefore the requirements of 10 CFR 71.73(c)(4) are met. 

 
 2.7.5 Immersion - Fissile 
 

This requirement is bounded by the deep water immersion requirement, therefore 
the requirements of 10 CFR 71.73(c)(5) are met. 

   
 2.7.6 Immersion - All Packages 
 

This requirement is bounded by the deep water immersion requirement, therefore 
the requirements of 10 CFR 71.73(c)(6) are met. 
 

2.7.7 Deep Immersion 
 
The applicant utilized an ANSYS finite element model to evaluate the effects of 
an external pressure of 290 psig on the package.  The results are shown in Table 
A.2.13.1-46 of the SAR, which show ample safety margin.  The staff finds the 
requirements of 10 CFR 71.61 are satisfied. 
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2.8  Fuel Rods 
 
 REMOVED PER 10 CFR 2.390 - PROPRIETARY 

The applicant has provided results of an analytical model, similar to that which was used 
in NUREG-1864, to determine the strain ductility demand that a typical fuel pin may be 
subjected to, during a HAC 9-meter (30-foot drop).  The NUREG-1864 model was 
constructed with shell elements for the fuel cladding, internal springs to prevent 
ovalization of the cladding, springs to represent spacer grids, a packaging to fuel pin 
spring, and a packaging to ground spring representing the impact limiter.  

 
The applicant used a loading of 75 g to conservatively analyze the effects of HAC end 
drop on the fuel, and found that the fuel would remain under yield for all conditions.  
Based on this information, staff finds that this value for the strain ductility acceptance 
criteria is acceptable.   

 
2.9 Evaluation Findings 
 

The structural review of MP197HB has resulted in the following findings: 
 

2.9.1 Description of Structural Design 
 

The staff has reviewed the package structural design description and concludes 
that the contents of the application meet the requirements of 10 CFR 71.31.  The 
staff has reviewed the codes and standards used in package design and find that 
they are acceptable. 
 

 2.9.2 Material Properties 
 

To the maximum credible extent, there are no significant chemical, galvanic, or 
other reactions among the packaging components, among package contents, or 
between the packaging components and the contents in dry or wet environment 
conditions.  The effects of radiation on materials are considered and package 
containment is constructed from materials that meet the requirement of RGs 7.11 
and 7.12 (See Section 2.2.3.7 of this SER). 

 
2.9.3 Lifting and Tie-down Standards for All Packages 
 

The staff has reviewed the lifting and tie-down systems for the package and 
concludes that they meet 10 CFR 71.45 standards. 

 
2.9.4 General Considerations for Structural Evaluation of Packaging 
 

The staff has reviewed the packaging structural evaluation and concludes that 
the application meets the requirements of 10 CFR 71.35. 

 
2.9.5 Normal Conditions of Transport 
 

The staff has reviewed the packaging structural performance under the NCT and 
concludes that there will be no substantial reduction in the effectiveness of the 
packaging, and it meets the requirements of 10 CFR 71.71. 
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2.9.6 Hypothetical Accident Conditions 
 

The staff has reviewed the packaging structural performance under the HAC set 
forth in 10 CFR 71.73 and concludes the packaging has adequate structural 
integrity to satisfy the sub-criticality, containment, shielding, and temperature 
requirements of 10 CFR Part 71. 

 
2.9.7 Special Requirement for Irradiated Nuclear Fuel Shipments 
 

 
The staff has reviewed the containment structure and concludes that it will meet 
the 10 CFR 71.61 requirements for irradiated nuclear fuel shipments. 

 
 2.9.8 Internal Pressure Test 

 
The staff has reviewed the containment structure and concludes that it will meet 
the 10 CFR 71.85(b) requirements for pressure test without yielding. 

 
2.10 Conclusion 
 

Based on the review of the application, the staff found reasonable assurance that the 
applicant has demonstrated that the Model No. MP197HB meets the structural 
requirements for NCT and HAC as required by 10 CFR Part 71. 

 
References: 
 
1. Parker O-Ring Handbook, Catalog ORD 5700A/US, 2001. 
 
2. Robert H. White and Hao C. Tran, Charring Rate of Wood Exposed to a Constant Heat 

Flux, WOOD & FIRE SAFETY, 3rd International Scientific Conference, The High Tatras, 
Hotel Patria, SLOVAK REPUBLIC. 

 
3. Manufacturer’s proprietary materials property report provided by the applicant. 
 
3.0 THERMAL EVALUATION 
 
3.1 Review Objectives 
 

The objective of the review of the MP197HB transportation package is to verify that the 
thermal performance of the package has been adequately evaluated for the tests 
specified under NCT and HAC and that the package design satisfies the thermal 
requirements of 10 CFR Part 71.  This case is also reviewed to determine whether the 
package fulfills the acceptance criteria listed in Section 3 of NUREG-1617, “Standard 
Review Plan for Transportation Packages for Spent Nuclear Fuel,” as well as associated 
Interim Staff Guidance (ISG) documents. 

 
The amendment application requested approval of high burnup fuel for up to 70 
GWd/MTU and nine DSC designs: 69BTH, 61BTH, 61BT, 37PTH, 32PTH, 32PTH1, 
32PT, 24PTH, and 24PT4.  However, since technical issues remain unresolved related 
to the high burnup fuel, the staff is limiting the contents to low burnup fuel (45 
GWd/MTU) for four DSCs: 69BTH, 61BTH, 61BT, and 24PT4.  The 37PTH, 32PTH, 
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32PTH1, 32PT, and 24PTH DSCs are not approved for transportation in this amendment 
request.  The thermal evaluation provided in the amendment request is based in a 
maximum decay heat load of 32 kW for the 69BTH DSC.  Based on the thermal 
evaluation results, the staff concludes the results for low burnup fuel are bounded by the 
total heat load requested in the amendment application for each of the canisters being 
approved for transportation in MP197HB.  Therefore, the results provided in the SAR 
can be used to approve the contents for low burnup fuel (45 GWd/MTU).  However, the 
total decay heat for low burnup fuel may be limited by other considerations, such as the 
limits in the shielding evaluation. 

 
3.2 Description of the Thermal Design 
 

3.2.1 Design Features 
 

The MP197HB transport package consists of multiple shells to transfer decay 
heat to the packaging outer surface.  The package includes optional features 
such as aluminum internal sleeves to accommodate DSC diameters smaller than 
69.75 inches.  It also includes an aluminum shell with external circular fins.  
Aluminum boxes that contain the shielding material are designed to fit tightly 
against the steel shell surface, thus improving heat transfer across the neutron 
shield.  Heat dissipation from the package outer surface is via natural convection 
and radiation.  White painted outer surface enhances thermal radiation.  Steel-
encased wood impact limiters provide protection to the lid and bottom regions 
during HAC conditions.  A personnel barrier, which consists of a stainless steel 
mesh, encases the package body between the impact limiters.  It has an open 
area fraction of about 80%. 

 
The MP197HB TC can accommodate the following DSC types, as presented in the table below: 
 
 
DSC Type 

 
DSC OD 
(inches) 

 
TC 
Sleeve 

 
TC 
External Fins 

Maximum 
DSC Heat 
Load for 
Transport 
(kW) 

69BTH 69.75 No No 26.0 
Yes 
(Optional) 

29.2 

Yes 
(Optional) 

32.0 

61BTH Type 1 67.25 Yes No 22.0 
61BTH Type 2 67.25 Yes No 24.0 
61BT 67.25 Yes No 18.3 
24PT4 67.19 Yes No 24.0 
 

The 69BTH DSC consists of a shell assembly, which provides both containment 
and shielding, and an internal basket which locates and supports up to 69 BWR 
spent nuclear fuel assemblies.  The basket structure consists of 9 and 6 
compartment fuel cell subassemblies held in place by basket rails in combination 
with a holddown ring.  The compartment subassemblies are held together by 
welded stainless steel plates wrapped around the fuel compartments, which also 
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retain the aluminum and/or neutron absorbing plates sandwiched between the 
fuel compartments.  The aluminum and neutron absorbing plates provide the 
necessary criticality control and heat conduction paths from the fuel cells to the 
perimeter of subassemblies.  The aluminum plates retained between the 
subassemblies provide a heat conduction path from the subassemblies to the 
perimeter of the basket.  The space between the basket and DSC shell is bridged 
by solid aluminum transition rails.  No convection heat transfer is considered 
within the basket.  Heat transfer inside the fuel compartments is included through 
the use of the effective thermal conductivity model which includes both 
conduction and radiation heat transfer.  Decay heat from the canister is 
conducted to the MP197HB packaging inner shell via conduction and radiation. 

 
3.2.2 Thermal Design Criteria 

 
Several thermal design criteria are established by the applicant for the MP197HB 
transportation package to ensure that the package meets all its functional and 
safety requirements. These criteria are listed below: 

 
• Maximum fuel cladding temperature limits of 752°F (400°C) for NCT and 

1058°F (570°C) for HAC are considered for the fuel assemblies with an inert 
cover gas. 

 
• The fuel cladding temperature is limited to 400°C (752°F) for short term 

operations such as vacuum drying. 
 

• Containment of radioactive material and gases is a major design requirement.  
Seal temperatures must be maintained within specified limits to satisfy the 
leak tight containment requirement.  A maximum temperature limit of 400°F 
(204°C) is considered for the Fluorocarbon seals (Viton O-rings) in the 
containment boundary for NCT and HAC. 

 
• To maintain the stability of the neutron shield resin, a maximum allowable 

temperature of 320°F (160°C) is considered for the neutron shield for NCT. 
 

• A temperature limit of 445°F (229°C) is considered conservatively for 
polypropylene to prevent thermal degradation of resin in trunnion plugs. 

 
• To prevent melting of the gamma shield (lead) under NCT, an allowable 

maximum temperature of 621°F (327.5°C – melting point of lead) is 
considered for the gamma shield. 

 
• A temperature limit of 320°F (160°C) is considered for wood to prevent 

excessive reduction in structural properties at elevated temperatures. 
 

• In accordance with 10 CFR 71.43(g) the maximum temperature of the 
accessible packaging surfaces in the shade is limited to 185°F (85°C). 

 
• The NCT ambient temperature range is –20°F to 100°F (-29°C to 38°C) per 

10 CFR 71.71(b). 
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3.2.3 Content Decay Heat 
 

The thermal analysis of the MP197HB package loaded with existing DSC 
qualified for storage along with 69BTH DSC is based on a range of a maximum 
total heat load of 18.3 to 32 kW.  Specific total decay heat per each canister type 
is provided in the table above.  The MP197HB package is designed to transport a 
payload of up to 56.0 tons of dry irradiated and/or contaminated non-fuel bearing 
solid material in secondary containers with a total decay heat load of 5 kW. 

 
The permitted heat load zoning configurations (HLZC) for all DSCs are listed in 
Chapter A.1, Appendices A.1.4.1, A.1.4.7, A1.4.8, and A.1.4.9 of the SAR.  
These design basis HLZCs are symmetrical and show maximum allowable heat 
load per fuel assembly (FA) and per DSC, which result in bounding maximum 
fuel cladding and DSC component temperatures.  Possible asymmetry in HLZC 
(within specified FA and DSC limits) means reduction of heat load in a particular 
FA resulting in reduction of local and maximum temperatures of fuel cladding and 
DSC components.  A peaking factor is considered along the active fuel length for 
calculation of the decay heat profile of the fuel assemblies as described in 
Section A.3.3.1.4 and Section A.3.3.1.6 of the SAR. 

 
3.2.4 Summary Tables of Temperatures 

 
The summary tables of package component temperatures, SAR Tables A.3.11, 
A.3.12, and A.3.19, were reviewed.  The components include spent fuel cladding, 
spent fuel basket, containment shell, neutron shield, package surface, impact 
limiters, primary closure lid, secondary closure lid, containment base plate, 
primary and secondary lid seals, and aluminum basket shims.  The temperatures 
are consistently presented throughout the SAR for both NCT and HAC.  For the 
HAC, the applicant presented the pre-fire, during-fire, and post-fire component 
temperatures.  With the exception of the impact limiters and neutron shield, all 
components remain below their material property limits listed in Tables 3.2.10 to 
3.2.12 of the SAR.  The temperatures and design temperature limits for the 
package components were reviewed and found to be consistent throughout the 
SAR. 

 
3.2.5 Summary Tables of Maximum Pressures 

 
The summary tables of the containment pressure under NCT and HAC (SAR 
Tables A.3.20, A.3.22, and A.3.23) were reviewed and found consistent with the 
pressures presented in the General Information, Structural Evaluation, and 
Containment Evaluation SAR sections.  These tables reported the MNOP for 
NCT and HAC (fire).  These pressures remain below the design pressures for 
NCT and HAC. 

 
The staff reviewed the design description of the MP197HB transportation 
package thermal design and finds it acceptable.  The staff reviewed the 
temperature and pressure design limits and calculated temperatures and 
pressures for the package and found them to be acceptable and consistent in the 
SAR.   
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3.3 Material Properties and Component Specifications 
 

3.3.1 Material Properties 
 

The package application provided material thermal properties such as thermal 
conductivity, density, specific heat, and emissivity for all modeled components of 
the package.  The staff found these properties acceptable.  The applicant 
specifies the natural convection heat transfer coefficient as a function of the 
product of Grashof and Prandtl numbers.  This product is a function of length 
scale, surface-to-ambient temperature difference, and air properties.  The 
thermal properties used for the analysis of the package were appropriate for the 
materials specified and for the conditions of the package required by 
10 CFR Part 71 during NCT and HAC. 

 
The staff reviewed the thermal properties used for the package analyses and 
determined that they were appropriate for the materials specified (See Section 
2.2 of this SER). 

3.3.2 Component Specifications 
 

The application provided component thermal technical specifications for the 
MP197HB containment seals and poison plates used in DSC basket.  The 
MP197HB package seals are Fluorocarbon seals (Viton O-rings).  The seals will 
have a minimum and maximum temperature rating of -40°F and 400°F, 
respectively.  The 69BTH DSC design allows the use of different neutron 
absorber materials based on the HLZC.  Boral, MMC, or Borated Aluminum can 
be used as poison materials for HLZC # 1, # 2 and # 3 in 69BTH basket.  For 
69BTH basket with HLZC # 4, only borated aluminum can be used as poison 
material.  The HLZCs for 69BTH are described in Section A.3.3.1.4 of the SAR. 

 
3.4 Thermal Evaluation under Normal Conditions of Transport 
 

3.4.1 Thermal Models 
 

The applicant developed two finite element models to analyze the MP197HB 
package loaded with a DSC.  A half-symmetric, three-dimensional (3-D) finite 
element model of the MP197HB package is developed using the ANSYS code.  
ANSYS is a thermal, structural, and fluid flow analysis package capable of 
solving steady state and transient thermal analysis problems in one, two, or three 
dimensions.  Heat transfer via a combination of conduction, radiation, and 
convection can be modeled by ANSYS.  The applicant’s MP197HB package 
model includes the packaging shells, package bottom plate, package lid, impact 
limiters, DSC shell, and DSC end plates without the basket. The DSC 
dimensions correspond to nominal DSC dimensions listed in Table A.3–1 of the 
SAR for variations of the MP197HB package model.  The applicant considered 
the following gaps in the MP197HB package thermal model: 

 
a) 0.0625 inch axial gap between thermal shield and impact limiter shell. 
b) 0.0625 inch axial gap between thermal shield standoffs and the package 

top or bottom end surfaces. 
c) 0.10 inch diametrical gap between package lid and package inner shell. 
d) 0.01 inch axial gap between package lid and package flange. 
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e) 0.01 inch axial gap between RAM closure plate and package bottom 
plate. 

f) 0.01 inch radial gaps between neutron shield boxes and surrounding 
shells. 

g) 0.025 inch radial gap between gamma shield and package outer shell. 
h) 0.01 inch radial gaps between the package inner shell and aluminum 

sleeve. 
i) 0.01 inch radial gap between the finned aluminum shell and the package 

shield shell. 
j) 0.0625 inch axial gaps between the DSC bottom shield plug and bottom 

cover plates. 
k) 0.0625 inch axial gaps between the DSC top inner cover and the adjacent 

top shield plug and top outer cover plate. 
l) 0.025 inch axial gaps between the lead shield plugs and encapsulating 

plates for 24PT4 DSC. 
m) 0.01 inch gaps between trunnion replacement plugs and the trunnion 

attachment blocks. 
 
A half-symmetric, three-dimensional finite element model of the 69BTH basket 
and DSC is developed using ANSYS.  The model contains the DSC shell, the 
DSC cover plates, shield plugs, aluminum rails, basket plates, and homogenized 
fuel assemblies.  The applicant considered the following gaps in the 69BTH DSC 
canister/basket model at thermal equilibrium: 

 
a) 0.30 inch diametrical hot gap between the basket outer surface and the 

canister inner surface. 
b) 0.125 inch axial gap between the bottom of the basket and the DSC 

bottom inner cover plate. 
c) 0.01 inch gap between any two adjacent plates or components in the 

cross section of the basket. 
d) 0.125 inch gap in axial direction between the aluminum rail pieces. 
e) 0.01 inch gap between the sections of the paired aluminum and poison 

plates in axial direction. 
f) 0.1 inch gap between the two small aluminum rails at the basket corners. 
g) 0.1 inch gap between the two pieces of large aluminum rails at 0° -180° 

and 90° -270° orientations. 
h) 0.0625 inch gap between DSC shield plugs and DSC cover plates for 

calculation of effective conductivities in axial direction. 
 

The applicant used these models to perform steady state evaluations for NCT 
conditions.  Decay heat load is applied as a uniform heat flux over the inner 
surface of the DSC shell covering the basket length.  Radiation and conduction 
between the DSC and the package inner shell/internal sleeve are considered by 
calculating effective conductivities for helium gaps between the components 
listed above.  Insolation is applied as a heat flux over the package outer surfaces 
using average insolation values from 10 CFR Part 71.  The insolation values are 
averaged over 24 hours and multiplied by the surface absorptivity factor to 
calculate the solar heat flux.  The package external fins are not considered 
explicitly in the package model.  Instead, an effective heat transfer coefficient is 
applied over the outer surface of the un-finned aluminum shell to simulate the 
heat dissipation from this area.  Convection and radiation heat transfer from the 
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un-finned package surfaces are combined together as total heat transfer 
coefficients.  The total heat transfer coefficients are calculated using free 
convection correlations. 

 
The DSC shell temperatures for NCT are retrieved from the MP197HB package 
model and transferred to the DSC/basket models to evaluate the maximum fuel 
cladding and basket component temperatures.  Decay heat load is applied as 
volumetric heat generation rate over the elements representing homogenized 
fuel assemblies.  The base heat generation rate is multiplied by peaking factors 
along the axial fuel length to represent the axial decay heat profile.  A correction 
factor is used to avoid degradation of decay heat load due to imperfections in 
application of peaking factors.  

 
3.4.2 Heat and Cold 

 
The applicant performed steady state analysis using the MP197HB package 
thermal model without insolation to determine the accessible surface temperature 
of the impact limiters in the shade.  A heat load of 32 kW and boundary 
conditions at 100°F and no insolation are considered in the package model to 
bound the maximum accessible surface temperature under shade.  The 
maximum accessible surface temperature of impact limiters under these 
conditions is 121°F.  The maximum temperature of the package outer surface is 
302°F and belongs to a part of shield shell uncovered by the external fins in the 
model.  The applicant performed an additional analysis considering insolation for 
package model with 32 kW heat load, 100°F ambient, and no external fins.  
Under these conditions, the applicant calculated a maximum package shield shell 
temperature of 335°F and a maximum personnel barrier temperature of 163°F.  
These temperatures are below the limit of 185°F defined in Section A.3.1 of the 
SAR. 

 
Tables A.3–8 and A.3–9 of the SAR present the maximum temperatures for 
packaging components and DSC Shells. 

 
The applicant stated that the DSC types 61BTH, 61BT, and 24PT4 were 
evaluated previously for normal transfer conditions under 10 CFR Part 72 
requirements.  The applicant compared the DSC shell temperature profiles of 
these DSCs in MP197HB package model to the corresponding profiles from 
10 CFR Part 72 SARs.  The maximum DSC shell temperatures for NCT under 
10 CFR Part 71 requirements are compared to the corresponding data for 
transfer conditions under 10 CFR Part 72 requirements in Table A.3–24.  This 
table shows that the fuel cladding and the basket component temperatures in 
10 CFR Part 72 SARs represent the bounding values for these DSCs under 
transport conditions. 

 
The maximum temperatures for DSC contents for all DSCs to be transported in 
MP197HB package for NCT are listed in Table A.3–10 of the SAR.  The thermal 
analysis of NCT demonstrates that the MP197HB package with up to 32 kW heat 
load meets all applicable requirements.  The highest maximum temperatures are 
summarized in Table A.3–11 of the SAR. 

 
The seal O-rings are not explicitly considered in the models.  The maximum seal 
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temperatures are retrieved from the models by selecting the nodes at the 
locations of the corresponding seal O-rings.  The maximum seal temperature 
(382°F, 194°C) for NCT is below the long-term limit of 400°F (204°C) specified 
for continued seal function.  The maximum neutron shield temperature is 290°F 
(143°C) for NCT, which is below the long term limit of 320°F (160°C).  No 
degradation of the neutron shielding is expected.  The maximum temperature of 
gamma shield is 397°F (203°C) for NCT, which is below the melting point of lead 
(621°F, 327°C).  The predicted maximum fuel cladding temperature (733°F, 
389°C) is below the allowable fuel temperature limit of 752°F (400°C) for NCT. 

 
Under the minimum ambient temperature of -40°F (-40°C), the resulting 
packaging component temperatures will approach -40°F if no credit is taken for 
the decay heat load.  Since the package materials, including containment 
structures and the seals, continue to function at this temperature, the minimum 
temperature condition has no adverse effect on the performance of the 
MP197HB TC.  The maximum component temperatures for ambient 
temperatures of -40°F and -20°F with maximum decay heat and no insolation is 
calculated for 69BTH DSC to use for structural evaluations.  These temperatures 
are listed in Table A.3–12 and Table A.3–13 of the SAR.  The average 
temperatures of helium gas in package cavity, and the average temperatures of 
fuel assemblies and helium within 69BTH DSC cavity for NCT are listed in Table 
A.3–14 of the SAR.  These temperatures are used to evaluate the maximum 
internal pressures within TC and DSC cavities.  Thermal stresses for the 
MP197HB package loaded with DSC are discussed in Chapter A.2 of the SAR.  

 
3.4.3 Maximum Normal Operating Pressure 

 
The maximum pressures in the package cavity calculated for loaded MP197HB 
package are presented in Table A.3–20 of the SAR.  The case of the 69BTH 
DSC in MP197HB package with 32 kW heat load is bounding for the maximum 
package cavity pressure for all DSCs.  The maximum pressure in the package 
cavity of the MP197HB package for NCT is 12.7 psig.  Due to low heat load of 
the secondary containers and expected low amount of fission gas release, the 
internal pressure of the package loaded with the DSCs is bounding for the 
package loaded with the secondary containers. 

 
The maximum internal pressure for the 69BTH DSC within MP197HB package 
for NCT is determined based on the maximum allowable heat load for each 
HLZC discussed in Section A.3.3.1.4 of the SAR and maximum burnup of 45 
GWd/MTU.  The maximum pressures are summarized in Table A.3–22 of the 
SAR.  As seen in this Table, the maximum internal pressures in the 69BTH DSC 
are within the design limits. 

 
The maximum internal pressures for 61BTH, 61BT, and 24PT4 DSCs for storage 
and transfer conditions under 10 CFR Part 72 requirements are determined in 
the respective storage SARs.  The applicant states that since the maximum 
temperatures during NCT are bounded by the storage configurations, therefore 
the pressures obtained during storage configuration also bounds the NCT 
conditions.  

 
The applicant also states that since 100% fuel rod rupture is assumed for both 
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transfer accident conditions and transport HAC and maximum DSC shell 
temperatures for transfer accident conditions bound those for transport HAC as 
noted in Section A.3.4 of the SAR (which results in lower average DSC helium 
temperature), the internal pressures calculated for storage licensed DSCs for 
transfer accident conditions bound the internal pressures for transport in 
MP197HB package during HAC. 
The staff reviewed selected calculations and results of the MP197HB 
transportation package for NCT conditions and found them acceptable. 

 
3.5 Thermal Evaluation during Drying Operations 
 

After completion of fuel loading, the package and DSC are removed from the pool and 
the DSC is drained, dried, sealed, and backfilled with helium.  These operations occur 
when the annulus between the package and DSC remains filled with water.  Water in the 
DSC cavity is forced out of the cavity (blowdown operation) before the start of vacuum 
drying.  Helium is used as the medium to remove water and subsequent vacuum drying 
occurs with a helium environment in the DSC cavity.  The vacuum drying operation does 
not reduce the pressure sufficiently to reduce the thermal conductivity of the helium in 
the canister cavity. 

 
The maximum temperatures including the maximum fuel cladding temperature are 
bounded by those calculated for transport operation if the DSC shell temperature under 
NCT is higher than the DSC shell temperature of 212°F maintained during vacuum 
drying. As shown in Table A.3–8 and Table A.3–9 for all DSCs in the MP197HB 
package, all DSC shell minimum temperatures are higher than 212°F.  Therefore, no 
additional thermal evaluation is needed.  Presence of helium during blowdown and 
vacuum drying operations eliminates the thermal cycling of fuel cladding during helium 
backfilling of the DSCs subsequent to vacuum drying.  Therefore, the thermal cycling 
limit of 65°C (117°F) for short term operations set by ISG-11 is satisfied for vacuum 
drying operation in the MP197HB. 

 
The maximum fuel cladding temperature during the reflooding event is significantly less 
than the vacuum drying condition owing to the presence of water/steam in the canister 
cavity. Based on the above rational, the maximum cladding temperature during the 
unloading operation is bounded by the maximum fuel cladding temperature for the 
vacuum drying operation. 

 
Based on the described model and the thermal evaluation results, the staff finds the 
MP197HB transportation package thermal evaluation during vacuum drying operations 
acceptable. 

 
3.6 Thermal Evaluation under Hypothetical Accident Conditions 
 

The finite element model of the MP197HB package developed by the applicant to 
perform NCT is modified in this evaluation to determine the maximum component 
temperatures for HAC.  For the transient runs considering HAC conditions, the basket 
and hold-down ring are homogenized. 

 
3.6.1 Initial Conditions 

 
The initial temperatures for the MP197HB package transient model before the 
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fire accident are determined using the same boundary conditions for NCT (100°F 
ambient with insolation) described in Section A.3.3.1.1 of the SAR except that the 
decay heat load is applied as a uniform heat generation rate over the 
homogenized basket for the transient runs. 
 

3.6.2 Fire Test Conditions 
 

Based on the requirements in 10 CFR 71.73, a fire temperature of 1475°F, fire 
emissivity of 0.9, and a period of 30 minutes are considered for the fire 
conditions.  A bounding forced convection coefficient of 4.5 Btu/hr-ft2-°F is 
considered during the burning period based on data from the Reference 1 report.  
Surface emissivity of 0.8 is considered for the packaging surfaces exposed to fire 
based on 10 CFR 71.73 

 
3.6.3 Maximum Temperatures and Pressure 

 
The maximum component temperatures for transient calculations are listed in 
Table A.3–16 of the SAR.  The seal O-rings are not explicitly considered in the 
models.  The maximum seal temperatures are retrieved from the models by 
selecting the nodes at the locations of the corresponding seal o-rings.  

 
The maximum package and DSC component temperatures for HAC are 
summarized in Table A.3–19 of the SAR.  This table shows that the maximum 
temperatures of the MP197HB package components calculated for HAC are 
lower than the allowable limits.  The maximum seal temperature for fluorocarbon 
seals is 386°F at drain port for 32 kW heat load in 69BTH DSC when the 
package is equipped with external fins.  This temperature is below the long-term 
limit of 400°F specified for continued seal function. 

 
The maximum temperature of gamma shield (lead) is 552°F, which is below the 
lead melting point of 621°F.  The maximum fuel cladding temperature is between 
668°F and 693°F for 69BTH DSC with 26 kW to 32 kW heat loads.  These 
temperatures are below the limit of 1058°F (570°C). 

 
The maximum fuel cladding temperature for the DSC types evaluated at higher 
heat loads for transfer conditions under 10 CFR Part 72 remain below the 
allowable limit of 1058°F (570°C). 

 
The maximum internal pressure inside 69BTH DSC is provided in Table A.3–22 
of the SAR.  The maximum internal pressure is 95.54 psig.  The maximum 
internal DSC pressure is below the design limit of 140 psig specified in Section 
A.3.1.1 of the SAR for HAC. 

 
3.6.4 Maximum Thermal Stresses 

 
Thermal stresses for the MP197HB transportation package loaded with DSCs 
are discussed in Chapter A.2 of the SAR. 

 
3.6.5 Accident Conditions for Fissile Material Packages for Air Transport 

 
The MP197HB transportation package is not designed for air transport. 
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Based on the described model and the thermal evaluation results, the staff finds 
the MP197HB transportation package thermal evaluation during HAC (fire) event 
acceptable. 

 
3.7 Vacuum Drying Procedures 
 

Per the operating procedures during vacuum drying, the cavity pressure should be 
reduced in steps of approximately 100 mm Hg, 50 mm Hg, 25 mm Hg, 15 mm Hg, 10 
mm Hg, 5 mm Hg, and 3 mm Hg.  After pumping down to each level, the pump is valved 
off and the cavity pressure monitored.  The cavity pressure will rise as water and other 
volatiles in the cavity evaporate.  When the cavity pressure stabilizes, the pump is 
valved in to complete the vacuum drying process.  It may be necessary to repeat some 
steps, depending on the rate and extent of the pressure increase.  Vacuum drying is 
complete when the pressure stabilizes for a minimum of 30 minutes at 3 mm Hg or less. 

 
The staff finds the description of operating procedures for vacuum drying and vacuum 
drying criteria acceptable (See Section 2.2.1 of this SER). 

 
3.8 Thermal Tests 
 

A thermal test of the MP197HB fabricated package is performed as described in Section 
A.8.1.8 of the SAR.  This thermal test is performed to measure the effective thermal 
conductivity of the package in the radial direction over an approximately 10-ft exposed 
length within the neutron shield region.  These measured thermal conductivities will be 
used as thermal input for the ANSYS model described in SAR Section A.3.3.1.1 for the 
NCT thermal analysis.  The temperature distribution computed with the measured 
conductivity of the package is going to be compared against the corresponding values in 
SAR Table A.3-8, and A.3-10 to demonstrate that the thermal performance of the 
fabricated package is equal to or exceeds the predicted performance reported in the 
SAR. 

 
The staff finds the applicant's thermal test to verify the package thermal conductivity 
acceptable. 

 
3.9 Confirmatory Analyses 
 

The staff reviewed the thermal models developed by the applicant to perform the thermal 
evaluation of the MP197HB transport package.  The staff checked the code input in the 
calculation packages and confirmed that the proper material properties and boundary 
conditions were applied.  The engineering drawings were also consulted to verify that 
proper geometry dimensions were translated to the analysis model.  The material 
properties presented in the SAR were reviewed to verify that they were appropriately 
referenced and used. 

 
Additionally, the staff performed selected confirmatory analyses using the Fluent finite 
volume computational fluid dynamics (CFD) code, as an independent evaluation of the 
thermal analysis and modeling options presented in the applicant’s SAR.  Two models 
were built: a 3-D 12 inch long slice of the MP197HB package and a 3-D half-symmetry of 
the 69BTH DSC.  The staff’s developed MP197HB package model includes the DSC 
shell, helium-filled cavity between the DSC shell and inner shell, inner shell, gamma 
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shield, outer shell, neutron shield box, neutron shield, shield shell, and associated air 
gaps.  Uniform heat flux corresponding to 32 kW total heat load was applied on the DSC 
inner wall and mixed boundary conditions (convection and radiation heat transfer) were 
applied on the shield shell outer wall.  The objective of this model was to verify the heat 
transfer characteristics of the proposed package design and to confirm the temperature 
gradients calculated by the applicant.  Based on this predicted results, the staff 
confirmed the adequacy of the applicant’s model and the temperature profiles. 

 
The staff’s 3-D half-symmetry model of the 69BTH DSC includes the fuel assemblies 
characterized by the effective thermal conductivity provided in the SAR, the fuel 
compartments (basket), poison plates, wrap plates, aluminum plates, aluminum rails, 
helium-filled DSC cavity, DSC shell, inner top and bottom cover plates, top and bottom 
shield plugs, outer top and bottom cover plates, and all associated gaps as described in 
the applicants thermal model.  As in the applicant’s DSC thermal model, the decay heat 
load is applied as a heat source in the homogenized fuel assemblies using the axial 
decay heat profile provided in the SAR and heat load zone configuration No. 3 as 
described in the SAR.  This configuration results in a maximum decay heat of 32 kW.  
Temperature boundary conditions obtained from the applicant’s analysis were applied to 
the DSC shell and to the top and bottom cover plates outer surfaces.  The staff 
confirmed the applicant’s calculated peak cladding temperatures for NCT conditions. 

 
The staff also performed some sensitivity calculations for the peak cladding temperature 
based on the fluent model developed to perform confirmatory analyses.  Seven test 
cases were conducted to cover the following areas: 
 
a) Assumed gaps (radial and axial). 
b) Spent fuel effective thermal conductivity. 

 
The following table shows the comparison of predicted peak cladding temperature (PCT) 
between applicant’s 69BTH DSC and staff’s sensitivity analyses. 

 
Test 
Number 

Description TN PCT (°C ) 

Base Case Applicant’s analysis of the 69BTH DSC for 
NCT conditions. 
 

356.66 

1 Increased the gap between wrap plates 
and aluminum rails from 0.01 inch to 0.1 
inch 
 

376 

2 Increased axial gap between sections of 
long paired Al/poison plates from 0.01 inch 
to 0.1 inch 
 

358 

3 Increased gap between any two adjacent 
plates in the cross section of the basket 
from 0.01 inch to 0.1 inch 
 

406 

4 Increased gap between basket plates and  
 

388 
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any adjacent plate from 0.01 inch to 0.1 
inch 
 

5 Increased gap between long paired 
Al/Poison plates and wrap plates from 0.01 
inch to 0.1 inch 
 

374 

6 Increased diametrical gap between basket 
outer surface and canister inner surface 
from 0.3 inch to 0.6 inch 

375 
 

7 
 

Decreased fuel effective thermal 
conductivity by 25%. 

364 

 
As shown in the table above (case No. 3), the increase of the gap between any two 
adjacent plates in the cross section of the basket will have a significant impact in the 
predicted peak cladding temperature.  However, it is very conservative to assume a gap 
of 0.1 inch between any two adjacent plates since the SAR states that the 0.01 inch 
gaps considered between adjacent plates or components in the cross section of the 
basket account conservatively for the tolerances and contact resistances.  From this 
sensitivity study, the calculated peak cladding temperature would be above the allowable 
limit by 6°C. 

 
3.10 Findings 
 

3.9.1 Description of the Thermal Design  
 

The staff reviewed the package description and evaluation and found reasonable 
assurance that they satisfy the thermal requirements of 10 CFR Part 71.  

 
3.9.2 Material Properties and Component Specifications  

 
The staff reviewed the material properties and component specifications used in 
the thermal evaluation and found reasonable assurance that they are sufficient to 
provide a basis for evaluation of the package against the thermal requirements of 
10 CFR Part 71.  

 
3.9.3 Thermal Evaluation Methods  

 
The staff reviewed the methods used in the thermal evaluation and found 
reasonable assurance that they are described in sufficient detail to permit an 
independent review, with confirmatory calculations, of the package thermal 
design. 

 
3.9.4 Evaluation of Accessible Surface Temperature 

 
The staff reviewed the accessible surface temperatures of the package as it will 
be prepared for shipment and found reasonable assurance that they satisfy 
10 CFR 71.43(g) for packages transported by exclusive-use vehicle.  
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3.9.5 Evaluation under Normal Conditions of Transport  
 

The staff reviewed the package design, construction, and preparations for 
shipment and found reasonable assurance that the package material and 
component temperatures will not extend beyond the specified allowable limits 
during NCT, consistent with the tests specified in 10 CFR 71.71.  

 
3.9.6 Evaluation under Hypothetical Accident Conditions  

 
The staff reviewed the package design, construction, and preparations for 
shipment and found reasonable assurance that the package material and  
component temperatures will not exceed the specified allowable short-time limits 
during HAC, consistent with the tests specified in 10 CFR Part 71. 

 
3.9.7 Conclusion 
 

Based on the review of the application, the staff found reasonable assurance that 
the applicant has demonstrated that the MP197HB transportation package meets 
the thermal requirements for NCT and HAC as required by 10 CFR Part 71. 

Reference: 
 
1. Thermal Measurements in a Series of Long Pool Fires, SANDIA Report, SAND 85-0196, 

TTC-0659, 1987. 
 
4.0 CONTAINMENT 
 
The objective of this review is to verify that the package design satisfies the containment 
requirements of 10 CFR Part 71 under NCT and HAC. 
 
4.1 Description of the Containment System 
 

4.1.1 Containment Boundary 
 

The containment system of the MP197HB consists of the following components:  
(1) the inner shell, (2) a bottom plate with a RAM access closure plate with seal, 
(3) package body flange, (4) a top lid with seal, and (5) the vent and drain port 
closure bolts and seals.  Table 4-1 lists containment system components and 
their material of construction. 

 
 Table 4-1 

MP197HB Containment System Components 

Part 
Item No. from

Packaging Parts List 
MP197HB-71-1002 ,  REV. 2

MATERIAL 

Inner Shell 2 SA-203, Grade E 

RAM Closure Plate 33 
SA-203, Grade E  or 
SA-240, Type 304 

RAM Closure Seal 37 Fluorocarbon (Parker 2-463) 
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Package Body Flange 12 SA-350-LF3 
Bottom End Closure 5 SA-350-LF3 

Top Lid 20 
SA-350-LF3 or 
SA-203, Grade E 

Top Closure O-Ring Seal 24 Fluorocarbon (Parker) 
Drain and Vent Port Bolts 40 Brass or A193 B8 
Drain and Vent Port O-Ring Seal 42 Fluorocarbon (Parker 3-910) 

 
Containment penetrations include the vent and drain ports, RAM closure plate 
and the lid.  Each penetration is designed to maintain a leakage rate of 1 x 10-7 
ref-cm3/sec or less, which is defined as “leak tight” per ANSI N14.5. 

 
Each penetration has double O-ring seals with the inner O-ring serving as the 
primary containment seal and the outer O-rings facilitating leak testing of the 
inner containment O-rings on the RAM closure plate and the lid.  All containment 
seals are leak tested in accordance with ANSI N14.5 and replaced after each 
use.  The seal areas are designed for no significant plastic deformation under 
normal and accident loads as described in Chapter A.2. 

 
The top closure (lid) plate is secured to the package body with 48, 12 inch 
diameter bolts.  The RAM closure plate is closed with 12 1-inch diameter cap 
screws.  The vent and drain ports are each closed with a single : inch diameter 
bolt with a seal under the head.  Bolt torque values are specified in TN Drawing 
MP197HB-71-1002 (note 8).  The staff reviewed the containment system 
description and concludes that the description of the containment boundary is 
sufficient in detail to provide an adequate basis for its evaluation, per the 
requirements of 10 CFR 71.31(a)(1) and 10 CFR 71.33(a)(4).  The staff also 
finds that the containment system is securely closed by a positive fastening 
device that cannot be opened unintentionally or by a pressure that may arise 
within the package, as required by 10 CFR 71.43(c). 

 
4.1.2 Codes and Standards 

 
The containment vessel is designed, fabricated, examined, and tested in 
accordance with the applicable requirements of the ASME Code Section III, 
Subsection NB, to the maximum extent practicable.  Alternatives to the ASME 
Code are discussed in SAR Chapter A.2.1.4 and listed in Table A.2.13.13-1.  
Containment boundary welds are full penetration bevel or groove welds designed 
per ASME code Division III, Subsection NB. 

 
The staff has reviewed the description of the containment system, as described 
in Chapters A.2 and A.4 of the SAR.  The staff concludes that the established 
codes and standards applicable to the containment design have been identified 
per the requirements of 10 CFR 71.31(c). 

 
4.1.3 Special Requirements for Damaged Spent Nuclear Fuel 

 
The MP197HB may be used to transport damaged spent fuel in any number of 
configurations, as described and in accordance with the Certificate of 
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Compliance.  Because this system is leak tight, there are no special 
requirements for the containment boundary when transporting damaged fuel. 

 
4.2 Containment Under Normal Conditions of Transport 
 

4.2.1 Pressurization of Containment Vessel 
 

Within the thermal evaluation, the applicant demonstrated, and the staff 
confirmed that the MNOP of the MP197HB canister under NCT is 12.7 psig and 
would not exceed the pressure for which the package has been evaluated (30 
psig) in Appendix A.2.13.1, Section A.2.13.1.4 of the SAR.  The MNOP is the 
limiting pressure for the MP197HB loaded with the 69BTH DSC. 

 
4.2.2 Containment Criteria  

 
The containment system is designed to a leakage rate of 1 x 10-7 ref-cm3/sec or 
less.  In accordance with ANSI 14.5, fabrication verification, periodic verification, 
and assembly verification leak tests will be performed to verify the containment 
capability of the containment system. 

 
4.2.3 Compliance with Containment Criteria 

 
Results of the applicant's structural and thermal analyses show that the 
containment system retains the capability to maintain a seal of 1 x 10-7 ref-
cm3/sec or less under the conditions specified in 10 CFR 71.71 which is 
considered leak tight per ANS/ANSI N14.5.  Therefore, the staff concludes that  
 
the loss or dispersal of radioactive material from the package will be less than 
10-6 A2 per hour under NCT, as required in 10 CFR 71.51(a)(1). 

 
4.3 Containment Under Hypothetical Accident Conditions 
 

4.3.1 Pressurization of Containment Vessel  
 

Within the thermal evaluation, the applicant demonstrated, and the staff 
confirmed that the maximum pressure of the MP197HB canister under HAC is 
14.4 psig and which would not exceed the pressure for which the package has 
been evaluated (120 psig) in Appendix A.2.13.1, Section A.2.13.1.4, of the SAR.  

 
4.3.2 Containment Criteria 

 
The containment system is designed to a leakage rate of 1 x 10-7 ref-cm3/sec or 
less under HAC assuming a rod failure rate of 100%. 

 
4.3.3 Compliance with Containment Criteria 

 
Results of the thermal analysis show that seal temperatures will remain below 
the seal material temperature limits of 400EF during and after the 30-minute fire.  
Results of the structural analysis show that the package inner shell will not 
buckle under HAC. 
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Results of the structural and thermal analyses in Chapters A.2 and A.3 of the 
SAR demonstrated that the containment system remained leak tight under the 
tests specified in 10 CFR 71.73.  Since the containment vessel is designed, 
fabricated, and tested to meet the leak tight criteria of AAmerican National 
Standard for Radioactive Materials,@ ANSI N14.5, there is no contribution to the 
radiological consequences due to a potential release of canister contents.  The 
staff agrees with the applicant=s conclusion that the containment system meets 
the requirements of 10 CFR 71.51(a)(2). 

 
4.4 Evaluation Findings 
 

Based on review of the statements and representations in the application, the staff has 
reasonable assurance that the package containment design has been adequately 
described and evaluated and that the package meets the containment performance 
requirements of 10 CFR Part 71. 

 
5.0 SHIELDING EVALUATION 

The purpose of this evaluation is to verify that the MP197HB package shielding design provides 
adequate protection against direct radiation from its contents to assure that the package design 
meets the external dose rate limit requirements of 10 CFR Part 71 under NCT and HAC. 

 

5.1 Shielding Design Description 

The MP197HB package consists of a transport package and a DSC.  The DSC is a 
cylindrical spent fuel basket which can hold up to 24 PWR fuel assemblies with the PWR 
fuel basket design, and 61 or 69 BWR fuel assemblies with a BWR fuel basket, 
depending on the configuration.  The inner cavity of the transport package is the same 
for all fuel basket designs.  An aluminum sleeve is used to hold the baskets in the center 
of the transport package for baskets that are smaller than the transport package cavity.  
The package includes two 58 inch long impact limiters that are made of stainless steel, 
balsa wood, and redwood.  A personnel barrier is mounted to the transport frame of the 
vehicle to prevent unauthorized access to the package body. 

The transport package includes structural shells, a lead gamma shielding layer, and a 
borated resin neutron shield.  The gamma shield is provided by three (3) inches of cast 
lead.  The neutron shield is provided mainly by a 5.69 inch borated resin (VYAL-B).  The 
steel shells of the package body, the fuel basket, and the basket supports provide 
additional gamma shielding.  The secondary container assembly and the appropriate 
package cavity spacers provide, at a minimum, an equivalent shielding of 1.75 inches of 
steel in the radial direction.  An equivalent of a minimum of 5.75 inches of steel shielding 
and a minimum of 7 inches of steel shielding are provided at the bottom and the top of 
the package respectively.   

The MP197HB packaging system uses the DSC and fuel basket to hold fuel assemblies 
in the package.  The basket structure consists of welded stainless steel tubes (fuel 
compartments).  Borated aluminum-poison plates are attached to the walls of the tubes 
for criticality control.  Fuel compartments are arranged in 2 arrays, a full 3 × 3 fuel 
compartment array and a partial 3 x 3 fuel compartment array, surrounded by a stainless 
steel wrap.  Solid aluminum transition rails serve to center fuel compartment clusters 
inside the DSC. 
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Figure A.1.1 in the SAR provides a general sketch of the MP197HB packaging system.  
Engineering drawings MP197HB-71-1001 to 1014 provide details of the geometric 
dimensions and the structural materials of the packaging system.  Engineering drawings 
NUH24PT4-71-1001  to NUH24PT4-71-1003, NUH24PTH4-71-1001  to NUH24PTH4-
71-1009, NUH61BT-71-1000 to NUH61BT-71-1002, NUH61BTH-71-1100, NUH61BTH-
71-1102 to NUH61BTH-71-1106, NUH69BTH-71-1000, NUH69BTH-71-1002, 
NUH69BTH-71-1002,  NUH69BTH-71-1011, and NUH69BTH-71-1012 provide details of 
fuel basket structures important to shielding for the five different DSC designs. 

Under HAC, the MP197HB package is assumed to have lost 12 inches of the impact 
limiters in the axial directions.  The wood in the impact limiters is assumed to be totally 
lost.  The distance between the package lid and the partially crushed impact limiter end, 
as well as the stainless steel skin of the impact limiters, are credited in the analysis as 
additional gamma shielding in the axial direction.  In addition, the shielding analysis 
model for the package under HAC assumed that 25% of the neutron shield would remain 
attached to the inner walls of the aluminum tubes that hold the borated resin.  A 0.375 
inch lead gap was assumed at both ends of the lead shell and a 0.1 inch gap in the 
radial direction was assumed to take account for the potential lead slump under the 
HAC.   

5.2 Radiation Source Specification 

The applicant calculated the radiation source terms of the spent fuel contents using the 
SAS2H module of the SCALE 4.4 code package.  The design basis fuel contents are the 
B&W 15 x 15 Mark B10 for PWR fuels and the GE-2,3 7 x 7 Type G2A for BWR fuels 
since these two fuel assemblies contain the largest amount of heavy metal load in their 
respective fuel types among the authorized fuel contents.  

The MP197HB is also designed to transport a payload of 56.0 tons of dry irradiated 
and/or contaminated non-fuel bearing solid materials in secondary containers.  The 
radiation source strength of non-fuel bearing solid radioactive materials is limited to a 
maximum of 90,000 Ci of 60Co equivalent radiation.  The safety analysis of the package 
took no credit for the secondary containers.   

The shielding performance of the package is analyzed based on a bounding source 
(both gamma and neutron).  The MP197HB package loaded with the 69BTH DSC 
containing design basis BWR assemblies is identified as the bounding package for both 
PWR and BWR fuel packages since this package contains the maximum heavy metal 
load.   

The design basis fuel assembly with an initial enrichment of 3.8 wt% U-235 and an 
assembly-average burnup of 55 GWD/MTU with a 7.75 year cooling time was used in 
NCT dose rate analyses.  The design basis fuel assembly with an enrichment of 4.3 wt% 
U-235 and an assembly-average burnup of 70 GWD/MTU and 21.0 year cooling time 
was used for the shielding performance evaluation of the package under HAC.  The 
MCNP5 computer code was employed in the shielding analyses.  The major 
assumptions used in shielding model are as follows: 

1. The fuel assembly is represented as four homogenized zones: bottom fitting, 
active fuel, plenum, and top nozzle. 

2. The fuel assembly masses are homogenized within the fuel assembly envelope. 

3. 75% of the neutron shield was lost under HAC.  
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4. The impact limiters were crushed by 12 inches axially and the wood is burned 
out.  

5. The top and bottom 0.375 inches of lead (axial direction) were removed to 
account for lead slump under HAC.  

6. The lead gamma shield radial thickness was reduced by 0.1 inches to account 
for lead shrinking after solidification.  

7. 25% of the neutron shield material would remain uniformly attached to the inner 
walls of the aluminum tubes. 

Radiation source terms and isotopic inventories of the design basis contents are 
computed using the SAS2H module of the SCALE 4.4 code package.  For packages 
loaded with more than 4 damaged fuel assemblies, an additional 7.25 years, i.e., a total 
of 15 years, of cooling time is required in order to meet the dose rate limits prescribed in 
10 CFR 71.47 and 71.51.   

The staff reviewed this approach for using 70 GWd/MTU burnup and 21 year cooling 
time fuel as the design basis fuel for package shielding performance analysis.  Staff 
noted that the SAS2H code has not been benchmarked and validated to 70 GWd/MTU 
burnup.  However, since the burnup is limited to 45 GWd/MTU, the staff believes that 
adequate information has been provided. 

In the past, additional safety margins (e.g.,additional cooling time, penalty on calculated 
sources), have been used to compensate for the potential biases and uncertainties of 
the source term calculations for fuel with burnup exceeding 45 GWd/MTU. 

The applicant provided some benchmark calculations using eight measurement data 
points.  However, the measured data are for isotopes important to burnup credit.  Future 
applications that use SAS2H for high burnup fuel source calculations are expected to 
provide benchmark and validation for the version of the code and associated library 
being used in the safety analyses or apply appropriate penalty factors. 

However, for the MP197HB package design, the actual maximum allowable fuel burnup 
is limited to 45 GWd/MTU.  Although the source terms in the analyses are calculated 
based on 55 GWd/MTU for NCT and 70 GWd/MTU for HAC, with the 45 GWd/MTU 
burnup limit, the staff has reasonable assurance of public health and safety with the 
results of the source term calculation because the code has been benchmarked and 
validated to this burnup by the code developer.   

The applicant applied burnup profiles to the source terms calculated based on average 
fuel burnup.  Burnup profiles with peaking factors of 1.152 and 1.326 were used in the 
source term calculations for PWR and BWR fuel, respectively.  Since the shielding 
safety analyses were based on these assumptions, the users of the MP197HB package 
shall ensure that contents meet the assumed burnup profile peaking factors. 

For fuel with natural or low enrichment fuel blankets, the applicant studied the impact of 
the blankets to the source terms assuming the maximum length of the blankets is 7 
inches.   Based on the comparison of the source terms from the fuel assemblies with 
and without blankets, the applicant determined that the burnup profiles and source terms 
are the same for both cases.  The staff performed confirmatory calculations with three 
dimensional models using the TRITON code of the SCALE 5.1 system.  Based on its 
own calculations, the staff finds the conclusion acceptable for fuel assemblies with 6 to 7 
inch blankets or shorter the source terms are very close to the ones without blankets.  
However, for fuel assemblies with 10 inches or longer natural uranium blankets, the 
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differences in source terms become apparent and source terms increase significantly as 
the blankets become longer.  For a fuel assembly with 12 inches of blanket at both ends, 
the total source term is about 10% more in comparison with one without the blankets.  
For this reason, the blanket regions of the fuel to be loaded in the MP197HB packages 
shall not exceed 7 inches as analyzed.       

The MP197HB is designed also for transport of various types of irradiated and 
contaminated reactor hardware.  A payload of 55.0 tons of dry irradiated and/or 
contaminated non-fuel bearing solid materials may be shipped with secondary 
containers.  The quantity of radioactive material is limited to a maximum of 60Co or 
90,000 Ci of 60Co or equivalent in terms of total radiation activity and source spectrum.  
The safety analysis of the package takes no credit for the containment provided by 
secondary containers.   

5.2.1 Gamma Source 

The gamma source terms comprise of three sources: spent fuel region, activated 
fuel structural materials and inserts, and the source term from (n, γ) reactions.  
The primary source of activity in the non-fuel regions of a fuel assembly comes 
from the activation of 59Co to 60Co due to the impurities in the steel structural 
material above and below the fuel.  The activity of the 60Co is calculated using 
ORIGEN-S with assumption that the in-core fuel region flux was at full power and 
result was modified using the scaling factors listed in Chapter A.5, Section A.5.2 
of the application.  The masses of the materials in the top end fitting, the plenum, 
and the bottom fitting regions are multiplied by 0.1, 0.2 and 0.15, respectively in 
the fuel assembly model.  These factors are used to account for the spatial and 
spectral changes of the neutron flux outside the active fuel zone.   

The irradiated and contaminated reactor hardware is treated as equivalent 
Cobalt-60 radiation source.  The typical Cobalt-60 specific activity ranges for 
these items are as follows: 

1. Control Rod Blades    1.3x10-4 – 1.1x10-2 Ci/g 

2. LPRMs      1.0x10-2 – 4.8x10-2 Ci/g 

3. Fuel Channels     7.8x10-5 – 2.0x10-4 Ci/g 

4. Poison Curtains     6.2x10-4 – 4.0x10-2 Ci/g 

5. BPRAs      3.8x10-4 – 1.3x10-3 Ci/g 

6. Reactor Vessel and Internals   2.0x10-5 – 1.3x10-2 Ci/g 

The gamma source term from the active fuel region is calculated using the 
SAS2H/ORIGEN-S computer code of the SCALE 4.4 code package.  The 
44GROUPNDF55 cross section library was used in SAS2H assembly depletion 
analyses.  The gamma source from the SAS2H calculation is multiplied by a 
bounding axial burnup profile.   

The second source of photons comes from (n, γ) reactions in the basket and 
package materials.  The (n, γ) photons are properly accounted for in the coupled 
neutron-photon MCNP5 calculations by using the PHYS:n,p option and tallies for 
both neutron and photons in the neutron particle transport simulation.  

The gamma radiation spectrum is presented in 18 energy group structure 
consistent with the SCALE 27 n-18 g energy group cross section library.  The 
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lower bound energy range in this library is 0.05 MeV.  The material compositions 
of the fuel assembly hardware are included in the SAS2H/ORIGEN-S model on a 
per assembly basis.   

Based on its analyses, the applicant determined that the total primary gamma 
radiation source terms strength at NCT, 

NCT
GS , is:  

NCT
GS = (4.6037e+12, 2.5916e+15, 1.5932e+12, 3.7889e+12) (γ/sec/FA )x 69 FAs  

= 1.7951e+17 γ/sec /package. 

And the total primary gamma radiation source terms strength at HAC, 
HAC
GS , is: 

HAC
GS = (1.0069E+12, 1.7524E+15, 3.3439e+11, 8.2723e+11) (γ/sec/FA) x 69 FAs  

= 1.2107e+17 γ/sec /package.   

The staff performed a confirmatory calculation for the gamma source terms of the 
design basis fuel assembly and finds the applicant’s source terms acceptable 
and conservative.   

 5.2.2 Neutron Source 

The neutron sources are comprised of primarily the neutron radiation from spent 
fuel (both α-n reactions and spontaneous fission) and the neutrons produced by 
sub-critical multiplication in the fuels.  

Neutron source strength increases as enrichment decreases for a given burnup 
and cooling time.  Neutron source terms were computed at an initial enrichment 
of 3.6 wt% U235 which is a lower bound for the design basis burnup of 45 
GWd/MTU.  The fuel assembly data and the operating characteristics are 
transformed into SAS2H input parameters.  SAS2H computes fuel radioactive 
isotope inventories and radiation source terms from fuel and irradiated/activated 
hardware.  The total neutron source used in shielding analysis is 3.21 x 108 and 
4.0 x 108 n/s/FA for NCT and HAC, respectively.   

Considering the neutron multiplication, the applicant further adjusted the total 
neutron source by the calculated keff of the package.  Based on the criticality 
evaluation, the keff for dry package condition is not greater than 0.4.  The 
applicant provided the total neutron source terms as: 

NCT total neutron radiation source term strength, NCT
NS  

NCT
NS  = (3.21E+08 neutron/sec/FA x 69 FAs) x 1.326 /(1-0.40) 

= 4.8949e+10 (neutrons per second/package) 

HAC total neutron radiation source term strength, HAC
NS  

HAC
NS  = (4.00E+08 neutron/sec/FA x 69 FAs) x 1.326 /(1-0.40) 

= (6.0996e+10) neutrons/second/package.  

Because its dominance in the neutron emitters for fuel with cooling time greater 
than 7 years, the spontaneous fission spectrum of 244Cm is used in the dose rate 
calculations for neutron source and gamma source produced by (n-γ) reactions.   
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The applicant discussed the uncertainties associated with the source term 
calculations using SAS2H.  The applicant determined that SAS2H has been 
benchmarked for calculations of the source terms for high burnup fuels (up to 70 
GWd/MTU).  The staff disagrees with the applicant that the SAS2H code has 
been benchmarked to burnup exceeding 45 GWd/MTU.  However, since the 
current license will limit the fuel burnup to 45 GWd/MTU, the staff determined 
that the uncertainties associated with source term calculations using the SAS2H 
code were well understood.  As such, no extra penalty needs to be applied to 
account for the potential bias and uncertainties for source term calculation for 
high burnup fuels. 

The staff performed a confirmatory calculation for neutron source term of the 
design basis fuel assembly and finds the applicant’s source terms acceptable 
and conservative.   

5.3 Shielding Model Specification 

The shielding analysis of the MP197HB package is performed using MCNP5 computer 
code and the continuous energy ENDF/B-VI cross section libraries.  For NCT, the 
MP197HB package model includes the neutron shield and impact limiters while for the 
HAC, 75% of the neutron shielding material as well as the trunnion plugs at the package 
side were assumed lost and the impact limiters were assumed to be crushed 12 inches 
axially and the wood lost.   

The package shielding performance analyses were performed based on a bounding 
shielding evaluation.  The applicant determined that the MP197HB package loaded with 
69BTH DSC containing design basis BWR assemblies results in maximum dose rates 
because this package has the highest total load of heavy metal among all MP197HB 
packages and the source terms are defined on a per MTU basis.   

The dose rates under NCT were calculated based on the 69BTH DSC loaded with 
design basis assemblies.  The transport package, the DSC, and its contents were 
modeled explicitly as built and the fuel assemblies were modeled with a discrete 
representation along the axial direction.  Each fuel assembly is divided into four axial 
zones.  The bottom zone represents the lower end fittings, the middle zone represents 
the active fuel region and the upper zones represent the plenum and top nozzle, 
respectively.  The modeled active fuel length is 144 inches and the plenum length is 
12.93 inches.  The modeled bottom end fitting and top end fitting lengths are 6.65 inches 
and 12.62 inches, respectively.  The fuel, end fitting, top nozzle, and plenum are 
homogenized within each assembly cell and the axial length of their respective zones.  

The transport package under NCT is modeled as a carbon steel cylindrical shell with 
70.50 inches diameter and 189.19 inches height.  The cylindrical shell is centered at the 
package axis and it is 2.71 inches from the package bottom plug.  The thickness of the 
inner cylindrical shell on fuel basket side of the canister is 1.75 inches.  The outer carbon 
steel shell is 15 inches with 3 inches of lead encapsulated inside the steel shell.   The 
thickness of shield plugs on bottom and top of the canister are 5.75 inches and 7.00 
inches, respectively.  For waste package, the radioactive waste occupies only portion of 
the inner volume of the canister.  It is assumed that the waste is distributed within a 
cylindrical volume with 66.0 inches diameter and 168 inches height.  The bottom of that 
cylindrical region is in contact with the bottom plug of the canister.  The rest of the inner 
volume of the canister is air.  
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The neutron shielding material (VYAL-B) is a borated vinylester resin mixed with alumina 
hydrate and zinc borate and is cast into sealed aluminum tubes.  The tubes are a 
slender shape with an approximately 5.76 inches x 6.0 inches opening and 
approximately 6 inches x 6.25 inches overall dimension.  The wall thickness of the 
aluminum tube is about 0.12 inches.  There are 60 such tubes around the side of the 
package perimeter between impact limiters.  The applicant modeled the neutron shield 
layer with a homogeneous mixture of aluminum and the borated resin.  The sample input 
file included in the SAR shows that the neutron shield was modeled as 6 inches thick 
homogeneous VYAL-B/aluminum cylinder shell.  The density of the homogenized 
neutron shielding material and the aluminum casing is 1.73 g/cm3 based on a note to 
Table A.5-18.  The staff reviewed the modeling approach and finds it acceptable 
because the homogeneous VYAL-B/aluminum mixture will be less effective in neutron 
attenuation.   
 
The staff questioned the original model that did not explicitly include the aluminum 
sandwich layer formed by the walls of two adjacent tubes.  Because the total thickness 
of the sandwich layer is about 0.25 inches (0.635 cm) and aluminum has a very low ξΣs, 
this sandwich layer could potentially form a steaming path for neutrons.  In its response 
to staff’s RAIs, the applicant performed a shielding analysis with explicit model of the 
aluminum boxes that hold the borated resin.  The results demonstrate that a 6% 
increase in the dose rate on the package surface and a 5% increase in the dose rate at 
2 meters from the package surface. 

The voids within the package cavity are modeled as built.  Voids within the fuel assembly 
are homogenized with fuels and cladding material.  This is an acceptable modeling 
approach for representing fuel regions in the shielding calculations because modeling 
the details of the fuel assembly is not necessary for shielding calculations.  

The shear key cut-out is closed with a steel shear key plug when the package is on a 
transportation platform.  However, before the package is placed on a horizontal position 
and secured on the platform, the shear key cut-out is closed with a plug made with the 
same neutron shielding material as that on the side of package.  The plug is encased 
with 0.0625 inch thick steel shell.  The shell portion at the bottom of the plug is placed on 
top of the plug in MCNP models.  This preserves the total thickness of the steel on the 
top and the bottom of the plug. 

The package is secured in a horizontal position on a skid attached to a railcar or other 
trailer with a deck or floor during transportation.  However the package and its contents 
are modeled as a standalone entity, without any surroundings, in computational models 
for bounding shielding analyses and determination of the response functions.  Therefore, 
the effect of transportation equipment on dose rate distributions below the package 
(which can be especially important for the close, less than 2 meters distances) is 
conservatively not accounted for in the shielding analysis. 

The impact limiters are modeled as wood encased in a 0.25 inch thick steel shell.  There 
is a 3.5 inches gap between the impact limiter pocket inner surface and the transport 
package lid.  The interior steel gussets are conservatively neglected.  Wood thickness 
between end of the impact limiters and the package ends is 26.25 inches in MCNP 
models.  The outer diameter of the impact limiters is 125.53 inches. 

The applicant calculated the dose rates at different points from the package with the 
model as described above.  Based on its calculations, the applicant determined the dose 
rates for the package with design basis content.  Tables A.5-21 through A.5-24 in the 



- 53 - 

SAR provide the dose rates at various points of interest with respect to the package 
under NCT. The following table provides a summary for dose rates for the MP197HB 
spent fuel transportation package under NCT. 

Maximum dose rates at various locations of the package or vehicle under NCT 

Radiation Package Surface Vehicle Edge 2 Meters from Vehicle 

 Top Side Bottom Top Side Bottom Top Side Bottom 
Gamma mSv/hr 0.03 0.59 0.16 0.03 0.23 0.16 0.01 0.05 0.02 

mrem/hr 3 59 16 3 23 16 1 5 2 
Neutron mSv/hr 0.02 1.51 0.16 0.02 0.58 0.16 0.01 0.043 0.02 

mrem/hr 2 151 16 2 58 16 1 4.3 2 

Total 
mSv/hr 0.05 1.91 0.32 0.05 0.69 0.32 0.01 0.093 0.04 
mrem/hr 5 191 32 5 69 32 1 9.3 4 

Requirement mSv/hr 10 10 10 2 2 2 0.1 0.1 0.1 
mrem/hr 1000 1000 1000 200 200 200 10 10 10 

 

For both the NCT and HAC models, the neutron source together with the 244Cm 
spontaneous fission spectrum was used in the shielding calculation using the MCNP5 
code.  The “nonu” and “PHYS: n, p” cards were used in the neutron transport 
calculations of the MCNP model to determine the dose rates of neutron and secondary 
gammas.  A separate gamma transport calculation was made for determining the dose 
rates from the fuel and hardware gamma radiation.   

The applicant used response functions to qualify fuel assemblies for loading.  The 
response function approach determines the contribution from a given source at each fuel 
compartment to the dose rate at a specific location outside the package using the MCNP 
code.  This method is in essence a discrete coordinate approximation. REMOVED PER 
2.390 – PROPRIETARY  

Using this approach, a source-dose rate correlation is generated for each and all fuel 
zones, plenum zones, and end fitting zones.  The maximum allowable sources for each 
fuel compartment are determined based on this source-to-dose-rate constant.  The 
maximum allowable contents in each fuel compartment of the package are determined 
based on the source terms for the combination of burnup, cooling time, and initial 
enrichment calculated using SAS2H control module of the SCALE-V code package.  
REMOVED PER 2.390 - PROPRIETARYThus, the complicated three-dimensional 
particle transport problem involved in shielding analysis is simplified as an arithmetic 
problem; there is a corresponding dose rate contribution for each source term in each 
region of each fuel compartment.   

The fundamental assumption of this method is that there is a unique constant between 
the dose rate at a given point from the surface of the package and the source strength in 
each fuel cell location and axial segment for each particle type and energy interval, 
independent of the material composition changes caused by loading of different 
contents.  Once this constant is determined, it can be used to inversely determine the 
source that can be placed in the fuel cells to meet the given dose rate limits independent 
of whether the material property between the source and detector will change or not.  
The discussion presented in the SAR proved this point.  For these reasons, this 
approach is valid only when the material compositions of the fuels in the basket remain 
the same or does not change significantly in terms of nuclear reactions, including 
absorption, scattering, (n,gamma), (n,xn), etc.  The calculated source-to-dose rate 



- 54 - 

constant is no longer valid if the materials in the fuel cells are changed, including their 
isotopic composition and density.  As such, the user of this method must verify the 
validity of the fuel qualification table(s) with separate shielding calculation to ensure the 
response functions generated based are valid for all potential contents.   

In response to the staff’s RAI, the applicant calculated the dose rates for the packages 
loaded with fuels that were determined using the response function approach.  The 
results show that the dose rates for the MP197HB package with design basis contents 
are within acceptable tolerances.  The results confirmed the calculated source-to-dose 
rate constants for the package are correct and acceptable. 

Using the response function method, the applicant developed fuel qualification tables.  
The fuel qualification tables A.1.4.1-5, A.1.4.7-4, A.1.4.8-6, A.1.4.8-6, and A.1.4.9-4 in 
the SAR provide the minimal cooling time required for each burnup and enrichment 
combination.  It is noted that although these tables cover fuels with maximum burnup up 
to 70 GWd/MTU, the allowable contents are limited to 45 GWd/MTU burnup. 

It is important to note that the Fuel Qualification Tables developed are based on 
shielding analyses only.  Cooling time requirements for different fuels and burnups in 
these fuel qualification tables may not be bounding for other requirements.  The 
combination with other requirements, such as thermal and criticality safety, will 
determine the final fuel qualification criteria.  

The applicant calculated the dose rates for the package under HAC.  The applicant 
assumed that the neutron shield, i.e., the borated resin in the slender aluminum tubes of 
the MP197HB packaging, will experience substantial loss and is assumed only to be 
able to retain 25% of the effective shielding capability.  The trunnion plugs are assumed 
to be made from the same neutron shielding material with the same material loss under 
HAC.  In addition, the impact limiters are assumed to be crushed by 12 inches in the 
axial direction.  The shielding analysis for package under HAC is performed under the 
above assumptions.   

The staff questioned whether the impact limiters were able to remain attached to the 
package body as well as keep the assumed-length after drop, puncture, and fire tests.  
The structural review of the application determined that the applicant’s assumptions are 
acceptable.  The shielding analyses for the package under HAC based on this 
conclusion are determined acceptable. 

The staff also questioned the assumption that the neutron shield would be able to retain 
25% of the thickness and attached uniformly to the walls facing the fuel basket.  In its 
response to RAI 5-4, the applicant states: “Tests have shown that the neutron shielding 
material retains more than 60% of its principal contents (hydrogen, boron) following 
design basis fire accident…”  In its response to RAI 5-6, the applicant further states: 
“The results of the fire tests performed during the testing of the resin indicate that a small 
layer gets charred under direct fire exposure and this layer is likely to be much smaller 
when there is no direct exposure to fire.”  The applicant further states: “The charring is 
localized …” 

The staff could not confirm the ability of the neutron shielding material to uniformly stick 
on the aluminum wall after the puncture and fire tests because the neutron shield fire 
tests were conducted without considering the puncture test.  The result could be very 
different if the tests were conducted with the puncture test first.  This is inconsistent with 
the regulatory requirement as prescribed in 10 CFR 71.73(c)(3), which requires the 
puncture test to be performed as: “A free drop of the specimen through a distance of 1 m 
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(40 in) in a position for which maximum damage is expected, onto the upper end of a 
solid, vertical, cylindrical, mild steel bar mounted on an essentially unyielding, horizontal 
surface.  The bar must be 15 cm (6 in) in diameter, with the top horizontal and its edge 
rounded to a radius of not more than 6 mm (0.25 in), and of a length as to cause 
maximum damage to the package, but not less than 20 cm (8 in) long.  The long axis of 
the bar must be vertical.”  In such a scenario, the neutron shield could have been 
punched through the aluminum case to allow fire to enter the resin region to burn the 
neutron shield out completely.  Even the puncture test alone may create a hole in the 
neutron shield layer so that a stream path is formed.  Based on these reasons, the staff 
does not believe this assumption is generically acceptable.  Future applications may 
need to demonstrate its validity by tests or analyses that follow the 10 CFR 71.73 testing 
procedures. 

For the package under HAC, the applicant calculated the maximum dose rate at 1.30 m 
from the package surface and used linear extrapolation to determine that the dose rate 
at 1 m from the cask surface without taking credit for the neutron shield is 946 mrem/hr 
(Table 8-7 of Calculation No. MP197HB-0502).  In order to provide additional safety 
margin to compensate for the fact that this dose rate was a derived number, an 
additional 1 year of cooling time was added to the results of the design basis 
calculations.  Based on this fact, the staff agreed that the dose rate at 1 meter from the 
package surface will meet the regulatory requirement, 1000 mrem/hr at 1 meter from the 
package surface under HAC.  The staff modeled this accident condition without the 
neutron shield and confirmed the applicant’s result at 1 m from the package surface 
without the neutron shield.   

5.4 Shielding Evaluation 

The shielding analysis uses the MCNP5 code.  The MP197HB package is modeled in 
full three-dimensional detail, the active fuel region is modeled as a homogenized mass 
and the upper and bottom end fitting regions of the design assembly are modeled as 
mixture of steel and void.  The packaging body, neutron shield, radial steel ribs, and 
impact limiters are modeled according to the engineering design drawings.  The nonu 
and PHYS: n, p cards were used in the neutron transport calculations of the MCNP 
model to determine the dose rates of neutron and secondary gammas.  A separate 
gamma transport calculation was made for determining the dose rates contributed by the 
fuel and hardware gamma radiations.   

In MCNP5 model, surface flux type tallies are performed at the package surface, 
personnel barrier, at 1 m from the surface and at 2 m from the edge of the rail car.  The 
newly available special feature of the MCNP5 mesh tally was use to determine the 
neutron and gamma fluxes at the surfaces, 1 m and 2 m from the surface of the 
package.  Dose rates are computed from surface tallies, multiplied by the ANSI/ANS-
6.1.1-1977 flux-to-dose factors.  The maximum dose rates are determined at key 
locations along the side of the package, i.e., radial mid-plane, top nozzle, bottom nozzle, 
and along the centerline of the impact limiters.   

The staff reviewed the shielding design of the package presented in the SAR.  The staff 
finds that the shielding design of these packagings and proposed contents acceptable 
because the dose rates meet the regulatory requirements even without taking credit of 
the residual neutron shield under the HAC tests.  In addition, the minimum of 8.75 year 
cooling time requirement in comparison with the design basis 7.75 years of cooling time 
for intact fuels would offset most of the uncertainties and approximations used in the 
calculations and provides additional safety margin.  Based on the dose rates together 
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the analyses, the assumptions and approximation used in the analyses as presented in 
the SAR, the staff determined that results are acceptable.  As such, the staff determined 
with reasonable assurance that the shielding design of the MP197HB packages with the 
content limits as shown in the fuel qualification table and the non-fuel hardware mass of 
the CoC meet the regulatory requirements of 10 CFR 71.47 and 10 CFR 71.51. 

5.5 Evaluation Findings and Conclusion 

The staff reviewed the description of the package design features related to shielding 
and the source terms for the design basis fuel and finds them acceptable.  The methods 
used are consistent with accepted industry practices and standards.  The staff reviewed 
the maximum dose rates for NCT and HAC and determined that the reported values 
were below the regulatory limit in 10 CFR 71.47 and 71.51 for exclusive use package. 
The staff’s review was performed following NUREG-1617 “Standard Review Plan for 
Transportation Packages for Spent Nuclear Fuel.” 

Based on its review of the statements and representations provided in the application, 
the staff has reasonable assurance that the shielding evaluation is consistent with the 
appropriate codes and standards for shielding analyses and NRC guidance, and that the 
package design and contents satisfy the shielding and dose limits in 10 CFR Part 71 
with the following conditions or placed in the CoC fuel qualification tables: 

1. The maximum length of the natural or low enrichment uranium blankets shall not exceed 
5% of the assembly length. 

2. The maximum average burnup is 45 GWd/MTU. 

3. The minimum cooling time is 15 years for packages loaded with more than 4 damaged 
fuel assemblies. 

4. The maximum quantity of non-fuel bearing radioactive material loaded into a package 
shall not exceed 90,000 Ci of 60Co.  If there are other radionuclides (e.g., contaminants) 
in addition to 60Co, the total energy release from the total waste shall not exceed 
225,000 MeV/sec.  

5. The users of this packaging system shall confirm that the maximum peaking factor of the 
fuel burnup in all fuel contents does not exceed 1.326 and 1.152 for BWR and PWR 
fuels respectively.  

References: 
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the DU1 Sample from the Dodewaard Reactor, ORNL/TM-13687, Oak Ridge National 
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3. O. W. Hermann and M. D. DeHart, Validation of SCALE (SAS2H) Isotopic Predictions for 
BWR Spent Fuel, ORNL/TM-133315, Oak Ridge National Laboratory, September 1998. 

4. X-5 Monte Carlo Team 2003, MCNP—A General Monte Carlo N-Particle Transport Code, 
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6.0  Criticality Evaluation 
 

This section presents the findings of the criticality safety review for an application to 
amend Certificate of Compliance No. 71-9302 for the Model No. NUHOMS® MP-197 
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transportation package under a criticality analysis using credit for fuel burnup for some 
contents.  The staff evaluated the package for its ability to meet the fissile material 
requirements of 10 CFR Part 71, including the general requirements for fissile material 
packages in 10 CFR 71.55, and the standards for arrays of fissile material packages in 
10 CFR 71.59.  The staff’s review considered the criticality safety requirements of the 
radioactive material transportation regulations in 10 CFR Part 71, as well as the review 
guidance presented in NUREG-1617, “Standard Review Plan for Transportation 
Packages for Spent Nuclear Fuel.” 

 
6.1 Description of the Criticality Design 
 

6.1.1 Packaging Design Features 
 

The MP197HB design consists of a cylindrical, steel shell containment system, 
with a flat bottom and bolted closure lid at the top, and with four different 
available transportable canisters with internal basket structures for maintaining 
the position of the spent fuel contents.  Each canister type consists of a stainless 
steel cylinder with a double seal-welded closure, and with basket structures as 
described below: 

 
• NUHOMS®-24PT4 – designed to transport up to 24 intact PWR spent fuel 

assemblies, or up to 12 damaged PWR assemblies in failed fuel cans [See 
Drawing NUH24PT4-71-1003, Rev. 0 (4 sheets)], with the remaining fuel 
intact.  The basket structure consists of 24 steel guide-sleeves, laterally 
supported by circular steel spacer disks.  Each guide-sleeve is surrounded by 
Boral® neutron absorber plates for criticality control. 

 
• NUHOMS®-61BT – designed to transport up to 61 intact boiling water reactor 

(BWR) spent fuel assemblies, or up to 16 damaged fuel assemblies with the 
remaining fuel intact.  The basket structure consists of a welded assembly of 
stainless steel tubes, that define the fuel locations, separated by borated 
aluminum, aluminum/B4C metal matrix composite, or Boral® neutron poison 
plates for criticality control. 

 
• NUHOMS®-61BTH – similar to the -61BT canister, and designed to transport 

up to 61 intact BWR spent fuel assemblies, or up to 16 damaged fuel 
assemblies, or up to 4 failed fuel assemblies in failed fuel cans [See Drawing 
NUH61BTH-71-1105, Rev. 0 (2 sheets)], with the remaining fuel intact.  The 
basket structure consists of a welded assembly of stainless steel tubes, that 
define the fuel locations, separated by borated aluminum, aluminum/B4C 
metal matrix composite, or Boral® neutron poison plates for criticality control. 

 
• NUHOMS®-69BTH – designed to transport up to 69 intact BWR spent fuel 

assemblies, or up to 24 damaged fuel assemblies with the remaining fuel 
intact.  The basket structure consists of a welded assembly of stainless steel 
tubes, that define the fuel locations, separated by borated aluminum, 
aluminum/B4C metal matrix composite, or Boral® neutron poison plates for 
criticality control. 

 



- 58 - 

The loading parameters for each canister type, including minimum 10B content for 
the neutron absorber plates, assembly maximum enrichments and minimum 
burnups (for canisters evaluated with burnup credit), and fuel parameters, are 
described in Appendixes A.1.4.1, A.1.4.7, A.1.4.8, and A.1.4.9 of the SAR. 

 
6.1.2 Codes and Standards 

 
The applicable regulations considered in the review of the criticality safety portion 
of this application include the fissile material requirements in 10 CFR Part 71, 
specifically the general requirements for fissile material packages in 
10 CFR 71.55, and the standards for arrays of fissile material packages in 
10 CFR 71.59.  The staff also considered the review guidance presented in 
NUREG-1617. 

 
6.1.3 Summary Table of Criticality Evaluations 

 
The maximum keff for each canister type is reported in Appendixes A.6.5.1, A.6.5.2, and A.6.5.3 
of the SAR, and summarized in Section A.6.1.3 of the SAR and as follows: 
 

Canister Type Keff + 2σ USL 
NUHOMS®-24PT4 0.9393 0.9411 
NUHOMS®-61BT 0.9387 0.9414 
NUHOMS®-61BTH 0.9400 0.9415 
NUHOMS®-69BTH 0.9406 0.9415 
 
6.1.4 Criticality Safety Index 

 
The applicant demonstrated that infinite arrays of NUHOMS®-MP197HB 
packages are adequately subcritical under NCT and HAC.  Therefore, the 
criticality safety index (CSI), determined in accordance with 10 CFR 71.59(b), is 
0.0. 

 
6.2 Spent Nuclear Fuel Contents 
 

The MP197HB package is designed to transport spent BWR and PWR fuel assemblies 
with the characteristics described in Appendixes A.1.4.1, A.1.4.7, A.1.4.8, and A.1.4.9 of 
the SAR.  The NUHOMS®-24PT4, -61BT, -61BTH, and -69BTH canisters are evaluated 
using the fresh fuel assumption.  The allowable contents for each canister design are 
summarized in the following: 

 
NUHOMS®-24PT4 

 
The NUHOMS®-24PT4 contents consist of up to 24 CE 16 x 16 PWR fuel assemblies as 
described in Table A.6.5.3-2 of the SAR.  Up to 12 damaged assemblies may be loaded 
in the peripheral regions of the canister, shown as Zones A and B in Figure A.6.5.3-18 of 
the SAR.  The Zone A corner locations are for placement of up to four damaged fuel 
assemblies, with the Zone B peripheral locations for up to eight additional damaged fuel 
assemblies.  Damaged fuel assemblies are defined as those with known or suspected 
cladding defects greater than hairline cracks or pinhole leaks, or with partial and/or 
missing rods.  Damaged fuel assemblies are to be placed in failed fuel cans, which 
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replace the basket guide sleeves in locations where damaged fuel is loaded.  Damaged 
fuel may also consist of fuel debris and damaged fuel rods that have been removed from 
a fuel assembly and placed in a 9 x 9 rod storage basket, as well as loose fuel debris, 
provided the fuel debris size is larger than the failed fuel can screen mesh opening. 

 
Table A.6.5.3-21 of the SAR contains the loading criteria for fuel assembly contents in 
the NUHOMS®-24PT4 DSC.  There are different loading requirements for the Type A 
basket, defined by having neutron absorber plates with a minimum 10B areal density of 
0.025 g/cm2, and the Type B basket, defined by having neutron absorber plates with a 
minimum 10B areal density of 0.068 g/cm2.  The maximum initial lattice average 
enrichments, in weight percent 235U, for fuel transported in the Type A and B baskets are 
4.1 and 4.85, respectively.  Either basket type can contain up to four damaged fuel 
assemblies in failed fuel cans in the corner guide sleeve locations without any reduction 
in initial enrichment.  For transport of 5 to 12 damaged fuel assemblies, either the 
damaged fuel assembly initial lattice average enrichment can be reduced (3.7 weight 
percent 235U for the Type A basket, and 4.1 weight percent 235U for the Type B basket), 
or poison rodlets may be inserted into the guide tubes of the intact fuel assemblies 
without any reduction in damaged fuel initial enrichment.  Poison rodlets consist of either 
borated stainless steel rods or B4C filled stainless steel tubes meeting the design 
parameters listed in Table A.6.5.3-4 of the SAR. 

 
NUHOMS®-61BT 

 
The NUHOMS®-61BT contents consist of up to 61 7 x 7, 8 x 8, 9 x 9, or 10 x 10 BWR 
fuel assemblies as described in Table A.6.5.1-3 of the SAR.  Three different canister 
types (A, B, and C) are defined by the minimum 10B areal density in the borated 
aluminum, aluminum/B4C metal matrix composite, or Boral® neutron absorber plates, 
and the associated maximum fuel initial lattice average enrichments allowed, as shown 
in Table A.6.5.1-1 of the SAR.  Up to 16 damaged 7 x 7 or 8 x 8 fuel assemblies may be 
located in the 4 corner 2 x 2 compartments of a Type C canister (see Figure A.1.4.7-1 of 
the SAR), with end caps installed on guide sleeves containing damaged fuel, and the 
remainder of the fuel assemblies intact.  Damaged fuel is defined as assemblies 
containing fuel rods with known or suspected cladding defects greater than pinhole leaks 
or hairline cracks, with fuel damaged limited to the extent that the assembly can be 
handled by normal means. 

 
The maximum initial lattice average enrichments, in weight percent 235U, for fuel 
transported in the Type A, B, and C baskets are 3.7, 4.1, and 4.4, respectively.  For up 
to 4 damaged fuel assemblies in a Type C basket, with the remainder intact, the 
maximum initial lattice average enrichment is unchanged.  For 5 to 16 damaged fuel 
assemblies in a Type C basket, with the remainder intact, the maximum initial lattice 
average enrichment is reduced to 3.2 weight percent 235U. 

 
NUHOMS®-61BTH 

 
The NUHOMS®-61BTH contents consist of up to 61 7 x 7, 8 x 8, 9 x 9, or 10 x 10 BWR 
fuel assemblies as described in Table A.6.5.1-53 of the SAR.  Two different canister 
types (1 and 2) are defined by the six different minimum 10B areal densities in the 
borated aluminum, aluminum/B4C metal matrix composite, or Boral® neutron absorber 
plates in each canister, and the six different associated maximum fuel initial lattice 
average enrichments allowed, as shown in Table A.6.5.1-51 of the SAR.  Up to 16 
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damaged fuel assemblies may be located in the 4 corner 2 x 2 compartments of either 
canister (see Figure A.1.4.8-9 of the SAR), with end caps installed on guide sleeves 
containing damaged fuel, and the remainder of the fuel assemblies intact.  Damaged fuel 
is defined as assemblies containing fuel rods with known or suspected cladding defects 
greater than pinhole leaks or hairline cracks, with fuel damaged limited to the extent that 
the assembly can be handled by normal means.  Missing fuel rods are allowed in 
damaged fuel assemblies. 

 
A NUHOMS®-61BTH Type 2 basket may contain up to 4 failed fuel assemblies in the 
corner basket locations defined by Figure A.1.4.8-9 of the SAR, with the remaining fuel 
assemblies either intact or with up to 12 damaged fuel assemblies in the remaining 
corner 2 x 2 compartments and the remaining fuel assemblies intact.  Failed fuel is 
defined as ruptured fuel rods, severed fuel rods, loose fuel pellets, fuel debris and 
damaged fuel rods in a rod storage basket, or fuel assemblies that cannot be handled by 
normal means.  Failed fuel must be placed in a failed fuel can, and loose fuel debris 
must be larger than the size of the failed fuel can screen mesh opening. 

 
Reconstituted fuel assemblies consist of fuel assemblies with fueled rods replaced with 
low enriched UO2, stainless steel, or zirconium rods.  Reconstituted fuel assemblies may 
be loaded as intact fuel assemblies, provided they meet the restrictions in Table 
A.1.4.8-2 of the SAR. 

 
Table A.6.5.1-51 of the SAR lists the loading criteria, in terms of maximum initial lattice 
average enrichment and minimum 10B areal densities in the borated aluminum, 
aluminum/B4C metal matrix composite, or Boral® neutron absorber plates, for each 
canister Type and Poison ID.  The Type 1 and 2 baskets have a single set of enrichment 
limits for intact fuel and up to 4 damaged fuel assemblies, and another set of limits for 
between 5 and 16 damaged fuel assemblies.  The Type 2 canister has a separate set of 
enrichment limits for up to 4 failed fuel assemblies, and another set for up to 4 failed fuel 
assemblies with up to 12 additional damaged fuel assemblies. 

 
NUHOMS®-69BTH 

 
The NUHOMS®-69BTH contents consist of up to 69 7 x 7, 8 x 8, 9 x 9, or 10 x 10 BWR 
fuel assemblies as described in Table A.6.5.2-2 of the SAR.  The NUHOMS®-69BTH has 
six different canister minimum 10B areal densities in the borated aluminum, 
aluminum/B4C metal matrix composite, or Boral® neutron absorber plates in each 
canister, and the six different associated maximum fuel initial lattice average 
enrichments allowed, as shown in Table A.6.5.2-1 of the SAR.  Up to 24 damaged fuel 
assemblies may be located in the 4 corner 6-tube compartments of the canister (see 
figure A.1.4.9-1 of the SAR), with end caps installed on guide sleeves containing 
damaged fuel, and the remainder of the fuel assemblies intact.  Damaged fuel is defined 
as assemblies containing fuel rods with known or suspected cladding defects greater 
than pinhole leaks or hairline cracks, with fuel damaged limited to the extent that the 
assembly can be handled by normal means.  Missing fuel rods are allowed in damaged 
fuel assemblies. 

 
Reconstituted fuel assemblies consist of fuel assemblies with fueled rods replaced with 
low enriched UO2, stainless steel, or zirconium rods.  Reconstituted fuel assemblies may 
be loaded as intact fuel assemblies, provided they meet the restrictions in Table A.1.4.9-
1 of the SAR.  
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Table A.6.5.2-1 of the SAR lists the loading criteria, in terms of maximum initial lattice 
average enrichment and minimum 10B areal densities in the borated aluminum, 
aluminum/B4C metal matrix composite, or Boral® neutron absorber plates, for each 
Poison ID.  The baskets has different sets of enrichment limits for intact fuel, up to 4 
damaged fuel assemblies, between 5 and 8 damaged fuel assemblies, and between 9 
and 24 damaged fuel assemblies.   

 
6.3 General Considerations for Criticality Evaluations 
 

6.3.1 Model Configuration 
 

The applicant evaluated three-dimensional models of a single package and 
arrays of packages under both NCT and HAC.  The details of the model for each 
canister type are contained in Appendixes A.6.5.1 through A.6.5.3.  The applicant 
explicitly modeled the fuel rods and cladding, guide tubes, water gaps, and 
neutron absorber in the basket.  For all cases where the containment is flooded, 
the fuel-to-clad gap is also conservatively assumed to be flooded with fresh 
water.  The applicant modeled the package body neglecting the neutron shielding 
material and impact limiters under HAC, allowing more neutron communication 
between packages in an array, as well as better neutron reflection from the 
package wall in the single package.  Preferential flooding was not considered, 
due to the holes present at the top and bottom of the basket cell walls, damaged 
fuel location end caps, failed fuel cans, and damaged fuel end caps to prevent 
preferential flooding. 

 
The applicant modeled only the active length of the fuel, ignoring the plenum, 
end fittings, and other fuel assembly hardware above and below the active fuel.  
Regions above and below the active fuel are modeled as water, increasing 
neutron reflection and reducing parasitic absorption from what would be 
expected from fuel assembly hardware.  Additionally, the fuel region is modeled 
without grid spacers or other internal fuel assembly hardware (except for control 
rod guide tubes), allowing more moderator into the fuel region, which will 
increase reactivity. 

 
For each canister type, the applicant performed scoping studies to determine the 
most reactive configuration under HAC.  Similar studies were not performed for 
NCT, as it is recognized that the package will remain dry under these conditions, 
and will likely have a very low keff, regardless of the internal fuel and basket 
configuration.  The applicant performed studies to determine the effect of 
material and fabrication tolerances on reactivity.  These analyses considered 
variations in cladding diameter and thickness, stainless steel basket guide sleeve 
thickness and internal opening size, neutron absorber plate thickness, and 
canister rail materials and dimensions.  Scoping analyses also evaluated 
moderator density inside the canister, as well as outside the canister between 
packages in an array. 

 
For damaged or failed fuel, the applicant performed evaluations with several 
different fuel configurations intended to bound the range of possible fuel initial 
conditions or reconfiguration under HAC.  These configurations included: 
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• Single-ended rod shear – in which a single face of fuel rods is sheared from 
the parent fuel assembly, and may relocate within the basket guide sleeve. 

 
• Double-ended rod shear – in which the single face from above is again 

sheared in half, with half of the rods moving up or down to make an extra row 
in that region of the fuel assembly.  This configuration is conservatively 
modeled as an extra full-length row of fuel rods in the assembly, artificially 
increasing the amount of fuel present. 

• Rod pitch variation – where the initial rod pitch is expanded to allow more 
moderation in the assembly, limited only by the internal dimension of the 
guide sleeve.  Different numbers of internal fuel rods were also removed from 
the assembly once the optimum pitch was found, in order to find the most 
reactive number of missing rods. 

 
6.3.2 Material Properties (See Section 2.2.1.1 of this SER) 

 
The fresh fuel compositions were modeled as UO2 with a minimum of 96.5% of 
theoretical density, with no allowance for pellet dishing or chamfer.  The 234U and 
236U which are present in fresh fuel are conservatively ignored.  Additionally, for 
BWR canister evaluations, intact fuel is modeled assuming a uniform lattice 
average enrichment throughout the assembly.  Calculations in Section 
A.6.5.2.4.2, A.6.5.1.4.2, and A.6.5.1.4.3 demonstrate that this is conservative 
compared to actual varying pin enrichments typically used in BWR fuel assembly 
designs.  For the NUHOMS®-24PT4 PWR canister, the maximum fuel pin 
enrichment is conservatively modeled as uniform throughout the assembly.  
Additionally, for both fuel types, natural uranium blankets, integral fuel burnable 
absorbers, and axial or radial enrichment zones are modeled as UO2 with the 
uniform assembly enrichment. 

 
Each canister type contains fixed neutron absorbers in the basket for criticality 
control.  For the NUHOMS®-24PT4 canister, Boral® neutron absorber plates 
surround each fuel guide sleeve.  For some loading configurations with damaged 
fuel, poison rodlets, consisting of either borated stainless steel rods or B4C filled 
stainless steel tubes, are required to be present in the control rod guide tubes of 
intact fuel assemblies.  For the Boral® neutron absorber plates, the applicant 
modeled the 10B areal density at 75% of the required minimum, per the 
recommendations of NUREG-1617 regarding fixed neutron absorbers.  For the 
poison rodlets, the applicant conservatively modeled the 10B linear content at 
64% of the minimum required. 

 
For the NUHOMS®-61BT, -61BTH, and 69BTH canisters, Boral®, borated 
aluminum, or aluminum/B4C metal matrix composite material (MMC), are allowed 
as fixed neutron absorber plates in the basket.  Ninety % of the minimum 
required 10B areal density is credited in the criticality analysis for borated 
aluminum and aluminum/B4C MMC, while 75% is credited for the Boral® neutron 
absorber plates. 

 
6.3.3 Computer Codes and Cross Section Libraries 

 
The CSAS25 sequence of the SCALE 4.4 code system, with the KENO V.a 
three-dimensional Monte Carlo code and the 44 group ENDF/B-V cross-section 
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library, was used for all criticality calculations.  Although this version of SCALE 
has been superseded by five subsequent code revisions in the past decade, staff 
finds this code to be acceptable given the standard materials used in the design 
of the MP197HB, the conservatism present in the fresh fuel assumption, and the 
adequate benchmarking of the code system provided in the SAR. 

 
6.3.4 Demonstration of Maximum Reactivity 

 
The applicant evaluated geometric and material variation in both the spent fuel 
contents and the package overpack and canister to determine the most reactive 
condition.  In general, conditions which increased reactivity were those that 
decreased the displacement of moderator in the canister (e.g., thinner clad and 
guide sleeves), or that brought fuel assemblies closer together in the canister 
(e.g., assemblies offset towards center of basket in guide sleeve, and guide 
sleeve opening reduced to minimum tolerance).  The specific configurations that 
resulted in maximum reactivity for each canister design are discussed in 
Appendixes A.6.5.1 through A.6.5.3 of the SAR, and are summarized in the 
following. 

 
NUHOMS®-24PT4 

 
The NUHOMS®-24PT4 canister is designed to transport only CE 16 x 16 PWR 
fuel assemblies meeting the specifications of Table A.6.5.3-2.  The applicant 
performed studies to determine the most reactive fuel configuration with respect 
to fuel pellet diameter, clad thickness, and fuel rod outer diameter.  The results of 
these studies indicate that the most reactive condition was with nominal diameter 
pellets, minimum clad diameter, and minimum clad thickness.  The applicant 
performed an additional fuel configuration analysis to examine the effect of 
including burnable absorber rods in the fuel assembly guide tubes.  This study 
considered these rods with the boron component of the B4C made up entirely of 
11B, in order to conservatively reduce neutron absorption in them.  The results of 
this analysis demonstrate that it is conservative to model the fuel assembly 
without any absorber rods or other hardware in the guide tubes, as they serve to 
reduce keff by displacing moderator in the assembly. 

 
The NUHOMS®-24PT4 basket design consists of multiple steel spacer disks with 
square cutouts for the 24 stainless steel guide sleeves, as shown in Figure 
A.6.5.3-1.  The applicant used the minimum possible tolerance on the ligament 
widths (steel region between spacer disk cutouts) and the maximum tolerance on 
the cutout hole dimensions.  This modification resulted in the minimum possible 
spacing between the guide sleeves, which serves to increase keff.  The applicant 
also performed calculations to evaluate the effect of Boral® sheet thickness and 
assembly position within the guide sleeves on keff.  The results of these 
calculations demonstrate that the most reactive configuration is with the minimum 
Boral® sheet thickness, and with all fuel assemblies shifted towards the center of 
the basket. 

 
The applicant also evaluated the effect of varying both internal and external 
package moderator density on keff.  The results demonstrate that the most 
reactive condition is with full internal water density.  The external moderator 
density variation produced changes in keff that were within the statistical 
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uncertainties of the code, demonstrating that the model is not sensitive to 
external moderator density. 

 
For the damaged fuel evaluation, the applicant evaluated the three configurations 
discussed in Section 6.3.1 above.  The single-ended shear study evaluated a 
single row of 16 rods displaced within the guide sleeve from the base assembly 
rods, as shown in Figure A.6.5.3-10.  The double-ended shear study evaluated a 
row of rods severed in two places, which may reconfigure axially as shown in 
Figure A.6.5.3-11.  The rod pitch study allowed the pitch to vary from a minimum 
defined by the rod diameter [0.380 inches (0.9652 centimeters)], to a maximum 
defined by the guide sleeve inner dimensions [0.551 inches (1.3995 
centimeters)].  Additionally, this study evaluated rod removal to find the optimum 
number of removed rods to result in the maximum keff.  The applicant also 
performed several other studies evaluating the effect of rod sections or loose 
pellets moving above or below the Boral® sheets within the basket.  The most 
reactive damaged fuel configuration was determined to be with the fuel rod pitch 
increased to its maximum, with 16 internal rods removed. 

 
Several additional studies were performed to demonstrate that 1) under-loading 
the canister (i.e., with fewer than 24 fuel assemblies), and 2) reconstituted fuel 
assemblies, with fuel rods replaced with stainless steel, zirconium, or lower 
enriched rods, will not increase keff.  Both of these scenarios were shown to 
decrease keff. 

 
NUHOMS®-61BT/-61BTH 

 
The NUHOMS®-61BT and -61BTH canisters are designed to transport a wide 
variety of BWR fuel assemblies meeting the specifications of Tables A.6.5.1-3 
and A.6.5.1-53.  There is little difference between these two canister types that 
would affect the criticality analysis, other than the differences in the neutron 
poison loadings which is reflected in the minimum initial enrichments allowed for 
the various canister and poison loading combinations.  The major differences in 
the analysis are related to the allowable damaged and failed fuel contents for 
each canister type, as discussed in Section 6.2 above.  For each canister design, 
the applicant provided an analysis to determine which of the intact fuel assembly 
designs from Tables A.6.5.1-3 and A.6.5.1-53 will generate the highest keff within 
the package.  For both canisters, the most reactive fuel assembly design was the 
GE12 10 x 10, without a fuel channel. 

 
For both the NUHOMS®-61BT and -61BTH canisters, the applicant performed a 
series of scoping studies to determine the worst case configuration of material 
and fabrication tolerances for intact fuel.  These studies included variation in 
assembly spacing, canister shell thickness, poison plate thickness, rod diameter, 
and fuel cell size.  The results of these studies indicate that the highest keff is 
generated with:  minimum assembly spacing, minimum poison plate thickness, 
minimum cladding diameter, and minimum fuel cell size.  Canister shell thickness 
was found to have little effect on system reactivity.  An additional study was 
performed for the NUHOMS®-61BTH canister to evaluate the effect of paired 
aluminum/neutron absorber plates, as this is an allowable configuration in this 
canister design.  The results indicate that modeling the neutron absorber plate 
thickness as a paired aluminum/neutron absorber plate has an insignificant effect 



- 65 - 

on system reactivity.  Additional calculations for the NUHOMS®-61BTH canister 
were performed to demonstrate the effect of modeling differences for the basket 
rails.  The results of this study demonstrate that modeling the basket rails as 
solid aluminum with cylindrical water holes appropriately bounds the actual rail 
configuration with respect to its effect on keff. 
 
Similar to what was done for the NUHOMS®-24PT4, the applicant evaluated the 
effect of varying both internal and external package moderator density on keff.  
The results demonstrate that the most reactive condition is with full internal water 
density.  The external moderator density variation produced changes in keff that 
were within the statistical uncertainties of the code, demonstrating that the model 
is not sensitive to external moderator density. 

 
The largest difference between the NUHOMS®-61BT and -61BTH is related to 
the allowed damaged and failed fuel configurations.  The NUHOMS®-61BT 
allows up to 16 7 x 7 or 8 x 8 damaged fuel assemblies in the corner 2 x 2 basket 
locations of a Type C canister, with the remaining fuel assemblies intact.  The 
applicant evaluated single- and double-ended rod shear configurations similar to 
those performed for the NUHOMS®-24PT4.  For the NUHOMS®-61BT, the 
applicant did not perform the rod pitch variation study that was found to be 
bounding for the NUHOMS®-24PT4.  However, this evaluation was subsequently 
performed for the NUHOMS®-61BTH using the more reactive GE12 10 x 10 fuel 
assembly.  The results of this evaluation are conservatively applied to the 
NUHOMS®-61BT loading criteria for damaged 7 x 7 and 8 x 8 assemblies. 
For the NUHOMS®-61BTH damaged fuel evaluation, the applicant considered 
single- and double-ended rod shear configurations, as well as rod pitch variation 
within the fuel cell, similar to the damaged fuel evaluation for the NUHOMS®-
24PT4.  This evaluation found that the GE12 10 x 10 fuel assembly design with 
maximum pitch within the fuel cell and five interior rods removed was the most 
reactive.  The NUHOMS®-61BTH canister is also intended to transport up to 4 
failed fuel assemblies, in failed fuel cans, in the corner fuel cell locations of the 
basket.  For the evaluation of failed fuel, the applicant considered a full 10 x 10 
lattice (i.e., no water holes) based on the GE12 10 x 10 design, allowed the pitch 
to vary to the extent allowed by the failed fuel can dimensions, and removed 
interior rods to find the most reactive configuration of failed fuel.  This analysis 
also considered 16 inches (40.64 centimeters) of fuel above the neutron 
absorber plates in the basket, since failed fuel material may reconfigure in this 
region.  The most reactive failed fuel configuration was found to be the full lattice 
at maximum pitch, with no rods removed.  Figures A.6.5.1-6 through A.6.5.1-9 of 
the SAR show the damaged fuel configurations evaluated for the NUHOMS®-
61BT canister, and Figures A.6.5.1-54 through A.6.5.1-58 show the damaged 
and failed fuel configurations for the NUHOMS®-61BTH canister. 

 
NUHOMS®-69BTH 

 
The NUHOMS®-69BTH canister is designed to transport a wide variety of BWR 
fuel assemblies meeting the specifications of Table A.6.5.2-2.  Similarly to the 
NUHOMS®-61BT and -61BTH canisters, the most reactive intact fuel lattice was 
found to be the GE12 10 x 10.  Using this assembly, the applicant performed a 
series of scoping analyses to determine the most reactive package configuration.  
The most reactive configuration was found to be with:  the minimum fuel cladding 
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diameter, the minimum fuel cell internal dimension, nominal fuel cell wall 
thickness,  and with solid aluminum as the basket rail material.  The evaluation 
also considered the effects of small radial and axial gaps in the neutron absorber 
plates, due to the potential for these plates to be manufactured from multiple 
pieces, and found the gaps to have a negligible effect on keff.  Similarly to the 
other canister designs, full internal moderation results in the highest keff, while 
external moderation has a negligible effect. 

 
For the NUHOMS®-69BTH damaged fuel evaluation, the applicant considered 
single- and double-ended rod shear configurations, as well as rod pitch variation 
within the fuel cell, similar to the damaged fuel evaluation for the previously 
discussed canister designs.  Similarly to the NUHOMS®-61BT and -61BTH 
canisters, the applicant found that the most reactive damaged fuel configuration 
was the GE12 10 x 10 fuel assembly design with the maximum pitch allowed by 
the fuel cell internal dimension.  The applicant subsequently evaluated this 
damaged fuel configuration for the reactivity effect of rod removal, and found that 
removing one rod from the center of the assembly resulted in the highest keff. 

 
The results of the applicant’s criticality evaluation demonstrate that the most 
reactive credible configuration for each canister design has been identified.  The 
resulting configurations are those that would be expected to produce the highest 
keff, based on evaluations of previously approved spent fuel transportation 
package designs, as well as the previously approved criticality evaluations of the 
NUHOMS®-24PT4, -61BT, and -61BTH 10 CFR Part 72 storage systems. 

 
6.4 Single Package Evaluation 
 

The applicant evaluated a single flooded package for each BWR canister type, the 
results of which are reported in Tables A.6.5.1-10, A.6.5.1-68, and A.6.5.2-15 for the 
NUHOMS®-61BT, -61BTH, and -69BTH, respectively.  The applicant did not perform an 
explicit single package evaluation for the NUHOMS®-24PT4, as the evaluations 
discussed in Section 6.3 above typically involved infinite three dimensional or infinite x-y 
planar arrays of packages.  Additionally, the applicant evaluated moderator variation 
external to the package in an array, which is expected to approximate the effect of 
having a single, fully reflected package.  The infinite array results for the NUHOMS®-
24PT4 canister are considered to bound those that would be found with an explicit single 
package evaluation, as was the case for all other canisters. 

 
6.5 Evaluation of Package Arrays 
 

The applicant evaluated either infinite three dimensional arrays assuming infinitely long 
fuel, or infinite x-y planar arrays of packages, for all the scoping calculations discussed 
in Section 6.3 of this SER.  The applicant also used infinite arrays of packages under 
HAC for the evaluation to determine the maximum initial enrichment for each value of 
the minimum 10B areal density in the neutron absorber plates for each canister type.  
The results of these evaluations for each canister type are given in Tables A.6.5.1-1, 
A.6.5.1-51, A.6.5.2-1, and A.6.5.3-1 for the NUHOMS®-61BT, -61BTH, -69BTH, and -
24PT4, respectively.  The applicant did not provide explicit NCT evaluations for all 
canister types.  However, since the package interior is dry under normal conditions, keffs 
for all NCT configurations are expected to be low compared to HAC.  In fact, the NCT 
keffs reported for several canister types are all below 0.5. 
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Since all of the limiting configurations were evaluated as infinite arrays, the criticality 
analysis supports a value of N = ∞ for the calculation of criticality safety index (CSI) in 
10 CFR 71.59.  The resulting CSI for the MP197HB package for all contents is 0.0. 

 
6.6 Benchmark Evaluations 
 

6.6.1 Experiments and Applicability 
 

The applicant determined an upper subcritical limit for fresh fuel criticality 
calculations based on 125 laboratory critical experiments involving fresh, low 
enriched UO2 fuel rods.  This benchmark evaluation is the same as that 
performed previously for the NUHOMS®-24PT4, -61BT, and -61BTH in the 
Advanced and Standardized NUHOMS® dry storage system licensed under 
10 CFR Part 72.  The benchmark calculations performed for this evaluation are 
also discussed in Appendix A.6.5.2, for the NUHOMS®-69BTH canister.   

 
6.6.2 Bias Determination 

 
The benchmark case results were trending on various parameters that effect 
reactivity, including: enrichment, fuel rod pitch, water-to-fuel volume ratio, 
assembly separation, and average energy group causing fission.   The limiting 
upper subcritical limit (USL) was determined according to the recommendations 
of NUREG/CR-6361, Criticality Benchmark Guide for Light-Water-Reactor Fuel in 
Transportation and Storage Packages (Reference 1).  The limiting USL for each 
canister is determined as shown in Tables A.6.5.1-12, A.6.5.1-70, A.6.5.2-18, 
and A.6.5.3-23 for the NUHOMS®-61BT, -61BTH, -69BTH, and -24PT4, 
respectively. 

 
The calculated USLs for fresh fuel evaluations are determined according to a 
methodology that is accepted by NRC staff, and are in the range of what would 
be expected given the code and nuclear data being used, and the benchmark 
experiments available.  Additionally, the benchmarking analysis for most of the 
evaluated canister designs is nearly identical to that previously accepted for 
10 CFR Part 72 storage system criticality safety designs. 

 
6.7 Findings 
 

The applicant has demonstrated that the MP197HB package, when loaded with fuel 
assemblies meeting the characteristics described in Appendixes A.6.5.1 through 
A.6.5.73 of the SAR, will be adequately subcritical under all conditions.  Therefore, the 
applicant has shown and the staff agrees that the MP197HB package meets the fissile 
material requirements of 10 CFR 71.55 for single packages, and 10 CFR 71.59 for 
arrays of packages with a CSI of 0.0. 

 
Reference: 

J. J. Lichtenwalter, S. M. Bowman, M. D. DeHart, and C. M. Hopper, Criticality Benchmark 
Guide for Light-Water Reactor Fuel in Transportation and Storage Packages, NUREG/CR-6361 
(ORNL/TM-13211), U.S. Nuclear Regulatory Commission, Oak Ridge National Laboratory, 
March 1997. 
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7.0 PACKAGE OPERATIONS 

The package loading operations include package preparation activities, fuel assembly 
selection and loading, GTCC waste loading, package closure, preparation for transport, 
and package unloading.  

The MP197HB is designed as an exclusive use package.  The package includes 4 sub-
modules, namely the NUHOMS®-24PT4, NUHOMS®-61BT, NUHOMS®-61BTH, and 
NUHOMS®-69BTH DSCs.  Irradiated hardware is permitted content provided that the 
contents are loaded into a RWC.  Chapter 7.0 of the application provides a description of 
package operations, including package loading and unloading operations, and 
preparation of an empty package for shipment. 

Since the package is designed for transport of multiple types of fuel and radioactive 
materials, a need for site specific operating procedures may arise.  Site specific 
conditions and requirements may require use of different equipment and ordering of 
steps to accomplish the same objectives.  A separate Operations Manual (OM) will be 
prepared for the MP197HB package to describe the operational steps in greater detail. 
The OM, along with the information in this chapter, will be used to prepare the site 
specific procedures that will address the particular operational considerations related to 
the package.  

7.1 Package Loading 

Section 7.1 of the SAR describes the procedures and requirements for loading the 
package.  The procedures including Preparation for Loading, Wet Loading of DSCs, 
Loading of Secondary Containers, Dry Loading of MP197HB package (Transferring a 
Loaded DSC or Secondary Container from a NUHOMS® HSM into an MP197HB 
package), and Preparation for Transport. 

Prior to fuel loading, the user identifies the fuel to be loaded, verifies that it meets the 
conditions of the Certificate of Compliance, and performs a visual verification of the fuel 
assembly Identification Number.  If transporting any of the smaller diameter DSC models 
or a smaller diameter secondary container, the user needs to verify that the MP197HB 
package has been fitted with an internal aluminum sleeve (Refer to Drawing MP197HB-
71-1014 provided in Chapter A.1, Appendix A.1.4.10.1).  This step, if required, can be 
performed at any time prior to placing the DSC or secondary container in the package. 

7.2 Preparation for Transport 

After the package is loaded with correct fuel, sealed, and cleaned, the user shall survey 
the dose rate over the entire surface of the package and determine the Transport Index 
value. 

7.3 Package Unloading 

The necessary procedures for these tasks are essentially the reverse of those described 
in Section A.7.1.  Package unloading procedures include Receipt of Loaded Package 
and Removal of Contents.  Section A.7.2 of the SAR describes the detailed procedures 
for unloading the package. 

7.4  Evaluation Findings 

The staff reviewed the Operating Procedures in Chapter 7 of the application to verify that 
the package will be operated in a manner that is consistent with its design evaluation.  
On the basis of its evaluation, the staff concludes that the combination of the engineered 
safety features and the operating procedures provide adequate measures and 
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reasonable assurance for safe operation with the proposed design basis fuel in 
accordance with 10 CFR Part 71. 

Further, the Certificate of Compliance is conditioned such that the package must be 
prepared for shipment and operated in accordance with the Operating Procedures 
specified in Chapter 7 of the application. 

8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM 

Chapter 8 of the SAR details the inspections, acceptance tests and maintenance 
programs to be conducted on the MP197HB package and verifies their compliance with 
the requirements of 10 CFR Part 71. 

8.1 Acceptance Tests 

Section A.8.1.6 sets forth the requirements for shielding tests, which include both 
gamma and neutron shielding tests.  The gamma shielding tests are performed with 
actual measurement of the dose rate for a known source being placed inside the 
package.  The neutron shielding performance of the resin is verified by chemical 
analysis and verification of density.  Uniformity is assured by installation process control. 

8.2 Maintenance 

Section 8.2 of the SAR describes the MP197HB package maintenance program.  There 
are no periodic tests or inspections required for the MP197HB shielding.  As described in 
Chapter A.7, radiation surveys will be performed on the package exterior to ensure that 
the limits specified in 10 CFR 71.47 are met prior to each shipment. 

The applicant performed tests on the properties of the neutron shield material, VYAL-B, 
to examine the long term performance of the material radiation and thermal fields.  The 
test results show that the neutron shield material did not exhibit significant degradation 
over extended period of time and exposures.  The staff reviewed the data provided in the 
supplemental documents and determined that the applicant’s conclusion is acceptable 
and the staff has reasonable assurance that the neutron shield material will perform its 
design function over the designed life time of the package. 

8.3 Evaluation findings 

The staff has reviewed the qualification and acceptance testing criteria for the shielding 
maintenance program, and finds it adequate for the application.   

The staff reviewed the acceptance tests and maintenance programs for the MP197HB 
package, and found them acceptable. 

Based on the statements and representations in the application, the staff concludes that 
the acceptance tests for the packaging meet the requirements of 10 CFR Part 71.  
Further, the Certificate of Compliance is conditioned to specify that each package must 
meet the Acceptance Tests and Maintenance Program of Chapter 8 of the application. 

CONDITIONS 

The CoC has been revised as follows: 
 
The title block was revised to change from “-85” to “-96.”  Additionally, the new application date 
based on the consolidated SAR replaced the old application date.  



- 70 - 

Condition No. 5(a): 
 
Revised to add the words “NUHOMS®-MP197 and NUHOMS®-MP197HB” throughout.  Some 
editorial clarifications were made throughout.  Forty-five drawings were added as Condition 
5(a)(5).  Condition No. 5(a)(3) was added to authorize the NUHOMS®-MP197HB. 
 
Added the description of the MP197HB. 
 
Condition No. 5(b)(1), Table 1: 
 
The pellet diameters were corrected. 
 
Condition No. 5(b)(2) and Appendices:   
 
Provides the maximum quantity of material per package for the additional contents of the 
MP197HB.  Additionally, the maximum payload was corrected. 

 
Condition No. 7: 
 
Clarified the operating controls and procedures for the MP197 and the MP197HB. 
 
Condition Nos. 8 and 9 were added and the Conditions were renumbered after that. 
 
Condition No. 8: 
 
Added to provide the requirement for canisters to be shipped after being stored in a coastal 
saltwater marine environment. 
 
Condition No. 9: 
 
Added to clarify that there is no fissile material shipment by air authorized. 
 
Condition No. 10: 
 
The words “NUHOMS®-MP197HB” were added. 
 
Condition No. 12: 
 
Allows the use of Revision 2 of this certificate for one year. 
 
CONCLUSION 
  
Based on the statements and representations in the application, as supplemented, and the  
conditions listed above, the staff concludes that the Model No. NUHOMS® MP-197HB package 
design has been adequately described and evaluated and that these changes do not affect the 
ability of the package to meet the requirements of 10 CFR Part 71. 
 
Issued with Certificate of Compliance No. 9302, Revision No. 3,  
on September 29, 2011.   
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