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On August 24, 2015, Virginia Electric and Power Company (Dominion) requested an 
amendment (ADAMS Accession No. ML 152398251) in the form of revisions to the 
Technical Specifications to License Number SNM-2507 for the North Anna Power 
Station (NAPS) Independent Spent Fuel Storage Installation (ISFSI) . The proposed 
amendment would allow storage of spent fuel in a modified TN-328 bolted lid cask as 
part of the High Burn-up (HSU) Dry Storage Cask Research and Development Project 
sponsored by the Department of Energy (DOE) and the Electric Power Research 
Institute (EPRI). This initial submittal was subsequently supplemented several times 
(see References) in response to NRC requests for supporting information. 

Additional discussions between the NRC, Dominion, and AREVA!TN have identified 
several items that needed to be addressed as part of this project. The following 
documents required revision or modification to address the items as noted below. 

• Attachments 1 (Proprietary) and 2 (Non-proprietary) contain the updated Design 
and Licensing Basis Document (DLBD), Revision 8, which has been modified to 
replace an erroneous drawing included in Revision 5 of the DLBD, provide 
additional clarification for ASME code requirements as applicable to materials 
and welding , provide alternative material for neutron shield casing in drawing 
19885-70-8, clarify the design basis heat load, revise the allowed leakage value 
throughout section 6.3 to indicate units of "ref cm 3tsec", and correct various • J/vf s5 ZD 
typographical errors. (Note: Revision 7 of the DLBD was not submitted to the ;v 
NRC.) µJ<-! 5SZ~ 

ATTACHMENTS 1, 3, 4, 5, AND 6 CONTAIN INFORMATION THAT IS BEING 
WITHHELD FROM PUBLIC DISCLOSURE UNDER 10 CFR 2.390. UPON 

SEPARATION THIS PAGE IS DECONTROLLED. 
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• Attachment 3 contains AREV A!TN Calculation 19885-0402, Revision 1, "Detailed 
Model of TN-328 HBU Cask and Effective Thermal Conductivities of the TN-32 
Cask," (Proprietary) which was modified to clarify the design basis heat load. 

• Attachment 4 contains AREVA!TN Calculation 19885-0403, Revision 4, "Thermal 
Evaluation of TN-328 HBU Cask for Normal and Accident Conditions," 
(Proprietary) which was modified to clarify the design basis heat load. 

• Attachment 5 contains a larger version of the modified drawing 19885-70-8, 
Revision OB, "TN-328 HBU Demonstration Cask Top Neutron Shield," 
(Proprietary) that is contained within the DLBD. 

• Attachment 6 contains an update to the Design Criteria Document (DCD) 19885-
0101, Revision 6, (Proprietary) modified to clarify the difference between the 
design basis decay heat load (36.96 kW) and the licensing basis decay heat load 
(32 .934 kW). The revised DCD also provides justification for ASME Code 
alternatives for the penetration sleeve-to-lid welds . 

• Attachment 7 contains updated preliminary NAPS ISFSI Safety Analysis Report 
(SAR) changes to document the list of ASME code alternatives documented in 
the DCD and the revised decay heat load of 32.934 kW. These updated 
preliminary changes to the SAR may be altered in the future to comply with any 
new NRC requirements or conditions and limitations. 

Attachments 1, 3, 4, 5, and 6 were prepared by AREVA!TN. AREVA!TN is requesting 
that these attachments be withheld from publ ic disclosure in accordance with 10 CFR 
2.390, as they are proprietary. Attachments 3, 4, 5, and 6 contain information that has 
been determined by AREVA!TN to be proprietary in their entirety, therefore non
proprietary versions of these documents have not been provided . In support of the 
request to withhold Attachments 1, 3, 4, 5, and 6; an affidavit has been prepared by 
AREV A!TN and is provided as Attachment 8. 
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If you have any questions or require additional information, please contact 
Mr. Thomas Szymanski at (804) 273-3065. 

Sincerely, 

-
Mark D. Sartain 
Vice President- Nuclear Engineering and Fleet Support 

COMMONWEAL TH OF VIRGINIA 

COUNTY OF HENRICO 

GARY DON MILLER 
Notary Public 

Commonwealth of Virginia 
Reg. # 7629412 

My Commission Expires August 31, 201.!/ 

The foregoing document was acknowledged before me, in and for the County and Commonwealth 
aforesaid, today by Mark D. Sartain, who is Vice President - Nuclear Engineering and Fleet Support, of 
Virginia Electric and Power Company. He has affirmed before me that he is duly authorized to execute 
and file the foregoing document in behalf of that Company, and that the statements in the document are 
true to the best of his knowledge and belief. 

Acknowledged before me this /0-11, day of Apr-: l 
My Commission Expires: Auj' . .1.s.\-- ~\ 12-c:>f 9 

References: 

1. Dominion Letter No. 15-369A, dated 10/08/15 (ADAMS Accession No. 
ML 15289A 189) 

2. Dominion Letter No. 15-369C, dated 11/18/15 (ADAMS Accession No. 
ML 15328A483) 

3. Dominion Letter No. 15-369D, dated 11/19/15 (ADAMS Accession No. 
ML 15331A132) 

4. Dominion Letter No. 15-369E, dated 12/01/15 (ADAMS Accession No. 
ML 15342A065) 

5. Dominion Letter No. 15-369F, dated 11/19/15 (ADAMS Accession No. 
ML 16022A073) 

6. Dominion Letter No. 15-369G, dated 12/28/15 (ADAMS Accession No. 
ML 16004A108) 

7. Dominion Letter No. 15-369H, dated 01 /14/16 (ADAMS Accession No. 
ML 16019A335) 

8. Dominion Letter No. 15-3691, dated 02/04/16 (ADAMS Accession No. 
ML 16043A371) 
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9. Dominion Letter No. 16-055, dated 03/22/16 (ADAMS Accession No. 
ML 16089A092) 

10.Dominion Letter No. 16-055A, dated 04/21/16 (ADAMS Accession No. 
ML16118A206) 

11 . Dominion Letter No. 16-0558, dated 06/21/16 (ADAMS Accession No. 
ML 16176A239) 

12. Dominion Letter No. 16-055C, dated 07/26/16 (ADAMS Accession No. 
ML 16211A077) 

13. Dominion Letter No. 16-055D, dated 09/23/16 (ADAMS Accession No. 
ML 16272A378) 

14. Dominion Letter No. 16-055E, dated 11 /22/16 (ADAMS Accession No. 
ML 16330A646) 

Attachments: 

1. TN-32 DLBD, Revision 8 (Proprietary) 
2. TN-32 DLBD, Revision 8 (Non-proprietary) 
3. AREVA!TN Calculation 19885-0402, Revision 1, "Detailed Model ofTN-328 HBU 

Cask and Effective Thermal Conductivities of the TN-32 Cask." (Proprietary) 
4. AREV NTN Calculation 19885-0403, Revision 4, "Thermal Evaluation of TN-328 

HBU Cask for Normal and Accident Conditions." (Proprietary) 
5. AREVA!TN Drawing 19885-70-8, Revision OB, "TN-328 HBU Cask Demonstration 

Cask Top Neutron Shield ." (Proprietary) 
6. AREVA!TN Document 19885-0101, Revision 6, "Design Criteria Document (DCD) 

- TN-328 High Burnup Demonstration Cask." (Proprietary) 
7. Updated Preliminary Changes to the NA ISFSI Safety Analysis Report 
8. AREVA!TN Affidavit 

Commitments made in this letter: None 

cc: U.S. Nuclear Regulatory Commission (w/o Attachments) 
Region II 
Marquis One Tower 
245 Peachtree Center Avenue, NE, Suite 1200 
Atlanta, Georgia 30303-1257 

NRC Senior Resident Inspector (w/o Attachments) 
North Anna Power Station 



Mr. William Allen 
Senior Project Manager 
U. S. Nuclear Regulatory Commission 
Two White Flint North , Mail Stop 4 B34 
11545 Rockville Pike 
Rockville , Maryland 20852-2738 

Mr. J. E. Reasor, Jr. (w/o Attachments) 
Old Dominion Electric Cooperative 
Innsbrook Corporate Center, Suite 300 
4201 Dominion Blvd. 
Glen Allen, Virginia 23060 
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State Health Commissioner (w/o Attachments) 
Virginia Department of Health 
James Madison Building - ih Floor 
109 Governor Street, Room 730 
Richmond , Virginia 23219 
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TN Americas LLC 
State of Maryland 
County of Howard 

) 
) 
SS. 
) 

Attachment to Letter E-48192 
AFFIDAVIT PURSUANT . 

TO 10 CFR 2.390 

I, Jayant Bondre, depose and say that I am Chief Technology Officer of 1N Americas LLC, duly 
authorized to execute this affidavit, and have reviewed or caused to have reviewed the information which is 
identified as proprietary and referenced in the paragraph immediately below. I am submitting this affidavit in 
confmmance wlth the provisions of 10 CFR 2.390 of the Commission's regulations for withholding this 
information. 

The information for which proprietary treatment is sought is listed below: 

• Document E-42038, Revision 8 
• Document 19885-0101Revision6 

This information has been appropriately designated as proprietary. 

I have personal knowledge of the criteria and procedures utilized by 1N Americas LLC in designating 
information as a trade secret, privileged, or as confidential commercial or financial information. 

Pursuant to the provisions of paragraph (b) ( 4) of Section 2.390 of the Commission's regulations, the 
following is furnished for consideration by the Commission in determining whether the information sought to 
be withheld from public disclosure, included in the above referenced documents, should be withheld. 

1) The information sought to be withheld from public disclosure involves documents (design licensing 
basis/drawings and design criteria) related to the design of the modified 1N-32B dry storage cask 
(High Burnup Fuel Cask Demonstration Project), which are owned and have been held in confidence 
by 1N Americas LLC. 

2) The information is of a type customarily held in confidence by 1N Americas LLC and not 
customarily disclosed to the public. TN Americas LLC has a rational basis for determining the types 
of information customarily held in confidence by it. 

3) Public disclosure of the information is likely to cause substantial harm to the competitive position of 
TN Americas LLC because the information consists of descriptions of the design and analysis of the 
modified TN-32B dry spent fuel storage cask, the application of which provide a competitive 
economic advantage. The availability of such information to competitors would enable them to 
modify their product to better compete with 1N Americas LLC, take marketing or other actions to 
improve their product's position or impair the position of 1N Americas LLC 's product, and avoid 
developing similar data and analyses in support of their processes, methods or apparatus. 

Further the deponent sayeth not. 

JarJ&r= 
Chief Technology Officer, 1N Americas LLC 

Subscribed and sworn before me this 4th day of April, 2017,,_' 

L9-
Not:r;,Public ~ 
My Commission Expires / D I _i_0 _f_J_ 
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RONDA JONES 
NOTARY PUBLIC STATE OF MARV\.AND 

My COIMlisslon Expires October 16. 2019 



TN Americas LLC 
State of Maryland 
County of Howard 

) 
) 
SS. 
) 

AFFIDAVIT PURSUANT 
TO 10 CFR 2.390 

Attachment to Letter E-47366 

I, Greg Vesey, depose and say that I am President of1N Americas LLC, duly authorized to execute 
this affidavit, and have reviewed or caused to have reviewed the information which is identified as proprietary 
and referenced in the paragraph immediately below. I am submitting this affidavit in conformance with the 
provisions of 10 CFR 2.390 of the Commission's regulations for withholding this information. 

The information for which proprietary treatment is sought is listed below: 

• Document E-42038, Revision 7 (includes Drawing 19885-70-8 Rev. OB) 
• Calculation 19885-0402 Revision 1 
• Calculation 19885-0403 Revision 4 

This information has been appropriately designated as proprietary. 

I have personal knowledge of the criteria and procedures utilized by 1N Americas LLC in designating 
information as a trade secret, privileged, or as confidential commercial or financial information. 

Pursuant to the provisions of paragraph (b) ( 4) of Section 2.3 90 of the Commission ' s regulations, the 
following is furnished for consideration by the Commission in determining whether the information sought to 
be withheld from public disclosure, included in the above referenced documents, should be withheld. 

1) The information sought to be withheld from public disclosure involves documents (design analyses 
and drawings) related to the design of the modified 1N-32B dry storage cask (High Burnup Fuel Cask 
Demonstration Project), which are owned and have been held in confidence by TN Americas LLC. 

2) The information is of a type customarily held in confidence by 1N Americas LLC and not customarily 
disclosed to the public. TN Americas LLC has a rational basis for determining the types of 
information customarily held in confidence by it. 

3) Public disclosure of the information is likely to cause substantial harm to the competitive position of 
1N Americas LLC because the information consists of descriptions of the design and analysis of the 
modified 1N-32B dry spent fuel storage cask, the application of which provide a competitive 
economic advantage. The availability of such information to competitors would enable them to modify 
their product to better compete with TN Americas LLC, take marketing or other actions to improve 
their product's position or impair the position of TN Americas LLC 's product, and avoid developing 
similar data and analyses in support of their processes, methods or apparatus. 

Further the deponent sayeth not. 

~1. V?.. 
Gregvesey 
President, TN Americas LLC 
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RONDA JONES 
·10TARY PUBLIC STATE OF MARVLAND 

My Cmms.9lai £llplres OdDbec' 16. 2019 



ATTACHMENT 7 

Updated Preliminary Changes to the 
NAPS ISFSI Safety Analysis Report 

Serial No. 16-055F 
Docket No. 72-16 

Attachment 7 provides updated preliminary changes to the NAPS ISFSI Safety Analysis 
Report (SAR) for the TN-32 HBU Cask Project. These updated preliminary changes 
may be altered in the future to comply with NRC requirements , conditions or limitations. 

Dominion previously provided preliminary changes to the NAPS ISFSI SAR on March 
22, 2016 (Serial No. 16-055, Attachment 3, ADAMS Accession No. ML 16089A092). 

North Anna Power Station ISFSI 

Virginia Electric and Power Company 



Change 
Section Number/Page Number Basis for Change 

Number 

1 Section 3.1.1 I Page 3-1 Include a description of the fuel to be stored in the TN-
328 H8U cask. 

2 Section 3.1.1.1.2 I Page 3-2 Describe the method of calculating decay heat that will 
be used for the TN-328 H8U cask. 

3 Section 3.3.3.2 I Page 3-6 Identify the thermocouple lances to be used on the TN-
328 H8U cask as being a safety related instrumentation 
component. 

4 Table 3-1 I Page 3-9 Table 3-1 was modified to reflect two SSSC's at the ISFSI 
and the characteristics of the fuel that may be loaded 
into each. 

5 Table 3-3 This is a new table to identify the decay heat calculation 
to be used for the TN-328 H8U cask 

6 Section 4.2.4 I Page 4-12 Identify the thermocouple lances to be used on the TN-
328 H8U cask as being a safety related instrumentation 
component. :· 

7 Section 5.1.1.1 I Page 5-2 Provide a brief descriptions on TN-328 H8U cask loading 
process changes which differ from the standard SSSC. 

8 Section 5.1.3.2 I Page 5-3 Identify the thermocouple lances to be used on the TN-
328 H8U cask as being a safety related instrumentation 
component. 

9 Table 5-1 /Page 5-6 Footnote added to direct to Appendix A.2 for applicable 

- TN-328 H8U cask information. 
10 Table 5-2 /Page 5-7 / Footnote added to direct to Appendix A.2 for applicable 

TN-328 HBU cask information. 

11 Section 7.3.2.1 I Paae 7-8 Provide reference forTN-328 H8U cask dose information. 

12 Section 7.3.2.2 I Paae 7-8 Provide reference for TN-328 H8U cask dose information. 

13 Section 7.5 I Page 7-10 Insert information indicating no change to offsite dose as 

' a result of the TN-328 H8U cask. 

14 Table 7-2 I Page 7-13 " Footnote added to direct to Appendix A.2 for applicable 
TN-328 H8U cask information. 

15 Appendix A.2 Section of Appendix A to incorporate the TN-328 H8U 

' I cask as a SSSC 

v 



INSERTS 

A. 

The TN-328 H8U cask has been licensed to include fuel with an initial enrichment of 4.55 weight percent 

U235, burnup of 60,000 MWD/MTU, and a cooling time of 5 years. 

8. 

The TN-328 H8U cask has no impact on the dose estimates at distances greater than the site boundary. 

c. 

The TN-328 H8U cask has a modified loading process compared to the standard SSSC loadings. After the 

TN-328 H8U cask is moved into the north bay, thermocouples are Installed into the lid of the TN-328 

H8U cask. The thermocouples are then attached to a data logger to record the internal temperature of 

the cask. Following vacuum drying the TN-328 HBU cask will remain in the north bay for two weeks 

while temperature readings are taken from the thermocou~les and gas samples are obtained from the 

cask cavity. 

At the tin:'e the pressure monitor is connected to the TN-328 H8U cask at the ISFSI, the thermocouples 

will be connected to the data logging device and set to record data from the TN-328 H8U cask. 

D. 

Thermocouples used on the TN-328 H8U cask establish part of the confinement boundary and are 

therefore safety related components. 
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Chapter3 PRINCIPAL SSSC DESIGN CRITERIA 

This chapter describes the design criteria to be met by the SSSCs to be used in the 
North Anna ISFSI. Compliance with these criteria ensures that the North Anna ISFSI complies 
with the requirements of 10 CFR 72. 

3.l PURPOS~ OF SSSC 

A summary description of each SSSC approved for use at the North Anna ISFSI is provided 
in Appendix A. A detailed description of the approved SSSCs is provided in the Topical Safety 
Analysis Reports (TSAR) listed in Table A-1 of Appendix A. 

3.1.1 Spent Fuel to Be Stored 

The ISFSI is designed to accommodate a total of 84 SSSCs. However, the licensed spent 
fuel storage design capacity of the facility is 839.04 MTU. At approximately 0.46 metric tons of 
uranium (MTU) per fuel assembly, the facility can accommodate 1824 fuel assemblies under the 
current license. 

The physical characteristics of the fuel to be stored in the ISFSI are described in detail in 
Section 4.2 of the North Anna Power Station UFSAR and are summarized in Table 3-1. An 
evaluation of the storage of burnable poison rod assemblies (BPRAs) and/or thimble plug devices 
(TPDs) with the fuel assemblies placed in SSSCs is provided in Appendix A for each cask design. 

The fuel used during the first years of North Anna Power Station Units 1 and 2 operation 
had initial enrichments not exceeding 3.5 weight percent U235 and discharge burnup not 
exceeding 35,800 MWD/MTU. The North Anna Power Station has been authorized to operate 
with fuel with higher initial enrichment and higher burnup. The design basis fuel characteristics 
used in the analyses included in Chapters 7 and 8 include initial enrichment of 4.3 weight percent 

u235, burn~p of 45,000 MWDIMTU and a cooling time of7 years. The radioactive characteristics 
of the design basis fuel are discussed in Section 7 .2. 

( _lln_s_e_rt_A~~~__. 
3 .1.1.1 Spent Fuel Characteristics 

The following fuel assembly characteristics constitute limiting parameters for storage of 
fuel assemblies at the ISFSI: 

• Initial Fuel Enrichment 

• Fuel Burnup 

• Heat Generation 

• Decay time 

• Spent Fuel Physical Configuration/Condition 
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3.1.1.1.1 Allowable Limits 

The allowable limits for each of these characteristics are discussed below. 

1. Initial Fuel Enrichment 

The initial fuel enrichment of any fuel that is stored in a SSSC will be limited to the 

maximum enrichment specified in the ISFSI Technical Specifications. 

2. Fuel Burnup 

The bumup of any fuel that is stored in a SSSC will be limited to that specified in the ISFSI 
Technical Specifications. 

3. Heat Generation 

The heat generation rate by an individual fuel assembly is dependent on three factors: the 
initial fuel enrichment, the fuel burnup, and the amount of decay time after discharge. The 

maximum allowable heat generation rate for a particular SSSC is specified in the ISFSI 
Technical Specifications. 

4. Decay Time 

The decay time of any fuel that is stored in a SSSC will be. at least greater than that specified 

in the ISFSI Technical Specifications. 

5. Spent Fuel Physical Configuration/Condition 

Only spent fuel irradiated at North Anna Power Station Units 1 and 2 with the physical 
configuration as listed in items 1, 2, and 3 of Table 3-1 will be stored in the ISFSI. The fuel 
stored shall be intact, shall not have gross cladding defects, and shall not have visible 

physical damage which would inhibit insertion or removal from the SSSC basket. 

3 .1.1.1.2 Verification 

The method of verification for each of these characteristics is discussed below: 

1. Initial Fuel Enrichment, Fuel Bumup and Decay Time 

Fuel management records shall be utilized to verify that the initial fuel enrichment, fuel 
bumup and decay time meet the specified limits. Each fuel assembly is engraved with a 
unique identification number (based on ANSI/ANS 57.8) and a vendor identification, which 
is unique to the site for which the fuel assemblies were fabricated. This will allow visual 
confirmation of the identity of the fuel assemblies placed in the SSSC. 

· 2 . Heat Generation 

The heat generation rate of a fuel assembly is based primarily on the fuel enrichment, 

bumup, operating history, and cooling time after discharge. Fuel management records will be 

used to obtain the parameters. A decay heat analysis using a computer code such as ORIGEN 

or the method described in NUREG/CR-5625 will be used to ensure that the heat generation 

per fuel assembly is less than that specified in the ISFSI Technical Specifications. 

Decay Heat Analysis for the TN-32B HBU cask will be conducted using the algorithm 
provided in Table 3-3 
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Because of the passive nature of the North Anna ISFSI and the absence of support systems, 
no other items requiring special design consideration have been identified. 

3.3.2 Protection By Multiple Confinement Barriers and Systems 

3.3.2.1 Confinement Barriers and Systems 

Confinement of radioactivity during the storage of spent fuel is achieved by (1) the uranium 

dioxide fuel pellet matrix, (2) the metallic tubes (cladding) in which the pellets are contained, and 
(3) the SSSC in which the assemblies are stored. 

The confinement function of the SSSCs is achieved by totally enclosing the spent fuel 
assemblies within a double-seal ngid metal vessel. The SSSCs are fabricated, delivered to the 

North Anna site, loaded, sealed, and emplaced at the ISFSI in a manner that ensures their 
integrity, the capability to perform their safety functions, and compliance with all applicable rules 
and regulations. 

Once the SSSCs are sealed, there are no credible events which could result in a release of 

radioactive material to the environment. Similarly, there are no credible scenarios which could 

result in contamination of the outside surface of the SSSCs or in the generation of radioactive 

waste products. 

More detailed information on SSSC confinement barriers is provided in the SSSC Topical 

Safety Analysis Reports. 

3.3.2.2 SSSC Cooling 

Natural air flow around the SSSCs provides sufficient cooling. No forced ventilation is 
required. 

3.3.3 Protection By Equipment and Instrumentation Selection 

3.3.3.1 Equipment 

As discussed in Section 3.2, the SSSCs represent the only components of the ISFSI which 
are important to safety. Design criteria for the SSSCs are described in this section and 
summarized in Table 3-2. 

3 .3 .3.2 Instrumentation 

Due to the totally passive and inherently safe nature of the SSSCs, safety-related 

instrumentation is not necessary . 

. High quality commercial grade instrumentation will be provided to monitor the SSSC's 

functional performance. Instrumentation to monitor SSSC parameters such as pressure will be 

furnished as recommended by the specific SSSC designs. The appropriate capabilities to check 

these monitors will also be provided. The SSSCs are provided with pressure monitoring systems 

as described in the SSSC Topical Safety Analysis Reports. 
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TN-32 

North Anna ISFSI SAR 

Table 3-1 (Page 1 of 2) 

CHARACTERISTICS OF FUEL USED AT THE NORTH ANNA POWER STATIONa 

a. +:- Fuel Assemblies 

&.- Manufacturer 

e. 1YPe 

b. 

c. 

i. 
ii. 
iii. 
iv. 

v. 
vi. 
vii. 
viii. 
ix. 

i. 
ii. 
iii. 

i. 
ii 

e:- Rod array 

th Rods per assembly 

e: Assembly length 

?. Rodpitch 

g; Overall assembly dimensions 

ft:. Total assembly weight 

t:- Active fuel length 

~Fuel Rods 

&:- Outside diameter 

~ Clad thickness 

e:- Clad material 

~ Fuel Pellets 

&:- Material 

~ Length 

Westinghouse 

PWR 

17 x 17 

264 (25 fuel rods are omitted to provide 
·passage for control rods and in-core 
instrumentation) 

161 .80 in. 

0.496 in. 

8.426 in. x 8.426 in. 

1533 lb (with heaviest insert component) 

144 in. 

0.374 in. 

0.0225 in. 

Zircaloy-4 and Zirlo 

U02 Sintered 

0.530 or 0.387 in. c 

d. 4:--Fuel Condition for Storage in SSS Cs 

i. &:- Maximum initial enrichment b 

ii. ~ Maximum burnup b 

iii. e:- Maximum heat generation for each b 
fuel assembly at the time of 
storage 

iv. 6-:, Minimum decay time b 

a. From North Anna Power Station UFSAR All dimensions are for cold conditions. 
b. Specified in the North Anna ISFSI Technical Specifications. 
c. Reload batches starting with North Anna Unit 1, Batch 9 and North Anna 2, Batch 8 changed fuel 

pellet length from 0.530 in. to 0.387 in. 

Insert Table 3-1 
(Page 2 of 2) 

3-9 



Table 3-1 (page 2 of 2) 
Characteristics of Fuel Used at the North Anna Power Station 

2. sssc 
a. Initial 'Enrichment 

b. Average Burnup 
c. Cooling Time Mer Discharge 
d. Decay H.eat 
e. Fuel Assembly Design 

f. Fuel Assembly· Inserts 

g. Fuel Assembly Weight, Including PRA 
h. Fuel Assembly Initial Uranium Content 

TN-328 HBU 

< 4.60wt. % (Areva Mark-BW) 
~ 3.64 wt. % ~estlnghouse Standard) 
~ 4.50 wt.% (Westinghou$e V~ntage SH) 

S60GWD/MTU 
See Figure 2.1-4 
~ 32.934 kW 
Areva Mark SW (AMBW) 
Westinghouse Standard· 
Westinghouse Vantage 5H 
Polson ROd Assemblies 
(unirradiated) 
~· ·1551 .Pounds 
s 469.0 KgU/assembly 
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Table 3-2 
DESIGN CRITERIA FOR DRY SEALED SURFACE STORAGE CASKS 

The SSSCs must meet the following criteria, assuming that they are loaded with the fuel 
described in Table 3-1. 

1. Maximum weight with yoke 125 tons 

2. Criticality with single active or credible keff <0.95 
passive failure 

3. Ambient temperature 
4. Direct exposure to sunlight 

5. Tornado winds 

6. Tornado pressure drop 
7. Maximum winds (V) 

8. Explosive peak overpressure 
9. Design Earthquake peak acceleration 

-20°F to 115°F 
800 gm-cal/cm2 for flat surfacesa 
400 gm-cal/cm2 for curved surfacesa 

300 mph rotational velocity, 
60 mph translational velocity 
3 psi in 3 seconds 
80mph 
1 psi 
0.18g horizontal 
0.12g vertical 

10. Adequate provisions to monitor performance of SSSC leak tightness 

3-10 

11. 15-inch drop onto concrete pad without compromising SSSC integrity and without 
physical damage to fuel or loss of subcriticality 

12. Capable of tipping over and rolling without compromising SSSC integrity and 
without physical damage to fuel or loss of subcriticality 

13. Leak tightness to be maintained under all operating conditions and credible events 

a These values are adapted from 10 CFR 71.7l(c) and apply to a 12-hour daylight period. These 
values may be averaged over a 2.<khour period for long-term thermal analyses. 

!Insert Table 3-3 



Table 3-3 

Decay Heat Load Methodo.logy for Fuel Stored in TN-32.B· HBU Cask 

The ORIGEN-ARP code is to be used to determine the fuel assembly decay heat load for the TN-328 
HBU cask. 
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4.2.3.2 Description 

A description of the SSSC components is provided in the SSSC Topical Safety Analysis 
Reports. 

4.2.3.3 Design Bases and Safety Assurance 

· The ability of the SSSCs to perform their design function is demonstrated in the SSSC 

Topical Safety Analysis Reports and in Appendix A. 

Loading and handling of the SSSCs will be done according to the applicable procedures. 

As described in Chapter 8, the design and operation of the North Anna ISFSI ensures that a 

single failure does not result iii the release of significant radioactive material. 

The only interactions between the ISFSI and the North Anna Power Station are those 
concerning the loading and handling of the SSS_Cs in the Fuel and Decontamination Buildings. 
These are discussed in Chapter 5. · 

Radiation protection of operating personnel is addressed in Chapter 7. 

Nuclear criticality safety for the SSSCs is addressed in the SSSC Topical Safety Analysis 
Reports or Appendix A. 

4.2.4 Instrumentation System Description 

Due to the passive nature of the SSSCs, no safety-related instrumentation is required. A 
description of the nonsafety-related SSSC pressure monitoring system is provided in 

Section 4.4.5.3. jlnsert D I 
4.2.5 References 

1. BOCA Basic Building Code, Building Officials and Code Administrations International, 
Inc., 1993. 

2. American Concrete Institute, ACI 301, Specifications for Structural Concrete for Buildings, 
1989. 

3. American Nuclear Society, ANSI/ANS 57.9, Design Criteria for an Independent Spent Fuel 
Storage Installation (Dry Storage Type), 1984. 

4. American Concrete Institute, ACI 349, Code Requirements for Nuclear Safety Related 

Concrete Structures, 1985. 

5. American Nuclear Society, ANSI/ANS 2.19, Guidelines for Establishing Site-Related 

Parameters for Site Selection and Design of an Independent Spent Fuel Storage Installation 
(Water Pool Type), 1981. 
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Additional lids, if any, are installed and the pressure monitoring system is installed and tested. If 
appropriate, the weather cover is installed. Surface radiation dose measurements are then 

completed. When all preparations have been completed, the SSSC is lifted from the north bay and 

placed on the concrete surface outside of the Decontamination Building. 

The SSSC is lifted by the transporter for transfer to the ISFSI. The routes followed by the 

transporter from the Decontamination Building to the ISFSI are shown on Figure 4-4. This figure 
also shows the location of all nearby systems and structures needed for the safe shutdown of 
Units 1 and 2. Drop of an SSSC while in transit to the ISFSI will not result in damage to any of 
these systems and structures, nor in radioactive releases in excess of the guidelines in 
10 CFR 100. As indicated in Section 3.3.1, the design criteria require that the SSSC maintain its 

integrity, preclude physical damage to the fuel, and ensure sub-criticality following a 15-inch 

drop. Operating procedures will limit the lifting heights to less than 15 inches once the SSSC is 

lifted by the transporter. 

The pressure monitoring device on the SSSC must be connected to the monitoring panel 

after the SSSC is placed on the ISFSI pad. 
!Insert C I 

5.1.1.2 Unloading Operations 

Unloading of an SSSC begins with disconnecting the pressure monitoring device on the 
SSSC from the monitoring panel and transporting the SSSC along the same route used for its 

placement at the ISFSI. Once the transporter and SSSC are outside the Decontamination Building, 

the SSSC is lowered to the concrete stirface beneath the 125-ton crane. The SSSC is lifted using 
the lift beam and moved to the north bay of the Decontamination Building. A sample of the 

helium in the fuel cavity is tested for indications of fuel failure (Kr8\ If this test indicates that 

failed fuel is present in the SSSC, the fuel cavity is evacuated to the Decontamination Building 
ventilation system described in Chapter 6, and refilled with helium. This process of sampling, 

evacuating and refilling is continued until helium sample tests are acceptable. 

The lid bolts are then loosened and the SSSC is lifted from the north bay and moved to the 
cask loading area. The SSSC is lowered into the 'deep end of the cask loading area until the top of 
the cask is level with the spent fuel bridge crane platform. A water supply, with flow indicator, is 
attached to the SSSC retlood valve and water is slowly added to the fuel cavity. Flooding of the 
cask cavity takes at least 3 hours. When the cavity is full, the lid bolts are removed, the SSSC is 

lowered to the bottom of the cask loading area, and the lift beam is detached. The lid is slowly 
removed from the SSSC, lifted from the pool and placed at its designated laydown area. Fuel 

assemblies are then removed from the SSSC using a long handling tool suspended from the spent 

fuel bridge crane hoist. After the SSSC is unloaded, the lid is placed back on the SSSC with the 
aid of guide pins. The SSSC is lifted to the pool surface and water is pumped from the fuel cavity. 
The SSSC is then returned to the north bay for decontamination of the inner and outer surfaces. 
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None of the operations needed to load or unload the SSSCs at the North Anna ISFSI will 

result in unacceptable damage to the North Anna Power Station Units 1 and 2, or to the stored 

spent fuel. 

5.1.2 Flowsheets 

Table 5-1 shows a general sequence of operations to load and transport an SSSC to the 

ISFSI. Table 5-2 shows the general sequence of operations for unloading an SSSC. Operations 

more specific to a particular vendor's SSSCs are outlined in the vendor's SSSC Topical Safety 

Analysis Report. 

These operations are performed in accordance with procedures addressing health physics 

and handling of the SSSCs. They also fulfill the surveillance requirements specified in 

Chapter 10. 

5.1.3 Identification of Subjects for Safety and Reliability Analysis 

5 .1 .3 .1 Criticality Prevention 

The design criteria specified in Section 3 .3 .4 require that spent fuel stored at the 

North Anna ISFSI be maintained subcritical at all times. The specific means by which the SSSCs 

comply with this criterion are described in the SSSC Topical Safety Analysis Reports or 

Appendix A. 

5.1.3.2 Instrumentation 

Due to the totally passive and inherently safe nature of the SSSCs, there is no need for any 

instrumentation to perform safety functions. It is desirable, however, to monitor the performance 

of some or all of the SSSCs. Accordingly, the design criteria described in Section 3.3.3 require 
that the SSSCs have adequate provisions for the installation and testing of monitors. 

· The parameters to be monitored will be selected based on recommendations made by the 

SSSC manufacturers, experience gained with specific SSSC designs, and other engineering and 

health physics considerations. Instrumentation provisions for the SSSCs are described in the 

SSSC Topical Safety Analysis Reports . 

Although these instruments are not safety related, commitments for their installation, 

inspection, and replacement (if needed) are proposed in Section 10.2. 

Actions to be taken when monitored parameters exceed preset levels are described in 

Section 4.4.5.3. jlnsert D I 
5.1.3.3 Maintenance Techniques 

Because of their passive nature, the SSSCs require little, if any, maintenance over the 

lifetime of the ISFSI. No major maintenance tasks are required. Typical maintenance tasks would 

involve occasional replacement of monitoring instrumentation, recoating of some SSSCs with 

i 
. ! 
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Table 5-1 
GENERAL SEQUENCE OF LOADING OPERATIONSa 

1. Unload empty SSSC from rail car. 

2. Move SSSC inside Decontamination Building. 

3. Remove weather cover and inspect for shipping damage. 

4. Remove lid(s) and inspect the following for damage: exterior surfaces, sealing surfaces, 
trunnions, accessible interior surfaces and basket assembly, bolts, and bolt holes and threads. 

5. Replace lid seals. 

6. Move SSSC to cask loading area. 

7. Lower SSSC into cask loading area. 

8. Load SSSC .with preselected spent fuel assemblies using spent fuel handling crane. 

9. Verify inventory of fuel assemblies loaded into SSSC. 

10. Place lid on SSSC. 

11. Lift SSSC to surface and install lid bolts. 

12. Pump water from the SSSC fuel cavity into cask loading area. 

13. Raise SSSC from cask loading area and spray exterior with water. 

14. Return SSSC to Decontamination Building. 

15. Begin to decontaminate exterior surfaces of SSSC. 

16. Secure lid with bolts. 

17. Vacuum dry SSSC cavity and test. 

18. Fill SSSC cavity with helium and test seals. 

19. Install pressure monitoring device and test. 

20. Perform SSSC surface radiation measurement:S. 

21. Lift SSSC from Decontamination Building and place on concrete surface. 

22. Lift SSSC with transporter. 

23. Transport SSSC to ISFSI. 

24. Connect pressure monitoring device to monitoring panel. 

a. Some steps indicated on this flowsheet may be perfonned in parallel with other steps. 

See Appendix A.2 Section A .2.1.2.1 for the loading sequence description of the 
TN-328 HBU cask. 

I 

' ;, 
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Table 5-2 
GENERAL SEQUENCE OF UNLOADING OPERATIONSa 

1. Disconnect pressure monitoring device. 

2. Transport SSSC to Decontamination Building. 

3. Release SSSC from transpo~r. 

4. Lift SSSC to Decontamination Building. 

5. Sample and test helium in fuel cavity. 

6. Purge helium in fuel cavity, if necessary. 

7. Loosen lid bolts. 

8. Lift SSSC from north bay and move to fuel loading area in Fuel Building. 

9. Lower SSSC into cask loading area and install reflood water supply. 

10. Reflood fuel cavity with water and remove lid bolts. 

11. Lower SSSC into cask loading area. 

12. Remove lid from SSSC and store. 

13. Remove fuel assemblies from SSSC. 

14. Place lid on SSSC. 

15. Lift SSSC to surface of cask loading area. 

16. Pump water from the SSSCJUel cavity into the cask loading area. 

17. Raise SSSC from cask loading area and spray exterior with water. 

18. Return SSSC to Decontamination Building. 

19. Decontaminate interior and exterior surfaces of SSSC. 

a. Some steps indicated on this flowsheet may be performed in parallel with other steps. 

See Appendix A.2 Section A.2.1.2.1 for the unloading sequence description of the 
TN-328 HBU cask. 

5-7 
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average cask surface dose rate limit in the ISFSI Technical Specifications. The average surface 
dose rates calculated for the TN-32 base case SSSC were 218 rnrem/hr (neutron and gamma) for 
the side surface and 58 rnrem/hr (neutron and gamma) for the top surface . 

...---,.....~~~~~~----,,....-~~~~~~~~~--. 

~-------------I Refer to Appendix A.2 Section A.2.4 for TN-328 
7.3.2.2 Dose Rate Versus Distance H8U cask surface dose rates. 

Analyses have been completed to determine dose rates at the ISFSI perimeter fence, the site 
boundary and the nearest permanent resident. These analyses were performed using the MCNP 
Monte Carlo transport code (Reference 2) and the following conservative inputs. 

1. Isotope inventories were based on 32 fuel assemblies with enrichment of 3.5 weight percent 
U-235 and burnup of 45,000 MWD/MTU. 

2. The three storage pads are filled with 84 TN-32 SSSCs, each pad having 28 SSSCs. 
Assuming 84 TN-32 SSSCs results in an amount of fuel stored on the pads which exceeds 
the current licensed limit of 839.04 TeU (approximately 57 TN-32 SSSCs), providing 
additional conservatism to the analysis. 

3. The inventory of SSSCs stored in the ISFSI will increase by four SSSCs per year. This 
average rate of inventory change was used to determine the age of the spent fuel (years after 
discharge) and the subsequent reduction in dose rates. 

4. The effects of irradiated insert components are included in the MCNP analyses. 

Figure 7- I shows the layout of the ISFSI. The MCNP analysis of the dose rate at the ISFSI 
perimeter fence using base case TN-32 SSSCs resulted in peak dose rates that range from 0.3 to 
1.9 mrem/hr when all three pads were full . The specific dose rates for the various points on 
Figure 7-1 are provided in Table 7-1 . Dose rate measurements at the ISFSI perimeter fence will be 

used to ensure that the requirements of 10 CFR 20 are met. 

The MCNP analysis for th'e nearest site boundary indicated that the maximum dose rate at 
this location was less than 100 rnrem/yr, which meets the requirements of 10 CFR 20.1301. 

The MCNP analysis for the nearest permanent resident indicated that the contribution to the 
maximum dose rate from the operation of the ISFSI was 2.1 rnrem/yr. When combined with the 
contributions from the operations of North Anna Power Station Units 1 and 2, the result is well 

below the 35 mreml:Yr imposed by 10 CFR 72.104(a). Refer to Appendix A.2 Section 
' A.2.4 for TN-328 H8U cask 

7.3.3 Area Radiation and Airborne Radioactivity Monitoring surface dose rates. 
Instrumentation 

As indicated in Section 3.3.5, area radiation and airborne radioactivity monitors are not 
needed at the North Anna ISFSI. However, thermoluminescent devices will be used to record 

gamma radiation doses at appropriate intervals along the ISFSI perimeter fence. Neutron radiation 
detection devices may also be used on the ISFSI perimeter fence if they are available and reliable. 
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The total annual occupational exposure during ISFSI loading operations is 

14.39 person-rem (see Table 7-4), and represents the maximum expected. As indicated previously, 

the actual occupational exposures for loading, transport, and emplacement of an SSSC are 
approximately 0.25 to 0.5 person-rem per loading. This combined with the North Anna Power 
Station annual occupational exposure during ISFSI loading operations (Table 7-4) results in a 

total annual occupational exposure during ISFSI operations of approximately 4 person-rem. This 

exposure represents approximately 5% of the average annual occupational exposure from all 
operations at the North Anna Power Station. 

7.4.1 References 

1. C. J. Hostick, J. C. Lavender and B. H. Wakeman, Time and Dose Assessment of Barge 
Shipment and At-Reactor Handling of a CASTOR V/21 Spent Fuel Storage Cask, Pacific 

Northwest Laboratory, PNL-7205, April 1992. 

7.5 OFFSITE COLLECTIVE DOSE ASSESSMENT 

The site plan for the North Anna ISFSI and its relative location to the North Anna Power 
Station are provided in Figure 2-3. The North Anna site within the boundary is the controlled area 
as defined in 10 CFR 72. 

Based on projections for year 2000, 354 permanent residents are located within a 2-mile 
radius of the North Anna site boundary. The nearest permanent resident is located at 2860 feet 

from the ISFSI. The maximum annual dose to the nearest resident is 2 .10 mrem. Using the 
conservative assumption that all of the residents within two miles are located at the same distance 

from the ISFSI as the nearest resident, their maximum annual collective dose from the ISFSI 

would be: 

0.00210 rem/year x 354 persons= 0.74 person-rem/year 

The annual dose to the maximally exposed individual from all significant sources at the 
North Anna Power Station has been estimated in Appendix l lB of the North Anna Power Station 
Updated Final Safety Analysis Report (UFSAR) as 3 mrem/yr. Therefore, the maximum 
combined radiation contribution to the nearest permanent resident from the operation of the ISFSI 
(2.10 mrem/yr) and North Anna Power Station Units 1 and 2 (3.00 mrem/yr) is 5.10 mrem/yr. 
This is well below the 25 mrem/yr limit imposed by 10 CFR 72.104(a). 

The North Anna ISFSI has no gaseous or liquid effluents, therefore, these do not contribute 

to the dose of nearby residents. 

Considering the conservatisms in the above calculation and the rapid attenuation of neutron 
and gamma dose rates with distance, the dose for the more distant population is negligible. 

pnsert B 
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Table 7-2 

ESTIMATED OCCUPATIONAL EXPOSURES FOR CASK LOADING,. 
TRANSPORT, AND EMPLACEMENT8 (ONE TIME EXPOSURE) 

Trme 
Required No.of Dose Rate 

Task (hr) Persons (rem/hr) Person-Rem 

1. Unload empty SSSC from rail car 2.00 5 O.OOE+OO 
2, Move SSSC inside Decon Bldg 0.25 2 O.OOE+OO 

3. Remove cover; inspect 2.00 2 O.OOE+OO 

4. Remove lid(s); inspect 2.00 2 O.OOE+OO 
5. Replace lid seals 0.50 2 0.00E+OO 

6. Move SSSC to loading area 1.00 3 l.70E-03 

7. Lower SSSC into loading area 0.25 3 l.70E-03 

8. Load SSSC with spent fuel 3.00 3 l.70E-03 

9. Verify fuel inventory 0.50 1 l.70E-03 

10. Place lid on SSSC 1.00 2 l.70E-03 

11. Lift SSSC; install lid bolts 0.50 2 2.86E-02 

12. Remove water in fuel cavity 1.00 2 2.86E-02 

13. Raise SSSC from loading area 0.25 2 8.39E-02 

14. Return SSSC to Decon Building 0.33 2 8.39E-02 

15. Decontaminate SSSC 2.00 2 8.39E-02 

16. Secure Lid 1.00 2 8.39E-02 

17. Vacuum dry cavity and test 4.00 2 8.39E-02 

18. Fill cavity with helium and test 3.00 2 8.39E-02 
19. Install pressure device and test 3.00 2 8.39E-02 

20. Perform radiation measurements 0.50 1 8.39E-02 

21. Lift SSSC; place outside of Decon 0.50 2 5.88E-02 
Building 

22. Lift SSSC with transporter 1.00 2 3.36E-02 

23. Transport SSSC to ISFSI 0.50 3 3.36E-02 
24. Connect pressure monitoring device; 1.00 2 8.39E-02 

install weather cover 
Total 

a. Dose rates are from the base 1N-32 cask. 

See Appendix A.2 Section A.2.4.2 for occupational dose 
evaluation for the TN-328 HBU cask. 

0.00E+OO 
O.OOE+OO 

O.OOE+OO 

0.00E+OO 
0.00E+OO 

5.lOE-03 
l.28E-03 

l .53E-02 
8.50E-04 

3.40E-03 
2.86E-02 

. 5.72E-02 
4.20E-02 

5.54E-02 

3.36E-01 

l.68E-02 

6.71E-01 
5.04E-Ol 
5.04E-01 
4.20E-02 
5.88E-02 

6.72E-02 
5.20E-02 
1.68E-Ol 

2.78E+OO 
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Table A-1 
IDPICAL SAFETY ANALYSIS REPORTS FOR SSSCs APPROVED FOR USE AT THE 

NORTH ANNA ISFSI 

A.1. TN-32 Dry Storage Cask Topical Safety Analysis Report, Revision 9A, Transnuclear, Inc., 
December 1996. 

A.2 E-42038 "TN-328 HBU Demonstration Cask Design/Licensing Basis Document," 
Revision 8, TN Americas. 



A.2.1 

Appendix A.2 
TN-32B HBU Dry Storage Cask 

TN-328 HBU Cask Physical Description 

The standard TN-32B cask design only differs from the TN-32 cask design approved and in use 
at the North Anna Power Station (NAPS) ISFSI in that the TN-32B has larger, single-failure proof 
trunnions for handling of the cask. The cask body and basket for the stanaard TN-32B are the 
same as in a standard TN-32. 

The TN-32B HBU cask is a modified TN-32B cask that accem odates thirty-two (3 } intact spent 
fuel assemblies, with or without poison rod assemblies (PRAs). The TN-32B HBU cask was 
manufactured as a standard TN-32B cask in accorda ce with the N-32 Safety Analysis Report 
and certified to comply with the NRC Certificate of Com liance No. 72-1021. The modifications 
to the standard TN-32B cask design for the demonstration cask consist of the following: 

1. The lid is modified with seven (7) new peoetrat~ons installed in the lid's confinement 
boundary and shield plate, providing access into the cask cavity. 

2. Thermocouple lance asseml:>lies are mounted and secured in each of the penetrations, 
as noted above. Each lance, which contains nine (9) Type K thermocouples, is inserted 
into a designated guide tube in selected fuel assemblies. The penetration, thermocouple 
lance assembly, and associated confinemer:it boundary is illustrated in Figure 1.1-1 and 
Figure 1.1-2 of Reference 1. Additional discussion of the confinement boundary is 
provided in Section 6.1 ot Reference 1, Confinement Boundary. 

3. A unnel guide assembly is installed into the upper end fitting of each of the seven (7) 
fuel assemblies that receive t e thermocouple lance assemblies. The funnel assembly 
guides the lance int0 tlile fuel assembly guide tube during installation. Refer to Figure 
1.1-3 fReference . 

4. The overpressure (OP) monitoring system is modified to provide leakage monitoring of 
the inner seal space of each of the double metallic silver 0-ring seals for the 
thermocouple lance assemblies. 

5. The protective cover is provided with an additional access cover above the lid vent port 
cover for maintenance purposes. An instrumentation junction box closure is located on 
the outer surface of the lid to permit worker access to the thermocouple conductors in 
accordance with ALARA principles. 



6. Lid closure bolts are upgraded with a reduced diameter shank and a captured hardened 
flat washer. The hole diameter for the lid bolts is increased. These changes are 
implemented for consideration of future transportation of the H8U cask. Details of the 
lid bolt changes can be found in Section 2.2 of Reference 1. 

7. Four-paired bolting bars are attached to each end of the outer shell for attaching impact 
limiters to the H8U cask for future transportation. 

8. The top neutron shield is elevated approximately one (1) inch by four (4) 1-inch thick 
steel bars that are welded to the through bolt holes on the bottom steel plate. This 
elevation is to provide space for the thermocouple wiring, and for the OP system tubing 
routed to the instrument seals. 

As with the vent and drain port covers, each thermocouple lance penetration is provided with a 
double-seal, mechanical closure. Aside from the modifications, the cask body and basket for the 
H8U cask are the same as in a standard TN-32 configuration. Pertinent dimensions and weights 
for the TN-328 H8U cask are provided in Table 1.1-1. The drawings for the TN-328 H8U cask are 
provided in Section 8.1 of Reference 1, Licensing Drawings. 

A.2.1.1 TN-32B HBU Cask Contents Description 

The TN-328 H8U cask is designed to store thirty-two (32) intact H8U PWR fuel assemblies with 
or without PRAs. The maximum nominal enrichment of the H8U fuel to be stored is 4.55 wt. % 

U-235 with a maximum assembly-average burn-up of 60,000 MWd/MTU. The H8U fuel 
assemblies must be cooled a minimum of 5.31 years prior to storage in the H8U cask. The H8U 
cask has been evaluated for a maximum total decay heat load of 32.934 kW. The H8U fuel that 
will be stored in the TN-328 H8U cask are Westinghouse LOPAR, NAIF 17 x 17, and AREVA 
Advanced MK-8W (AM8W} 17x17 fuel assemblies, provided that they satisfy the burn-up, 
enrichment, and minimum required cooling time. The data for the H8U fuel that will be stored 
within the TN-328 H8U cask is presented in Table 1.2-1 of Reference 1. 

The quantity and type of radionuclides in the H8U fuel assemblies are described and tabulated 
in Chapter 4.0, Shielding Evaluation. Chapter 5.0, Criticality Evaluation of Reference 1, discusses 
the criticality safety of the TN-328 H8U cask and its H8U contents, listing material densities, 
moderator ratios, and geometric configurations. 

A.2.1.2 Operations and Auxiliary Equipment 



A.2.1.2.1 Operations 

A typical sequence of operations to be performed in loading HBU fuel into the TN-32B HBU cask 
is summarized below. 

Upon receipt at North Anna, the HBU cask will be up-righted and transferred into the North 
Anna crane enclosure in accordance with existing procedures and practices. The overhead cask 
crane provides lifting and placement of the cask in the north bay of the station's 
Decontamination Building. The protective cover, overpressure tank and associated tubing 
connections, top neutron shield, and lid are removed and inspected. 'fhe HBU cask, basket and 
cavity are visually inspected. 

Fuel assemblies scheduled to be loaded into the cask will be inspected and prepared for loading 
prior to cask loading operations. Inspection and preparation would include visual examinations, 
and as necessary, verification of guide tube free-path-travel to ensure that no obstr:uctions exist 
in the fuel assemblies designated for thermocouple monitoring. Any insert components which 
are planned to be installed in the HBU cask, such as PRAs, r:e i stalled in designated fuel 
assemblies. 

When the HBU cask is ready for final loadi g, a new silver metallic 0-ring seal will be installed 
on the lid assembly. The lid is then preparea and staged for submerged installation on the cask 
body. The cask is transferred to the cask loading area in the orth Anna spent fuel pool in 
accordance with existing site procedures. The (32) BU fuel assemblies that are designated for 
loading are moved from their respective spent fuel storage rack locations and emplaced into 
their designated basket loeation, in accordance with fuel move sheets developed from the 
spent fuel storage certification documents and applicable fuel handling procedures. 

After the cask is fully loaded, funnel guides, for installation of the thermocouple lances are 
installed in seven (7) designatea uel assemblies guide tubes that are to be monitored during 
storage. Once all loading ana pre-assembly is complete, which includes verification of loaded 
fuel identification, the lid is lowered into position using special long handling tools and guide 
pins for tn.ie alignment to preclude damage to the silver metallic 0-ring and mating surfaces. 
The lifting yoke is installed on the overhead cask crane 125 ton hook and then moved to engage 
the cask trunnions. T e cask is then lifted to the pool surface, where the lid is accessible for 
workers to prepare the cask for safe movement to the north bay of the Decontamination 
Building. The lid bolt holes are dewatered, as required, and a minimum of six lid bolts are 
installed and tightened to 100 ft .-lbs. torque, per site procedures. Additional preparation 
consisting of dewatering the cask to approximately seven (7) inches below the flange surface, 
to support ALARA activities associated with lance installation, and decontamination of the 
exposed cask surfaces are performed. The lid guide pins may be removed. The HBU cask is then 
transferred to the north bay of the Decontamination Building. Remaining lid bolts are installed, 
and all bolts tightened, per procedure, to required torque values. 



The thermocouple lance assemblies are installed in their designated penetrations, each with a 
double metallic silver seal, a jacking plate assembly and a retaining ring, and the fasteners are 
tightened, per procedure, to required torque values. Thermocouple leads are temporarily 
connected to a data logger to collect temperatures during the dewatering, vacuum drying, and 
helium back-fill processes. The water is removed from the cask cavity, and it is simultaneously 
back filled with helium gas to maintain the temperature of the fuel assemblies below 752 °F 
(400 °C) during drying and to prevent air infiltration during water removal. The vacuum drying 
process is performed to ensure the HBU cask meets Technical Specifications requirements. 
Once the Technical Specifications requirement is met for drying, the cask is again backfilled 
with helium gas to the Technical Specifications backfill pressure requirement. 

The cask will remain in the north bay of the Decontamination Building, w"th a pressure gauge 
attached to the vent port to allow direct monitoring of cask cavity pressure during the thermal 
stabilization period. The purpose of the thermal stabilization period is to collect temperature 
measurements as the cask and contents approach thermal equilibrium, monitor cavity 
pressure, and collect cask cavity gas samples for fission gas, composition, and moisture analysis. 
These data will be utilized to more fully understand th loading and drying temperature 
transients for benchmarking thermal analysis techniques, and to identify any rod failures, 
should they occur. 

After completion of thermal stabilization, the temporary thermocouple leads will be 
disconnected from the data logger and cask sea.I lea!< testing is performed. Once the leak testing 
is verified to meet the Technical Specification requirements, the top neutron shield, 
overpressure system (that part existing beneath the protective cover assembly), and protective 
cover assembly package are installed. Externals rface radiation readings are collected and 
verified to ensure that they are witliiri Technical Specifications limits. 

The HBU cask is transferred to'the ISFSI pad using the cask transporter and prime mover. The 
cask is emplaced in the esignated sterage location, and the cask's external OP system 
components are installed and connected to the site storage cask monitoring and alarm system. 
The ther ocouple lance co ductors, conduit and associated supporting hardware are 
assembled on he ISFSI pad, to support long-term data collection. 

To unload the HBU cask, the above steps may be performed in reverse. The thermocouple lance 
conductors and associated external hardware are removed. The HBU cask is returned to the 
north bay of the Decontamination Building using the cask transporter and prime mover. The 
protective cover, pressure monitoring system, overpressure tank, and top neutron shield will be 
removed. Prior to opening the HBU cask, the cavity gas will be sampled through the vent port, 
and analyzed for potential nuclear and moisture composition. The cavity is depressurized to 
atmospheric pressure, and all but six of the lid bolts would be removed. The six lid bolts will 
then be tightened to 100 ft.-lb. torque in according with site procedures. The cask is transferred 
to the cask loading area of the North Anna spent fuel pool. Water is introduced into the cask 
through the drain port. Off-gas hosing is connected to the vent port, with its effluent 



discharging directly into the pool water. The water/steam effluent from the vent line may 
contain radioactive gas. ALARA practices and engineering controls are planned and in place to 
support these activities. The exit pressure and temperature are typically monitored during this 
operation. Once the HBU cask is filled with water, the remain ing six lid bolts are removed, and 
the cask is lowered into the place for completion of disassembly, access to fuel and unloading, 
as necessary. 

A.2.1.2.2 Auxiliary Equipment 

The objective of the HBU cask is to monitor the fuel cladding temperatures of HBU fuel during 
storage. To support this objective, auxiliary equipment for the TN-32B dry sto age cask is 
provided, as required. Specifically, the seven (7) thermocouple lances are co nected to a 
junction box on the protective cover, and conductors ro ted through conduit to a data logger, 
which measures and records the thermocouple output. A solar cell is attached to the HBU cask 
to supply power to the data logger battery system. · o additional supplemental site power is 
required for the auxiliary equipment. 

A.2.1.3 Design Criteria 

The design criteria that are utilized for the TN-32 . HBU cask modifications are identical to the 
criteria delineated in the TN-3 Dr:y Storage Cask Safety Analysis Report, Revision 2 (TN-32 SAR). 
Properties for materials that were unavailable in t e 1992 ASME Boiler and Pressure Vessel 
(B&PV) Code utilized for t he TN-32 SAR are extracted from the 2013 ASME B&PV Code. 
Additionally, applicable NlJREG/CR andLor Regul tory Guide documents that were not used in 
or issued subsequently to he design and licensing of the TN-32 dry storage cask were utilized, 
e.g., NUREG/CR-6007, for evaluation of the lid, vent, drain, thermocouple lance bolted 
assemblies, and penetration welds. These added documents are incorporated into the design 
criteria for. this cask. 

A.2.2 Structur,al Evaluation 

The structural evaluation from Section 2.0 of the TN-32B Demonstration Cask Design/Licensing 
Basis Document (Reference 1) includes the structural evaluation for the TN-32B HBU cask. This 
evaluation is summarized below. 



A.2.2.1 TN-328 HBU Cask Body 

The TN-32B HBU cask body was analyzed to meet the design criteria of the NAPS ISFSI with the 
addition of the analysis for the August 23, 2011 earthquake centered near Mineral, VA. The TN-
32B HBU cask fuel assembly payload results in increased temperatures in the basket/rail 
structure from the increased decay heat load. For this payload, the applicable normal, off
normal, and accident load conditions of the NAPS ISFSI license were analyzed based on the 
temperatures discussed in the Section A.2.3, Thermal Evaluations. Note that only accident load 
conditions apply for analysis of the basket rails. 

The TN-32B HBU cask body with fuel payload has been analyzed to demonstrate structural 
integrity with no loss of confinement for the following normal and off-normal oad conditions: 

1. lg down, cask vertical supported on bottom 
2. 100 psig internal pressure; 
3. 25 psig external pressure; 
4. Thermal stress due to 100 °F (38 °C) ambient hot environment with maximum decay 

heat load; and 
5. 3g vertical lift using upper trunnions. 

Results of the Structural Evaluation for the TN-328 HBU cask body with fuel payload under 
normal and off-normal load conditions can be found in Table 2.1-1 of Reference 1. 

The TN-32B HBU cask body with fuel payload has been analyzed to demonstrate structural 
integrity with no loss of confinement for the following accident load conditions as described in: 

1. Seismic event in vertical storage position (includes the NAPS ISFSI design basis 
earthquake and the 2011 earthquake centered near Mineral, VA); 

2. SOg bottom end drop; 
3. SOg tip-over ill'.lpact; 
4. Tornado, wind, and missile impacts; and 
5. g vertical lift plus lg lateral. 

Results of the Structural Evaluation for the TN-32B HBU cask body with fuel payload under 
accident load conditions can be found in Table 2.1-1 of Reference 1. 

A.2.2.2 TN-328 HBU Cask Lid Assembly 

For the modified lid assembly as discussed in Section A.2.1, TN-32B HBU Cask Physical 
Description, the cask was analyzed for normal, off-normal, and accident load conditions. 



The TN-32B HBU cask lid has been analyzed to demonstrate structural integrity with no loss of 
confinement for the following normal and off-normal load conditions: 

1. lg down, cask vertical supported on bottom 
2. 100 psig internal pressure; 
3. 25 psig external pressure; 
4. Thermal stress due to 100 °F (38 °C) ambient hot environment with maximum decay 

heat load; and 
5. 3g vertical lift using upper trunnions. 

The TN-32B HBU cask lid has been analyzed to demonstrate structura integrity with no loss of 
confinement for the following accident load conditions: 

1. 100 psig internal pressure 
2. Seismic event in vertical storage position (includes the NAPS ISFSI design basis 

earthquake and the 2011 earthquake centered near Mineral, VA); 
3. 50g bottom end drop; 
4. 50g tip-over impact; 
5. Tornado, wind, and missile impacts; and 
6. 3g vertical lift plus lg lateral. 

The TN-32B HBU cask lid bolts have been analyzed in accordance with NUREG/CR-6007, "Stress 
Analysis of Closure Bolts for Shipping Casks," to demonstrate structural integrity with no loss of 
confinement for the following normal and off-normal load conditions: 

1. Lid bolt tightening torque; 
2. Lid bolt preload, lid sealing pressure; 
3. 100 psig internal pressure; 
4. 25 psig external pressure; and 
5. hermal stress due to 100 °F (38 °C) ambient hot environment. 

The TN-32B HBU cask lid bolts have been analyzed in accordance with NUREG/CR-6007 to 
demonstrate structural integrity with no loss of confinement for the following accident load 
conditions: 

1. 100 psig internal pressure 
2. Thermal expansion due to 100 °F (38 °C) ambient to 400 °F (204 °C) fire event; 
3. 50g tip-over impact; 
4. 30-ft side free drop; 
5. 30-ft end free drop; and 
6. 30-ft CG-over-top corner free drop. 



The TN-32B HBU cask fasteners for the vent port cover, drain port cover, and the lance 
assemblies have been analyzed in accordance with NUREG/CR-6007 to verify that the 
tightening torque would seat the metall ic 0 -ring seal. Additionally, the fasteners were 
evaluated for the following normal and off-normal load conditions: 

1. 100 psig internal pressure (vent, drain, and lance assemblies only); 
2. Thermal expansion due to 100 °F (38 °C) ambient to 300 °F (149 °C) for the maximum 

decay heat load; and 
3. Fastener initial preload. 

The TN-32B HBU cask fasteners for the vent port cover, drain port over, and the lance 
assemblies have been analyzed in accordance with NUREG/CR-6007 to a monstrate structura l 
integrity with no loss of confinement for the following accident load conditions: 

1. 100 psig internal pressure 
2. Thermal expansion due to 100 °F (38 °C) ambient to 400 °F (204 °C) fire event; 
3. SOg tip-over impact; and 
4. Fastener preload. 

A.2.2.3 Cask Basket and Rails Assembly 

The TN-32B HBU cask basket and ra1 s are unchanged from the standard TN-32B design. The TN-
32B HBU cask basket with fuel payload has been analyzed to demonstrate structural integrity 
for the following normal and off-normal load conditions: 

1. 3g vertical lift plus lg lateral; and 
2. Thermal stress due to 100 °F (38 °C) ambient hot environment with maximum decay 

heat load. 

The TN-32B HBU cask basket with fuel payload has been analyzed to demonstrate structural 
integrity for the following accident load conditions: 

1. Thermal stress due to 100 °F (38 °C) ambient hot environment with maximum decay 
heat load; 

2. SOg bottom down drop; and 
3. SSg tip-over impact (treated as a side drop for basket). 

A.2.2.4 Conclusions for Structural Evaluation 

The structural evaluation of the TN-32B HBU cask body, lid, basket, and rails has demonstrated 
that all components satisfy the required design criteria for all of the normal, off-normal and 
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accident conditions for the NAPS ISFSI including criteria of the 2011 earthquake centered near 
Mineral, VA. Cask internal pressures under normal conditions are acceptable. 

During the side drop accident event, the basket/fuel assemblies are laterally displaced relative 
to the thermocouple lances, which are inserted into guide tubes in the fuel assemblies. The 
thermocouple lance has been analyzed and it has been demonstrated that the lance sheath 
confinement boundary satisfies the required design criteria for this lateral displacement. 

The fuel assemblies used as payload in the TN-32B HBU cask have been a a yzed to 
demonstrate structural integrity with no loss of confinement for a postulated 18-inch end drop 
and a 50g side drop. The AREVA Advanced Mark BW assembly design ·s used in the analyses as 
a bounding assembly for all potential fuel assembly design loadings because it has the lowest 
yield strength. The analyses demonstrated that the payload fuel assemblies wi~I maintain their 
structural integrity for all accident conditions during the storage period on the<NAP.S ISFSI. 

A.2.3 Thermal Evaluation 

The thermal evaluation from Section 3.0 of tlie <r:N-32B Demonstration Cask Design/Licensing 
Basis Document (Reference 1) includes the · hermal evaluation for the TN-32B HBU cask. This 
evaluation is summarized below. 

The TN-32B HBU cask is designed to ~assively rejetit decay heat under normal, accident and 
loading/unloading conditions while maintaining appropriate cask temperatures and pressures 
within the specified temperature limits. To establisti the confinement and heat removal 
capability, several thermal des_ign criteria are established for the TN-32B HBU cask. These are: 

1. Sea temperatures must e maintained within specified limits. The silver-jacketed 
metallic 0-ring seals that form part of the TN-32B HBU cask confinement boundary have 
a maximum tempeliature limit of 669 °F (354 °C). 

2. An a lowable temperature range of -40 to 300 °F (-40 to 149 °C) is set for the neutron 
shield to maintain resin stability. 

3. Maximum a d minimum temperatures of the confinement structural components must 
not adversely affect the confinement function. 

4. For normal conditions and all short term loading operations (including vacuum drying 
and backfilling of the cask cavity with helium), a fuel cladding temperature limit of 752 
°F (400 °C) is established in accordance with NUREG-1536, "Standard Review Plan for 
Spent Fuel Dry Storage Systems at a General License Facility- Final Report." For 
accident conditions, the fuel cladding temperature limit is 1,058 °F (570 °C) per NUREG-
1536. 



A.2.3.1 Normal Conditions 

The thermal evaluation for normal conditions was based on the following inputs: 

1. A maximum total decay heat load of 32.934 kW from all 32 fuel assemblies; 
2. An ambient temperature range of -20 °F to 100 °F. The temperature range is averaged 

over 24 hours and a maximum daily averaged ambient temperature of 100 °F is used for 
the maximum cask temperature evaluation; 

3. 10 CFR 71.71(c) insolation averaged over 24 hours. 
4. Inclusion of the effect of storing the TN-328 H8U cask in a 2 by infinite array with a 16 ft 

pitch from the existing TN-32 casks at the NAPS ISFSI. 

Using these inputs, the thermal analysis for normal storage concluded that the TN-328 H8U 
cask met all applicable requirements. 

1. The predicted maximum fuel cladding temperature is less than the design criterion of 
752 °F (400 °C). 

2. The maximum seal temperature is less than the long-term limit of 669 °F (354 °C) for 
continued seal function . 

3. Under the minimum daily average temperature condition of -20 °F (-29 °C) ambient, the 
resulting cask component temperatures will approach -20 °F (-29 °C) if no credit is taken 
for decay heat load. The cask materials including confinement structures and the seals 
continue to function at the temperature range between -40 °F (-40 °C) and 669 °F 
(354°C). 

4. The average bulk resin temperature in the radial neutron shield at the hottest cross 
section for normal conditions and the temperature of the resin in the top neutron shield 
are below the allowable limit of 300 °F (149 °C). Therefore, no degradation of the 
neutron shielding is expected for the storage period . 

A sensitivity study was performed assuming storage in a 2 by infinite array with a 14 ft pitch 
between the existing TN-32 casks. The decrease in pitch between the TN-32 casks was shown to 
have no effect on the maximum temperatures of the TN-328 H8U cask. 

A.2.3.2 Accident Conditions 

The thermal evaluation for accident conditions was based on the following: 

1. 15 minute fire accident with the following conditions: 

1.1 Average flame temperature of 1,550 °F (843 °C) 
1.2 Average convective heat transfer of 4.5 8tu/hr-ft2-°F 



Using these inputs for the fire accident, the thermal analysis concluded that the TN-32B HBU 
cask design met all applicable requirements. 

1. The predicted maximum fuel cladding temperature is less than the design criteria of 
1,058 °F (570 °C) for accident conditions. 

2. The maximum seal temperature is less than the long-term limit of 669 °F (354 °C) for 
continued seal function. 

A.2.3.3 Transfer Conditions 

During transfer operations to the ISFSI pad, the TN-32B HBU cask ·s exposed to the ambient 
conditions and is not surrounded by other casks. This ensures hat there is no radiation heat 
transfer between the casks as there is during storage on the ISFSI pad. Therefore, the thermal 
evaluation performed for normal storage bounds the thermal performance of the TN-32B HBU 
cask during transfer to the NAPS ISFSI pad. 

A.2.3.4 Loading/Unloading Conditions 

All fuel transfer operations occur when the cask is in the spent fuel pool with the cask lid 
removed. The fuel is always submerged in free-flowing water, permitting heat dissipation. After 
fuel loading is complete, the cask is removed from the pool, drained, and the cavity is dried. 
Helium is used for the cask blowdown operation and, therefore, its presence is credited during 
the vacuum drying operation. With helium being present during vacuum drying operations, the 
maximum temperatures, including those of the fuel cladding and cask components, are 
bounded by those calculated for transfer operation . Since the thermal evaluation for normal 
storage conditions bounds the transfer operations as discussed above, no further evaluation for 
loading/unloading conditions is p rformed. 

A.2.3.5 Thermal Expansion Evaluation 

Thermal expansion analysis of the TN-32B HBU cask evaluates the fuel assemblies and cask 
components clearances for thermal expansion including: 

1. The gap between an irradiated fuel assembly and the TN-32B HBU cask lid; 
2. The gap between the basket and basket rails of the TN-32B HBU cask body. 

The maximum allowable gap between the fuel assemblies and the cask lid is 1.45 inches. The 
analytically demonstrated gap between the fuel assemblies and the cask lid is less than 1.45 
inches. The minimum required gap between the fuel assemblies and the lid is 0.25 inches. The 



analytically demonstrated gap between the fuel assemblies and the cask lid is greater than 0.25 
inches. 

The evaluation demonstrates that there will be an adequate hot radial gap between the basket 
assemblies and basket rails. The minimum gap between the basket assembly and the basket 
rails is adequate to provide sufficient clearance for thermal expansion. The basket plates are 
free to expand in the axial direction, since sufficient clearance is provided between the lid and 
the top of the basket for the maximum evaluated decay heat load. 

A.2.3.6 Thermal Soak Period 

To ensure the TN-32B HBU cask thermocouples are functioning correctly and that the cask and 
payload have reached a state of thermal equilibrium, the TN-32B HBU cask will remain in the 
North Anna Power Station north bay. The TN-32B HBU cask will be completely sealed within 23 
days from the time the cask is filled with helium. During this time period, temperatures within 
the cask will be monitored, gas samples will be taken from the cask cavity, and external 
temperature readings will be taken. These initial data will confirm when the cask and cask 
contents have reached thermal equilibri m and will provide a baseline for comparison with 
future measurements. After the TN-32B HBU cask has reached thermal equilibrium, and prior to 
exceeding the 23 day limit, the cask will be sealed and the final leak rate test will be performed. 

A.2.3.7 Cask Pressure valuation 

Using the ideal gas law, the design pressures in the TN-32B HBU cask cavity are calculated 
based on the amount of cavity gas with the average gas temperatures for normal, off-normal, 
and accide t conditions. 

Fuel rod fill and fission gases released into the cavity are calculated based on an assumed 
percentage of ruptured fuel rods: 1% for normal conditions, 10% for off-normal conditions, and 
100% for accident conditions. In addition to the release of 100% of the fill gas, 30% of the 
fission gas generated within the fuel rods during operation is also considered. 
The maximum calculated internal pressures for normal, off-normal, and accident conditions in 
the TN-32B HBU cask cavity are 21.3 psig, 26.9 psig, and 95.5 psig, respectively. Therefore, the 
maximum internal pressure of 100 psig utilized in the evaluation of the TN-32B HBU cask and 
basket is a bounding pressure. 

A.2.3.8 Conclusions for Thermal Evaluations 

The thermal design of the TN-32B HBU cask is in compliance with 10 CFR 72 and the applicable 
design and acceptance criteria have been satisfied. 



The temperatures determined by the evaluation of the cask systems, structures, and 
components important to safety were found to remain within their operating temperature 
ranges for the design heat load. The TN-32B HBU cask provides adequate heat removal capacity 
at the ISFSI pad without active cooling systems. Spent fuel cladding will be protected against 
degradation that leads to significant fuel failures by maintaining the cladding temperature 
below maximum allowable limits and by providing an inert environment in the cask cavity. 

The NAPS ISFSI TS will be revised to specify the maximum total decay heat load of 32.934 kW 
for the TN-32B HBU cask only. 

A.2.4 Shielding Evaluation 

The shielding evaluation from Section 4.0 of the TN-32B Demonstration Cask Design/licensing 
Basis Document (Reference 1) includes the shielding evaluation for the TN-32B HBU cask. This 
evaluation is summarized below. 

For the purposes of the analyses provided in Section 4.1 of Reference 1, a limiting fuel assembly 
with regards to source term was identified and all thirty-two assemblies were modeled as 
having the same initial conditions as the bounding assembly. The use of these fuel parameters 
in the TN-32B HBU cask analyses, under normal and off-normal conaitions, resulted in average 
surface dose rates of 91.1 mrem/hour for the side and 96.1 mrem/hour for the top (neutron 
plus gamma). The weighted side aose rate limit of 218 mrem/hr (neutron plus gamma) is 
currently listed in the Technical Specifications for the TN-32 casks and exceeds that of the TN-
32B HBU cask. The shielding analysis details are provided in Section 4.2 of Reference 1 and 
results for normal, off normal and accident conditions are provided in Section 4.3 of Reference 
1. 

The total contributions to dose<.(ates around the NAPS ISFSI due to the TN-32B HBU cask being 
located on the storage pad were determined using the MCNP Monte Carlo transport code. To 
determine a conservative dose rate at the nearest site boundary, which is also conservative 
with respect to the nearest permanent resident, due to the TN-32B HBU cask, calculations were 
performed at a distance of 500 meters from the cask. At this distance, the total dose rate from 
the cask is 0.0937 rem/year (0.937 mrem/year). Details and results of far field dose rate 
analysis are provided in ection 4.5 of Reference 1. 

A.2.4.1 Conclusions for Shielding Evaluation 

The radiation shielding features of the TN-32B HBU cask with fuel having the proposed limits is 
sufficient to meet the radiation protection requirements of 10 CFR 20 and 10 CFR 72.104. 



As described in the site specific NAPS ISFSI Safety Analysis Report (SAR) Section 7.5, the 
maximum combined radiation contribution to the nearest permanent resident from the 
operation of the ISFSI (2.10 mrem/year) and the North Anna Power Station Units 1 and 2 
(assuming 3.00 mrem/year) is 5.10 mrem/year. Conservatively adding the total dose rate at 500 
meters for the TN-32B HBU cask (0.937 mrem/year) results in a total combined dose rate of 
6.037 mrem/year. This is well below the 25 mrem/year limit imposed by 10 CFR 72.104(a). In 
addition, an evaluation was performed by Dominion that demonstrated the site boundary 
annual dose does not increase with the TN-32B HBU cask installed at the NAPS ISFSI. 

A.2.4.2 Occupational Exposures 

AREVA TN analyzed dose rates from the loading, emplacement, and maintenance of the TN-32B 
HBU cask with a fuel payload with the proposed limits in Section 4.4 of Reference 1. Exposures 
were calculated using these calculated dose rates and conservative estimations of person-hours 
associated with cask activities. 

Relative to existing TN-32 analyses, estimated personnel dose increase for the TN-32B HBU 
cask due to the following: 

• The fuel payload allowed for the TN 32B HBU cask includes assemblies with higher 
enrichments, higher burn-up, and highe initial uranium weight; 

• Cask loading includes two new activities, which require operation in close proximity to 
the cask: 

• Thermocouple lance installation, and 
• Obtaining a cavity gas sample; and 
• Cask emplacement includes a new activity, assembly and installation of a data package 

mounted on the cask at t e ISFSI, which requires operation in close proximity to the 
cask. 

A.2.4.3 Conclusions for Operational Exposures 

Occupational exposures from the TN-32B HBU cask loaded with fuel having the proposed limits 
are expected to be igher than the current ISFSI licensing basis. A detailed table of Occupational 
dose to personnel per evolution is provided in Table 4.4-2 of Reference 1. Occupational 
exposure for loading and placement of the TN-32B HBU cask at the ISFSI is estimated to be 3.65 
rem . 



A.2.5 Confinement Evaluation 

The confinement evaluation from Section 6.0 of the TN-32B Demonstration Cask 
Design/Licensing Basis Document (Reference 1) includes the confinement evaluation for the TN-
32B HBU cask. This evaluation is summarized below. 

A.2.5.1 Confinement Boundary 

The confinement boundary for the TN-32B HBU cask consists of the inner shell, the bottom 
plate, the welded flange forging, the lid outer plate, lid bolts, the seven thermocouple 
penetration sleeve inserts, the thermocouple instrument head and lance, the jacking plates and 
retainer ring, the vent and drain cover plates and fasteners, and the inner metallic 0-ring seals 
of the lid, vent and drain covers, and the thermocouple instruments. 

When the thermocouple lance is inserted into the cask cavity, the outer lance sheath becomes 
part of the confinement boundary. To accommodate the thermocouple lance assemblies, the 
lid is modified to include seven penetration sleeves, which form part of the confinement 
boundary. The seal utilized for the thermocouple closure assembly is a double metallic, silver
jacketed 0-ring seal, which is identical tot e seal used for the vent and drain closures. As with 
the vent and drain seals, the thermocouple closure seals are connected to the OP monitoring 
system. 

Details of the confinement boundary for the TN-32B HBU cask can be found in Section 6.1.1 for 
Confinement Vessel, Section 6.1.2 for (onfinement Penetrations, Section 6.1.3 for Seals and 
Welds, and Section 6.1.4 for Closer of.Reference 1. 

A.2.5.2 Accident Evaluation 

Confinement of radioactiviW during the storage of spent fuel is achieved by (1) the uranium 
dioxide fuel pellet matrix, (2) the metallic tubes (cladding) in which the pellets are contained, 
and (3) the SSSC in which the assemblies are stored. 

The confinement function of the SSSC is achieved by totally enclosing the spent fuel assemblies 
within a double-seal rigid metal vessel. The SSSC is fabricated, delivered to the NORTH ANNA 
POWER STATION site, loaded, sealed, and emplaced at the ISFSI in a manner that ensures its 
integrity, the capability to perform its safety functions, and compliance with all applicable rules 
and regulations. 

Once the SSSC is sealed, there are no credible events which could result in a release of 
radioactive material to the environment. Similarly, there are no credible scenarios which could 



result in contamination of the outside surface of the SSSCs or in the generation of radioactive 
waste products. 
Despite the lack of credible scenarios which could result in a release of radioactive material to 
the environment, the loss of confinement barrier is evaluated for compliance with the 
requirements in the ANSI Nl4.5 Standard for Radioactive Materials - Leakage Tests on 
Packages for Shipments. The leakage rate for off-normal and accident conditions was assumed 
to be lxl0-5 std. cm3 /sec. 

In the off-normal analysis, 10% of the rods are assumed to be failed and the condition exists 
over a one year period. In the accident analysis, 100% of the rods are assumed to be failed, 
temperatures inside the cask are consistent with the fire accident conditions, and the leaking 
condition exists over a thirty day period . Dispersion factors used in the analyses are consistent 
with the existing TN-32 site specific SAR. 

A.2.5.3 Conclusions for Accident Evaluation 

The Total Effective Dose Equivalent (TEDE) for the off-normal conditions at a point 500 meters 
from the TN-328 HBU cask is 0.192E(-1) re /year. The TEDE for the accident conditions at a 
point 500 meters from the TN-328 HBU cask is 9 71 mrem/30 days. Under off-normal and 
accident conditions, no amount of radioactiwe nuclides was found to be released that would 
result in doses approaching the limits specified in 10 CFR 72.104(a) or 10 CFR 72.106(b). 

A.2.6 Criticality Evaluation 

The criticality evaluation from Section 5.0 of the TN-328 Demonstration Cask Design/Licensing 
Basis Document (Reference 1) inclt.1des the criticality evaluation for the TN-328 HBU cask. Th is 
evaluation is summarized below. 

The criticality evaluations provided in Section 5.0 of Reference 1 demonstrate that the TN-328 
HBU cask with the planned high burnup spent fuel assemblies complies with the requirements 
of 10 CFR 72 for nor al, off-normal, and accident conditions defined by the NAPS ISFSI SAR. 
Criticality control in the TN-328 HBU cask is provided by the basket structural components, 
which maintain the relative position of the spent fuel assemblies under normal and accident 
conditions, by the neutron absorbing plates between the basket compartments, by the poison 
rod assemblies (PRAs) inserted in six of the fuel assemblies stored in the cask, and by dissolved 
boron in the spent fuel pool water. 

The standard TN-328 cask was previously analyzed by AREVA TN with older versions of the 
SCALE computer software. The TN-328 HBU cask is analyzed with the same SCALE control 



sequence, cross-section data, modeling methods, and code options as the standard TN-32B 
cask, but uses Version 6.0 of the SCALE computer code. The SCALE models for both casks are 
essentially identical, except that the TN-32B HBU cask is instrumented with thermocouple 
lances and uses PRAs in addition to borated water and poison plates for criticality control. 
Neither the thermocouple lance nor the PRAs affect the most reactive configuration. Therefore, 
the most reactive configuration of the standard TN-32B dry storage cask is also the most 
reactive configuration for the TN-32B HBU cask. 

The TN-32B HBU cask stores thirty-two, high burn-up, 17 x 17 spent fuel assemblies of three 
fuel types: AREVA Mark BW, Westinghouse Standard, and Westinghouse Vantage SH. The 
criticality analysis of the TN-32B HBU cask is performed by AREVA TN using the following 
conservative assumptions: 

1. The fuel assemblies are assumed to be fresh (i.e., no burn up credit); 
2. All 32 fuel assemblies are modeled as the most reactive fuel type based on initial 

enrichment, AREVA Mark BW; 
3. Thermocouple lances are modeled as solid aluminum cylinders; 
4. Poison rod assemblies (PRAs) are modeled as containing 50% of the as-designed B4C 

material; 
5. All fuel cladding is modeled as Zircaloy-4. 

The criticality analysis is performed for the TN-32B HBU cask using the above assumptions in 
the most reactive configuration under normal, off-normal, and accident conditions with various 
moderations details of the analysis performed. The limiting case identified for the normal and 
off-normal conditions is 90% moderation. The criticality analysis considers two accident 

• conditions; the single fuel misplacement accident and the cask tip-over accident. 

The single fuel misplacement accident is analyzed based on the limiting case identified for the 
normal and off-normal condition. he initial enrichment of the misplaced fuel is assumed to be 
5.00 weight percent U-235. Five misplacement locations are analyzed. 

The cask tip-over accident is represented by the side drop accidents described in Section A.2.2, 
Structural Evaluation . The criticality modeling of the cask tip-over accident analysis focuses on 
the integrity of the fuel rod location, fuel cladding, the grid spacers and the fuel compartment. 
Based on the results from the TN-32B HBU cask fuel structural evaluation, the cladding integrity 
is maintained. BaseCI on the results from the TN-32B HBU cask basket accident analysis, the 
maximum transverse deformation of the fuel compartments is zero. Based on the results from 
the TN-32 Final Safety Analysis Report (FSAR) Revision 6, the grid spacers are assumed to crush 
and the fuel rod slides axially. The fuel rod axial sliding relative to the poison plate is modeled in 
the intact fuel analysis. Thus, only the fuel rod pitch reduction is modeled to account for the 
grid spacer collapse. The limiting case identified for the normal and off-normal conditions is 
modified with four fuel rod pitch reductions. 



A.2.6.1 Conclusions for Criticality Evaluation 

The TN-32B HBU cask is designed to be substantially subcritical under all credible conditions. 
The criticality design is based on favorable geometry, fixed neutron poisons, neutron poison 
inserts, and soluble poisons in the spent fuel pool. The criticality design features of the TN-32B 
HBU cask are in compliance with 10 CFR 72 and the applicable design and acceptance criteria 
have been satisfied. 
The acceptance criterion for the criticality analysis is defined by an Upper Subcriticality Limit 
(USL) that is set based on a 95% confidence band per NUREG/CR-6361, "Criticality Benchmark 
Guide for Light-Water-Reactor Fuel in Transportation and Storage Packages," with a correlation 
parameter of assembly separation distance. For all cases, normal, off-normal, and accident, an 

USL of 0.9388 was determined to be acceptable. 

The results for the normal and off-normal conditions determined the limiting case is the 90% 
moderation case and the kett for this case is below 0.9388. 

The results of the single fuel misplacement accident determined the limiting misplacement case 
has a kett below 0.9388. 

For the cask tip-over accident, the reactivity effect of the fuel rod pitch reduction is negative, 
thus, the criticality safety margin is not impacted. 

A.2.7 Codes and Standards 

The cask confinement boundary is designed, fabricated, and inspected in accordance with the 
1992 Edition of the ASME B&PV Code, Section Ill, Subsection NB. The basket is designed in 
accordance ith the 1992 Edition of the ASME B&PV Code, Section Ill, Subsections NB/NF, and 
Appenciix F. The gamma shielding, which is primarily for shielding, also provides structural 
support to he confinemen boundary during drop accidents, and is analyzed in accordance 
with Subsection NB and Appendix F. Inspections of the gamma shield, lid, bottom, and shield 
shell, are performed in accordance with the 1992 Edition of the ASME B&PV Code as detailed in 
the TN-32 Topical Safety Analysis Report, Rev. 9A, (the TSAR). Alternatives to the applicable 
subsections of the ASME B&PV Code are listed in Table A.2.7-1. 

The penetrations into the lid confinement and gamma shield for the instrument lances utilize a 
partial penetration weld at the top confinement interface. An alternative to the NOE 
requirements is specified in Table A.2.7-1 as Alternative 18. 



No. Component Reference 
ASME Code/ 
Section 

1 TN-32 Cask NB-1100 

2 TN-32 Cask NCA-3800 

3 Lid Bolts NB-3232.3 

/ 

4 Gamma NB-1132.2 
Shielding 

; i~ 
5 Pressure NB-6110 

Test of the 
Confinement 

lfl Boundary 

' 

Table A.2.7-1 
ASME Code Alternatives 

Code Exception , Justification & Compensatory 
Requirement Measures 

Stamping and The TN-32 cask is not N stamped, nor is 
preparation of there a code design specification 
reports by the generated. A design criteria document was 
Certificate generated in accordance with AREVA 
Holder TN's QA ~rogram and the design and 

analysis is provided in the TSAR. 

Quality The quality assurance requirements of 
Assurance NQA-1 or 1 O CFR 72 Subpart G are 
Requirements imposed in lieu of NCA-3800 

requirements. 

-

Fatigue Analysis A fatigue analysis of the bolts is not 
of Bolts performetl for storage, since the bolts are 

not subject to significant cyclical loads. 
\ I' 

Non-pressure The primary function of the gamma shield 
retaining is shielding , although credit is taken for the 
structural gamma shielding in the structural analysis. , attachments A surface exam of the welds is performed 
shall conform to in accordance with the requirements of 
Subsection NF Subsection NF. 

... 
All pressure The TN-32 cask is not pressure limited. All 
retaining confinement welds receive RT except for 
components the partial penetration sleeve to lid welds 
shall be which will have PT examination. Gamma 
pressure tested shielding supports the confinement 

boundary under all conditions so a 
pressure test of the confinement vessel 
separately will not simulate actual loading 
conditions. If a pressure test is performed 
with the confinement vessel inside the 
gamma shield, the confinement boundary 
welds cannot be examined. 



6 Weld of NB-4335 Impact testing of If two different materials are joined, the 
Shield Plate weld and heat fracture toughness requirements of either 
to Lid Outer affected zone of may be used for the weld metal. There are 
Plate lid to shield plate no fracture toughness requirements on the 

shield plate, and therefore none are 
performed on the base metal or the heat 
affected zones. This weld is not subject to 
low temperatures, as it is inside the cask 
cavity. An evaluation of this weld at low 
temperatures is presented in Appendix 3E 
of the TN-32 UFSAR. 

7 Gamma NB-2190 Material in the The gamma shielding materials were 
Shielding component procured to ASTM or ASME material 

support load specifications. Material testing is 
path and not performed in accordance with the 
performing a applicable specification. Impact testing is 
pressure not performed on the gamma shielding 
retaining materials (including welding materials) . An 
function welded evaluation of the gamma shielding due to 
to pressure impact at low temperatures is presented in 
retainin Appendix 3E of the TN-32 FSAR. 
material shall 
meet NF-2000. 

8 Confinement NB-7000 Vessels are No overpressure protection is provided. 
Vessel required to have Function of confinement vessel is to 

overpressure contain radioactive contents under normal, 
protection off normal, and accident conditions of 

storage. The confinement vessel is 
designed to withstand maximum internal 
pressure considering 100% fuel rod failure 
and maximum accident temperatures. 

9 Confinement NB-8000 Requirements The TN-32 cask is to be marked and 
Vessel for nameplates, identified in accordance with 10 CFR Part 

stamping and 72 requirements . Code stamping is not 
reports per NGA- required . QA data package to be in 
8000 accordance with AREVA TN approved QA 

program. 

10 Corner Weld NB-5231 Full penetration The required UT inspection will be 
between corner welded performed on a best efforts basis. The joint 
bottom inner joints require the will be examined by RT and either PT or 
plate to the fusion zone and MT methods in accordance with ASME 
confinement the arent metal Subsection NB re uirements. The 'oint 



shell beneath the may be welded after the confinement shell 
attachment is shrink-fit into the shield shell. The 
surface to be UT geometry of the joint does not allow for UT 
inspected after inspection. 
welding 

11 Confinement NB-1131 The design A code design specification was not 
Vessel specification prepared for the TN-32 cask. An AREVA 

shall define the TN design criteria document was prepared 
boundary of a in accordance with AREVA TN's QA 
component to program. 
which another 
component is 
attached. 

12 PT/MT NB-5130 Weld The final thickness of the shell is 1.5 
inspection of preparations in inches, and therefore this requirement was 
plates plates 2 inches not imposed. However, the confinement 

and over are shells may be made from shells with 
required to be original thickness greater than 1.5 inches. 
surface We interpret the code to mean the final 
examined by PT thickness of the pressure vessel. The weld 
or MT prep on one side of the wall is performed 

by back gouging after the opposite side is 
welded. An MT examination of this back 
gouged surface before welding is 
performed. A UT examination is performed 
on the plate material when purchased. 
This examination is intended to discover 
indications, both laminar and non-laminar 
imperfections. Therefore the UT 
examination of the plate prior to welding 
can be expected to reveal any indications 
or imperfections that exist in the plate. 

13 Surface NB-4121.3 If more than 1 /8 The containment flanges and the lids are 
examination inch of material procured with both a UT and MT 
after is removed, a examination. More than 1/8 inch of 
machining surface material may be removed during 

examination is processing, and no additional surface 
required of examinations are performed. 
components that 
have been 
previously 
surface 
examined. 



14 Aluminum NB-2120 Materials to be The aluminum plate strength is not used 
basket plate ASME Class 1 for structural analysis under normal 
and rail , materials operating loads nor the 50g accident end 
neutron drop load. The aluminum plate strength is 
absorber only assumed to be effective for the short 
plates duration dynamic loading from a tip-over 

accident and for secondary thermal stress 
calculations. 6061 -T6 is an ASME code 
material (Class 2 or 3) . The strength of the 
neutron absorber plates are not 
considered in any analysis. 

15 Basket NB-4000/NF- Welding/NOE Basket welding procedures are qualified in 
5000 Inspections accordance with ASME Section. Due to 

the unique nature of these welds, special 
inspections and tests were developed for 
these welds. 

16 Components Subsection The code does not apply to components 
other than NB other than the containment boundary and 
the basket. The gamma shielding has been 
confinement analyzed and inspected in accordance 
boundary with Subsection NB as defined at the 
and basket beginning of this table. 

17 Basket NF-3000 Allowable The ASME B&PV Code lists stress values 
Stresses up to 400°F. Stress values above 400 °F 

are obtained from "Aluminum Standards 
and Data," 1990. The allowable stresses 
used for the aluminum basket plate and 
rail are based on S, the allowable stress 
for a Class 2 or 3 component. This is 
conservative, since the analyses of the 
basket and rail are performed in 
accordance with the rules of Subsection 
NF. Subsection NF allowables are based 
on Sm which is 1/3 the ultimate strength , 
while S is 1 /4 of the ultimate tensile 
strength . Thus, there is additional margin 
built into the analysis of the basket and rail 
over and above the margin required by 
Subsection NF for class 1 materials. 

18 Penetration NB-4243/NB- 1 . Category C 1 . The sleeve welds to the cask lid reduce 
sleeve to lid 5231 weld joints in risk for distortion of the adjoined 

vessels and subcom onents if a artial enetration 
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weld 

Penetration 
sleeve to lid 
weld 

ASME Ill , 
Table NB-
4622. 7(b) -1 

similar weld 
joints in other 
components 
shall be a full 
penetration joint. 

2.These welds 
shall be 
examined by UT 
or radiographic 
testing (RT) and 
either PT or 
magnetic particle 
testing (MT) 

The 1 /2" partial 
penetration weld 
can be 
exempted from 
post weld heat 
treatment 
(PWHT) 
because it is 
smaller than 5/8" 

weld is performed rather than the full 4.5 
inch thickness from a full penetration weld. 
The penetration sleeve-to-lid welds are 
designed to meet the guidance provided in 
Section 8.4.7.3 of NUREG 1536 Revision 
1 for stress reduction factor. Also , design 
loads on the penetration sleeves are low 
compared to material capability. 

2. As an alternative to the non-destructive 
examination (NOE) requirements of NB-
5230 for Category C welds, all of these 
welds will be multi-layer welds with root 
and final PT examination in accordance 
wit!] the guidance provided in NUREG 
1536 Revision 1 and SG- 15 for NDE. 
Section 8.4.7.3 of this NUREG may be 
applied to low alloy steel under "unusual 
design and loading conditions". The multi
level PT examination provides reasonable 
assurance that flaws of interest will be 
ider:itified. The PT examination is done by 
quali ied personnel, in accordance with 
Section 'V and the acceptance standards 
of Section Ill, subsection NB-5000. All of 
these-welds are designed to include the 
guidance provided in ISG-15 for stress 
reduction factors. The applicable section of 
ISG-15 is referenced below: 

Progressive surface examinations utilizing 
dye penetrant testing (PT) or MT are 
permitted only if unusual design and 
loading conditions exist. In addition, a 
stress-reduction factor of 0.8 is imposed 
on the weld strength of the closure joint to 
account for imperfections or flaws that may 
have been missed by progressive surface 
examination. The weld design should be 
approved by the NRG on a case-by-case 
basis. 

Utilize 1.5" thick weld coupon thickness for 
weld qualification based on newer editions 
of the Code, i.e. 2001 Edition or later. For 
a 5/8" or smaller weld, the cooling rate 
does not increase significantly above a 
base metal thickness of 1.5". 
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Penetration 
sleeve 
material 

NB-2330 

provided weld 
qualification was 
performed with a 
thickness equal 
to or greater 
than the 4.5" 
thick lid late 
Determine Nil 
Ductility 
Temperature 
(T NOT) for sleeve 
forging material 
SA-350 GR LF3 
by drop weight 
testing and 
perform 
transverse 
Charpy testing at 
a temperature 
not higher than 
T NOT lus 60°F. 

Compliance with longitudinal Charpy testing 
at -150°F as required by Table 4 of ASME 
Section II , Part A for SA-350 Gr LF3 is 
sufficient to demonstrate adequate material 
toughness at or: above the minimum 
operating temRerature of -20°F. 
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