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INTRODUCTION

This Safety Evaluation Report (SER) documents the review and evaluatron of the Topical
Safety Analysis Report (TSAR) for the TN-32 Dry Storage Cask [1].- The TSAR was

. submitted by Transnuclear Inc. (hereafter denoted TN) following the Regulatory Guide

3.61[2] format, as applicable. This SER uses essentially the same chapter -level format, with
some drfferences implemented for clarity and consistency.

- The review of the TSAR addresses the handling and dry storage of spent fuel in a single dry

storage cask design, the TN-32. The cask would be used at an Independent Spent Fuel

- Storage Installation (ISFSI) that.would be licensed under 10 CFR Part 72 [3] at a reactor site

operating with a Part 50 license.

The staff’s assessment is based on whether the applicant meets the applicable requirements of
10 CFR Part 72 for independent storage of spent fuel and of 10 CFR Part 20 for radiation
protection. Decommissioning, to the extent that it is treated in the TSAR, presumes that, as
a bounding case, the TN-32 cask is unloaded at the reactor site and subsequently
decontaminated before disposition or disposal.

The TN-32 cask is not designed nor intended to be used as a transportation cask. Therefore,
the use or certification of the TN-32 cask under 10 CFR Part 71 for off-site transport of -
spent fuel is not a subject of this SER.

Referenoes

1. Topical Safety Analysis Report for the TN-32 Dry Storage Cask, Rev. 9. (This TSAR
includes those sections of Rev. 0-8 that were unchanged in Rev. 9.) The following

- documents, which provide TN responses and/or revisions during the review process, are.

considered to be incorporated by reference into the SER as part of tllre TSAR itself:

Mason, Michael to Charles Haughney. “TN-32 Dry Storage Cask Topiéal Safety Analysis °
Report,” E-13070, March 30, 1994. ‘ '

Mason, Michael to Frederick Sturz. “Responses to Questions Dated September 29, 1994,"
E-13519, November 7, 1994. : o ,

Al

Mason, Michael to Frederick Sturz. “Responses to Qdestions Dated February 16, 1995,”

" E-13932, May 12, 1995.

Mason, Michael to Frederick Sturz. “Responses to Questiens Dated September 19, '1995,” "

E-14266, October 20, 1995.

Mason, Michael to Frederick Sturz. “Additional information for NRC questions dated

‘September 19, 1995,” E-14334, December 1, 1995.
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Mason, Michael to Meg Lusardi. . “Responses to Request for Addrtlonal Information Dated‘»
December 22, 1995 E-14501, February 20; 1996.

Mason, Michael to Meg Lusardi. - “Modification to Basket Rails,” E—14610,
March 26, 1996. ' B ; '

Mason, Michael to Meg Lusardi. “Response to Request for Additional Informatron Dated

March 20 1996,” E-14663, April 12, 1996.

Neider, Tara to Mark Dellr_gattr. - “Response to RequeSt for Additional Information,”
E—14735, June 7, 1996. o .

Mason, Michael, to Meg Lusardi. “Toplcal Report Revision 7,” E-14828, June 19 1996

Neider, Tara to Meg Lusardi. “Responses to Request for- Addrtlonal Informatron Dated
July 19 1996, E-15011 August 22, 1996 '

Neider, Tara to Meg Lusardi. “Revised Pages,” E—15065, September 5, 1996.

Neider, Tara to Meg Lusardi. “Request for Addrtronal Information Dated September 16,
1996, E-15120, September 30, 1996

2. U.S. Nuclear Regulatory Commission. “Standard Format and Content for a Topical

‘Safety Analysis Report for a Spent Fuel Dry Storage Cask,” Regulatory Guide 3.61.

3. US. Code of Federal Regulatrons “L1censmg Requrrements for the Independent Storage ..

. of Spent Nuclear Fuel and High-Level Radioactive Waste,” Title 10 Part 72.

4. U.S. Nuclear Regulatory Commission. “Safety Evaluatron Report for the Prame Island
Independent Spent Fuel Storage Installation,” Office of Nuclear Material Safety and

. Safeguards, July 1993.
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Section 1—GENERAL DESCRIPTION

This section evaluates the general description of the TN-32 Dry Storage Cask and its
proposed contents. Information conceming the qualifications of the applicant and previous
certification actions, if any, are reviewed. A summary assessment of the acceptance criteria
applicable to this section under 10 CFR Part 72 is presented. '

1_.1 Areas of Revxew

1.1.1 Cask Description and Operational Features .
1.1.2 Drawings

113 Cask Contents |
1.1.4 Identification and Qualification of 'Ap‘plicant.

1.1.5 Cask Arrays

1.2 Regulatory Requirements

1.2.1 A general description and discussion of the cask must be preSented, with special
attention to design and operating characteristics, unusual or novel design features, and
principal safety considerations. [10 CFR 72.24(b)]

1.2.2 Structur_es, systems, ahd components' important to safety must be described in -
sufficient detail to enable an evaluation of their effectiveness [10 CFR 72. 24(c)(3)]

1. 2 3 Specifications must be provided for the spent fuel to be stored in the cask, such as,
but not limited to, type of spent fuel (i.e., BWR, PWR, or both), maximum allowable -
enrichment of the fuel prior to any irradiation bum-up (i.e., megawatt-days/MTU),
minimum acceptable cooling time of the spent fuel prior to storage in the cask, maximum
heat designed to be dissipated, maximum spent fuel loading limit, condition of the spent fuel
(i.e., intact assembly or consolidated fuel rods), and the inerting atmosphere requirements.
[10 CFR 72.236(a)] :

1.2.4 The technical quahﬁcatlons including training and experience, requlred of the
applicant before engaging in the proposed act1v1t1es must be included. [10-CFR 72 24(j) and
72.28(a)] ,

1.2. 5 A copy of the Certificate of Comphance issued for the cask under ‘10 CFR 71, if
applicable, and drawings and other documents referenced in the certificate must be included
with the application. [10 CFR 72 230(b)]

1-1
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: 1_.3A Review Procedures

* Section 1 of the TSAR was examined to verify that the appropriate information,as listed in

the above Areas of Review and Acceptance Criteria, was presented. This 1nformanon is
summarized below : :

t
131!2@;592'9_@13&@:&5&9&&@&

The TN-32 Dry Storage Cask (see Figure 1.2-1 in the TSAR) was developed by TN to store
irradiated spent fuel assemblies at an ISFSI. . The cask accommodates 32 intact pressurized .
water reactor (PWR) fuel assemblies. The TN-32 cask body is a right circular cylinder
composed of the following components: - containment vessel with bolted lid closure, basket
for fuel assemblies, gamma shield, pressure monitoring system, weather cover, trunnions, .
and neutron shield. A general description of the cask and its operational features are
prov1ded in TSAR Sections 1.1 and 1.2.

The containment vessel is made of welded cylindrical carbon steel (SA-203, Gr. A) 38-mm .
(1.50-in.) thick, with an integrally welded carbon steel bottom closure. A flange forging is
welded to the top of the containment vessel to accommodate a flanged and a bolted carbon
steel lid closure. The closure lid uses a double-barriér seal system with two metallic O-rings
forming the seal. The annular space between thé metallic O-rings is connected to a pressure
monitoring system (PMS) placed between thé lid and the protective cover. Pressure in the
tank of the PMS is maintained above the pressure in the cask cavity to prevent either flow of’
fission gases out, or air into, the cask cavity, which, under normal storage condmons, is
pressurized above atmosphenc pressure with helium.

Surrounding the outside of the containment vessel wall is a steel gamma shield (SA-516,
Grade 70) with a wall thickness of 203 mm (8.0 in.). The bottom end of the gamma shield
is made of the same material and has a thickness of 222 mm (8.75 in.). The bolted closure
lid provides the gamma shielding at the upper end of the cask body.,

Neutron emissions from the stored fuel are attenuated by a borated polyester resin compound.
neutron shield located on the outside of the gamma-shield. The borated polyester is 114-mm
(4.50-in.) thick and is encased in aluminum boxes that are.3-mm (0.12-in.) thick, which are
held in place by a 13-mm (0.50-in.) thick SA 516 Gr-70 steel shell constructed of two half-
cylinders. Neutron emissions from the'top of the cask are attenuated by a polypropylene disc
102-mm (4.0-in.) thick and encased in a steel shell'6.35-mm (0.25-in. ) thick. There is no
neutron shleldmg prov1ded on the bottom of the cask.

The cask has a cylindrical cavity 1753 mm (69.0 in.) in dlameter and 4140-mm (163-in.)
long, which holds a fuel basket with 32 compartments, each 221-mm (8.70-in.) square, to
hold the fuel bundles. The fuel cavities are formed by a sandwich of aluminum plates, boral
plates, and stainless steel boxes. The fuel compartment stainless steel box sections are
attached by a series of stainless steel plugs that pass through the aluminum and poison plates
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and are fusion-welded to both adjacent stainless steel box sections. The combined wall
thickness is 20-mm (0.785-in.) thick. The basket is guided into the cask body and held in .
place by aluminum rails that run the axial length of the cask body. .

A protective cover, 9.5-mm (0.375-in.) thick, is bolted to the top of the cask body. to provide
weather protection for the lid penetrations. The cask cavity surfaces have a sprayed: metallic
coating of aluminum for corrosion protection. The external surfaces of the cask are painted
for ease of decontamination. The neutron shield, PMS, and shield cap are placed on top of
the cask after fuel loading and removal from the spent fuel pool.

The cask body has four trunnions that are welded to the gamma shield. Two of these are
located near the top of the cylindrical steel forging, spaced 180 degrees apart, and are used
for lifting the cask. The remaining two trunnions are 180 degrees apart and located near the
bottom of the cask. The lower trunnions are used to rotate the unloaded cask between
vertical and horizontal positions. The lifting trunnions have an effective diameter of 220 mm -

" (8.67 in.) and are hollow to permit mstallatwn of neutron shielding material and ehmmate a

path for neutron streaming.

The cask has two containment p_enetrations: one cask cavity drain, and one cask cavity vent.
Both of these penetrations are in the lid. The drain and vent ports are covered by a double-
seal bolted closure. The cavity drain line penetrates the closure lid and terminates in the
bottom of the cask cavity. This is used to drain water from the cask cavity after underwater -

* fuel loading. It is also used during the drying and helium back-filling of the cask cavxty
The drain valve is of the quick-disconnect type and was not analyzed as part of the pnmary

containment system. The cavity vent valve is identical to the drain valve.

The overall dimensions of the cask are 5131-mm (202-in.) long and 2591—mm (102-in.) in
diameter. The cask weighs approximately 115.5 tons (230,990 pounds) ~when-loaded.

The cask is designed to store 32 intact fuel assemblies. Each fuel assembly is assumed to ‘
have a maximum initial enrichment not to exceed 3.85 w/o U-235 in uranium. Further
assumptions limit the fuel to a maximum of 40,000 MWD/MTU burnup, a minimum decay

. time of 7 years after reactor -discharge and a maximurm decay heat load of 0.847 kW per

assembly for a total of 27.1 kW for a cask. Additional fuel limitations are discussed in -
Sections 2 and 12 of this SER.

The heat rejection capability of the cask maintains themaximum fuel rod clad temperature
below 348°C (658°F), based on normal operating conditions with a 27.1 kW decay heat
load, 38°C (100°F) ambient air, and full 1nsolat10n The fuel assemblies are stored-in an
1nert helium gas atmosphere.

The cask shielding features of the cask are designed to maintain the maximum combined

gamma and neutron surface dose rate to 1ess than 200 mrem/hr under normal operating
condmons :

1-3-
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' The criticality control features of the cask are ‘designed to maintain the neutron: multxplxcahon

factor (mcludmg uncertainties and calculational bias) at less than 0.95, under all conditions.

1.3.2 Drawings

Drawings of the TN-32 cask are presented in Section 1.5 of the TSAR.

1.3.3 QaSk_QD__t;_LS o

The type of spent fuel to be stored in the TN-32 cask is hght water reactor (LWR) fuel of
the PWR type. The cask is designed to accommodate a total of 32 assemblies- consisting of
either 15x15 or 17x17 rod arrays. .Additional characteristics and limitations on the spent fuel
are presented in Section 1.2.3 of the TSAR, as well as Sections 2 and 12 of the TSAR and

- SER.

The maximum weight 11m1t of the cask contents, mcludmg basket rails, and fuel assembhes
is 65,960 pounds.

1.3.4 Identification and Qualification of Applicant

As identified in Section 1.3 of the TSAR, TN provides design, engineering, analysis,
licensing support, and quality assurance for the cask. TN was incorporated in the State of

~New York in 1965 and has offices in Hawthorne, New York, and Aiken, South Carolina.

TN shares are privately held by Transnucleaire, S.A., of Paris, France.

The cask may be manufactured by one or more qualified organizations. There are no other
agents or contractors involved with the cask. ' :

1.3.5 Cask Arrays

The ISFSI may be designed to include one or more casks. The casks will be arranged ina 2~
by xx array of casks, free standing in a vertical orientation on a concrete slab. The TSAR
provides analyses of this mode of storage. The specific aray will be determined on a site-

specific basis.

1.4 Evaluation Findings

A general description and discussion of the cask are presented in Sections 1.1 and 1.2 of the
TSAR, with special attention to design and operating characteristics, unusual or novel design
features, and principal safety considerations. Drawings are presented in Section 1.5 of the

-TSAR.

Specifications are provided in Section 1.2.3 for the spent fuel to be stored in the cask.
Additional details on these specifications are presented in Section 2 of the TSAR and SER.

14




The applicant’s technical qualifications for performmg the proposed activities are described in
Section 1.3 of the TSAR.

The staff concludes that the information presented in this section 'i)f the TSAR satisfies the
requirements of 10 CFR Part 72. This finding is based on a review that considered the
regulations, Regulatory Guide 3.61, and accepted practices.
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Section 2—PRINCIPAL DESIGN CRITERIA

This section evaluates the principal design criteria and their bases for the TN-32 Dry Storage
Cask. Structures, systems, and components important to safety are reviewed to assure that

‘they are designed to provide adequate protection for normal and off-normal operations,

accident conditions, and natural phenomena events. A more detailed evaluation of design

criteria and the assessment of compliance with these criteria are presented in Sections 3 to 14
of the SER.

2.1 Areas of Review
2.1.1 Spent Fuel Description

2.1.2 Identification of Structures, Systems, and Components Important to Safety

2.1.3 Desngn Criteria and Bases for Structures, Systems, and’ Components Important to

Safety
—General.

- —Structural
—Thermal '
—Shielding/Confinement/Radiation Protection
—Criticality
—Operating Procedures
—Acceptance Tests'and Maintenance
—Decommissioning

2.2 Regulatory Requirements

2.2.1 Spent Fuel Description

Specifications must be provided for the spent fuel to be stored in the cask, such as, but not
limited to, type of spent fuel (i.e., BWR, PWR, both), maximum allowable enrichment of

~ the fuel prior to any irradiation, burn-up (i.e., megawatt-days/MTU), minimum acceptable

cooling time of the spent fuel prior to storage in the cask, maximum heat designed to be .
dissipated, maximum spent fuel loading limit, condition of the spent fuel (i.e., intact
assembly or consolidated fuel rods), and the 1nert1ng atmosphere requxrements [10 CFR
72.236(a)]

2-1
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Structures, systems, and components 1mportant to safety must be identified. [10 CFR _
72.24(c)(3)] _

Design criteria and their bases must be provided for structures, systems, and components

- important to safety. [10 CFR 72.236(b), 72.4(¢), 72.120@)]

223 Design Criteria a
- Safety

2.2.3.1 General

The cask must be designed to store the spent fuel safely for a minimum of 20 years and'
permit maintenance as required. [10 CFR 72.236(g)]

Structures, systems, and .components important to safety must be designed, fabricated, A
erected, and tested to quality standards commensurate with the importance to safety of the

Afunctron to. be performed. [10 CFR 72. 122(a) and 72. 24(c)(4)]

'2232 Structural

Structures systems and components important to safety must be designed to accommodate
the combined loads of normal, accident, and natural phenomena events with an adequate
margin of safety. [10 CFR 72.24(c)(3) and 72 122(b) and (c)]

The des1gn earthquake must be equivalent to or exceed the safe shutdown earthquake of a

- nuclear plant at sites evaluated under 10 CFR Part 100. [10 CFR 72.102(f)]

The spent fuel claddmg must be protected during storage against degradatlon that leads to.
gross ruptures, or the fuel must be otherwise confined such that degradation of the fuel
during storage will not pose operational safety problems with respect to its removal from

_ storage [10 CFR 72.122(h)(1)]

Storage systems must be designed to allow ready retrieval of spent fuel waste for further
processmg or disposal. [10 CFR 72.122(1)]

The cask must be designed and fabricated so that the spent fuel is mamtamed in a subcritical
condition under credible conditions. [10 CFR 72. 236(c) and 72.124(a)]

The cask and its systems important to safety must be evaluated, by appropriate tests or by
other means acceptable to the Commission, to demonstrate that they will reasonably maintain

“confinement of radioactive material under normal, off-normal, and credtble accident

conditions. [10 CFR 72. 236(1)]
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2.2.3.3 Thermal

Spent fuel storage or handling systems must be desxgned with a heat;removal capablhty

having testability and rehablhty consistent with its importance to safety [10 CFR
72.128(a)(4)]

The cask must be 'designed to provide adequate heat removal capacity without active cooling

. systems. [10 CFR 72 236(f)]

The spent fuel cladding must be protected against degradation that leads to gross ruptures or

the fuel must be otherwise confined such that degradation of the fuel during storage will not -

pose operational safety problems with respect to its removal from storage. [10 CFR
72.122(h)(1)]

‘Storage systems must be de31gned to allow ready retrieval of spent fuel for further processmg

or disposal. [10 CFR 72. 122(1)]

2.2.3.4 Shielding/Conﬁnement/Radiation. Protection

‘Radiation shleldmg and confinement features must be provided that are sufficient to meet the

requirements of 10 CFR 72.104 and 72.106. [10 CFR 72. 236(d), 72.128(2)(2) and (3), and
72.126(a)]

During normal operations and anticipated occurrences, the annual dose equivalent to any real
individual who is located beyond the controlled area must not exceed 25 mrem to the whole
body, 75 mrem to the thyroid, and 25 mrem to any other ofgan as a result of exposure to:
(1) planned discharges of radioactive materials (radon and its decay products excepted) to'the
general environment, (2) direct radiation from ISFSI or MRS operations, and (3) any other

-radiation from uranium fuel cycle operations within the region. [10 CFR 72. 104(a),

72.236(d), and 72.24(d)]

Any individual located on or beyond the nearest boundary of the controlled area shall not
receive a dose greater than 5 rem.to the whole body or any organ from any design basis -
accident. The minimum distance from the spent fuel or high-level radioactive waste handling

and storage facilities to the nearest boundary of the controlled area shall be at least 100

meters. [10 CFR 72.106(b), 72.236(d), and 72.24(m) and ()]

The cask must be designed to prov1de redundant sealing of confinement systems. [10 CFR
72.236(e)] .

Storage confinement systems must have the capability for continuous monitoring in a manner
such that the licensee will be able to determine when corrective action needs to be taken to
maintain safe storage eond1Uons [10 CFR 72. 122(h)(4) and 72. 128(a)(1)]

2-3
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CFR 72.128(a)(5) and 72.24(9)] -

Instrumentation and control systems must be provided to monitor systems that are important
to safety over anticipated ranges for normal and off-normal operations. Those control

systems that.must remain operational under accident conditions must be identified. - [10 CFR
72.122(i)] ' ‘

The spent fuel cladding must be protected against degradation that leads to gross ruptures, or
the fuel must be otherwise confined such that degradation of the fuel during storage will not

pose operational safety problems with respect to 1ts removal from storage. [10-CFR

72.122(m)(1)]

' 2.2.3.5 Criticality | . %

Spent fuel transfer and storage systems must be designed to be subcritical under all credxble
conditions. [10 CFR 72.124(a) and 72.236(c)]

When practicable, the design must be based on favorable geometry, permanently fixed

" rieutron absorbing materials (poisons), or both. Where solid neutron absorbing materials are

used, the design shall provide for pos1t1ve means to verify therr continued efﬁcacy [10 CFR
72.124(b)]

2.2.3.6 Operating Procedures

The cask must be compatxble with wet or dry spent fuel loading and unloading procedures
[10 CFR 72.236(h)]

Storage systems must be des1gned to allow ready retrieval of spent fuel for further processmg
or disposal. [10 CFR 72. 122(1)] '

The cask must be de51gned to minimize the quantity of radioactive waste generated. [10
|

The equrpment and processes used to maintain control of radioactive efﬂuents must be
described. [10 CFR 72.24(1)(2)]

- The cask must be designed to facilitate. decontammatron to the extent practicable. [10 CFR

72.236(i)]

Operational restrictions must be established to as low as is reasonably achievable objectives
for radioactive materials in effluents and direct radiation levels associated with ISFSI
operations. [10 CER 72.104(b) and 72.24(¢)] |

2-4
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2.2.3.7 'A'cceptance Tests and Maintenance

‘The cask must permit testing and maintenance as required. [10 CFR 72.236(g)] .

Structures, systems, and components important to séfety must be designed, fabricated,
erected, tested, and maintained to -quality standards commensurate with the importance to

safety of the function to be performed [10 CFR 72.122(a) and (f), 72. 128(a)(1), and
72.24(c)] .

2238 Deéommissioning'~

The cask must be compatible with wet or dry unloading facilities. [10 CFR 72.236(h)]

_The cask must be designed for decommissioning. Provisions must be made to facilitate

decontamination of structures and equipment and minimize the quantity of radioactive wastes,
contaminated equipment, and contaminated materials at the time the ISFSI is permanently

decommissioned. [10 CFR 72.130, 72. 24(f), and 72.236(i)]

Information on proposed practices and procedures for the decontamination of the site and
facilities and for disposal of residual radioactive materials after all spent fuel has been
removed must be described to provide reasonable assurance that decontamination and

. decommissioning will provide adequate protection.to public health and safety. [10 CFR
72.30(2) and 72.24(q)]

2.3 Review Procedures

The pri'ncipal design criteria presented in Section 2 of the TSAR were examined to evaluate
their compliance with 10 CFR Part 72. These criteria are dlscussed in the following sections
of the SER.

- 2. 3 1 S;xnt Fﬁel ‘Description

The TN-32 is designed to store, under dry conditions, 1rrad1ated PWR fuel from nuclear
power reactors. The design basis fuel for the thermal, radiological, and criticality :
characteristics is the Westinghouse 17x17 PWR assembly. For the confinement analyses, the
15x15 assembly was used. The maximum enrichment for criticality considerations is 3.85
weight per cent (w/0) U-235. The design basis fuel is assumed to have a maximum initial
enrichment not to exceed 3.85 w/o U-235 in uranium and a maximum burnup of 40,000
MWD/MTU, a minimum decay time of 7 .years after reactor discharge, and a decay heat
load of 0.847 kW per assembly for a total of 27.1 kW for a TN-32 cask. Tables 2.1-1 and
2.1-2 of the TSAR describe the physical, nuclear, and thermal ‘parameters. defined as the
bounding cases. These limits are included in Section 12 of this SER.
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2.3.2 Identification of Structures, Systems, and Components Tmportant to Safety

Section 2.2 of the TSAR notes that the TN-32 is a self-contained, passive spent fuel storage
system with multiple layers of protection. A listing of structures, systems, and components
important to safety are presented in Table 2.3-1 of the TSAR. The only instrumentation is a
pressure monitoring system (PMS) designed to prov1de assurance that confinement is-
maintained throughout its 20-year lifetime. The PMS is not considered important to safety.
However, the TSAR commits to a monitoring system that will alarm if the system fails.

Although the concrete storage pad that the cask will be stored -on is not considered important
to safety, the tipover and bottom-end drop analyses in Section 3 of the SER assumes certain -
parameters- about the pad. . The analyses account for a varied soil modulus of elasticity and
are based on a remforced concrete storage pad thickness of 3 feet and concrete strength of

- 4000 psi.

|
233 D;Sign Criteria and Bases for Stru 'gtu__r§§, Systems, and Comp_onents Impgrtanf to
2.3.3.1 General

Sectlon 1.1 of the TSAR indicates that the TN-32 is de51gned to meet all design requirements
of 10 CFR Part 72. This includes the top-level requirement that the cask must be designed
to store spent fuel safely for a minimum of 20 years and permit maintenance as required.

Principal design criteria and their bases, including quality standards, are presented in Section
2 and summarized in Table 2.5-1 of the TSAR. Additional detail is prov1ded in the
following sections of this SER.

23.3 ,2, StructuraI

Structural design criteria are presented m Section 2.2 and summanzed in Tables 2.2-1 to 2. 2-
7 of the TSAR. .

The components important to safety are identified in Table 2.3-1 of the TSAR. Criteria for
the design, fabrication, examination, and acceptance of these components in accordance with
the ASME Boiler and Pressure Vessel Code.(B&PVC) [1] are summarized as follows:

® Containment Vessel: B&PVC, ‘Section III, Subsection.NB

-~ © Basket Assembly: B&PVC, Section III, Subsectlon NF and American Welding Society

(AWS) Structural Welding Codes

e Other Safety-Related Components (trunnions, neutron shleldmg, protective cover):
B&PVC, Section ITI, Subsection NF, AWS Structural Welding codes.

Combined Load Criteria - Each normaI) and accident condition“nas a combination of load
cases that defines the total combined loadings for that condition. The individual load cases
considered include thermal, seismic, external and internal pressure, missile impacts, drops,
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snow and ice loads, and/or flood water forces. Loading combinations for Normal Conditions
(Design Conditions and Levels A) are given in Table 2.2-8, and loading combinations for
Accident Condition (Level D) are given in Table 2.2-9 of the TSAR. A summary of the
allowable stress intensity criteria for confinement structures, bolt stress, non-confinement
structures, and basket stress is presented in Tables 3.1-2 to 3.1-5 of the TSAR, respectively.
These stress limits are consistent with Regulatory Guide 7.6 [2] and the applicable parts of
Subsection NB-3000 and Appendix F of the ASME Boiler and Pressure Vessel Code

(conﬁnement structures) and Section III, Subsection NG (non- confmement structures, bolts
and basket).

Tornado and Wind Loading - Section 2.2.1 of the TSAR 'establishes the design basi§ tornado

~ wind loadings and missile impacts in accordance with Regulatory ‘Guide 1.76 [3] and

NUREG-0800 [4]. The design basis wind loadings include a'maximum rotational wind speed
of 465 km/h (290 mph), 4 translational ‘wind. speed of 112 km/h (70 mph), a combined _
maximum wind speed of 577 km/h (360 mph), and a pressure drop of 2 psia/second for 1.5
seconds. The design basis missile impacts include a 1800-kg (3960-pound) deformable

‘massive missile, a 125-kg (275-pound) penetration missile, and a small rigid steel sphere

2.54-cm (1-in.) diameter missile. Criteria are established that the cask shall not tip-over and
that the stresses for the three de31gn basis missiles must not exceed the allowable stress limits
of the applicable sections of the ASME Code as summanzed in Tables 3.1-2 to 3.1-5 of the
TSAR.

Flood - Section 2.2.2 of the TSAR defines the source and magnitude of flooding as site-
specific conditions. An evaluation of the maximum current velocity and the maximum depth
of flood water for which the cask conﬁnement”system is maintained is presented in

Section 2.2.2.1 of the TSAR and reviewed in Section 3 of this SER. A site limitation on
flooding is presented in Section 12 of the SER.

E

. Seismic - Section 2.2.3 of the TSAR defines an earthduake as a .site-speciﬁc condition. A

determination of the minimum horizontal acceleration that will result in a tip-over is
presented in Section 2.2.3.2 of the TSAR and reviewed in Section 3 of the SER.

Snow and Ice Loading - As discussed in Sechon 2.2.4 of the TSAR, for any credible
snowfall event, the snow/ice would melt soon aftér contact with the surface of the TN-32
because of the decay heat generated, by the stored fuel. The thermal effects from exposure to
snow and ice are bounded by the environmental conditions analyzed in Section 3.4.4 (Hot)
-and 3.4.5 (Cold) of the TSAR. Furthermore, the torispherical steel head protective cover

-~ attached to the top of the cask above the lid can sustain pressure loading in excess of that
which would result from. any credible snowfall. Therefore, snow and ice loadings are not
deemed significant.

- Fire and Exploszons The design basis thermal evaluation for the TN-32 cask is based on a
~ cask engulfed in a fuel fire caused by 200 gallons of fuel carried in a tow vehicle whxch

transports the cask to the storage pad
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_ explosion is presented in Section 11.2.4 of the TSAR.

‘The pressure generated by a credible industrial-type explosion in the general vicinity of the :

cask is compared with the cask design external pressure of 25 psi. The analysis.of an

Retrievability. Section 2.2.5.4.2 of the TSAR specifies that the basket shall be designed so
that the fuel can be removed from the cask with minimum difficulty in the event of a cask
bottom-end drop or tip-over accident. Maximum design basis decelerations are 50g and.88g,
respectively, for the cask bottom-end drop accident and a srde—drop equivalent trp-over _

- accident.

2.3.3.3 Thermal

The TN-32 design provides passive heat removal from the spent fuel. The cask-cavity. is
filled with helium to assist in heat transfer to the cask wall and to provide an inerting
environment for the fuel. The design ambient temperature range is -29°C.(-20°F) .to 46°C

“(115°F), as indicated in Table 2.5-1 of the TSAR.

Section 2.3.2.2 of the TSAR addresses the issue of maintaining fuel cladding integrity during
storage by establxshmg a temperature limit for the cladding. The desxgn criterion for the
TN-32 maximum initial storage fuel cladding temperature criterion is determined using the
gurdelmes provided by the Commercial Spent Fuel Management Program (CSFM) [5]. ' This
approach is substantially in accordance with the UCID-21181 [6] criterion adopted by the

staff to ensure that degradation and gross rupture do not occur over the design life of the
ISFSI.

The limiting clad temperature is estabhshed to be 348°C (658°F) for 7-year cooled fuel and

342°C (648°F) for 10-year cooled fuel, respectively.

The design basis fire has been drscussed in Section 2 3.3.2 and is reviewed in Section 4 of
this SER.
|

2.3.3.4 Shielding

Shielding design criteria are specified in Section 2.3.5.2 of the TSAR. The maximum dose
rate at the cask surface must be less than 2 msv/hour (200 mrem/hour). Dose rates at the
ISFSI site boundary should be in accordance with applrcable regulatory requrrements of '
10 CFR 20.1301.

2.3.3.5 Conﬁnement Barriers and Systems

The Helicoflex seals (double metallic o-rings) of the TN-32 primary confinement boundary
are specified to have a maximum temperature limit of 299°C (570°F). The cumulatrve leak
rate for all seals shall not exceed 1x10-5 std cc/sec of helium at 1 atm pressure. :
Demonstration of this limit satisfying the requrrements of 10 CFR Part 72 is drscussed in
Section 7 of this SER.
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As discussed in Section 2.3.2.1 of the TSAR the TN-32 design also provxdes the capablhty '

- to detect seal failure through a pressure monitoring system (PMS). ' The interlid region is

filled with helium gas to 5.5 atm. In the eévent of a seal failure of either the inner lid or -
outer lid, this gas will leak either into the cask cavity or to the atmosphere, _respectlvely, and.
an alarm will indicate a drop in pressure. No single seal failure can result in a leak of cavity
gas to the atmosphere. Except for the PMS, no other instrumentation or control systems are
apphcable to the TN-32.

2.3.3.6 Radiation Protection

Section 2.3.5 of the TSAR addresses radiological protec‘tlon‘ The principal design features -

~of the TN-32 for exposure control are the inherent shielding capability of the cask and the

integrity of the seals-at the closure joints. Radiological alarm- systems and systems for -
monitoring effluents and direct radiation are not applicable to the design of the storage cask.
In addition to the provisions of ALARA, the use of the TN-32 at an ISFSI must comply with -
the total dose limits at the site boundary as specified in 10 CFR 72.104(a) and .72.106(b). -
Because these dose limits depend on site-specific parameters (e.g., total number of casks,
cask-array configuration, distance to the site boundary, and radiation from other fuel cycle
operations), demonstration of compliance with these requirements is the respons1b111ty of the
site licensee. A detailed analysis to illustrate that such compllance can be achieved in
principle is presented in Sections 5, 7, and 10 of the TSAR and is discussed in'the
corresponding sections of this SER.- :

2.3.3.7 Criticality

Section 2.3.4 of the TSAR establishes a maximum effective multiplication factor of 0.95,
including uncertainties and biases, for all ¢redible configurations and environments for the
prevention of criticality. A k. less than 0.95 is achieved by use of geometry and fixed
Boral poisons. Fresh fuel composition and 2000 ppm borated water in the cav1ty are
assumed for criticality analysis.

o
2.3.3.8 Operatihg' Procedures.
The TN-32 is designed to be loaded and unloaded in a fuel storage pool. Dry loading and

unloading are not addressed in the TSAR.. General operatmg procedures are addressed in .
Section 8 of the TSAR. :

Operational features of the cask to minimize radioactive wastes and facilitate
decommissioning are also presented in Sections'1.2.2 and 2.4 of the TSAR.

2.3.3.9 Acceptance Tests and Maintenance

Section 9 of the TSAR addresses testing ‘and maintenance requirements for the TN-32. The
evaluation of these requirements is presented in the corresponding section of the SER.
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2.3.3.10 Decommissioning

Decoxnmissioning considerations are addressed in Section 2.4 of the, TSAR.  Although no |
specific criteria are established, the analysis indicates that activation of cask components is

minimal. The appropriateness of decommissioning consxderatlons is evaluated in Section 14
of this SER. :

2.4 Evaluation Findings

The staff concludes that the principal design criteria for the TN-32 are in compliance with!
10 CFR Part 72. The evaluation provides reasonable assurance that the TN-32 will enable
safe storage of spent fuel. This finding is based on a review that considered the regulation
itself, appropriate regulatory guides, applicable codes and standards, and accepted
engineering practices. A more detailed evaluation of design criteria and the assessment of
compliance with these criteria are presented in Sections 3 to 14 of this SER.
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Section 3—STRUCTURAL EVALUATION

This section evaluates the structural design of the TN-32 Dry Storage Cask: De31gn features
and design criteria are reviewed, and the structural responses of the cask to normal, accident,
- and natural phenomena events are evaluated.

3.1 Areas of Review

. 3.1.1 Structural Design

—Structural Design Features
—Structural Design Criteria
—Weights and Center of Gravity
—Mechanical Properties of Materials .
—General Standards for Casks
—Supplemental Data

3.1.2 Normal Operating and. Des1gn Condmons
—Lifting Devices Analysis
—Temperature '

'—Fuel Basket Analysis
—Lid Bolt Analyses

3.1.3 Accident Conditions
—Cask Tip-over
—Cask Bottom-end Drop
—Lid Bolt and the Top Neutron theld Bolt Analyses

3.1.4 Natural Phenomena Events . S
—Flood . : ‘ o N
—Tornado Winds ,

—Tornado Missiles
‘—Earthquake

3.2 Regulatory Requirements

3.2.1 Structural systems and components important to safety must be described in sufficient
detail to enable an evaluation of their structural effectiveness.  [10 CFR 72.24(c)(3)]

3.2.2 Structures, systems, and compdnents'important to safety must be designed to _
accommodate the combined loads of normal, accident, and natural phenomena events w1th an
adequate margin of safety. [10 CFR 72.122(b) and (c)]

3.1.




3.2.3 The spent fuel cladding must be protécted during storage against degradatxbn that leads
to gross ruptures, or the fuel must be otherwise confined such that degradation of the fuel

during storage will not pose operational safety problems with respect to its removal* from
storage [10 CFR 72.122(h)(1)]

3.2.4 Storage systems must be designed to allow ready retrieval of spent fuel waste for

further processing -or disposal. [10 CFR 72.122(1)]

:3.2.5 The cask must be designed and fabricated so that the spent fuel is maintained in a

subcritical condition-under all credible conditions. [10 CFR 72.236(c) and 72.124()]

- 3.2.6 The cask and its systems 1mportant to safety must be evaluated, by appropnate tests or

by other means acceptable to the Commission, to demonstrate that they will reasonably -

maintain confinement of radioactive: material under normal off-normal and credible accident .
-conditions. [10 CFR 72.236(1)]

3.2.7 Structural'systéms and components important to safety must be analyzed and évaluated
to assess their adequacy for protecting the health and safety of the public. [10 CFR"
72.24(d)] '

' 3.3 Review Procedures

3.3.1 Structural Design
3.3.1.1 Structural Design Features
Section 1 of this SER provides a complete description of thé cask. The structural

components of the TN-32, as discussed in Section 3.1.1 of the TSAR, include: cask body
consisting of a containment vessel and gamma shielding, the basket, the trunnions, and the

“neutron shield outer shell. All drawings, figures, and tables describing structural features are

sufficiently detailed.
3.3.1.2 Struc'tural Design Criteria

Section 3.1.2 of the TSAR provides a discussion of the TN-32 structural design criteria,
which supplements information presented in Section 2. These criteria can be divided into
several categories: load conditions, stress categorization, allowable stress 11m1ts for ductile

failure, and buckling.

- Section 3.1.1 of the TSAR specifies that the TN-32 cask body is designed, fabricated,

examined, and tested in accordance with the requirements of Section III, Subsection NB of
the ASME Boiler and Pressure Vessel Code (B&PVC) [1]. The containment boundary
consists of the inner shell and bottom plate, shell flange, lid outer plate, lid bolts, penetration
cover plates, and bolts. The containment boundary welds are full -penetration welds
examined volumetrically by radiograph. These welds are also liquid penetrant examined.
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Gamma shield welds are examined in accordance with Section-ITI, Subsection NF. Seal -
welds are examined in accordance with Section V of the ASME Code. Stainless steel
overlay welds are also examined per Section V of the ASME Code., Lifting devices are’
designed in accordance with ANSI N14.6 [2] requxrements for 11ftmg operations. In

addition, a principal structural design criterion is established that confinement must be
maintained»under accident conditions. - :

All metals used in the primary confinement boundary are Class 1 metals and comply with
specifications listed in the B&PVC Section II, Part D, Table 2A. These metals are weldable
as required in the B&PVC, Section IX. Metals for bolts comply with the requirements of
specifications listed in the B&PVC Section II, Part D, Subpart 1, Table 4. Other metals for

components important to safety comply with the requirements of specifications in Section II,
Part A or B.

The staff agrees with the use of the provisions of Section III of the ASME Boiler and
Pressure Vessel Code for stress categorization -and for the determination of -allowable stress
limits for ductile failure. Section III specifies requirements for nuclear power plant ,
components and its use is consistent with Regulatory Guides 3.60 [3] and 7.6 [4]. Tables
3.1-2 to 3.1-5 of the TSAR list the allowable stress limits for TN-32 containment vessel,
containment bolt, non-containment structure, and basket stress limits.

Section 3.1.2.3 of the TSAR discusses the fuel basket structure design criteria under both
Level A and Level D service conditions. Individual fuel compartment wall panels are
evaluated against buckling load using the provisions of both the ASME Code rules for
component supports and B96.1 [5]. .

3.3.1.3 Weights and Center of Gravity

Section 3.2 and Table 3.2-1 of the TSAR summarize the weights and centers. of gravity of
the TN-32. The cask weight on the storage pad loaded with fuel is 230,990 pounds. Many
of the structural analyses use a cask design weight of 235,000 pounds, which exceeds the
loaded cask weight. In the analysis of the stability of the cask, however, a low weight of

- 228,000 pounds is used. The center of gravity is 92.09 in. above the bottom surface of the

cask body.

3.3.1.4 Mechanical .Properties of Materials

Table 3.3-1 of the TSAR provides mechanical properties for the cask materials used in the
structural evaluation. Table 3.3-2 reports the temperature dependency of the material .
properties. :

The properties of the basket materials (ASME SA-240, Type 304, as well as SB 209, 6061-
T6 aluminum), along with their temperature dependencies, are listed in Tables 3.3-4 and

- 3.3-5,
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3.3.1.5 General Standards for Casks

Sections 3.4.1 and 3.4.2 of the TSAR discuss the general standards. for chemical or galvanic -

reactions and positive closure for the TN-32. Supplemental information presented during the-

review provided an evaluation of the TN-32 cask materials, including coatings, lubricants,

and cleaning agents to determine whether chemical, galvanic, or other reactions among the

materials, cask contents, and environment could occur during any phase of loading, |
un]oadmg, handling, and storage. All environments that could be encountered during '

normal, off—normal or accident conditions were considered. ‘ I \

No significant reactions were identified wh1ch could reduce the overall integrity of the cask
or its contents during storage operations. Insignificant amounts of hydrogen may be
generated from the flame-sprayed aluminum coating and the aluminum components in the
cask cavity reacting with the spent fuel pool water, but this small amount is significantly less

-than the lower -ignition limit for hydrogen and would not result in a flammable gas mixture

within the cask or any other. safety hazard. The TN-32 has a bolted closure and, unlike ‘
welded closures, has no source of ignition to result in an explosion or fire. No chemical, \
galvanic, or other reactions were identified. [6] '

3.3.1.6 Supplemental Data

The computer program used for the structural evaluation of the cask is ANSYS [7]. ANSYS
is a general purpose, finite element program that is well benchmarked and widely used for
many types of structural analyses. The staff concurs that ANSYS is an appropriate tool for
the detailed desxgn evaluations of the TN-32.

3.3.2 Ngrmgl eratmg and Desxgn Conditions
3.3.2.1 Lifting Devices Analysxs

Section 3.4.3 of the TSAR summarizes the evaluatrons of the hftrng devices. The staff
concurs with the TSAR evaluations, which demonstrate that two lifting trunnions are capable

_of supporting loads of 3 times and 5 times the design loaded lift weight of the cask, without
producing stresses anywhere in thé cask in excess of the material minimum yield strength and

ultimate tensile strength, respectively. The cask body outer gamma shielding at the trunnion
locations are evaluated with local stress calculations. A summary of the trunnion loads is
provided in Tables 3.4-2 and 3.4-3. Lifting of the cask in the spent fuel pool building must
be evaluated and conducted i in accordance with 10 CFR Part 50 requxrements

3.3.22 Temperature '
Section 3.4.4 of the TSAR summarizes the structural evaluation for the heat condition, while -
Section 3.4.5 of the TSAR summarizes the evaluation for the cold condition. The analyses

presented are reasonable, and the staff accepts Sections 3.4.4 and 3.4.5 of the TSAR without
further evaluation.
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3.3.2.3 Fuel Basket Analysis

~ Table 3.4-8 of the TSAR summarizes the stresses 1mposed by thermal expansxon and grav1ty |

The staff concurs with the TSAR conclusion that the structural adequacy of the TN- 32 fuel
basket des1gn for the normal operatxons condition is demonstrated. .

- 33.24 Lid Bolt Analyses

The staff concurs with Section 3.4.4.3.3 of the TSAR, which concludes that the lid bolts are

structurally adequate for the storage cask normal and off-normal operating conditions. The..
analyses examine the stress intensity in the lid bolts resulting from the tensile, tensile plus
bending, shear, as well as the combined stress intensities. Results of the evaluation of the
bolts are summarized in Table 3.4-7 of the TSAR. ' ' -

3.3.3 Accident Conditions

3.3.3.1 Cask Tip-over

Section 3A.2 of the TSAR contains an evaluation of the performance of the cask subjected to
a 50-g side impact to envelop the tip-over accident. The 50-g deceleration was selected
based on the methodology. of EPRI NP-4830 [8] and a scale factor to account for dynamic
load effects. - A 50-g cask side impact structural analysis was performed for the cask body
using the static results for a side load of 1-g for the normal conditions (Section 3A.2.3.1).
The stresses for the 50-g load case were obtained by taking 50 times the 1-g load case
results. Section 3A.2.4.3 evaluates a 50-g side impact onto‘the trunnion.

Section 3B.4.2 evaluates structural performance of the basket for a quasi-static lateral load of
50 g. Using the ANSYS computer code, the analysis was performed by three-dimensional

* finite element modeling of a cross-sectional slice of the basket consisting of an assembly of -

stainless steel compartments joined by welded steel plugs and separated by aluminum
conductor plates. Section 3B.4.3 presents the basket design criteria, including those for
stresses, in accordance with Section III, Appendix F of the ASME Boiler -and Pressure .
Vessel Code. The structural performance of the basket was evaluated in Section 3B.4.4 for
the stainless steel plates, plug welds, and alummum conductor. plates and in Section 3B. 4 5
for the aluminum basket support rails.

The staff concurs with the TSAR results that,' for a 50-g side impact; the cask stresses are
within the stress intensity limits in the cask body and its components, including the basket.

However, the methodology of EPRI NP-4830 has not been benchmarked against.any. cask
side drop tests and the staff, therefore, has not endorsed the EPRI report. ' Based on side.

~drop and tip-over steel billet test results [9] and confirmatory analysis, the staff determined

that the tip-over accident will cause local plastic deformation of the neutron shield and will
result in the cask body experiencing a maximum deceleration of 63. g at the top of the cask.
The staff also determined that after considering dynamic load factors, .the fuel compartments -
will experience a maximum quasi-static force of 82 8 at the top of the basket and 51 gat the
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cross section of the basket that will experience the highest temperatures. These an‘alyses

- account. for a varied soil modulus of elasticity and are based on a reinforced concrete storage

pad thickness of 3 feet and concrete strength of 4,000 psi. .
The staff determines that the TSAR analysis for the 50-g side impact of the cask body;
including the trunnions and lid bolts, contains sufficient design margins to assure confinement
with a potential maximum side impact of 63 g on the cask body in association with a tip-over
handling accident. However, additional analysis of the basket was required.

At the request of the staff, TN performed additional analysis of the basket and evaluated the
basket and its support rails subject to a lateral quasi-static force of 88 g. -Appendix 3C to the
TSAR contains this analysis. In a response to the staff’s request for additional information
on Appendix 3C, TN modified its modeling assumptions and analyzed two bounding cases
for the basket-and support rails assembly, considering inelastic material properties at
applicable temperatures for both aluminum and steel plates. For the case applicable to the
top of the basket which will experience the highest deceleration, the basket was analyzed for
a quasi-static load of 88 g. For the cross section of the basket that will experience the
highest temperatures, the basket was analyzed for 52 g: The inelastic analyses were
performed for a basket impact orientation of 90°, based on the results of quasi-static analyses
conducted in Appendix 3B which shows that this orientation yields the highest stresses. The
staff evaluated TN’s modeling approach and its bases and concurs with the analysis results
that the basket structural performance meets the design criteria at elevated temperatures. The
staff also concurs with the conclusion that the maximum deformations in the basket are small
enough to maintain a subcritical configuration of the fuel and allow for removal of the fuel
assemblies after a tip-over accident.

On the basis of TN’s-analysis and use of the lateral inertia loads which envelop the quasi-
static lateral forces associated with a TN-32 cask tip-over handling accident, the staff

- concludes that the TN-32 cask will perform adequately after a tip-over accident. ~ Cask

; K would be required.

confinement and spent fuel retrievability from the basket will be assured if the concrete

| storage pad 1) is not more than 3 ft thick, 2) the concrete strength is not greater than 4,000

p51 and 3) the soil modulus.of elasticity is not greater than 40 ksi. If the cask were to be '
\ located at an ISFSI that exceeds these site condmons further analysxs and staff review

3.3.3.2 Cask Bottom-end Drop

Section 3A.2.3.2 of the TSAR selects a 50-g deceleration for evaluating the bottom-end drop
accident. The 50-g deceleration was higher than that determined with the EPRI NP-4830
methodology for drop heights of both 18 and 60:in. The staff has not endorsed the EPRI
NP-4830 methodology for computing bottom-drop cask decelerations: Staff review
experience has shown, however, that a 50 g deceleration is adequate for cask analysis of an .
end-drop accident of 18 in. onto a concrete pad 3 ft thick and concrete strength of 4,000 psi.
The 50-g bottom-end drop analysis was based on the 1-g static load results for the normal
condition. The stresses for the.50-g load case were obtained by taking 50 times the 1-g load
case results. o
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On the basis of the above, the staff concludes that the TN-32 cask will perform adequately
after a bottom-end drop accident. Cask confinement and spent fuel retrievability from the
basket will be assured if the cask is not lifted more than 18 in. above the concrete storage
pad and if the pad 1) is not more than 3 ft thick, 2) the concrete strength is not greater than
4,000 psi, and 3) the soil modulus of elasticity is not greater than 40 ksi. '

3.3.33 Lid Bolt and the Top Neutron theld Bolt Analyses

Section 3A.3 of the TSAR evaluates the lid bolts under a 50-g cask bottom end drop and a
tip-over accident onto the concrete storage pad. The evaluation of the lid bolts considers the
inertial ‘loads from the end drop and tip-over accident conditions as well as loads from .
internal pressure and bolt preload. The results of Section 3A.3.2 of the TSAR demonstrate
sufficient design margins to resist the inertia loads discussed in Sections 3.3.3.1 and 3.3.3.2 -
above. Therefore, the staff concludes that the lid bolts are structurally adequate for the cask
handling accident conditions.

The dose rate at the top of the lid without the neutron shleld is below the acceptable accident
dose limit. As a result, the staff concurs with the TSAR conclusion that no accident
condition analysis of the top neutron shield bolts is required.

'3 34 N gmm Phenomena Evgn

3.3.4.1 Flood

Section 2.2.2 of the TSAR summarizes the evaluation of the TN-32 for the flood event due
to a natural event (high water, a broken dam, a seismic event, or a hurricane). The
evaluation considers hydrostatic effects and dynamic phenomena such as momentum and drag
imposed on the cask if the water velocity or the hydrostatic pressure is too high. The cask
has been evaluated for a water level of 56 ft and a water drag force of 45,600 pounds.
Assuming a friction’ coefficient of 0.25, this force is equivalent to a stream of water flowing. .
past the cask at 18.5 ft/sec. The staff agrees with the analysis of this section and that the -
cask is acceptable for these conditions. Section 12 of the SER includes the condition that the
cask cannot be used when ﬂoodmg exceeding these assumptions is credible.

3.3.4.2 Tornado Winds

Section 2.2.1.2.1 of the TSAR summarizes the evaluation of the TN-32 for extreme tornado
winds. The staff accepts the conclusion that a wind velocity of 403 mph is required to cause

‘the cask to slide (with a coefficient of friction being 0.25), and a wind speed of 532 mph is

required to tip the cask. Therefore, the design is acceptable for meeting the requirements of -
10 CFR 72 with respect to tornado and wind loadings.




3.3.4.3 Tornado Missiles

Section.2.2.1.2 of the TSAR summarizes the evaluation of the TN-32 for three types of
tornado missiles, including a massive high kinetic energy missile, a rigid missile, and a
missile produced by a small, rigid steel sphere of 1-in. diameter. The staff concurs with the
conclusions in the TSAR that none of the missiles can puncture .the outer shell and that only
localized penetration or crushing of the neutron shleldmg material may occur. The staff
further agrees that these missiles will not. result in a cask np-over ‘

3.3.4.4 Earthquake

Section 2.2.3 of the TSAR summarizes the evaluation of the TN-32 for a seismi'c event and
determines that a horizontal acceleration. of 0.36 g is needed to cause a txp-over The staff

~accepts the analysis in this sechon

' 3.4 Evaluation Findings

'Structures systems, and components important to safety are described in sufficient detail to

enable an evaluation of their structural effectiveness, and are de31gned to accommodate the
combined loads of normal, accident, and natural phenomena events.

Storage systems are designed to a]low ready retrieval of spent fuel waste for further
processing or disposal. No accident or natural phenomena events analyzed will result in

'damage that will prevent retrieval of the fuel.

~ The cask is designed and fabncated so that the spent fuel is maintained in a subcritical

condition under credible conditions. The configuration of the fuel is unchanged. Additional
criticality evaluation is discussed in Section 6 of the SER.

The cask and its syste'ms important to. safety are evaluated to demonstrate that they will
reasonably maintain confinement of radloactlve material under normal, off-normal and
credible accident conditions.

The staff concludes that the structural design of the TN-32 is in compliance with 10 CFR
Part 72 and that the applicable design and acceptance criteria have been satisfied. The
structural evaluation prov1des reasonable assurance that the TN-32 will enable safe storage of
spent fuel. This finding is based on a review that considered the regulation itself, -

* appropriate regulatory guides, apphcable codes and standa:ds ‘accepted pracnces, and staff

confirmatory ana1y51s
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Section 4—THERMAL EVALUATION

_This section evaluates thie thermal performance of the TN-32 Dry Storage Cask Design

criteria and their bases, initially presented in Section 2, are reviewed for additional detail.

~ Heat loads from both content and external sources are assessed -and models used by the

applicant for thermal analyses are examined. Temperatures and pressures calculated by the
apphcant are confirmed, and compliance with design and acceptance criteria is evaluated.

One of the most 1mportant functions of the thermal evaluation is the confirmation that the
fuel clad temperatures are ‘below the threshold at which unacceptable degradation of the clad
will occur over 20 years of storage. The temperature and pressure information evaluated in -
this section is further used in the review of other sections of the TSAR, such as structural
and confinement.

The thermal performance of the TN-32 dry storage cask under accident conditions, as
evaluated in this section, is also addressed as appropriate in the overall acc1dent analyses
presented in Section 11.

4.1 Areas cf Review

4.1.1 Thermal Design Criteria and Design Features
— Design Criteria :
— Design Features

4.1.2 Thermal Load Specification
—Normal Storage Conditions
- —Accident Conditions

4.1.3 Model Specification
—Configuration
—Material Properties -

- —Boundary Conditions

4.1.4 Thermal Analyses
—Computer Programs/Analytlcal Solutlons
—Temperatures . :
—Pressures
- —Confirmatory Analysis
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4.2 Regulatory Requixements

4,2.1 Thermal structures, systems, and components important to safety must be described in
sufficient detail to enable an evaluation of their effectiveness. [10 CFR 72.24(c)(3)]

4.2.2 Spent fuel storage or handling systems must be designed with a heat-removal

capability having testability and reliability consistent with its importance to safety [10 CFR
72.128(a)(4)]

4.2.3 The cask must be designed to provide adequate heat removal capacity without active .
cooling systems. [10 CFR 72.236(f)]

4.2.4 The spent fuel cladding must be protected against degradation that leads to gross .

ruptures, or the fuel must be otherwise confined such that-degradation of the fuel during

storage will not pose operational safety problems with respect to its removal from storage.
[10 CFR 72.122(h)(1)]

4.2.5 Storage systems must be designed to allow ready retrieval of spent fuel for further
processing or disposal. [10 CFR 72.122(1)]

4.2.6 The analysis and evaluation of the thermal design and perform'énce must demonstrate

that the cask is able to store spent fuel safely for a minimum of 20 years with an adequate
margin of safety. [10 CFR 72.24(d) and 72.236(g)]

4.3 Review Procedures

~ 4.3.1 Thermal Design Criteria and Design Features

4.3.1.1 Design Criteria

Design criteria for the TN-32 dry storage cask have been formulated by the applicant to
ensure that public health and safety will be protected during the period that spent fuel is
stored in the cask. The design criteria cover both the normal storage conditions which may
exceed a minimum of 20 years and accident incidents that last a short time, such as a fire:

4.3.1.1.1 Normal Storage Conditions

Section 2.3.2.2 of the TSAR defines four primary design criteria for the TN-32 cask. First,
the seal temperatures must not exceed the allowable seal temperature to ensure the
confinement of radioactive material and gases. The maximum temperature limit of the -
metallic o-ring seals in the confinement vessel closure lid is 570°F. Second, the stability of
the neutron shield resin must be maintained. The maximum temperature limit of the neutron
shield material is 300°F during normal storage conditions. Third, the maximum



temperatures of the confinement structural components must not adversely affect the
confinement function. The temperature limit, below which the allowable stresses in these
components remains invariant with temperature, is S00°F. Fourth, the maximum fuel clad
temperature must not exceed the limit that will cause unacceptable degradation of the clad
during 20 years of storage. Based on references [1] and [2], the maximum clad temperature
~ limits for fuel cooled a maximum of 7 and 10 years are 658°F (348°C) and 648°F (342 0),
respectively, as given in Section 3.5 of the TSAR.

43.1.1.2 Accxdent Conditions .

The design criteria. for accident conditions given in Section 11.2.5.2 of the TSAR are based .

on preserving the confinement mtegnty of the TN-32 storage cask. The maximum -

temperature limit of the metallic o-ring seals in the confinement vessel closure lid of 570°F

- must not be exceeded. The maximum cavity pressure must not exceed 100 psig. Based on-
shielding calculations, the loss of the resin in the neutron shield during a fire does not lead to -

unacceptable consequences. :

4.3.1.2 Design Features

The heat removal system of the TN-32 storage cask is totally passive. No coolants or active
cooling systems are utilized. The cask cavity is filled with helium to provide a chemically
inert atmosphere as well as to aid in the transport. of decay heat from the fuel assemblies to
the cask inner wall. The decay heat is transferred from the fuel assembhes to the outer
environment by conduction, convection, and radiation.

As discussed in Section 1.2.1 of the TSAR, 32 PWR fuel assemblies are supported in a
basket assembly of 304 stainless steel cells separated by 0.5-in. thick 6061-T6 aluminum
alloy and 0.040-in. thick borated aluminum plates. The cells are joined by a series of
stainless steel plugs that pass through the aluminum plates and are fusion-welded to the

" stainless steel to form 8.7-in. square compartments for the spent fuel assemblies. The ,
aluminum plate prov1des the conduction paths for the removal of the decay heat from the

assemblies to the cask inner surface. The borated plate provides the necessary. criticality
control. '

The cask body consists of concentric shells. . The inner shell, fabricated from ASME SA-
203, Grade A ferritic steel, is the confinement boundary. The second shell, fabricated from
ASME SA-105, SA-560, Gr.-70 or SA-266, Cl. 2 ferritic steel, is a gamma shield. The .
third shell, that consists of a borated polyester resin compound cast into long slender 6063-
TS aluminum alloy containers, is the neutron shield. The fourth shell, fabricated from -
ASME SA-516, Grade 70, ferritic steel, encloses the neutron shield. The bottom shield and
~ the bottom confinement plate are made from the same material as the second shell ‘and the
.inner shell, respectively. The lid is fabricated from ASME SA-350, Gr. LF3 or SA-203,

Gr. A or D ferritic steel. The top shield plate is fabricated from ASME SA-105 or SA-560,
~ Gr. 70 ferritic steel. .
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4.3.2 Thermal Load Specification

The design basis fuel to be stored in the TN-32 cask is described in Section 2.1 of the
TSAR. The initial maximum average decay heat per spent fuel assembly is 0.847 kW for

‘7-year-cooled fuel, which is consistent with an initial enrichment of 3.85% and 2 maximum

burnup of 40,000 MWD/MTU. The axial power profile of the demgn basis spent fuel

“assembly is shown in Section 4.4.1.1 of the TSAR. The peak power in a spent fitel

assembly is 1.2 times the average power. The decay heat load will decrease with time over
the storage period. :

. Thermal loads will be different for normal ‘sto'rage conditions than for accident condiﬁons,.

such as a fire. The difference in the thermal loads will occur at the surface of the cask. The

application of the surface thermal loads will be for a short time during an accident, while the =
~ surface thermal loads are applied continuously during normal storage conditions. The decay.

heat load during an accident will be the same as for the normal storage condition at the time -
of the accident. :

.
4.3.2.1 Normal Storage Conditions

The external environment conditions for normal storage conditions are described in

Section 2.1 (Table 2.5-1) of the TSAR. The applicant evaluates the cask for conditions with
an ambient temperature of 100°F and an insolation for a 12-hour period of 2950 BTU/ft? and
1475 BTU/ft2 for horizontal flat and curved surfaces, respectively. =The results of these
evaluations are reviewed in Section 4.3.4 below.

4,3.2.2 Accident Conditions

A thermal accident postulated for the TN-32 storage cask is described in Section 11.2.5 of

- the TSAR. A fire with an average flame temperature of 1550°F and an emissivity of 0.9 -

engulfs a TN-32 storage cask with an initial temperature distribution based on the normal
storage conditions given in Section 4.3.2.1, above. In addition to the radiant energy
absorbed on the cask surface with an emissivity of 0.8, flame energy is convected to the cask .
surface with a convection heat transfer coefficient of 4.5 BTU/hr-ft2-F. Following the 15- -
minute fire, the cask is cooled by radiation and natural convection to an ambient temperature
of 100°F.

4.3.3 Model Specification
4.3.3.1 Configuration

The model used for the analysis of the thermal performance of the TN-32 storage cask
consists of three primary components: the spent fuel assemblies, the basket, and the cask

- body. In addition to these components, the concrete storage pad is also modeled. The three-

dimensional finite element mesh for the storage cask system is generated using ANSYS.
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4.3.3.1.1 Fuel Assembly

The TN-32 storage cask is designed to store 32 15x15 or 17x17 Westinghouse spent fuel

- assemblies. The fuel assembly parameters are given in Table 2.1-1 of Section 2.1 of the

TSAR. The spent fuel pin decay heat is assumed to be transferred by conduction through the‘ '
fuel clad and through the helium between the fuel rods in parallel w1th the thermal radlatlon _
between the rods. .

The decay heat is transferred from the fuel assembly to the basket assembly tube by '
* conduction through the helium and thermal radiation’ from the assembly pins to the mtenor of

the basket assembly tube.

4.3.3.1.2 Fuel Basket.

The basket is comprised of 32.stainless steel boxes with typxcally one 0.5-in. thick aluminum
and one 0.04-in. thick poison plate placed between boxes. The boxes are held together by

stainless steel plugs which pass through the aluminum and poison plates and are welded to
the stamless steel. .

The fuel basket is modeled as a square grid of orthogonal 0. 5-in. thick alummum alloy plates
on 9.45-in. centers. Some of the aluminum alloy plates are interrupted to allow orthogonal
plates a direct conduction path to the basket periphery. A 0.02-in. helium gap is assumed
between the interrupted plates and the continuous plates The thermal conductivity of the

* aluminum alloy plate material is reduced by 10% in the model to compensate for the loss of

material at the plug weld holes. The heat flux from the spent fuel assemblies is applied
directly to the aluminum alloy plates to determine the temperature distribution in the basket.

The basket temperature dxstnbuuon is then used as boundary COndlthﬂS to determine the fuel
pin temperatures.

The model‘assumes a 0.188-in. helium gap between the periphery of the basket and the -
basket rails. The rails provide structural support for the basket and increase the surface area -
for heat dissipation. Although the rails are bolted to the cask cavity inner surface, a 0. Ol-m
gap is assumed between these surfaces in the thermal model '

43.3.13 Cask Body

The cask body portion of the model consists of the cask bottom and the concentric‘ cylindrical

“shells. The cask components above the cask body, including the lid, are:not modeled.. An

adiabatic surface is assumed at the plane defined by the top of the cask cavity.

The cask body consists of a multi-walled hollow cylinder of concentric shells.. The
containment vessel and the gamma shield are assembled with an-interference fit. A contact
conductance of 200 BTU/hr-ft2 is assumed for-the interface between these two surfaces. The

. neutron shielding oonsists of aluminum containers filled with resin and placed between the
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gamma shield and the outer shell. Although the aluminum containers butt against the gamma
shield and outer shell, an air gap of 0.01 in. is used between the components in the model.

The two steel cask bottom plates are assumed to be separated by a 0.125-in. air gap in the
model. _

4.3.3.1.4 Storage Pad

The concrete storage pad is modeled as a 36-in. thick cylinder extending radially 36 in..
beyond the outer diameter of the bottom of the cask. The bottom of the pad is in contact
with the soil and is assumed to be isothermal.

4.3.3.2 Material Propertics

" The material properties used in the thermal analysis of the storage cask system are given in
Section 4.2 of the TSAR. The material properties given reflect the accepted values of the
thermal properties of the materials specified for the construction of the cask.

4.3.3.3 Boundary Conditions

The boundary conditions include the decay heat load from each of the fuel assemblies and the
external conditions on the cask surface. The peak power per fuel assembly is 1.2 times the
average power of 0.847 kW per assembly. For an active fuel length of 144 in., the peak

~ linear power is 7.06 watts/in. The peak decay heat flux on a basket surface, based on

} 8.7-in. square compartments, is 0.203 watts/in.2. As noted in Section 4.3.3.1.2 above, the

spent fuel decay heat flux is applied to the aluminum alloy plates.to determine the boundary
conditions for determining the fuel pin temperatures. . ,

The boundary conditions depend on the environment surrounding the cask. Two cases are
considered for the TN-32 storage cask. The first case includes several variants of normal
storage conditions.  The second is a fire accident case. For both cases, the decay heat load
boundary condition is apphed as described above.

4.3.3.3.1 Normal Storage Conditions

The energy on the surface boundaries of the cask includes both the decay heat from the 32

_ spent fuel assemblies and the absorbed insolation. The absorbed insolation is the insolation
from Section 4.3.2.1 above, multiplied by the absorptivity of thermal radiation with the solar
spectrum by the cask surface material.

The energy is transferred from the outer cask surface to the environment and, through the
storage pad, to the ground. The heat transferred to the environment is by natural convection
and thermal radiation. The models used for the thermal convection and thermal radiation
given in Section 4.4.1 of the TSAR are appropriate models for a storage cask in an array of
casks. Heat is also conducted from the bottom of the storage cask through the concrete.
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' stomge pad to the soil undérlying the pad. The bottom of the storage cask is assumed to be

in perfect contact with the concrete storage pad. The interface between the bottom of the

. storage pad and- the soil is assumed to be isothermal -at the specified soil temperature.

The applicant considers both a short-term and a long-term environment for storage. The
short-term environment assumes a 100°F ambient temperature and an incident solar heat flux
based on the prescribed insolation averaged over a 12-hour period. The soil temperature is
assumed to be 70°F. The long-term environment assumes a 60°F ambient temperature and

- an incident solar heat flux based on the prescribed 1nsolat10n values averaged over a 24-hour

period. The soil temperature is assumed to be 60°F.

4.3.3.3.2 Accxdent Condmons

The accident condition consists of the 15-minute fire with a flame temperature of 1550°F on
a cask with an initial temperature distribution based on the short-term normal storage '
condition of 100°F ambient temperature with an incident-solar heat flux based on the
specified insolation averaged over 12 hours. The emissivities of the flames and the package
surface during the fire are 0.9 and 0.8, respectively. The flame energy is also assumed to be
convected to the package surfac;e with a convection heat transfer coefficient of 4.5 BTU/hr-
ft2-°F. Following the termination of the 15-minute fire, the cask is cooled by thermal
radiation and natural convection from the surface to the environment, with an ambient
temperature of 100°F.

4.3.4 Thermal Analyses

The thermal analysis for normal siorage conditions is performed in Section 4.3.4 of the
TSAR. A thermal accident scenario is presented in Section 11.2.5 of the TSAR Rev1ews
for both cases are discussed in this section of the SER.

-4.3.4.1 Computer Programs/Analytical Solutions

A detailed thermal analysis of the TN-32 storage cask system is performed‘by TN using the

finite element code ANSYS [3]. The model, material properties, and the boundary
conditions discussed in Section 4.3.3 above are used in the ANSY.S analysis. Based on the
use of the model, properties, and boundary conditions, the temperature dlstnbutlons in the

-aluminum alloy basket elements are determined.

4.3.4.1.1 Normal Storage Conditions

A three-dimensional version of ANSYS is used to “determ_ine the steady-state temperature -

* distribution of the TN-32 storage cask standing vertically on the concrete pad. The cask

components include the basket, the basket rails, the cask shells, the neutron shielding, the
outer shell, and the concrete pad. Because of symmetry, a quadrant slice of the radial cross-
section is analyzed in the three-dimensional model.
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As noted in Section 4.3.3.1.2 above, the fuel assembly decay heat is applied as a uniform
flux to the aluminum alloy basket plates to determine the temperature distribution in the
basket. The maximum fuel pin temperature is then calculated from the temperature
distribution in the plates ‘surrounding the hottest basket compartment using a modified -
Wooton-Epstein correlation [4,5,6]. The use.of the modified Wooten-Epstein model assumed
0.075-in. helium gaps between the aluminum alloy plates and the outer surfaces of the spent
fuel assembly in lieu of the borated aluminum poison plates that are in the basket. Helium -
gaps were also assumed between the fuel pins in the spent fuel assembly. The calculation

_was based on the energy transferred by thermal radiation through and conduction across, the
“helium between the fuel pins.

4.3.4.1.2 Accident Conditions

The hottest section of the TN-32 cask during normal storage is used as the initial condition
for the fire accident. ANSYS is used to perform the analysis of the transient response of the
cask to the fire and subsequent cooldown. This essentially two-dimensional analysis
evaluated the compo'nenlts at the location on the cask elevation where the maximum:
temperatures were experienced during normal storage conditions. These maximum
temperatures served as the initial temperatures for the acc1dent analy51s The peak fuel pin
temperature is not explicitly determined. ’

The response of the lip-seallregion to a fire is determined using a two-dimensional
axisymmetric ANSYS model. The model includes the lid, a resin disk, protective cover, and

~ the upper region of the cask body shells. Air is assumed to conduct heat from the lid to the

protective cover in the seal region where a small gap exists.  The heat in the remainder of

.the enclosure under the protective cover is assumed to be transferred only by thermal

radiation between the surfaces with emissivity of 0.9. The initial temperature of this region
is assumed to be the seal/lip region temperature from the short-term normal storage -
conditions. The heat flux from the fire is incident on the outer surfaces of the protective
cover and the cask body. Following the 15-minute fire, during cooldown, the heat is
transferred from these surfaces to the ambient environment temperature of 100°F.

4.3‘.4.2 Temperatures
4.3.4.2.1 Normal Storage Conditions

A comparison of the temperatures of several critical components for a 27.1 kW decay heat
load of 7-year cooled fuel with the design criteria is shown below. The temperatures given
in the TSAR are calculated based on the short-term normal storage conditions. These
temperatures are less than the maximum allowable temperatures based on the design cntena
glven in Section 4.3.1.1 above.



Camponedt ' _ Maximum Temperatures*

- _ o Calculated in TSAR | Design Criterion
Neutron Shield (resin/aluminum) | 276°F (136°C) 300°F (145°C)
Seal/lid ‘ 239°F (115°C). . 1570°F (300°C)
Fuel Clad , ~ [595°F (313°C) 658°F (348°C)
Basket Plate ' S31°F 2TT°C) '

* 100°F ambient temperature and an incident solar heat flux based on the prescribed
insolation averaged over 12 hours.

The maximum temperature in the aluminum alloy‘plate'_ for conducting the decay heat from
the fuel assemblies to the cask interior surface is approximately 531°F. The melting point of
the aluminum alloy is 1080°F [7].

14.3.4.2.2 Accident Conditions

Peak transient temperatures of several critical components due to a 15-minute, 1550°F flame
temperature fire for the TN-32 storage cask with a 27.1 kW decay heat is shown in the table
below. The initial temperatures are based on the short-term normal storage conditions: of
100°F ambient temperature and an incident solar heat flux based on the specified insolation
averaged over 12 hours. | ‘

Component . Temperatures (°F)
Tnitial Peak Design Time to
' Transient Criterion Reach Peak
| Temp After
Start of Fire
' (min.)
Outer Shell 242 1080 1
Neutron Shield ~ [276 836 . : 17
(resin) ' _ : _
Seal/Tid - [239 327 570 - 160
Cavity Wall _ ol 355 500 190
Basket Rail 327 378 ' 241
Basket Plate 531 576 ‘ 495

These temperatures, taken from Section 11.2.5 of the TSAR, demonstrate. that melting of the
metallic cask components will not occur as a result of the fire. The structural integrity of the
confinement vessel will be maintained because the peak temperature of 355°F experienced by
the cavity wall is lower than 500°F, the temperature below which the allowable stressses in

4-9°




the confinement components remains invariant with temperature.. The melting point of the
basket aluminum alloy plates that conduct the spent fuel decay heat to the cask inner surface
is 1080°F. Thus, the confinement and its ability to remove the decay heat are not impaired
by the effects of the fire on the TN-32 storage-cask. . The maximum outer shell temperature -
of 1080°F does not exceed the eutectoid temperature (1330°F) of iron-carbon steel. The
neutron shield material will off-gas (primarily water vapor) during the specified fire. A
pressure relief valve on the outer shell will prevent pressurization of the shell. The loss of
the neutron shield during the fire accident will not result in the dose rates exceeding the
regulatory limits at the site boundary. The peak fuel clad temperature is about 640°F based
on adding the difference of 64°F between the peak fuel clad and the basket plate
temperatures during the short-term, normal storage conditions to the maximum basket plate

temperature resulting from an accident. This value is less than the NRC acceptance criteria
of 1058°F for the short-term accident condition. :

4.3.4.3 Pressures

'~ 4.3.4.3.1 Normal Conditions of Storage

The pressure in the cask cavity‘is determined in Scction' 7.2.2 of the TSAR based on the
average cavity gas temperature of 417°F and the short-term normal storage conditions of
100°F ambient temperature. The cask is assumed to be closed and sealed at 77°F and 1.35

- atmospheres of dry helium. The calculation considers'pressure increases due to ideal gas

heating and the partial pressure of the released fission gases, assuming 10 percent of the
available free gases in the spent fuel assemblies released into the cavity. The maximum
internal pressure during normal conditions of storage is determined to be 35 psia. This
pressure is less than the design pressure of 100 psig specified in Section 2.2.5.3.3 of the
TSAR. The incident solar heat flux is based on the specified insolation averaged over 12
hours. , .

4.3.4.3.2 Accident Conditions

The peak average cavity gas temperature during the prescribed fire increases about 54°F
above the 417°F during the short-term normal condition of storage. This increase in
temperature will result in an increase of the cavity pressure during normal conditions of
storage described in Section 4.3.4.3.1 above, to a peak cavity pressure of 63.1 psia from the
prescribed fire, assumlng 100% fuel rod failure. This pressure is less than the design

‘pressure of 100 psig specified in the TSAR.

43.4.4 Conﬁrmatory Analysis

The conﬁrmatory ana1y51s of the TN-32 storage cask TSAR can be divided into six
categories: (1) review the models used in the analyses, (2) review the material properties
used in the analyses, (3) review the boundary conditions and the models used for calculations
of the surface heat transfer coefficients, (4) perform independent analyses to confirm the
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applicant’s analyses, (5) compare the results of the analyses with the applicant’s design
criteria, and (6) assure that the applicant’s design criteria will satisfy the regulatory
acceptance criteria. !
The models generated using ANSYS adequately described the TN-32 Dry Storage Cask
system. The neglect of the content decay heat transfer through the top of the cask is
balanced in part by the neglect of the absorbed insolation at the horizontal surface. The
thermal properties of the materials used in the storage cask as given in the TSAR are an
acceptable representation of the material properties. The boundary conditions for the short-
term normal storage represent a reasonable upper bound storage environment. The boundary
conditions for a thermal accident are similar to those used for packaging of greater than Type -
A quantities of radioactive materials as prescribed by the NRC in 10 CFR Part 71. The
difference between the specified thermal accident for the TN-32 storage cask and the
prescribed accident for transportation packages is the flame temperature and duration of the
application of the boundary conditions: 15 minutes of a 1550°F fire for the TN-32 versus 30
minutes of a 1475°F environment for transportation packages. The models presented in the
TSAR to calculate the heat transfer coefficients at the surfaces of the TN-32 storage cask are
well documented in the literature and are appropriately applied to the surfaces.

The review confirms the results of the applicant’s thermal analyses. A one-dimensional
thermal analysis was performed for short-term normal storage conditions. The one-
dimensional analysis of the cask which assumed a power peaking factor of 1.2 was
performed in two parts. The first part consisted of a one-dimensional analysis through the
cask. An effective thermal conductivity of the neutron shield region was determined based
on creating an electrical circuit analog of the parallel flow of the decay heat through the resin
and the aluminum alloy. The second part consisted of a one-dimensional treatment of the
basket by isolating the heat flow along a single aluminum alloy element extending from the
center of the basket to the outer rail attached to the cavity surface of the cask. The
maximum fuel clad temperature was determined by treating the fuel assembly region with the
highest temperature boundary as a square "log" with an effective thermal conductivity of 0.5
BTU/hr-ft-°F. The review calculations were in substantial agreement with the results
presented in the TSAR.

An independent analysis was also performed to confirm the results of the applicant’s thermal
analysis of the response of the TN-32 storage cask to a 15-minute engulfing 1550°F fire. .
The independent analysis assumed the cask material had an infinite thermal conductivity.
The independent calculation was in substantial agreement with the result presented in the

'TSAR.

The two limiting thermal conditions on the TN-32 storage cask are the short-term normal
storage and the postulated 15-minute fire. The temperatures of the various TN-32 cask
components, as well as the maximum temperature: of the spent fuel clad (as calculated by the
applicant using ANSYS and independently confirmed by the reviewer) for the two limiting
thermal conditions, are less than the applicant’s design criteria presented in the TSAR. The
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cask cavity gas pressure resulting from the average cavity temperature, coupled with the
failure of all of the spent fuel rods for either limiting thermal condition, is less than the

- design criteria presented in the TSAR.

4.4 Evaluation Findings

" Thermal structures systems and components important to safety are described in sufficient
" detail in Sections 1.2 and 2.3 of the TSAR to enable an evaluation of their effectxveness

The TN-32 is designed with a heat removal capability having testability and reliability

consistent with its importance to safety. The acceptance as descnbed in Section 9.1.6 of the -
TSAR is performed by analysis.

The TN-32 is designed to provide adequate heat removal capacity wrthout active cooling’
systems.

The spent fuel clad is protected agamst degradatxon that leads to gross ruptures by
maintaining the clad temperature below maximum allowable limits and by providing an inert
environment in the cask cavity. These measures, along with the basket structural design |

discussed in Section 3 of the TSAR and SER, will assure that the fuel can be retneved for

further processing or disposal.

Thermal systems and components important to safety-have been analyzed and ‘evaluated to
assess their adequacy for protecting the health and safety of the public. The cask is able to

 store spent. fuel safely for a minimum of 20 years with an adequate margin of safety.

. The staff concludes that the design of the heat removal system of the TN-32 Dry Storage
~ Cask is in compliance with 10 CFR 72 and that the applicable design and acceptance criteria

have been satisfied. The evaluation of the thermal system design provides reasonable

- assurance that the TN-32 will enable safe storage of spent fuel. This finding is based on a"

review which considered the requirements of 10 CFR 72, appropriate regulatory guides,
applicable codes and standards, and accepted practices.
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- Section 5—SHIELDING EVALUATION

This section evaluates the design and analysis of the shielding system of the TN-32 cask for
normal, off-normal, and accident conditions. Design features and design criteria, initially
presented in Sections 1 and 2 of the TSAR, are reviewed for additional detail related to the
shielding safety function. Gamma and neutron source terms are assessed, and models used
by the applicant for shielding analyses are examined. Dose rates calculated in the TSAR are
confirmed, and compliance with design criteria is evaluated.

The shielding review focuses on the applicant’s calculation of the dose rates from gamma and
neutron radiation at locations near the cask (for occupational exposure) and at an assumed
site boundary (for public exposure). Because 10 CFR Part 72 acceptance criteria for doses at
the site boundary include both the direct dose and that from release of radionuclides to the
atmosphere, an overall assessment of the compliance with these regulatory limits is deferred
until Section 10 (Radiation Protection) of the SER. Occupational doses for those cask.

operations described inl Section 8 of the TSAR are evaluated in Section 10 of the TSAR and
SER. _

The performance of the cask shielding under accident conditions, as evaluated in this section,
is also addressed as appropriate in the overall accident analyses presented in Section 11.

5.1 - Areas of Review
5.1.1 Shielding Design Features and Design Criteria

5.1.2 Source Specifications
—Gamma Source
—Neutron Source

5.1.3 Model Specifications
—Configuration of Shielding and Source
—Material Properties

5.1.4 Shielding Analyses
—Computer Programs
—Flux-to-Dose Rate Conversion
—Dose Rates
—Confirmatory Analysis

© 5.1.5 Supplemental Information
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5.2 Regulatory Reqmrements

5.2.1 Shielding structures, systems, and components important to safety must be described.

- in sufficient detail to enable an evaluation of their effectiveness. [10 CFR 72 24(c)(3)]

5.2.2 Smeldmg structures, systems and components important to safety must be evaluated
with the objective of assessing the impact of health and safety resultlng from the opération of

the ISFSI. [10 CFR 72. 24(d)]

- 5.3 Review Procedures

5.3.1 Shielding Design Features and Design Criteria

The TN—32 is designed.to provide both gamma and neutron shielding. As dxscussed in
Sections 1.1, 1.2, and 5.1 of the TSAR, the pnncxpal components of the radial gamma
shielding are the 1.5-in. thick steel confinement shell, the 8.0-in. thick steel outer shell, and
the 0.5-in. thick steel neutron shield shell. Gamma shielding at the bottom of the cask is
provided by the confinement shell and a 8.75-in. thick bottom plate that is welded to the
closure flange. The gamma shielding in the top of the cask consists primarily of the 10.5-in.
lid and the 0.25-in. shell which encases a neutron shield.

In addition to the steel components discussed .above, .neutron shielding is provided by a
4.5-in. thick polyester resin compound that surrounds the radial cask body and by a 4.0-in.
polypropylene disk attached to the cask lid..

Sections 1.2.2.1, 2.3.5.2, and 12.1.2.1 of the TSAR specify a design criterion which
stipulates that the maximum dose rate at the accessible surfaces (top, side) of the cask on a
storage pad does not exceed 2 msv/h (200 mrem/h). The criterion is applicant-imposed, not
a specific requirement of 10 CFR Part 72. It is, however, consistent with surface dose rate
limits allowed under Part 71 for transportation on public highways and is considered .
acceptable by the staff. Personnel exposures during operational activities are discussed in
Section 10.3 of the TSAR. Such activities must comply with the site radiation protectxon
program in accordance with 10 CFR Part 20.

The Part 72 requirements for the doses to an individual at the site boundary are specified in
§72.104(a) and §72.106(b). These allowed doses include direct radiation (including
skyshine), atmospheric release, and other sources of radiation from fuel cycle operations.

. Because doses at the site boundary, as well as those at the restricted area boundaries, depend .

on site-specific information, each licensee must demonstrate that its site complies W1th these
limits.

. 5'32 Source Specifications

The gamma and neutron source specifications, generated by the ORIGEN2 computer code [1]
are presented in Section 5.2 of the TSAR. Calculations are performed using a Westinghouse .
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17x17 fuel assembly as descnbed in Section 2.1 for a 40, OOO-de/MTU bumup, 7-year
cooling time, and an initial 3,85% enrichment. ‘

Table 5.2-2 of the TSAR lists the gamma source terms for the fuel zone, plenum zone, and -
top and bottom end-fitting zones. Fission product activities are indicated in Table 5.2-3 and
activation activities in Table 5.2-4. The neutron source term for the fuel zone from
spontaneous fission and alpha-n reactions is also listed in Table 5.2-2. '

Confirmatory analysis of the gamma source terms was performed using the DOE
Characteristics Data Base [2]. The staff recognizes that activation-activities depend -on
details of impurities and flux spectra for different fuel assemblies and that variations in the
calculation of these: gamma source terms is to be expected. Differences between gamma
source terms presented in the TSAR and those estimated by the reviewer do. not significantly
affect the shielding analyses, discussed in Section 5.3.4 below..

Confirmatory analysis of the neutron source term was also performed using the DOE
Characteristics Data Base [2]. The ORIGEN?2 code used by the applicant is not intended for
burnups that exceed 35, 000 MWd/MTU and, therefore, results in an underestimate of the
neutron source. The difference between the source term presented in the TSAR and that
estimated by the reviewer does not significantly affect the shielding analysis. The staff also
notes that fuel enriched to less than 3.85% (but otherwise having the same characteristics as
the design-basis fuel) will result in a neutron source term exceeding the design-basis source
term specified in Table 2.1-2. Under conservative assumptions, the neutron source term
could double. However, the neutron contribution to the total dose for the cask is minimal.
Based on confirmatory analysis, the increased neutron source term will not significantly

affect the dose rates for the cask, remaining well below the design criterion of 2msv/h (200

mrem/h). This potential incremental increase would result in a negllglble increase in the
dose rate at the site boundary.

533_®§Jp@gM'

The model specifications for shielding are presented in Section 5. 3 1 of the TSAR Shield
regional densmes are provided in-Section 5.3.2.

The model used for calculations of dose-rates from the primary gamma source at the top,"

" bottom, and side of the cask is depicted in Figure 5.3-1. The source region is divided into

four separate zones (fuel, plenum, top fitting, and bottom fitting). Sources are assumed to be
uniform both axially and radially. Shield regional densities are listed in Table 5.3-1.

The model used for calculations of dose-rates from the neutron and capture gamma.sources at
the side of the cask is depicted in Figure 5.3-3 of the TSAR. The central fuel region is
considered to consist of uranium dioxide homogenized with the cladding and basket. The
models for the ends of the cask are shown: in Figure 5.3-2. The fuel region is treated in the
same manner as in the side calculation. The model for the top includes the plenum and ‘top-

‘end fitting homogenized with basket material. The model for the bottom is similar. Shield

regional densities are listed in Table 5.3-2.
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For postulated accident conditions, the models are the same as those described above except
that the neutron shield and its outer shell are removed.

53.4 Sh_idsimun_a_lxsﬁs‘

The shielding analys,es'are presented in Section 5.4 of the TSAR. - A summary. of dose rates
at the radial mid-plane and center'of- the top and bottom of the cask are listed in Table 5.1-2.

~The three—drmensmnal (3-D) point-kernel code QAD-CGGP [3] is used to calculate the

primary gamma dose rates. Neutron and capture gamma dose rates are calculated with the 1-
D SAS1 module of SCALE-4 [4] using the 27n-18g group cross-section library.~ As
discussed in Section 5.3.3 above, the neutron source is assumed to be uniform over the
active fuel region. This assumption will result in a conservatively high'calculation of the
dose rate at the ends of the cask, since the actual neutron source will be relatively low near .
the top and bottom of the fuel. Flux-to dose rates are calculated usmg ANSI/ANS

6.1.1-1977 [5].

Dose rates at the cask surface and at one meter from the surface under normal conditions are

presented in Table 5.1-2 of the TSAR. -As shown in the table, the maximum dose rate on the
accessible cask surface is approximately 0.9. msv/h (90 mrem/h), substantially less than the
design criterion of 2 msv/h (200 mrem/h). These dose rates are used in Section 10 of the
TSAR to determine the occupational doses during operational procedures with the cask.

The analysis of dose rates under accident conditions considers the very conservative case of
the total loss of the neutron shield and its shell. Dose rates at the cask surface and at one
meter from the surface under these accident conditions are also presented in Tables 5.1-2 of
the TSAR. The maximum dose rate is approximately 8.7 msv/h (870 mrem/h), which is less
than the allowable dose rate under accident conditions for transportahon on pubhc highway
under 10 CFR Part 71. Consideration of accident condmons is further discussed in Section
11 of the SER.

In addition to the dose rates near the cask surface, Table 5.1-3 of the TSAR lists
representative doses rates from direct radiation from a single cask at postulated. site
boundaries, calculated with SAS1 using a 1-D spherical model. These calculations are
consistent with those for other casks with similar surface dose rates. The actual dose at a
site boundary, however, depends on many site-specific conditions (e.g., number of casks,
distance from ISFSI to boundary, array configuration, actual fuel loading, presence of'a
berm, etc.) and must be evaluated by the site licensee. Furthermore, the licensee also.needs
such a site-specific evaluation to assess compliance with the 10 .CFR Part 20 requirements for
doses received by the public in unrestricted areas within the site boundary.- A comparison of
representative total dose (direct radiation, including skyshine, and release of radionuclides)
with the regulatory limits at the site boundary is further discussed in Sections 10 and 11 of -
the SER

' The_ confirmat_ory evaluation of the shielding analysis consisted of the comparison between
the dose rates from the TN-32 with those of the TN-40, which had been evaluated earlier and
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reported earlier in a separate SER [6]. The reviewer notes that more detailed 3-D
calculations of the TN-32 may yield somewhat higher dose rates at small localized areas of
the cask surface due to streaming and other 3-D effects, but such areas would have neghglble-
contribution to the dose rates at the site boundary. Furthermore, the dose rates calculated in
the TSAR are significantly-below the acceptable design criteria, and, as specified in Section
12.1.2.1, the actual dose rates on the surface of the cask must be confirmed by measurement
to be less than 2 msv/h (200 mrem/h) prior to movement of the casks to the ISFSI.

5.3.5 Supplemental Information

Section 5.5 of the TSAR presents selected input files for the QAD and SAS1 ccmputer-
analyses. Additional supplemental information presented dunng the review process is

- referenced m Section 1 of the SER

54 Evaluatxon Fmdmgs

Shielding structures, systems, and components important to safety are descnbed in sufﬁcxent '
detall to enable an evaluation of their effectweness

Shielding structures, systems and components 1mportant to safety are evaluated W1th the

~ objective of assessing the impact of health and safety resulting from the operation of the

ISFSI. A more detailed evaluation against specific acceptance criteria is presented in
Sections 10 and 11 of the SER.

The staff concludes that the design of the shleldmg system of the TN-32 is in compliance
with 10 CFR Part 72 and that the applicable design and acceptance criteria have been
satisfied. The evaluation of the shielding system design provides reasonable assurance that

- the TN-32 will enable safe storage of spent fuel. This finding is based on a review which

considered the regulation itself, appropriate regulatory guides, apphcable codes and
standards and accepted engmeenng practices.

5.5 References
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Section 6—CRITICALITY EVALUATION

This section evaluates the criticality desrgn of the TN-32 Dry Storage Cask for normal and .
accident conditions. Design features and design criteria, initially presented in Sections.1 and
2 of the TSAR, are reviewed for additional detail. The fuel specification is examined, the
model specification is assessed, and the criticality analyses are confirmed.

6.1 Areas of Reyiew

6.1.1 Criticality Design Features and Design Criteria
6.1.2 Fuel Specification |
6.1.3 iModel Specification

6.1.4 Criticality Analysis

6.2 Regulatory Requirements

\

.6.2.1 Criticality structures systems, and components 1mportant to safety must be descnbed

in sufficient detail to enable an evaluation of their effectweness [10 CFR 72.24(c)(3)]

6.2.2 Spent fuel transfer and storage systems must be designed to be subcritical under all

credible conditions. [10 CFR 72.124(a) and 72.236(c)]

6.2'.3 When practicable, the design must be based on favorable geometry, permanently fixed

" neutron absorbing materials (poisons), or both. Where solid neutron absorbing materials are

used, the design shall provide for posmve means to verify their contmued efﬁcacy [10 CFR
72.124(b)] -

6.2.4 The analysis and evaluation of the criticality design and performance must demorlstrate_
that the cask will enable the storage of spent fuel for a minimum of 20 years with.an
adequate margin of safety. [10 CFR 72.24(d) and 72.236(g)]
6.3 Review Procedures

. ‘/
6.3.1 Criticality Design and Design Criteria Features -

The applicant discusses desigri criteria and design features in Sections 2.3.4 and 6.1 of the
TSAR. The design criterion for criticality is that the effective neutron multiplication factor,

kg, including statistical uncertainties, shall be less than 0.95 for all postulated arrangements

of fuel within the cask. The design incorporates solid neutron poisons in the basket in the
form of borated aluminum and requires that irradiated fuel assemblies be loaded in a fuel
pool containing at least' 2000 ppm boron. The cask is designed to assure an adequate margin
of safety for fresh fuel. _
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* The borated aluminum is an alloyed material and is sandwiched between stainleSs steel boxes

in the basket design. The material is held in place by stainless steel plugs that pass through
the poison and are welded to the stainless steel boxes. The dry, inert environment of the
cask ensures the long term integrity of the borated alummum and the welds. The brief
exposure of these materials to the spent fuel pool water will not lead to any serious

_degradation. In addition, depletion of the borated aluminum is neghgxble over the license -

period. Since the fast neutrons emitted will not become thermalized in the dry environment,

- their reaction probability w1th the boron poison will be low.

6.3.2 stljm_m

- The TN-32 dry storage cask is designed to store .dp to 32 intact Westinghouse 15x15 or

17x17 PWR spent fuel assemblies. The initial enrichment on both types of fuel assemblies is
taken to be 3.85% wt. The applicant gives a description of the fuel assemblies in Section
2.1 of the TSAR. Chapter 6 of the TSAR covers the criticality safety.of the TN-32 cask and
its contents, hstmg material densities, moderator ratios, and -geometric configurations.

6.3.3 Model S@lﬁcatlon

The Model. Specxﬁcatlon is presented in Section 6.4 of the TSAR. The applicant makes the
following assumptions in constructing a three-dimensional model in which the fuel assembly,
basket, and cask wall are modeled exphcxtly

® Borated water fills the void spaces in the cask cavity
The end fittings and plenum are represented by fresh water
The B-Al plate is present only in the active fuel region .
The Al rails are not modeled explicitly but are homogenized with borated cavity water

6.3.4 Criticality Analysis

The applicant presents the criticality analysis in Section 6.4 of the TSAR, which was performed
with the SCALE-4 code system [1] using 27 neutron group cross sections. The applicant
demonstrates that for both the 15x15 and 17x17 PWR spent fuel assemblies, loading of the cask,
with borated water and B-Al plates present, results in values of the. effective neutron
multiplication factor; k.« , including statistical uncertainties and bias, that are less than 0.95.

Table 6.1 TSAR’s 2000 ppm Borated Water Analyses

‘Case Description | ' kgt o | kg +2 0
15x15 3.85% wt 25U 0.9183 + 0.0020 | 0.9241
17x17 OFA 3.85% wt 25U 0.9010 + 0.0036 | 0.9082.




The reviewer used the MCNP code [2] to confirm these results. Confirmatory calculations also
indicated that both the borated water and B-Al plates are necessary to assure an adequate margin
of subcriticality.

6.4 Evaluation Findings

. Criticality structures, systems, and components important to safety are described in sufficient

detail in Sections 1.2, 2.3.4 and 6.1 of the TSAR to enable evaluation of their effectiveness.

The TN-32 dry storage cask and its spent fuel transfer sys.tems are designed to be subcritical
under all credible conditions.

The criticality design is based on fixed neutron poisons and soluble poisons of the spent fuel
- pool. Fixed neutron poisons will remain effective for the 20-year storage period. -

The analysis and evaluation of the criticalify design and performance hvas demonstrated that the

cask will enable the storage of spent fuel for a minimum of 20 years with an adequate margin
of safety.

- The staff concludes ‘that the criticality design of the TN-32 dry storage cask is in compliance

with 10 CFR Part 72 and that applicable design and acceptance criteria have been satisfied. The

.evaluation of the criticality design provides reasonable assurance that the TN-32 will enable the

storage of spent fuel. This finding is based on a review which considered the regulation itself,
appropriate regulatory guides, applicable codes and standards, and accepted practices.

6.5 References

1. U.S. Nuclear Regulatory Commission. “SCALE-4: A Modular Code System for
Performing Standardized Computer Analyses for Licensing Evaluation,” ORNL/NUREG/CR-
0200, Rev. 4, February 1990. :

2. Los Alamos National Laboratory. “MCNP 4A, Monte Carlo N-Particle Transport.Code
System,” December 1993. '
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Section 7—CONFINEMENT EVALUATION

This section evaluates the design and analysis of the confinement system of the TN-32 for
normal, off-normal, and accident conditions. Design features and design criteria, initially -
presented in Sections 1 and 2 of the TSAR, are reviewed for additional detail. The. pressure
monitoring capability is assessed, and radioactive nuclides present in the spent fuel are
reviewed. The analysis of the potential release of radionuclides at the site boundary is
confirmed, and comphance with des1gn cntena is evaluated ' :

Because the 10 CFR Part 72 acceptance criteria for doses at the site boundary include both
the direct dose and that from release of radionuclides to the atmosphere an overall
assessment of the compliance with these regulatory 11m1ts is mcluded in Section 10 (Radiation

Protectlon) of the SER.

The performance of the cask conﬁnement system under acc1dent conditions, as evaluated in

“this section, is also addressed as appropriate in the overall accident analyses presented in
- Section 11.

7.1 Areas of Review

7.1.1 Confinement Design Features and Design Criteria -

~ 7.1.2 Confinement Monitoring Capability

7.1.3 Radionuclides Available for Release

 7.1.4 Confinement Analyses

—Normal Conditions
—Leakage of One Seal
. —Accident Conditions/Natural Phenomena Events

+ 7115 Supplemental Information

7.2 Regulatory Requirements ..

7.2.1 Confinement structures, systems, and components important to safety must be:
described in sufficient detail to enable an evaluation of the1r effectlveness [10 CFR"

72.24(c)(3) and 72.24))

7.2.2 The spent fuel cladding must be protected against degradation that leads to gross _
ruptures, or the fuel must be otherwise confined such that degradation of the fuel during

‘storage will not pose operational safety problems. with respect to its removal from storage.
[10 CFR 72. 122(h)(1)]
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7.2.3 The cask must be designed to provxde redundant sealing of confinement systems.
[10 CFR 72. 236(e)] 4

7.2.4 Storage conﬁnement systems must have the capability for continuous monitoring in a
manner such that the licensee will be able to determine when corrective action needs to be
taken to maintain safe storage conditions. [10 CFR 72.122(h)(4) and 72.128(a)(1)]

7.2.5 Instrumentation and control systems must be provided to monitor systems that are
important to safety over anticrpated ranges for normal and off-normal operation. Those

control systems that must remain operational under accident conditions must be identified.
[10 CFR 72.122(i)]

7.2.6 - The quantity of radionuclides expected to be released annually to the environment

- must be estlmated [10 CFR 72.24(1)(1)]

7.2.7 The cask and its systems important to safety must be evaluated, by appropriate tests or

by other means acceptable to the Commission, to demonstrate that they will reasonably
maintain confinement of radioactive material under normal off—normal and credible accident
conditions. [10 CFR 72.236(1) and 72. 24(d)]

73 RevrewProwdum

7.3.1 g:gnﬁnemgnt Design Features and Design Criteria

The primary confinement boundary of the TN-32 is deplcted in Flgure 1.2-1 of the TSAR.

* It includes the inner shell, the shell bottom plate and top flange, the bolted lid assembly outer

plate with its inner metallic O-ring, and the bolted vent/drain port covers with their inner
O-rings. The confinement vessel is 175.25 inches in length and 1.5 inches in thickness. The
cask cavity itself is 68.75 inches in diameter and 163.25 inches in length. Redundant sealing |

of the confinement boundary is prov1ded by the outer O- nngs of the lid and vent/drain port
covers. .

The inner shell, lid, and bottom closure material are SA-203 Grade A, and the flange is -
SA-350 Grade LF3. The vent and drain port covers are SA-240, TP 304.

Penetrations in the primary confinement boundary include the opening for the lid assembly
and the vent and drain ports. These penetrations are closed by the lid assembly outer. plate
and the vent/drain port covers, all of which are sealed by two metallic O-rings. The quick-
disconnect valve nipples installed in the vent port are not conSIdered to be part of the
primary or redundant conﬁnement boundaries.

Welds in the TN-32 are shown in the drawings in Section 1.5 of the TSAR. Confinement
boundary welds include the circumferential welds attaching the bottom closure and:the top
flange to the inner shell and the longitudinal weld(s) on the rolled plate. All confinement

- boundary welds are full penetration welds examined volumetrically by radiograph. These

72




g

e

welds are also examined either by liquid penetrant or magnetic particle. Acceptance
standards are in accordance with Section III, Article NB-5000 of the ASME Code [1].
Electrodes, wire, and fluxes used for fabrication comply with the applicable requirements of
Section II, Part C. Weldmg procedures, welders, and weld operators are quahfied in -
accordance with Section ITI, Article NB-4300.

Double metallic Helicoflex O-ring seals are ﬁtilized on the lid and vent/drain port covers.
The cask is primarily intended for wet loading in the spent fuel pool. After the cask is

drained and dried, it is backfilled with helium cover gas at 2.2 atm (at thermal equilibrium)
to provide an inerting environment to protect the fuel against degradation during storage.

~ The functionality of the confinement boundaries are continuously monitored with a pressure

monitoring system (PMS), as shown in Figure 2.3-1 in the TSAR. The system consists of an
overpressure tank bolted to the cask lid. A quick connect coupling with a diaphragm valve is
used to fill the tank. Tubing connects the overpressure tank to the interspace between the
inner and outer seals of the lid. Electrical wiring extends from two pressure
transducers/switches on the tank to an alarm panel. All connections to the overpressure tank
are welded fittings. The PMS is enclosed in a protective cover for weather, Only the
electrical wires penetrate the cover. :

Section 2.3.2.1 of the TSAR specifies a design criterion leak rate of less than 10-5 std cc/s of
helium. The inner and outer seals of the lid and vent/drain port covers may be tested either
together or independently, but the total leakage of all seals added together, including that of
the PMS, is limited to less than 10- std cc/s of helium [2]. Operating procedures discussed
in Section 8.3 of the TSAR require leak tests to meet this criterion, which is also listed as an
operating control and limit in Section 12.1.2.4.

Section 7.3 of the TSAR establishes that under accident conditions the requirements of 10
CFR 72.106(b) will be satisfied even if all of the fission product gases in the cask cavity are -
released (under the assumptions that 100% of the fuel cladding has failed and a simultaneous
complete failure of the confinement occurs). Although this is not a credible event, it
provides a very conservative upper bound for assessing site suitability.

The dose from radioactive release is discussed in Section 7.3 of the SER; the overall
assessment of the total dose (including direct radiation) is further discussed in Sections 10
and 11 of the SER. :

7.3.2 Confinement Pressure Monitoring System (PMS) Capability

As discussed in Sections 2.3.2.1 and 7.2 of the TSAR, the region between the inner and
outer seals of the cask lid is pressurized with helium to an initial pressure of 5.5 atm by use
of a helium tank attached above the lid and under the protective cover. The regions between
the inner and outer seals of the vent/drain ports are connected to the region between the lid
seals by paths drilled into the cask lid. In the event of an unanticipated failure of any of the
primary (inner) confinement seals, helium will leak into the cask cavity (<2.2 atm) or into
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“the vent port (1 atm), and a pressure Uansducér/swnch will signal an alarm when the inter-

lid pressure decreases to 3 atm. Likewise, an alarm will also be signaled if the helium leaks
to the atmosphere due to an unanticipated failure of the any of the redundant (outer)
confinement seals. Because of the higher pressure in the inter-seal regions, in no.case will -

.radioactive gas escape to the atmosphere. A failure of the PMS to alarm will in itself riot

result in any radioactive release. The PMS is designed to alarm if the electrical system
malfunctions.

7.3.3 Radionucli dgg Available for Relg_ggg

Table 5.2-8 of the TSAR presents fission products that could be released from the des1gn
basis fuel, calculated with ORIGEN2 [3] in a manner similar to that for the gamma and
neutron source terms in Section 5. The reviewer concurs that the majority of the release
potential is from the gaseous/volatile 3H, -35Kr, and 1291. Activities of these nuclides are in

~agreement with calculations by the reviewer using the DOE Characteristics Data Base [4].

7.3.4 Confinement Analyses |

As discussed above, under normil .cdnditions the TN-32 provides a primary and redundant -

~ sealing confinement boundary, with seals having a total leakage rate less than 10-5 std cc/s

helium. The increased helium pressure in the inter-seal regions will prevent release of
radioactive material from the cask cavity through these seals to the atmosphere :

" To prov1de a conservative upper bound (and assess the lmportance of the pressure momtormg
system), supplemental information presented during the review process also analyzes the very -

conservative case in which one set of seals totally fails, and no alarm is signaled by the

~ . pressure ‘monitoring system. This analysis assumes 10% fuel failure, 30% release of the

85Kr and 10% for 1291 and 3H from the fuel matrix, a x/Q of 8. 65x10'3 s/m3 from
Regulatory Guide 1.145 [5], the methodology of Regulatory Guide 1.109 [6], and dose
conversion factors from EPA Report No. 11 [7] and No. 12 [8]. An individual is also
conservatively assumed to remain outdoors at the site boundary (100 m from the cask) for an
entire year. The results of these calculations indicate such an individual would receive a
negligible whole body dose of approximately 6x10-5 msv (6x10-3 mrem). The reviewer:notes
that typically the release fraction of 3H assumed is 30%. In addition, actual cask pressures

* and temperatures, rather than standard conditions, should be used in the analysis.
- Nevertheless, calculations by the reviewer indicate that the dose at the site boundary is

negligible compared with the regulatory limits in 10 CFR 72.104(a) of 2.5x10-! msv (25.
mrem) and 7.5x10°! msv (75 mrem), respectively, even for these very conservative

_ assumptlons

Section 7.3 of the TSAR calculates the dose at the site boundary for the non-credible case of

a release of radionuclides to the atmosphere resulting from a failure of the cask confinement -
and 100% rupture of the fuel rods. Other assumptions are the same as those discussed above.

for normal conditions: Under this assumed, but non-credible, accident sequence, an
individual would receive'a whole body dose of approximately 3.6 msv (360 mrem) and a

" thyroid dose of about 6.9 msv (690 mrem). For additional conservatism, the reviewer
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assumes 30% release of 3H (as in the off-normal case) and further neglects plume

- meandering from Regulatory Guide 1.145. With these added conservatisms, the result is

2500 mrem, still below the regulatory limit in 10 CFR 72.106(b) of 50 msv (5000 mrem).
Accident analyses are further discussed in Section 11 of the TSAR and in Sections 10 and 11
of thc SER.

. 7.3.5 Supplemental Irifgrmgﬁgn

Supplemental information presented dunng the review process is referenced in Sectxon 1 of .
the SER.

- 1.4 Evaluation Findipgs

Confinement structures, systems, and components important to safety are described in -
sufficient detail to enable an evaluation of their effectlveness in Sections 2.3. 2 1 and 7.1 of
the TSAR, as dlscussed in Section 7.3.1 of the SER.

The spent fuel cladding is protected against degradation that leads to gross rupturées by
placing it in a basket structure and maintaining helium as an inert cover gas. Temperature
considerations are discussed in Section 4 of the SER. -

Redundant sealing of the confinement. system is prov1ded by an outer set of O-rings for the
cask lid and the vent/drain port covers.:

The confinement system is monitored with a pressure monitoring system as discussed in
Section 7.3.2 above and is acceptable for determining when corrective actions need to be :
taken to maintain safe storage condmons Testing is discussed in Sections 8 and 9 of the
SER. '

A pressure switch on the PMS provides monitoring capability of confinement over anticipated

ranges for normal and off-normal operations. Although there is no requirement for. this
instrumentation to remain operational under accident conditions, its anticipated funchomng
will enable an assessment that confinement is mamtamed

The quantity of radioactive nuclides expected to be released to the environment has been
assessed and is discussed in Sections 7.3.3 and 7.3.4 of the SER.

The cask confinement sylstem has been evaluated to demonstrate that it will reasonably
maintain confinement of radioactive material under normal, off—normal and accxdent
condmons

The staff concludes that the design of the confinement system of the TN-32 is in compliance
with 10 CFR Part 72 and that the applicable design and acceptance criteria have been
satisfied. The evaluation'of the confinement system design provides reasonable assurance
that the TN-32 will enable safe storage of spent fuel. This finding is based on a review

[
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‘'which considered the regulatlon 1tse1f appropriate regulatory guides, apphcable codes and

standards, and accepted practices.

7.5 References -
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Section 8—~OPERATING PROCEDURES

This section evaluates the sequence of opefations for-developing operating procedures. for
loading the TN-32 (including leak testing after. closure), transferring the cask from the fuel

handling building to the ISFSI and, if necessary, unloading the cask.

8.1, Areas of Review
8.1.1 Loading the Cask

8.1.2 Transferring the Cask to the ISFSI

8.1.3 Unloading the Cask

8.1.4 Personnel Operat|ions

8.2 Regulafbry Requirements

8.2.1 The cask must.be compatible with wet or. dry spent fuel loadmg and unloadmg
procedures. [10 CFR 72 236(h)] .

8.2.2 The cask must be desxgned to fac111tate decontammanon to the extent practlcable
[10 CFR 72.236(i)] :

8.2.3 Operational restrictions must be established to meet Part 20 limits, and as low asis .
reasonably achievable (ALARA) objectives for radioactive materials in effluents and direct
radiation levels associated with ISFSI operations. [10 CFR 72.104(b) and 72.24(e)]

8 3" Review Prowdures

‘A sequence of Operatlons is outlined in Sectxons 8.1 and 8.2 of the TSAR and in Table 8.1-1

of the TSAR. Based on this information, detailed site-specific operating procedures will be
developed by each licensee and cask user for loading, testing, stormg, unloading, and
amtamlng the TN-32 cask.

8.3.1 Loading the Cask

The loading operations for the TN-'32(are described. in Section 8.1.1 and Table 8.1-1 of the
TSAR. The use of the cask for storage is based on the receipt of an uncontaminated cask
from the fabricator, and hence, no decontamination procedures are necessary prior to spent
fuel operations. The external surfaces of the cask are painted, prowdmg for ease of . '
decontamination after loadmg the cask in the spent fuel pool.



Prior to being placed in storage, leak testing of the primary and redundant confinement
boundaries will be performed. As described in-Section 7 of the SER, the total leakage from
all confinement seals (i.e., the O-rings of the lid and vent and drain port covers and the
PMS) must be less than 1. 0 x10-5 std cc/sec of helium. Detailed leak testmg procedures will
be developed by the cask user.

8.3.2 Transferring the Cask to the ISESI

The cask will be transferred to the ISFSI in a vertical position. The cask will be transported

“to the ISFSI site by a transport vehicle that limits the height of the cask above the ground to -

18 inches to bound the cask end-drop analysis. Operations for movement. of the cask to the
ISFSI are presented in Section 8.1.1 of the TSAR. The pressure monitoring system will be
activated at the ISFSI.

8.3.3 Unloading the Cask

. Operations for unloading the cask are described in Section 8.2 of the TSAR. These
_processes assume wet unloading and no further use of the cask for storage. The cask will be
- removed from the ISFSI back into the spent fuel pool building using the transport vehicle.

The weather cover will be unbolted and removed. The PMS will then be removed and the
cavity gas sampled through the vent port.

Aftér moving the cask into the fuel pool area, the cavity will be depressurized through the
vent coupling and the cask lowered into the spent fuel pool. With the cask lid at the pool
surface, fill and drain lines will be connected to the lid drain and vent ports. Borated water

~ will be slowly added to fill the cask and to gradually cool the fuel in the cask. When the

cask is full, the fill and drain lines will be removed. The cask will then be lowered to the
pool bottom where the lid would be removed making the fuel accessible for transfer.

Detailed unloading procedures will be developed by the cask user.

8.3.4 Personnel Operations

Table 8.1-2 in the TSAR provides detailed numbers for the personnel and estimated time
required for the various operations. These values are used to determine the occupational
radiation exposures in Section 10 of the TSAR. The data is based on the vendor’s
expenence with transport cask operations.

8.4 Evaluation Fmdmgs

The TN-32 is compatible with wet loading and unloading. General steps for these operations
are summarized in Sections 8.1 and 8.2 of the TSAR Detzuled procedures will need to be -
developed on a site-specific basis.

No significant radioactive effluents are produced. Any radioactive solutions generated from
routine decontamination of the cask inside the fuel building after the cask is removed from"
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the spent fuel pool will be governed under the 10 CFR Part 50 license conditions. The
smooth surface of the cask is designed to facilitate decontammatlon

Operational restrictions to meet Part 20 limits are further evaluated in Section 10 of the
TSAR. Additional site-specific restrictions may also be established by the user, The limited
time spent on cask loading and transfer operations, the heavy cask shielding, the passive
nature of the deésign, and the limited repair and maintenance anticipated will provide for
ALARA direct radiation levels associated with ISFSI operations.

The staff concludes that the sequence of operations for the TN-32 described in the TSAR
provide enough information for the development of detailed operating procedures by the cask
user to ensure compliance with 10 CFR Part 72. The evaluation of the sequence of
operations provides reasonable assurance that the TN-32 will enable safe storage of spent
fuel. This finding is based on a review which considered the regulations, appropriate
regulatory guides, applicable codes and standards, and accepted practices.
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Section 9—ACCEP’I‘ANCE TESTS AND MAINTENANCE PROGRAM -
This section evaluates the acceptance tests and' matnte’n_ance program required for the TN-32.
9.1 Areas of Review

9.1.1 Fabrication Requirements and Acceptance Tests -
—Visual Inspections
—Structural/Pressure Tests
—Leak Tests .
—Component Testing -
—Shielding Tests
—Thermal Acceptance

9.1.2 Maintenance Prolgram
9.2 RegIHatory Requirements
9.2.1 The program covering: preoperatlonal testing and initial operatlons must be described. |
[10 CFR 72.24(p)] _

9.2.2 The cask must permit testing _and maintenance as reciuired. [10 CFR 72.236(g)]

9.2.3 Structures, systems, and components important to ‘safety must be designed, fabricated,
erected, tested, and maintained to quality standards commensurate with the importance to
safety of the function to be performed [10 CFR 72.122(a), 72.122(f), 72.128(a)(1), and

' 72.24(c)]

9.2.4 The cask must be msbected to ascertain that there are no cracks, pinholes,
uncontrolled voids, or other defects that could significantly reduce its confinement
effectiveness. [10 CFR 72. 236(])]

- 9.2.5 Structures, systems or components 1mportant to safety whose functlonal adequacy or

reliability have not been demonstrated by prior use for that purpose, or which cannot be
demonstrated by reference to performance data in related applications or by reference to.

~widely accepted engineering principles, must be identified and a schedule included showing

how safety questions wdl be resolved prior to the initial receipt of spent fuel. [10 CFR
72 24(i)] -

9.2.6 The cask must be conspicucusly and durably marked with a 'model number, unique
identification number, and an empty weight. [10 CFR 72.236(k)]
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9.3 RcwewProoedures |

The acceptance tests and maintenance program are summarized in Sections 9.1 and 9.2 of the
TSAR, respectively. Specific procedures for inspection, specxal processes and testing will
be developed as requxred by quality assurance programs.

9.3.1 Atz&m_c_@_@

The Acceptance Criteria for the TN-32 have been subdivided into six major subsections:
Visual Inspections, Structural/Pressure Tests, Leak Tests, Component Testing, Shielding
Tests and Thermal Acceptance.

9.3.1.1 Visual Inspections

Visual inspections will be performed at the fabricator’s facilities to ensure that the casks
conform to the drawings and specifications. These visual inspections will include verifying
that all specified coatings have been applied and that the casks are clean and free of defects.
Upon. arrival at the loading facility, the casks will be remspected to ensure that they have not
been damaged dunng shipment.

. 9.3.1.2 Structural/Pressure Tests

To ensure that the casks will perform their intended design functions, all structural materials
will be chemically and physically tested to ensure that the required properties have been met.
All welding will be performed using qualified processes and qualified personnel according to
the ASME Boiler and Pressure Vessel Code [1]. Base materials and welds will be examined
in accordance with the Code.

Pressure testing (hydrostatic testing) will be performed on each cask assembly at a test
pressure of 44 psi, which is 1.25 times the normal operating pressure of 35 psi [2]. These
tests will be performed: in accordance with Section III, Subsection NB, Paragraph NB-6200
or NB-6300 of the Code. Accessible joints will be vxsually examined for possxble leakage

. after the completion of each test.

9.3.1.3 Leak Tests

" Leak tests will be performed on the lid seals for the confinement system and the overpressure

system for each cask assembly at the fabricator’s facilities. Leak tests will be performed
using standard helium mass spectrometer methods, and the maximum allowable total leak for
the TN-32 confinement boundary will be 1 x 105 std cc/sec of helium. All leak testing will
be performed in accordance with the provisions set forth in ANSI N14.5 [3], the sensitivity
for all leak testing will be 5 x 106 std cc/sec helium or better, and all personnel performing
the leak tests will be qualified in accordance with SNT-TC-1A [4].
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9.3.14 Component Testmg

Component testing. for the TN-32 consists of tesnng of the double metallic O-nng seals on
the cask lid and all confinement penetrations. The inside metallic O-Ring forms part of the.
confinement boundary. Upon completion of cask loading, the seals will be leak tested as..

~ described in Section 9.3.1.3 above, and/or as described in Section 12.1.2.5 of the TSAR.

There are no valves that perform a safety-related function on the TN-32. The TN-32 design

- incorporates quick-disconnect couplings for ease of draining and venting. These quick-

disconnect couplings:do not perform a safety-related function nor are they. part of the
confinement boundary.

9.3.1.5 Shielding Tests

The acceptance criteria for: shxeldlng lntegnty includes qualification testmg of the personnel
and procedures used for the mixing and pouring of the polyester resin used for neutron
shielding. Qualification testmg further includes verification that the required chemical
composition and densities are achieved and that the processes are performed in a-manner that
will prevent the inclusion of voids.

Addltronal surveillances will be performed after loading to ensure that the radiation dose
limits will not be exceeded for each cask

9.3.1.6 Thermal Acceptance

The analyses performed to ensure that the casks are capable of performing their heat transfer
functions are presented in Chapter 4 of the TSAR. The analyses were performed using
conservative assumptions for the design basis fuel. Staff accepts this analysis and no thermal
tests are required. '

9.3.2 Main;enange Program

'The TN-32 does not require routine or periodic- maintenance during normal storage
~operations-at an ISFSI. The valves and seals selected for use wrll not require 1nspect10n or

replacement during normal fuel storage operations. .

The pressure transduce_rs/sw1tches used to monitor the confinement seals will be inspected
according to site-specific procedures. Two identical pressure transducers/switches are used
to assure a functional system through. redundancy The switches are. not replaced unless they
are malfunctioning. .

All the gaskets are designed to maintain their sealing capability until the cask is reopened. If
a leak is detected by a drop in pressure in the PMS, the cask would be. returned to the spent
fuel pool and all gaskets would be replaced.
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Maintenance actions following off-normal, accident, or natural phenomena events are
discussed in Section 11 of the SER.

9.4 Evaluation Findings

The program covering preoperational testing and initial operations of the TN-32 is described
in Section 9.1 of the TSAR. - The maintenance program is discussed in Section 9.2. '

Structures, systems, and components important to safety will be designed, fabricated,
erected, tested, and maintained to quality standards commensurate with the importance to
safety of the function to be performed. The safety importance of structures, systems, and
components is identified in Section 2.0 of the TSAR. Standards for design, fabncatlon and
testing are presented in Sections 2 and 9 of the TSAR.

The TN-32 is inspected and tested to ensure that there are no defects that could significantly
reduce its confinement effectlveness This inspection and testing is described in Section 9.1
of the TSAR. I -
Section 1.2.1 of the TSAR specifies that each cask shall be identified by a Mark Number,
TN-32-XX, where XX is a sequential number corresponding to a specific cask.

The staff concludes that the acceptance tests and maintenance program for the TN-32 are in
compliance with 10 CFR Part 72 and that the applicable acceptance criteria have been
satisfied. The evaluation of the acceptance tests and maintenance program provides
reasonable assurance that the TN-32 will enable safe storage of spent fuel. This finding is
based on a review which considered the regulation itself, appropriate regulatory guides, ‘
applicable codes and standards, and accepted practices.

9.5 References
1. ASME Boiler and Pressure Vessel Code (ASME B&PV Code), Section III, 1992.

2. Mason, Michael to Frederick Sturz. “Docket No. M-56, Additional Information for
NRC Questions dated September 19, 1995,” December 1, 1995.

3. ANSI N14.5. “American National Standard for Leakage Tests on Packages for Shlpment
of Radioactive -Materials,” New York, 1987

4 SNT-TC-1A. “American Society for Nondestructive Testing, Personnel Quahﬁcatlon and
Certification in Nondestructlve Testing,” 1984.
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Section 10—RADIATION PROTECTION

This section evaluates the radiation protection aspecbts of the TN-32 cask. The assessment of
radiation-protection examines those design features and operating procedures that affect
radiation doses to both the occupational worker and the public. :

Occupational exposures are based on the direct radiation doses presented in Section 5 of the
TSAR and operating procedures discussed in Section 8. Doses to the public are determined

from the direct doses in Sechon 5 and doses from release of radionuclides to the atmosphere
m Section 7.

10.1 Areas of Review
10.1.1 Radiation Protection Design Features and Design Criteria
10.1.2 ALARA !

10.1.3 Occupatibnal Exposures

10.1.4 Public Exposures

—Normal Conditions
—Accidents/Natural Phenomena Events

10.1.5 Supplemental Information

10.2 Regulatory Rec.]uirements'

110.2.1 Radiation shielding and confinement features must be sufficient to meet the’

requirements of 10 CFR 72.104 and 72.106. [10 CFR 72.236(d), 72. 128(a)(2),
72.128(a)(3), and 72. 126(a)] ‘

10.2.2 The means for controlling and lir';\iﬁng occupational radiation exposures within the
limits given in 10 CFR Part 20 and for meeting the objective of maintaining exposures as .
low as is reasonably achievable (ALARA) must be described in sufficient detail to enable an
evaluation of their effectiveness. [10 CFR 72.24(e), 72.104(b), and 72.126(a)]

10.2.3 During normal operations and anticipated occurrences, the annual dose equivalent to
any real individual located beyond the controlled area must not exceed 25 mrem to the whole
body, 75 mrem to the thyroid, and 25 mrem to any other organ as a result of exposure to:
(1) planned discharges of radioactive materials, radon and its decay products excepted, to the -
general environment; (2) direct radiation from ISFSI operations; and (3) any other radiation
from uranium fuel cycle operations within the region. [10 CFR 72.104(a), 72.236(d), and
72.24(d)]
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10.2.4 Any individual located on or beyond the nearest boundary of the controlled erea,shall'
not receive a dose greater than 5 rem to the whole body or any organ from any design basis
accident. The minimum distance from the spent fuel or high-level radioactive waste handling

~ and storage facilities to the nearest boundary of the controlled area shall be at least 100
“meters. [10 CFR 72.106(b), 72.236(d), 72.24(m), and 72.24(d)]

- ‘The TN-32 includes a number of design features that provide radiation protection to both the

occupational worker and the public. As discussed in Section 10.1 of the TSAR, the steel
body of the cask and its neutron shielding result in low dose-rate levels from direct radiation,

~ both in the vicinity of the cask and at the site boundary. The redundant sealing and the
. pressure monitoring system ensure negligible leakage of potentially radioactive gas from the

cask cavity to the atmosphere dunng stomge operations. The cask will not be opened at the
ISFSI. Quick-disconnect valves minimize exposure during loading procedures. The passive,
essentially maintenance-free design reduces occupational radiation exposure during storage

conditions. Finally; the rugged steel body of the cask maintains conﬁnement of the fuel and

-cavity gases even under accident condmons

As deﬁned in Sections 2.3.5, 5.1, 7.2, and 7.3 of ‘the TSAR, top-level design criteria for
radiation protection includes the maximum allowed dose at the site boundary during normal

. and accident conditions, as specified in 10 CFR Part 72.104(a) and 72.106(b), respectively.

Criteria for occupation workers are established by 10 CFR Part 20 limits. The ISFSI
licensee will implement a radiological protection program in accordance with 10 CFR
72.126. In addition, the applicant has imposed both a limit and design goal for the dlrect
radiation dose on the cask surface, as discussed in Section 5 of this SER.

10.3.2 ALARA

The TN-32 has been designed to meet ALARA considerations.” Section 10.1.2 of the TSAR
addresses these issues in terms of Regulatory Position 2 (Facility and Equipmént Design
Features) of Regulatory Guide 8.8 [1]. Operational matters, as described in Regulatory
Guide 8.10 [2], are primarily the responsibility of the ISFSI operator, although the TN-32

- has been designed to consider operational requirements, as discussed above.
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10.3.3 Occupational Exposures

| _ Section 8 of the TSAR identifies personnel operations required during receipt of the TN-32 at

the ISFSI site, fuel loading operations, preparation and transfer of the cask to the ISFSI,
storage, and maintenance. The time required for each of these tasks, the number of
personnel needed, and the dose rates to which these personnel would be exposed in
performing these tasks are estimated in Tables 10.3-1 and 10.3-2 of the TSAR. These
calculations indicate that the total occupational dose in loading, transfer, and emplacement of
a TN-32 is approximately 3.06 man-rem. Actual occupational doses will depend on site-
specific parameters, including special measures taken to maintain ALARA. Limits for
occupational doses, including those for personnel not directly.involved in ISFSI operations,
must comply with the requirements of 10 CFR Part 20 and other site-specific requirements
imposed under the site’s 10 CFR Part 50 license. .

10.3.4 Public Exposures
10.3.4.1 Normal Conditions

'The dose rates from atmospheric release, as discu‘ssed' in Section 7.3.4 of the SER, are
" negligible (even if it is assumed that only one of the confinement boundaries is functional).
- Consequently, the total annual dose from a TN-32 at a site boundary is the same as that from

direct radiation alone, including skyshine. Table 5.1-3 of the TSAR estimates the dose rates
at the site boundary from a single cask as a function of the distance of the cask from the site
boundary. As shown in this table, the annual dose at distances exceeding approximately 200
meters satisfies the reqmrements of 10 CFR 72.104(a), even if it is conservatively assumed
that an individual remains outdoors at the site boundary for the full year. The reviewer notes
that these estimates should be considered only as guidance and that actual rates will depend

.on site-specific information. This includes, for example, number of casks, activity of the

actual spent fuel, array configuration, distance from the ISFSI to the site boundary, and any
special measures (e.g., berm), as appropriate. In addition, the dose limits of 10 CFR
72.104(a) include doses from any other fuel cycle activities, including reactor operatlon

Consequently, final determination that the 10 CFR 72. 104(2) limits are satlsﬁed is the

responsibility of the site licensee.

Site-specific analysxs is also required to assess the dose rates for non-occupational personnel

" in unrestricted areas within the controlled boundary of the site to comply with the

requirements of 10 CFR 20.1301.
10.3.4.2 Accidents/Natural Phenomena Events

As discussed in Section 5.3.4 of the SER, Table 5.1-2 of the TSAR presents the maximum
dose rates from direct radiation on the cask surface and at one meter from the cask under a
worse-case assumed accident (total loss of neutron shielding). The dose at the site boundary
would be insignificant. As discussed in Section 7.3 of the TSAR and Section 7.3.4 of the
SER, the whole body dose even from a non-credible atmospheric release with failure of

\
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100% of the fuel xs less than 0.05 Sv (5 rem). Consequently, the total dose to an individual
at the site boundary under accident conditions would be significantly less than the limits of

10 CFR 72.106().

10.4 Evaluation Findings |

Shielding and conﬁnexuent design features are discussed in Sectiens 5 and 7 of the TSAR-,'

respectively. Their suitability is based on comphance with exposure: limits of 10 CFR
72.104 and 72.106.

The means for controlling and limiting occupational radiation exposures within the limits of
10 CFR Part 20 and for meeting the objective of maintaining exposures as low as is
reasonably achievable are described in sufficient detail to enable an evaluation of their
effectiveness. Operational restrictions to meet ALARA objectives are. the responsibility of
the site licensee. - The TN-32 is designed to assist in meeting those objectives.

Radiation shielding and confinement features are sufficient to meet the requirements in 10
CFR 72.104(a) and 72.106(b). Site-specific details must be evaluated by the site 11censee
These limits are defined in Section 10.2.3 and 10.2.4 above.

The staff concludes that the radiological protection design -cnteria for the TN-32 are in
compliance with 10 CFR Part 72 and that the radiological protection design and acceptance
criteria have been satisfied. The radiation protection evaluation of the TN-32 demonstrates
that the TN-32 will provide for safe storage of spent fuel. This finding is based on a review
which considered the regulation itself, appropriate regulatory guides, apphcable codes and
standards, and accepted practlces

10.5 References

1. U.S. Nuclear Regulatory Commlsﬁon “Information Relevant to Ensuring that
Occupational Radiation Exposures at Nuclear Power Stations Will Be As Low As Is

Reasonably Achievable.” Regulatory Guide 8. 8.

2. U.S. Nuclea: Regulatory Commission, “Operatmg Phllosophy for Maintaining

‘Occupational Radiation Exposures at Nuclear Power Statlons As Low As Is Reasonably

Acluevable Regulatory Guide 8.10.
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Section 11—ACCIDENT ANALYSES

This section evaluates the design of the TN-32 Dry Storage Cask for off-normal conditions,
accidents, and natural phenomena events. Because these events have generally been
addressed by individual functional area in earlier sections of the SER, this section presents a

summary of their consequences and courses of action that could be mmated in response to
these events.

A primary difference between off-normal conditions, accidents, and natural phenomena
events is the appropriate regulatory and design limits that must be satisfied in each case. In
particular, the radiation dose from an off-normal event must not exceed the limits specified
in 10 CFR 72.104(a), while an accident or natural phenomena event must not exceed the .
specifications of 72.106(b). Because of the common regulatory and design limits for both.
accidents and natural phenomena events, these scenarios are sometimes referred to in the
following sections as “accident conditions.”

1
11.1 Areas of Review

11.1.1 Off-normal Conditions
‘—Loss of electric power
—Loss of seal and failure of pressure monitoring system alarm

11.1.2 Accident Events
—Bottom-end Drop
—Tip-over
—Fire
—Explosion
—Non-mechanistic leakage
—Inadvertent loading of a newly discharged fuel assembly

11.1.3 Natural Phenomena Events
—Tornado Winds and Missiles
—Earthquake
—Flood

'11.2 Regulatory Requirements

11.2.1 The adequacy of structures, systems, and componenfs provided for the prevention of
accidents and the mitigation of the consequences of off-normal conditions, accidents, and
natural phenomena events must be demonstrated. [10 CFR 72.24(d), 72.122(b), and
72.122(c)] _
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11.2.2 The cask and its systems-important to safety must be evaluated, by appropriate tests
or by other means acceptable to the Commission, to demonstrate that they will reasonably
maintain confinement of radloactxve material under credible acc:dent condmons [10 CFR

72.236(0)]

11.2.3. During normal operations and anticipated occurrences, the annual dose equivalent to
any real individual who is located beyond the controlled area must not exceed 25 mrem to
the whole body, 75 mrem to the thyroid, and 25 mrem to any other organ-as a result of -
exposure to: (1) planned discharges of radioactive materials, radon and its decay products
excepted, to the general environment; (2) direct radiation from ISFSI or MRS operations;
and (3) any other radiation from uranium fuel cycle operations within the region. [10 CFR °
72.104(a), 72.236(d), and 72.24(d)] :

11.2.4 Ahy individual located on or beyond the nearest boundary of the eentfolled area must |
not receive a dose greater than.5 rem to the whole body or any organ from any. de31gn basis.
accident. [10 CFR 72. 106(b), 72. 236(d), 72.24(m), and 72. 24(d)]

11.2. 5 Storage systems must allow ready retneval of spent fuel for further processing or
disposal. [10 CFR 72.122(1)] .

11.2.6 The spent fuel must be mamtamed ina subcntlcal condition under credlble -
conditions. [10 CFR 72.236(c), d 72.124(a)] g : | .

11.2.7 Structures, systems, and components important to safety must be designed for
emergencies. The design must provide for accessibility to the equipment of onsite and
available offsite emergency facilities and services. [10 CFR 72.122(g)]

11.2.8 Instruments and control systems that must remain operational under accident

conditions must be identiﬁed @n the Safety Analys‘is Report. [10 CFR 72.122(i)]

11.3 Review Procedures
11.3.1 Off-normal Conditions

Section 11.1 of the TSAR analyzes a singie off-normal condition considered to be applicable
and credible to ISFSI operations. The event is the loss of external electric power supply for
a limited duration and its consequences are summarized in this section of the SER.

11.3.1.1 Loss of electric power

A loss of power at the ISFSI would render the area lighting and the cask pressure monitoring
instrumentation nonfunctional. This would be detected during periodic surveillance by noting .
that area lighting is not operational. The loss-of-power event has no safety or radiological

consequences. Following a loss of electric power to the ISFSI, maintenance personnel would

)
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- be rnformed and would 1solate the fault and restore service. No: rntegnty of the storage casks

nor the safe storage of the fuel would be affected.
113:1.2 Loss of Seal and Failure of Pressure Moniton'ng. System Alarm

As drscussed in Section 7.3.4 of the SER, supplemental information presented by TN dunng
the review process also analyzes the very conservative case in which one set of seals totally
fails and no alarm is srgnaled by the pressure monitoring system. Even for this case, the
dose at the site bouridary is negligible compared with the regulatory 11m1ts of 10 CFR

72.104(a).

11.3.2 Accident Events .
Section 11.2 of the TSAR addresses several credible accidents involving the TN-32 cask

during storage or movement to an ISFSI. In each case, the accident would be obv1ous from -
routine surveillance of ISFSI operatlons

11 .3.2.1 .Bo_ttom,-end Drop

Because the cask is both transported to the ISFSI and stored in a vertical position, a

bottom-end drop is a credible, although remote, accident event analyzed in Section 11.2.8 of ,
the TSAR. , _

Section 3.3.3.2 of the SER discusses the structtxral effects of a bottom-end drop with a 50-g
maximum deceleration of the cask and the basket structure. Section 3.3.3.2 concludes that a

~ 50-g bottom-end drop does not compromise the confinement system of the cask. That

section also concludes that the fuel basket does not buckle and that the fuel can be retrieved
from the TN-32 following such a drop.

In the event of an end drop, site personnel would assess the damage that may have occurred
to the TN-32. If significant damage is noted or suspected (including increased radiation
levels), the cask would be returned to the fuel building and unloaded. Minor damage might
be repaired at the ISFSI site or in the fuel building, without unloading the cask.

11.3.2.2 Tip-over

" Because the cask is transported to the ISFSI in a heavy haul vehlcle that supports the cask at

only a small distance above the ground, a tip-over accident is very unlikely. Nevertheless,

~ Section-11.2.8 of the TSAR analyzes a tip-over accident resulting. from severe natural

' phenomena and man-induced, low-probability events.
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Section 3.3.3.1 of the SER discusses the structural effects of a tip-over accident with a 88-g
maximum deceleration of the cask and the basket structure. Section 3.3.3.1 concludes that a
88-g tip-over does not compromise the confinement system of the cask. That section also
concludes-that the fuel basket does not buckle and that the fuel can be retrieved from the TN-
32 following such a drop. These analyses account for a varied soil modulus of elasticity and
are based on a tlpover on a relnforced concrete pad thlckness of 3 feet and concrete strength .
of 4,000 psi. ‘

A tip-over acmdent would likely result in localized damage to the neutron shleld Table 5.1-
~ 2 shows the calculated dose rate assuming the neutron shield and outer shell are removed:

The staff agrees with the TSAR conclusion that the increased dose rate at the site boundary is
below the requirements of 10 CFR 72.106(b), even if total loss of the neutron. shielding is -
assumed.

~In the event of a txp-over, site personnel would initiate specific procedures to upright the cask _

and assess the damage. _If significant damage is noted or suspected (including increased
radiation levels), the cask would be returned to the fuel bulldlng and unloaded.

11.3.2.3 F1re

Because an ISFSI does not contain a substannal quantlty of flammable material, a major fire
is not considered to be a credible event. Nevertheless, Section 11.2.5 of the TSAR analyzes
the hypothetical fire based on a fuel fire, the source of fuel being that from a ruptured fuel -
tank of the cask transporter tow vehicle. The bounding capacity of the fuel tank is 200
gallons, and the bounding hypothetical fire is an engulfing fire around the cask.

" The staff agrees with the TSAR conclusion that the TN-32 packaging can withstand the

hypothetical fire accident event without compromising its containment integrity Peak seal
temperature remains below 570°F and the cavity pressure below 100 psig. Shielding -
analyses have been performed showing acceptable consequences even if all the resm

: dlsappeaxs

“In the event of a fire, site personnel would assess the damage. If 51gn1ﬁcant damage is noted

or suspected (including increased radlatlon levels), the cask would be returned to the fuel -

: bulldmg and unloaded.

11.2}.2.4 Explosion

As discussed in Section 11.2.4 of the TSAR, the effect of an industrial-type explosion in the
general vicinity of the cask is expected to generate pressure on the order of a few psi. Since
the cask is designed to withstand 25 psi external pressure any credible explosion in the
general v101mty of the cask is neghglble
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Section 11.2.9 of the TSAR considers .a cask leakage accident in which simultaneous failure -
of all cask seals occurs, all fuel rods rupture, and all free fission product/gases are released
to the atmosphere. Even though no such accident is credible, it serves as a bounding case to
evaluate release of radionuclides. As discussed in Section 7.3 of the SER, the dose that

‘would be received by an individual at the site boundary. is below the regulatory limits of

5 rem as defined in 10 CFR 72. 106(b)
11.3.2.6 Inadvertent loading of a newly discharged fuel assembly

Section 11.2.6 of the TSAR cohsidérs the possibility of a spent fuel assembly, with a heat
generation rate greater than 0.85 kW, being erroneously selected for storage. To preclude

. this accident from going undetected, and to ensure that appropriate corrective actions can be

taken prior to the sealing of the casks, a final verification of the assemblies loaded into the -
casks and a comparison with fuel management records will assure that the correct assemblies
are loaded. Radiation dose measurements w1ll also provide final venﬁcahon of the
assembhes loaded.

11.3‘.3 Natural Phenomena Events

Section 11.2 of the TSAR addresses several natural phenomena events that could result
during ISFSI operations. As with the accidents discussed above, the occurrence of these

_ natural phenoména events would be obvious.

11.3.3.1 Tornado Winds and ‘Missiles

. Section 11.2.2 of the»TSAR examines the effects of tornado winds and missiles on the TN-"
 32. As discussed in Sections 3.3.4.2 and 3.3.4.3 of the SER, the effect of tornado winds is

negligible, and tornado missiles could result in only minor damage to the outsxde structure of

- 'the cask. The staff concurs with the conclusion of this analysis.

In the event that a tomado mxssxle strikes a TN—32, site personnel ‘would assess the damage, -
which in miost cases is. expected to be minor. In the very unlikely situation in which
significant damage is noted or suspected (including increased radiation levels), the cask
would be retumed to the fuel building and unloaded.

' 11.3.3».2 Earthquake

Section 11.2.1 of the TSAR and Section 3.3.4.4 of the SER examine the effect of an -

“earthquake on the TN-32. The only significant effect of an earthquake results from a large

ground acceleration (exceedmg 0.36-g horizontal design value) that causes the cask to t1p-
over. The tip-over accndent is evaluated in Section 11.2.8 of the TSAR.
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11.3.3.3 'Flood

‘Section 11.2.3 of the TSAR and Section 3.3.4.1 of the SER exam‘ine the effect of a flood on -

the TN-32. The staff concurs that no credible flood at an ISFSI site could result in
significant damage to the TN-32. Section 12 of the SER establishes as an operating control

and limit that the cask must be located such that the site conditions are bounded by the TSAR .
analysis for flooding.

11.4 Evaluation Findings

.Structures», systems, and components of the TN-32 are adequate for the prevention of

accidents and the mitigation of the consequences of accidents and natural phenomena events.

The TN-32 has been evaluated to demonstrate that it will reasonably maintain conﬁnement of.

' 'radloactwe material under credible accident ‘conditions.

-Off-normal and accxdent conditions will not result in a dose to an individual outside the

controlled area which exceeds the limits of 10 CFR 72. 104(a) or 72.106(b), respectwely

An accident or natural phenomena event will not preclude the ready retrieval of spent fuel for’
further processing or dlsposal '

" The spent fuel will be maintained in a subcritical condition under accident conditions. -

The spacing of TN-32 casks, discussed in Section 1.3.1 of the SER and included as an
operating limit in Section 12, will provide for accessibility to the equipment at onsite and
available offsite emergency faclhtles and serv1ces as required. - :

No instruments or control systems must remain operational under accident conditions.

The staff concludes that the accident design criteria for the TN-32 are in compliance with

10 CFR Part 72 and that the accident design and acceptance criteria have been satisfied. The
accident evaluation of the TN-32 demonstrates that the TN-32 will provide for safe storage of -
spent fuel. - This finding is based on a review which considered the regulation itself,

appropriate regulatory guides,. apphcable codes. and standards, and accepted englneenng
practlces
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‘Section 12—OPERATING CONTROLS AND LIMITS

This section summarizes the operating controls and limits set by the TN-32 Dry Storage Cask
TSAR. It is developed from information presented in Section 12 of the TSAR, commitments
of the applicant discussed in other sections of the TSAR, and accepted’ practices. :

The controls and limits listed in this section are intended to highlight significant areas and
provide a useful listing of key requirements. The absence of a particular commitment in this
section of the SER that is otherwise present in the TSAR or other applicant correspondence,

or is required by the regulations or site license conditions, does not negate the requ1rement to
comply with that commitment.

12.1 Areas of Review.
12.1.1 Functional/Oper{ating Limits and Monitoring Limits/Limited Control Settings

12.1.2 Limiting Conditions

- 12.1.3 Surveillance Requirements
- 12.1.4 Design Features

12.1.5 Administrativé Controls

12.2. Regulﬁtory Requirements

12.2.1 Specifications must be provided for the spent fuel to be stored in the cask, such as,
but not limited to, type of spent fuel (i.e., BWR, PWR, both), maximum allowable
enrichment of the fuel prior to any 1rrad1at10n bum-up Gi.e. megawatt-days/MTU),
minimum acceptable cooling time of the spent fuel prior to storage in the cask, maximum

‘heat designed to be dissipated, maximum spent fuel loading limit, condition of the spent fuel

(i.e., intact assembly or consolidated fuel rods), and the inerting atmosphenc requirements.
[10 CFR 72.236(2)] '

12.2.2 Technical specifications must be proposed. These specifications must include:

(1) functional and operating. limits and monitoring instruments. and limiting control settings,
(2) limiting conditions, (3) surveillance requirements, (4) design features, and (5)
administrative controls. [10 CFR 72.44(c), 72.24(g), and 72.26]

12.2.3 Instrumentation and control systems must be provided to monitor systems that are -
important to safety over anticipated ranges for normal and off-normal operations. Those
instruments and control systems that must remain operational under accident conditions must
be identified in the Safety Analysis Report. [10 CFR 72.122(i)]
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12.3 Revrew Procedures

 The following drawings were used in the revieW'

TN-32 Dry Storage Cask,. Assembly & Parts List, Drawing No. 1049 70-1 (Rev. 2)
TN-32 Dry Storage Cask, Cross Section, Drawing No. 1049-70-2 (Rev. 2)

‘TN-32 Dry Storage Cask, Lid Assembly & Details, Drawing No. 1049-70-3 (Rev. 2)
TN-32 Dry Storage Cask, Protective Cover, Drawing No. 1049-70-4 (Rev. 0) |

TN-32 Dry Storage Cask, Basket, General Arrangement, Drawing No. 1049-70-5 (Rev. 0) .
TN-32 Dry Storage Cask, Basket, Typical Cross Section, Drawing No. 1049-70-6 (Rev. 3) |

Section 12 of the TSAR presents the proposed operating.controls and limits. These conditions
have been assessed by the staff. The controls and limits listed below have been identified for. .
inclusion in this section of the SER based on this review, consideration of information presented
in other sections of the TSAR, and accepted practices.” For convenience and consistency with
10 CFR 72.44, these controls and limits are separated mto ﬁve categones in the SER. -

12 3.1.1 Fuel Charactenstrcs

The TN 32 shall be limited to the storage of 32 PWR fuel elements that satrsfy the thermal,
shielding, and radiological design limits of Section 2.1 of the TSAR, whrch is repeated below:

- Thermal, Gamma and Neutron Sources for the Design Basis 17x17
Westmghouse Fuel Assembly (wrthout control components)

U’-"S Enrichment (%wt) ' ' 3.85 .
‘Burnup (MWD/MTU) ‘ 40,000
Specific Power MW/MTU) 375 -

~ Cooling Time (year) . - 7 (minimum)
Decay Heat (kw/assembly) ' 0.85
Gamma Source (photons/sec) = . ' 7.23E15

" Neutron Source (neutrons/sec) 1 51E8~

_ Known ‘or suspected failed fuel or fuel with claddlng defects greater than pin holes and

hairline cracks is not authorized for storage in the TN-32. .

Fuel rods that have been removed from fuel assemblies must be replaced with dummy rods |
before loadmg in the TN-32.

~ The maximum werght of the fuel shall be such that the total payload weight (fuel basket, and

the ra.ll) does not exceed 66 000 pounds.
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- 12.3.1.2 Radiation Protection

Dose rates on the accessible surfaces (top, sides) of the cask shall not exceed 200 mrem/hr.,
and shall be compared to the values in Table 5.1-2 of the TSAR to verify proper loading of
the fuel and assure the ISFSI site’s compliance with 10 CFR 72.104 and 10 CFR Part 20.

. Removable contamination on the cask shall not exceed 1000 dis/min/100 .,cm2;

The total leak rate of all confinement seals shall not exceed 1x10-5 std cc/s helium. (See
Sectlon 7.3.1 for a description of these three sets of seals.)

- A pressure-monitoring system shall be installed on each cask to' monitor the pressure of

helium in the inter-seal regions. The monitoring system shall be set to alarm if the. pressure
decreases to 3.2 atm or if the pressure switch fails.

12.3.1.3 Aeceptance Testmg

" Each cask shall be fabncated tested, and mamtamed in accordance with the specifications of

Section 9 of the TSAR.

" 12.3.1.4 Operating Procedures

The water in the spent fuel pool shall contain at least 2000 ppm boron during cask loading
and unloading operations. Steps shall be taken before loading or unloading the cask to verify
the boron concentration.

Before moving the cask to the pad, the cask shall be vacuum dried and successfully dryness
tested. Chapter 8 of the TSAR specifies a dryness test of evacuating the cask to a vacuum of
10 mbar or less. The pressure change shall not exceed 3 mbar in less than 10 minutes.

‘The cask cavity'shall be backfilled tc an _equilibn'rxm pressure of 2.2 atm with helium.

The TN-32 shall not be lifted more than 18 inches when outside the spent fuel pool building.

For use at a reactor site, all operatlcns including maintenance of the TN-32, shall also be’, .
conducted in accordance with the 10 CFR Part 50 hcense technical specifications, programs,
and procedures for the srte
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12.3.1.6 Site Conditions

Design-ﬁasis conditions assumed for TN-32 analysis are summarized below. Further analysis

“and review would be required to locate the cask at a site that exceeds these conditions.

| "Characteristic ~ ~ Limit

Maximum average daily ambient temperature, °F.- | 100
Maximum annual average ambient temperature, °F " _ 60
Minimum ambient temperature, °F ] | 20
Maximum insolance (solar heat load), BTU/ft2 hr: -

~ Flat horizontal surfaces | 2950

Curved surtaces E - - - 1475
Maximum tornado wind, mph _ ‘ o | » 4

Rotational | | | - 290

Translqtlonal - ‘ ' 70
Maximum horizontal earthquake aceleration to , 0.36
preclude tip-over, g

Radiation doses at the site boundary shall be in comphance with 10 CFR 72.104(a) and

. 72.106(b).

Radxatlon doses in unrestricted areas w1th1n the controlled boundary shall be in compliance
w1th 10 CFR Part 20. :

The cask shall be stored in a location such that significant cask burial as the result of an
earthquake, tornado, explosion, or other accident or natural phenomena event shall not occur.

The cask shall be located such that a flooding event would not exceed a water level of 56 ft,

and a drag force of 45, 600 pounds while asSuming a friction coefficient of 0.25.

A minimum spacing of 4. 88 meters (16 feet) shall. be mamtzuned between cask centers to .
permit observation and maintenance.

The cask shall be located on a reinforced concrete storage pad with the following
characteristics: 1) <3 feet thick, 2) <4000 psi, and 3) a soil modulus of elasticity <40 ksi.
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2.3.2. Limiing Conditions | |
The pressure in the inter-seal regions of the TN-32 shall be maintained at 3.2 atm +5%..
12.3.3. Surveillance Requirements |

Surveillance requirements for use of the TN-32 shall be established by'the ISFSI operator.
These requirements shall include a means to assess the functionality of the pressure
momtormg system (PMS).

12.3.4. Dc&.zn__cam_s'&

Desxgn features described in the text and license drawmgs of the TSAR shall not be modified
except as permitted by 10 CFR 72 48..

12.3.5. Administrative .tgngrg Is

Administrative controls shall be established by the ISFSI licensee in accordance thh 10 CFR"

72.42()(5).

12.4 Evaluation Findings

The staff concludes that the operating controls and limits for the TN-32 are in compliance
with 10 CFR Part 72 and that the applicable acceptance criteria have been safisfied. The
evaluation of the operating controls and limits provides reasonable assurance that the TN-32
will enable safe storage of spent fuel. This finding is based on a review that considered the

regulation itself, appropriate regulatory guides, apphcable codes and standards, and accepted
practices.

N
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Section 13—QUALITY ASSURANCE

The staff has reviewed TN’s commitments for quality assurance given in the TSAR. As
indicated in Chapter 13 of the TSAR, the NRC has issued a Quality Assurance Program
Approval for activities conducted under Subpart H of 10 CFR Part 71. The staff found that
the TN TSAR commitments for quality assurance meets the requirements of Subpart G of 10
CFR Part 72.. The TSAR can be referenced without further quality assurance review in a
license application to receive and store spent fuel under 10 CFR Part 72, provided that the
applicant applies its NRC-approved quality assurance program that meets the requirements of
Appendix B to 10 CFR.Part 50 to the design, construction, and use of the spent fuel storage
installation. R _ R o
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Section 14—DECOMMISSIONING

This section evaluates the decommissioning aspects of the TN-32 design. Because the ‘actual

-decommissioning will occur at-a future date (perhaps more than 20 years after first use of the -

cask) and will employ site-specific procedures available at that time, 10 CFR Part 72 does

“not require the development of detailed plans or procedures. As-a result, the cask is

acceptable if decommissioning has been considered in the design and if proposed practices:
and procedures provide reasonable assurance that it can be unloaded, decontaminated, and
decommissioned with adequate protection to public health and safety.

14.1 Areas of Review

14.1.1 Unloading Procedures

14.1.2 Decommissioning and Decontamination Design Features and Procedures
. ; | . : .

14.1.3 Activated Material and Other Radioactive Wastes

14.2 Regulatory Reqmrements

14.2.1 The cask must be compatxble with wet or dry unloadmg fac111t1es
[10 CFR 72.236(h)] '

14.2.2 The cask must be designed for decommissioning. Provisions must be made to
facilitate decontamination of structures and equipment and minimize the quantity of
radioactive wastes, contaminated equipment, and contaminated materials at the time the ISFSI
is permanently decommissioned. [10 CFR 72.130, 72.24(f), and 72. 236()]

14.2.3 Information on proposed practices and procedures for the decontammatio_n of the site
and facilities and for disposal of residual radioactive materials after all spent fuel has been
removed must be described to provide reasonable assurance that decontamination and '
decommissioning will provide adequate protectlon to public health and safety.

[10 CFR 72.30(a) and 72.24(q)]

* . 14.3 Review Procedures.

Design criteria for decommlssmnmg and analysis of activated matenal resultmg from spent .
fuel storage in the TN-32 are presented in Section 2.4 of the TSAR.
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14.3.1 Unloading Procedures

' Unloading proc'edu‘rés are described in Section 8.2 of the TSAR. As reviewed in Section

-8.3.3 of the SER, these procedures assume wet unloading in the spent fuel pool and consider
venting of radioactive gases that may have built up in the cavity during storage. Thése gases
and contaminated water that may result from the unloading process will be handled in
accordance with the 10 CFR Part 50 license for the specific site..

14.3.2

' The 'I’N-32'is designed with a smooth steel extérior.and sealed neutron shield that- are

physically separated from radioactive material. After the TN-32 is loaded with spent fuel
and removed from the pool, the exterior surface .is decontaminated prior to transport to the

. ISFSI. Consequently, end-of-life deéontamination effort for the ISFSI itself will be minimal. -

Minor contamination of the cask:surfaces resulting 'from unloading the fuel in the pool can be
removed in a manner analogous to that-employed during loading procedures. The fuel basket -

and interior ‘cask surfaces can also be readily decontaminated using conventional mechamcal
or chemical methods

14.3.3 Activated Materi her Radioactive Wastes -

After decontamination of the cask and basket surfaces, the only radioactive material will be

that resulting from neutron activation of the fuel basket and cask body. Section 2.4 of the

TSAR calculates radioactive nuclides produced in the cask during a 20-year storage period
using the ORIGEN2 computer code [1]. Based on the shielding calculations described in

» Section 5 of the TSAR, the neutron fluxes at the cask centerline, cavity wall, neutron shield,

and outer shell are used to irradiate the respective cask components. Table 2.4-1 depicts the
material compositions, masses of irradiated material, and fluxes; the latter conservatively
assumed to remain constant during the storage period. The results of these calculations,
presented in Table 2.4-2 of the TSAR, indicate a minimum total activity of approximately .
2.6x10° Bq (0.07 Ci) at 30 days after cask unloading. Table 2.4-3 compares the specific
activities of each radionuclide to the respective limits for Class A radioactive waste, as
defined by 10 CFR 61.55. The staff concurs that the quantities of activated materials from
the TN-32 are comparable to that of other dry storage casks and agrees that these quantities

* are a negligible fraction of the limits of>Class A waste.

)

14.4 Evaluation Findings

The TN-32 is oompatible with wet’ unloadmg procedures.. ‘While dry loading may be

possxble it was not evaluated.

The TN-32 has been designed for decommissioning. The cask can be readily. decontaminated
by conventional methods: The quantities of activated materials and other radioactive waste:
are significantly below the. limits of Class A waste, as defined by 10 CFR Part 61.
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Information on the proposed‘pre.lc_tices and procedures for the decontamination of the TN-32
and- disposal of radioactive materials after removal of spent fuel have been presented and
provide reasonable assurance that decontamination and decommxssxomng will adequately

, protect public health and safety.

The ‘staff concludes that the decommissioning considerations for the TN-32 are in:compliance
with 10 CFR Part 72 and provide reasonable assurance that the cask can be decontaminated
and decommissioned in a manner that will adequately protect public health and safety. This
finding is based on a review which considered the regulation itself, appropriate regulatory

* guides, applicable codes and standards, and accepted practices. »
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