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ABSTRACT

The Standard Review Plan (SRP) for dry storage systems (DSS) provides guidance to the U.S.
Nuclear Regulatory Commission (NRC) staff in the Division of Spent Fuel Storage and
Transportation (SFST) for reviewing applications for a Certificate of Compliance (CoC) of a dry
storage system (DSS) for use at a general license facility. This SRP is intended for use by the
NRC staff. Its objectives are to:

. provide a basis that promotes a consistent regulatory review of an application for
a DSS;

. promote quality and uniformity of these reviews across each technical discipline;

. present a basis for the review scope;

. identify acceptable approaches to meeting regulatory requirements; and

. develop an approach for review of each review procedure section of each

chapter to assist the staff in prioritization of its review.

Title 10 of the U.S. Code of Federal Regulations (CFR) Part 72 (10 CFR 72), Subpart B,
specifies the information needed in a license application for the independent storage of spent
nuclear fuel for a site specific application. Subparts A specifies the information needed in an
application for a CoC for use at a general license facility. Regulatory Guide 3.61, Standard
Format and Content for a Topical Safety Analysis Report for a Spent Fuel Dry Storage Cask,
contains an outline of the information required by the staff. This SRP is divided into 14 chapters
with appendices that reflect the standard application format. Regulatory requirements, staff
positions, industry codes and standards, acceptance criteria, and other information are
discussed. However, the format used herein has evolved and, in some instances, superseded
Regulatory Guide 3.61 to better reflect current staff practice.

In conjunction with the SRP, the SFST developed several Interim Staff Guidance (ISG)
documents. An ISG addresses emergent review issues in a timely manner by staff and
applicants. These ISGs were developed to address changes in requirements, reflect lessons
learned and evolving technology, and document detailed technical positions. Current ISGs are
available on the NRC website. Although Revision 1 of this SRP was revised to incorporate the
applicable ISGs listed in Appendix C, other ISGs will continue to be developed as needed. This
SRP will be revised periodically to reflect current guidance to the staff.

The review procedures sections of each chapter of this SRP have been prioritized to assist the
NRC staff in its review in an effort to increase efficiency. The method used to prioritize the
Review Procedures sections is documented in Appendix B. The priority of each review
procedure is shown in the applicable section of each chapter.

Comments are solicited on this document and applicable 1SGs. Comments, errors or
omissions, and suggestions for improvement should be sent to the Director, Division of Spent
Fuel Storage and Transportation, U.S. Nuclear Regulatory Commission, Washington, DC
20555-0001.
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GLOSSARY
The following terms are defined here by the staff for the purpose of this document.

Acceptance Test. Tests conducted by the applicant to ensure that material or component
produced in a given production run is in compliance with the material or design requirements of
the application. Acceptance tests are also used to ensure that the process is operating in a
satisfactory manner by using statistical data for selected measurable parameters.

Accident-Level. A term used to include both design-basis accidents and design-basis natural
phenomenon events and conditions.

Areal Density. Mass per unit area, usually expressed in grams per square centimeters (g/cm?).
In this document, this term is used to describe the distribution of neutron absorber content in a
material.

Adequate Margin. In the design of structures, systems, and components, the margin for safety
is achieved by satisfying the acceptance criteria of the codes and standards for the specified
design criteria loads, and the design basis (performance requirements). The reviewer must
judge if the calculated design bases values require any margins with respect to the acceptance
criteria of the codes and standards. This may depend on the uncertainties associated with the
calculation of predicted design bases values (stress, displacements, etc.) used as reference for
the performance of the structures.

As Low As is Reasonably Achievable (ALARA). Making every reasonable effort to maintain
exposures to radiation as far below the dose limits in 10 CFR Part 20 as is practical and
consistent with the purpose for which the licensed activity is undertaken taking into account the
state of technology, the economics of improvements in relation to state of technology, the
economics of improvements in relation to benefits to the public health and safety, other societal
and socioeconomic considerations, and in relation to utilization of nuclear energy and licensed
materials in the public interest (10 CFR 20.1003). Per 10 CFR 72.3, ALARA means as low as
reasonably achievable taking into account the state of technology, and the economics of
improvement in relation to: (1) benefits to the public health and safety, (2) other societal and
socioeconomic considerations, and (3) the utilization of atomic energy in the public interest.

Benchmarking. Establishment of the bias of a computer code for a particular application by
comparison of the calculated results with the measured results of relevant representative
experiments. For purposes of criticality analyses, benchmarking is the process of establishing
the bias of the calculational method, which includes aspects such as the computer code, cross
sections set, analyst’s technique, and analysis assumptions.

Bias. ANSI/ANS-8.1 defines bias as “a measure of the systematic differences between
calculational method results and experimental data” and uncertainty in the bias as “a measure
of both the accuracy and the precision of the calculations and the uncertainty of the
experimental data.” See NUREG/CR-6361 for further discussion of bias. Bias defined as the
average of the differences between results and measurements may be acceptable, provided
that one adequately considers the variation in the differences.

Burnable Poison Rod Assembly (BPRA). An assembly of poison rods used to absorb neutrons
created in the nuclear reactor to control the power produced in the associated fuel assembly
during the early core life. The BPRs are inserted into the fuel assemblies through the upper end
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fittings of the assembly and held in place against lift forces in the core by a retainer mechanism.
BPRs within the spent fuel assembly envelope may be approved for storage in a dry storage
system as part of the spent fuel assembly.

Burnup. The measure of the thermal power produced in a specific amount of nuclear fuel
through fission, usually expressed in units of MWd/MTU (megawatt days per metric ton of
uranium). For the purpose of assessing the allowable contents, the maximum burnup(s) of the
fuel should be specified in terms of the average burnup of the entire fuel assembly (i.e.
assembly average). For the purpose of assessing fuel cladding integrity in the materials review,
the rod with the highest burnup within the fuel assembly should be specified in terms of peak
rod average burnup.

Calculational Method. The calculational procedures — mathematical equations, approximations,
assumptions, and associated numerical parameters (e.g., cross sections) — that yield the
calculated results (ANSI/ANS-8.1-1998).

Canister. In a dry storage system for spent nuclear fuel, a metal cylinder that is sealed at both
ends and may be used to perform the function of confinement. Typically, a separate overpack
performs the radiological shielding and physical protection function.

Canning. To store damaged or consolidated spent nuclear fuel or nuclear fuel debris in a
separate container and confine it in such a way 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)].

Cask. In a dry storage system using the cask design for spent nuclear fuel, a passive stand-
alone component that performs the functions of confinement, radiological shielding, decay heat
removal, and physical protection of spent fuel during normal, off-normal, and accident-level
conditions (NUREG-1571).

Cetrtificate of Compliance. The certificate issued by the NRC that approves the design of a
spent nuclear fuel storage cask in accordance with the provisions of Subpart L of 10 CFR 72
(10 CFR 72.3).

Code. A generic reference to a national or “consensus” code, standard, and specification, or
specifically to the ASME Boiler and Pressure Vessel Code (ASME B&PV Code).

Committed Dose Equivalent (H1,50). The dose equivalent to organs or tissues of reference (T)
that will be received from an intake of radioactive material by an individual during the 50-year
period following the intake (10 CFR 20.1003).

Confinement. The ability to prevent the release of radioactive substances into the environment
(NUREG-1571).

Confinement System. Those systems, including ventilation, that act as barriers between areas
containing radioactive substances and the environment (10 CFR 72.3).

Confirmatory Calculations. Calculations made by the reviewer to determine whether the cask
design and specifications meet the requirements of the Code of Federal Regulations. These
calculations do not replace the design calculations and are not intended to endorse the
applicant’s calculations.
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Construction. Includes materials, design, fabrication, installation, examination, testing,
inspection, and certification as required in the manufacture and installation of components.

Control Element Assembly (CEA) — An assembly of neutron poison elements used to control the
reactor power during operations, if needed, and to provide shutdown capability. This
component is designed for operations within the fuel assembly envelope, and when stored with
spent fuel, fits within that envelope.

Controlled Area. For an independent spent fuel storage installation (ISFSI), that area
immediately surrounding the ISFSI for which the licensee exercises authority over its use and
within which ISFSI operations are performed (10 CFR 72.3). For a nuclear power plant, that
area outside of a restricted area but inside the site boundary to which access can be limited by
the licensee for any reason (10 CFR 20.1003).

Criticality. A measurement of the state of a fission system.

Curie. The basic unit of radioactivity. A curie is equal to 37 billion (3.7 X 10"°) disintegrations
per second.

Damaged Fuel. Spent nuclear fuel is considered damaged for storage purposes if it cannot
fulfill its regulatory or design function. Specific conditions that define damaged fuel are provided
in Section 8.4.17.2 of this SRP. Section 8.6, Supplemental Information for Methods for
Classifying Fuel, provides methods for classifying spent nuclear fuel as damaged.

Damaged-Fuel Can. A metal enclosure that is sized to confine one damaged spent fuel
assembly. A fuel can for damaged spent fuel with damaged spent-fuel assembly contents must
satisfy fuel-specific and system-related functions for undamaged SNF required by the applicable
regulations.

Degradation. Any change in the properties of a material that adversely affects the behavior of
that material; adverse alteration (ASTM C1174-97).

Design Bases. The information that identifies the specific functions to be performed by a
structure, system, or component (e.g., spent fuel storage cask) and the specific values or
ranges of values chosen for controlling parameters as reference bounds for design.

Design Earthquake. The design earthquake ground motion for a site where a cask system may
be used that is determined in accordance with 72.102 or 72.103.

Design Event (I, Il, lll, or IV). Conditions and events as defined and used for an independent
spent fuel storage installation in ANSI/ANS 57.9.

Double Contingency Principle. A design principle requiring that at least two unlikely,
independent, and concurrent or sequential changes in conditions essential to nuclear criticality
safety must occur before a criticality accident is possible (10 CFR 72.124(a)).

Exclusion Area. At a nuclear reactor site, the area surrounding the reactor in which the reactor
licensee has the authority to determine all activities including exclusion or removal of personnel
and property from the area. This area may be traversed by a highway, railroad, or waterway
provided these are not so close to the facility as to interfere with normal operations of the
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facility, and provided appropriate and effective arrangements are made to control traffic on the
highway, railroad, or waterway, in case of emergency, to protect the public health and safety.
Residence within the exclusion area shall normally be prohibited. In any event, residents shall
be subject to ready removal in case of necessity. Activities unrelated to operation of the reactor
may be permitted in an exclusion area under appropriate limitations, provided that no significant
hazards to the public health and safety will result (10 CFR 50.2).

Gray (Gy). The Sl unit of absorbed dose. 1 Gy is equal to 100 rad.

Hard Receiving Surface. For a horizontal or vertical drop, need not be an unyielding surface;
rather, the receiving surface may be modeled as a reinforced concrete pad on engineered fill.

High Burnup Fuel. Spent nuclear fuel with burnups (see “Burnup”) generally exceeding
45 GWd/MTU.

Hoop Stress. The tensile stress in the cladding wall in the circumferential orientation.

Important Confinement Features. See “important to safety.”

Important to Safety, “Important to Nuclear Safety,” or “Structures, Systems, and Components
Important to Safety.” Those features of a dry storage system that have one or more of the
following functions: (1) maintain the conditions required to store spent nuclear fuel safely;
(2) prevent damage to the spent nuclear fuel cask during handling or storage; or (3) provide
reasonable assurance that spent nuclear fuel can be received, handled, containerized, stored,
and retrieved without undue risk to the health and safety of the public. ANSI/ANS 57.9 uses the
term “important confinement features”; however, NRC does not find this term acceptable. Per
Regulatory Guide 3.60, Design of an Independent Spent Fuel Storage Installation (Dry Storage),
“‘important to safety” should be substituted for “important confinement features” in the standard.

Interim_Staff Guidance (ISG). Supplemental information that clarifies important aspects of
regulatory requirements. An ISG provides NRC review guidance to NRC Staff in a timely
manner until standard review plans are revised accordingly.

Low Burnup Fuel. Spent nuclear fuel with burnups (see “Burnup”) generally less than
45 GWd/MTU.

Margin of Safety, or MofS. This term may be defined, through a factor of safety, f.s =
capacity/demand, as MofS = F.S.(capacity/demand)-1 (with minimum acceptable MofS> 0.0).”

Misloading. The placement in a cask of spent nuclear fuel in a configuration not supported by
the cask’s design basis or technical specifications. Also, the placement in a cask of spent
nuclear fuel with characteristics that do not meet the characteristics of the cask’s allowable
contents.

Monitoring. Testing and data collection to determine the status of a dry storage system and to
verify the continued efficacy of the system on the basis of measurements of specified
parameters including temperature, radiation, and functionality and/or characteristics of
components of the system. With respect to radiation, per 10 CFR 20.1003, monitoring means
the measurement of radiation levels, concentrations, surface area concentrations or quantities
of radioactive material, and the use of the results of these measurements to evaluate potential
exposures and doses.
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Neutron Absorber. Also known as “poison.” Materials that have high neutron absorption cross
section and are used to absorb neutrons to make a fission system less reactive. They are used
to ensure subcriticality during normal/offnormal/accident-level conditions in containers of fissile
materials.

Nondestructive Examination (NDE). Testing, examination, and/or inspection of a component
that does not affect the functionality and performance of the component. NDE can be broadly
divided into three categories: visual, surface, and volumetric examinations. Additional
information may be found in the ASME B&PV Code, Section V, Nondestructive Examination,
Appendix A.

NDE-related terms in order of increasing severity:

Discontinuity: An interruption in the normal physical structure of a material.
Discontinuities may be unintentional (such as those formed inadvertently
during the fabrication process) or intentional (such as a drilled hole).

Indication: Sign of a discontinuity observed when using an NDE method.
Flaw: An imperfection in an item or material which may or may not be harmful.
Defect: A flaw that, due to its size, shape, orientation, location, or other

properties, is rejectable to the applicable construction code. Defects may
be detrimental to the intended service of a component and the component
must be repaired or replaced.

Common NDE examination methods include:

LT leak testing

MT  magnetic particle examination
PT liquid penetrant examination
RT radiographic examination

uT ultrasonic examination

VT visual examination

Non-Fuel Hardware. Hardware that is not an integral part of a fuel assembly. Burnable Poison
Rod Assembly (BPRA), Control Element Assembly (CEA), Thimble Plug Assembly (TPA), etc.
are typical non-fuel hardware.

Normal Events and Conditions. Conditions that are intended operations, planned events, and
environmental conditions, that are known or reasonably expected to occur with high frequency
during storage operations The maximum level of an event or condition it that expected to
routinely occur. The cask system is expected to remain fully functional and to experience no
temporary or permanent degradation from normal operations, events and conditions. Specific
normal conditions to be addressed are evaluated for each dry storage system and are
documented in a safety analysis report for that system.

Normal Means. The ability to move a fuel assembly and its contents by the use of a crane and
grapple used to move undamaged assemblies at the point of cask loading. The addition of
special tooling or modifications to the assembly to make the assembly suitable for lifting by
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crane and grapple does not preclude the assembly as being considered moveable by normal
means.

Off-Normal Events or Conditions. The maximum level of an event or condition that although not
occurring regularly can be expected to occur with moderate frequency and for which there is a
corresponding maximum specified resistance, limit of response, or requirement for a given level
of continuing capability. “Off-Normal” events and conditions are similar to “Design Event II” of
ANSI/ANS 57.9. An independent spent fuel storage installation structure, system, or component
is expected to experience off-normal events and conditions without permanent deformation or
degradation of capability to perform its full function (although operations may be suspended or
curtailed during off-normal conditions) over the full license period.

Preferential Loading. A non-uniform loading configuration of spent fuel assemblies within a dry
storage system, that is typically specified by assigning a fuel zone designation to each basket
cell, and specifying limiting nuclear and physical parameters of SNF assemblies that can be
loaded into each zone. Preferential loading is often used as a means to optimize allowable SNF
parameters (e.g. burnup, cooling time, decay heat), while satisfying the shielding, criticality, and
thermal performance objectives of the cask system.

Qualification Test. A test, or series of tests, that is conducted at least once for a given
manufacturing process and set of material specifications to demonstrate the quality and
durability of the component such as neutron absorber product over its licensed service life.

Rad. The unit of absorbed dose. 1 rad is equal to the absorption of 100 ergs per gram.

Ready Retrieval. _The ability to move a canister containing spent fuel to either a transportation
package or to a location where the spent fuel can be removed. Ready retrieval also means
maintaining the ability to handle individual or canned spent fuel assemblies by the use of normal
means

Real Individual. A person who is not a nuclear worker and who is at or beyond the controlled
area of an independent spent fuel storage installation, a nuclear power plant, or other nuclear
facility. For example, a real individual may be anyone living, working, or recreating close to the
facility for a significant portion of the year.

Reasonable Assurance. NRC staff base their decisions on the adequacy of a dry storage
system design to protect public health and safety on a variety of factors including: technical
evaluations, test and operational data, compliance with NRC requirements, and insights from
operational safety events.

Recovery. The capability to return the stored radioactive material to a safe condition after an
accident event without endangering public health and safety. This generally means ensuring
that any potential release of radioactive materials to the environment or radiation exposures is
not in excess of the limits in 10 CFR Part 20 during post-accident recovery operations.

Rem. The special unit of any of the quantities expressed as dose equivalent. The dose
equivalent in rems is equal to the absorbed dose in rads multiplied by the quality factor
(1 rem = 0.01 sievert) (10 CFR 20.1004).
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Restricted Area. An area to which access is limited by the licensee for the purpose of protecting
individuals against undue risks from exposure to radiation and radioactive materials. Restricted
area does not include areas used as residential quarters, but separate rooms in a residential
building may be set apart as a restricted area (10 CFR 20.1003).

Retrievability. In accordance with 10 CFR 72.122(l), storage systems must be designed to allow
ready retrieval of spent fuel, high-level radioactive waste, and reactor-related GTCC waste for
further processing or disposal._

Safety Analysis Report (SAR). In the context of this standard review plan, the report submitted
to the NRC staff by a certificate applicant to present information related to the design of a dry
storage system. This document provides the justification and analyses to demonstrate that the
design meets the requirements and acceptance criteria.

Safety Evaluation Report (SER). In the context of this standard review plan, the report prepared
by the NRC staff to present findings and recommendations relating to the acceptability of an
applicant’s safety analysis and other required documents submitted as part of a certificate
application. The SER also identifies the bases for those recommendations and the
recommended technical specifications (“‘operating controls and limits” or “conditions of use”).

Safety Functions. The functions that dry storage system structures, systems, and components
important to safety are designed to maintain include:

. Protection against environmental conditions,
. Content Temperature Control,

. Radiation Shielding,

. Confinement,

. Sub-criticality control,

. Retrievability.

Sievert (Sv). The Sl unit of any of the quantities expressed as dose equivalent. 1 Sv equals
100 rem. The dose equivalent in sieverts equals the absorbed dose in grays multiplied by the
quality factor (10 CFR 20.1004).

Spent Nuclear Fuel, (SNF). Nuclear fuel that has been withdrawn from a nuclear reactor
following irradiation, has undergone at least one year’s decay since being used as a source of
energy in a power reactor, and has not been chemically separated into its constituent elements
by reprocessing. Spent fuel includes the special nuclear material, byproduct material, source
material, and other radioactive materials associated with fuel assemblies (10 CFR 72.3).

Subcritical. The state at which the number of fission neutrons decreases with time and the
effective neutron multiplication factor (ke) is less than unity.

Supplemental Shielding. At an independent spent fuel storage installation, an engineered
radiation shield (principally neutron and gamma radiation) such as an earthen berm or concrete
wall. Supplemental shielding shall be deemed as component(s) important to safety and be
specified in the Technical Specifications as a condition for use of the system as designed, if
credited in the shielding analyses for meeting 72.104(a) or 72.106(b) requirements.

Thimble Plug Assembly (TPA) — An assembly of short rods used to restrict the flow of coolant
through a fuel assembly by being inserted into the assembly’s guide tubes. This component is
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designed for operations within the fuel assembly envelope, and when stored with spent fuel, fits
within that envelope.

Total Effective Dose Equivalent (TEDE). The sum of the deep-dose equivalent for external
exposures and the committed effective dose equivalent for internal exposures
(10 CFR 20.1003).

Unrestricted Area. An area to which access is neither limited nor controlled by the licensee
(10 CFR 20.1003).

Validation. Demonstration of the validity of a computer code for use in a general area of
application by comparison of the code’s calculational results with the measured results from a
variety of experiments spanning the area of intended applications.

Volume Percent. The percent of a mole of the material that is present in a volume equal to the
standard volume for the material as a gas; the volume occupied by one mole of the material as
a gas at standard conditions for gases (760 mm Hg [760 torr] pressure and 0°C [32°F]
temperature).
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INTRODUCTION

This document is a Standard Review Plan (SRP). Itis intended to provide guidance to the NRC
staff conducting the safety review of an application for a spent fuel dry storage system (DSS) for
facilities storing spent fuel under the general license authorized by 10 CFR 72.210. A general
license authorizes a nuclear power plant licensee to store spent nuclear fuel (SNF) in NRC-
approved casks at a site that is licensed to operate a power reactor under 10 CFR Part 50.

This SRP was developed to promote a consistent regulatory review of an application for a DSS,
present a basis for the review scope, and identify acceptable approaches to meeting regulatory
requirements.

This introduction provides an overview of the DSS and the Safety Analysis Report (SAR) review
process, and assists the project manager in the coordination of the review effort. It is also
designed to help individual technical reviewers understand how their specific review should be
coordinated and integrated with other disciplines to produce a complete Safety Evaluation
Report (SER).

This SRP may be revised and updated as the need arises to clarify the content, correct errors,
or incorporate modifications approved by the Director of the Division of Spent Fuel Storage and
Transportation (SFST). Comments, suggestions for improvement, and notices of errors or
omissions will be considered by and should be sent to the Director, Division of Spent Fuel
Storage and Transportation, Office of Nuclear Material Safety and Safeguards, U.S. Nuclear
Regulatory Commission, Washington, DC 20555-0001.

Use of Dry Storage Systems

In accordance with the requirements set forth in 10 CFR 72.212, a DSS may be used to store
SNF in an independent spent fuel storage installation (ISFSI) under a general license. At
present, any holder of an active reactor operating license under Title 10, Part 50, of the U.S.
Code of Federal Regulations (10 CFR Part 50) has the authority to construct and operate an
ISFSI using NRC-approved cask designs under the provisions of the general license.

The DSS safety review is primarily based on the information provided by an applicant, or cask
vendor, in a SAR. Section 72.230 of 10 CFR Part 72 requires inclusion of a SAR in each
application for approval of SNF cask storage design. Before submitting a SAR, an applicant
should have designed the DSS considering as-low-as-is-reasonably-achievable (ALARA)
principles for radiation protection and analyzed it in sufficient detail to conclude that it can be
properly fabricated and safely operated without endangering the health and safety of the public.
The SAR is the principal document in which the applicant provides the information on the design
and operational features and their associated technical bases. The reviewers need to
understand the design and operational features and their technical bases, including but not
limited to the selection of materials and geometries, mathematical models and equations used,
computer models and calculated results in order to be able to draw conclusions that the storage
cask is acceptable for use.

Technical Review Oversight
Cask designers are responsible for the safety of the cask design, and the cask users are

responsible for safely operating the cask system at Part 50 reactor sites and complying with
appropriate safety regulations. The mission of the regulator is to license and regulate the use of
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each DSS and ensure adequate protection of public health and safety. The value of the NRC
review team is its independent expertise in identifying and resolving potential design or
operational deficiencies; potential analytical errors; significant uncertainties in novel design
approaches; or other non-compliance problems. If otherwise left unchecked by the designer,
user and regulator, these issues could potentially lead to the unsafe or non-compliant use of the
DSS.

Several considerations may influence the depth and rigor that is needed for a reasonable
assurance determination of both safety and compliance. These include the novelty of the
design (as compared to existing designs); safety margins; operational experience; defense-in-
depth, and the relative risks that have been identified for normal operations and potential
accident conditions. Consideration should also be given to the design parameters and
methodology approved in the SAR and their possible use in subsequent 10CFR 72.48(c)
changes to the design or procedures by the licensee or certificate holder. Any aspect of the
design or procedures that the NRC determines should not be changed by either the certificate
holder or general licensee, without prior NRC approval, must be placed in the CoC conditions or
in the attached technical specifications.

As described further below, each review procedure is prioritized using a graded approach that
factored in many of these considerations for a typical review. The prioritization was developed
with the expertise of NRC reviewers within each discipline, who have several years of regulatory
experience with the current fleet of certified spent fuel storage cask designs. These priorities
are intended to serve as a guidepost to the depth and rigor that is expected for a typical review;
but should not be treated as absolutes for every case. It is the responsibility of the individual
reviewer to assess the design and determine the ultimate rigor needed to make a safety
determination, with reasonable assurance, in each review area. In other words, reviewers
should consistently apply these review procedures for each case, but may need to adjust the
scope of review in some areas based on safety margins, operational experience, defense-in-
depth considerations, design novelty, or other issues that are unique to each proposed design.

Review Process

The purpose of the staff review is to evaluate the proposed cask design, contents and
operations, and provide regulatory confirmation of reasonable assurance of safe design and
construction of the cask.

The reviews are performed by project management and technical review staff with expertise in
the technical discipline areas described in the review plan. Due to the complexity of the
technical information in the application, coordination among the different disciplines is important
to ensure a consistent, uniform, and quality review. As described in the flow charts of each
chapter, technical issues can overlap between the disciplines and many rely on input from other
areas.

This SRP is guidance meant to be used in unison with the current ISGs. ISGs provide guidance
concerning specific, important issues that either are not currently addressed in the SRP or need
clarification beyond that in the present SRP text and may delineate specific review procedures.
For this reason, the staff should be familiar with ISGs that may supersede this guidance and
these new ISGs should be used together with this SRP in the review of a DSS application.
ISGs may be discontinued if they are fully incorporated into all applicable regulatory guidance
documents. Appendix C lists the ISGs from 1 to 22, and identifies which ones have been
incorporated in this revision of the SRP.
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The staff may consult the SERs of previous CoC amendments, if reviewing an amendment to a
currently approved design, as well as the SERs for approved systems of similar design to
understand past NRC determinations regarding analyses affecting or similar to those in the
application under review.

For amendments, the staff should review the entire amendment to ensure that all the licensing
changes have been identified by the applicant. Amendments may range from minor changes in
the design, contents, or operations, to adding new major component designs such as storage
overpacks, transfer casks, and canisters.. Some amendments such as content and design
changes, are founded upon the design and methodologies previously reviewed by NRC for that
system. Evaluation of amendment changes to a DSS are often based on the performance of
the contents, canister, and overpacks as an integrated system. As a result, portions of
previously approved components, contents, or methodologies in the SAR may be re-examined
to ensure that the new system under the amendment proposal meets Part 72 requirements.
During the audit review of an amendment, the staff may occasionally find errors or other safety
questions that affect part of the previously approved design. The staff may need to review that
part of the SAR and ask questions to assure the design remains safe and compliant with
applicable regulations. The questions should be limited to understanding and resolving the
specific technical issue, and should consider past precedents, regulatory guidance, and risk
significance, as appropriate. The staff should also consider other processes (e.g. inspections,
enforcement actions, generic issue program, etc..) to resolve these potential type of safety
questions with a previously approved design..

In case the reviewer finds that the information provided in the SAR is not properly justified, the
reviewer may develop and then forward to the applicant questions requesting clarification of
technical issues via a Request for Additional Information (RAI). The applicant’s response to the
RAI should be reviewed for accuracy as well as the need to update the applicant’'s SAR. The
RAI process is repeated as necessary, consistent with NRC’s in-office instructions, until the
application is deemed technically acceptable, or until the application review is terminated by the
NRC or withdrawn by the applicant.

Once the technical review is complete, a draft SER is written that summarizes the results of the
review and the cognizant NRC Project Manager approves the SER. If the NRC intends to
approve the application, the staff prepares Federal Register notices for a direct final rule and a
companion proposed rule. The rulemaking notices identify the ADAMS numbers for the draft
CoC, TSs and SER. During the rulemaking process, stakeholders and members of the public
are allowed to comment on the draft CoC, TSs and SER. After addressing and responding to
any public comments, the NRC staff modifies the proposed CoC, TS and preliminary SER, if
necessary, and issues the Final CoC, TS, and SER. The rulemaking adds the CoC, or in the
case of an amendment to an existing CoC, the CoC amendment, to the list of approved cask
designs in 10 CFR 72.214.

Safety Evaluation Report and Content
The results of a SAR review are documented in an SER. The final determination of the
organization of an SER is determined by the review project manager, but the SER typically is

organized in the same manner as this SRP and contains the following information:

. A general description of the system, operational features, and SNF
specifications.
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. A summary of the approach used by the applicant to demonstrate compliance
with the regulations, and a description of the reviews that the staff performed to
confirm compliance.

. Comparison of systems, components, analyses, data, or other information
important in the review analysis to the acceptance criteria, in addition to,
conclusions regarding the acceptability, suitability, or appropriateness that this
information provides reasonable assurance the acceptance criteria has been
met.

. Summary of aspects of the review that were selected or emphasized; matters
that were modified by the applicant: aspects of the cask's design that deviates
from the criteria stated in the SRP; and the bases for any deviations from the

SRP.
. Summary statements for evaluation findings at the end of each chapter.
Content of SRP

Each chapter of the SRP is organized into the following sections:

. Review Objective

. Areas of Review

. Regulatory Requirements
. Acceptance Criteria

. Review Procedures

. Evaluation Findings

Review Objective. This section provides the purpose and scope of the review and establishes
the major review objectives for the chapter. The reviewer should obtain reasonable assurance
during the review that the objectives are met. It also discusses the information needed or
coordination expected from reviewers of other SAR chapters to complete the subject technical
review.

Areas of Review. This section describes the systems, components, analyses, data, or other
information and their sequence in the discussion of acceptance criteria and review procedures
sections of each chapter.

Requlatory Requirements. This section summarizes the regulatory requirements from
10 CFR Part 72 pertaining to the given SAR section. This list is not all inclusive (e.g., some
parts of the regulations, such as 10 CFR Part 20, are assumed to apply to all chapters of the
SAR). 10 CFR Part 72 sections applicable to a DSS are listed in 10 CFR 72.13(d). In addition,
10 CFR 72.13(c) is important to the applicant to ensure that the general licensee does not
violate those conditions. The reviewer should read the complete language of the current
version of 10 CFR Part 72 to determine the proper set of regulations for the section being
reviewed.

Acceptance Criteria. This section addresses the design criteria and in some cases specific
analytical methods that NRC staff reviewers have found to be acceptable for meeting regulatory
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requirements, specified in 10 CFR Part 72, that apply to the given SAR chapter. The
acceptance criteria are organized in accordance with the review areas established in Section 2
of the specific chapter and identify the type and level of information that should be in the
application.

These acceptance criteria typically set forth the solutions and approaches that staff reviewers
have previously determined to be acceptable in addressing a specific safety concern or design
area that is important to safety. These solutions and approaches are discussed in the SRP so
that staff reviewers can implement consistent and well-understood positions as similar safety
issues arise in future cases. These solutions and approaches are acceptable to the staff, but
they are not the only possible solutions and approaches.

Substantial staff time and effort has gone into developing these acceptance criteria.
Consequently, a corresponding amount of time and effort may be required to review and accept
new or different solutions and approaches. Thus, applicants proposing solutions and
approaches to new safety issues or analytical techniques other than those described in the SRP
may experience longer review times and more extensive staff questioning in these areas. An
alternative for the applicant is to propose new methods on a generic basis, apart from a specific
license application. Such an alternative proposal could consist of a submittal of a Topical Safety
Analysis Report (TSAR). This type of application could form the basis for either a change in the
staff interpretation of the regulatory requirements or support a request for rulemaking to change
the requirements themselves.

Review Procedures.

This section presents a general approach that reviewers typically follow to establish reasonable
assurance that the applicable acceptance criteria have been met. As an aid to the reviewer, this
section may also provide information on what has been found acceptable in past reviews.
Standards that have been found acceptable in specific licensing reviews, or are desirable, but
not specifically identified in existing regulatory documents, are identified in this section. Since
many of the reviews are interdisciplinary, the reviewer should coordinate with other reviewers,
as necessary, for identification of issues in other SAR chapters.

Each review procedure has been assigned a HIGH, MEDIUM or LOW priority, following
application of the prioritization process described in Appendix B. These priorities are intended
to provide guidance to the reviewer regarding the relative level of effort typically applied in
implementing each procedure. As previously discussed, unique aspects of an application may
result in an adjustment to the scope of review in a specific technical area. Specifically, the
following can be used as general guidance on the implications of the priorities for the staff
review:

HIGH priority means the NRC staff review should ensure all items in the applicant’s
submittal are complete and correct as specified in the review procedure. This
represents the most comprehensive review where many of the analytical methods,
assumptions, and supporting references are evaluated. The reviewer may need to
perform independent confirmatory analysis to validate the results of the safety analysis
calculations. It is expected a reviewer would spend approximately 60 percent of his or
her review time focused on the high priority review procedures.

MEDIUM priority means the NRC staff should review the applicant’s submittal for
completeness and correctness in key areas. This represents a review in which key
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analytical methods, key assumptions, and key supporting references are checked and
evaluated. It is expected a reviewer would spend approximately 30 percent of his or her
review time focused on the medium priority review procedures.

LOW priority means the NRC staff review should ensure that the applicant’s submittal
contains all of the requested information. A limited review of selected portions of the
application for correctness would be performed. Given its relative significance, the
reviewer should generally consider the applicant’s analysis to be complete and accurate
and forego independent confirmation, unless there is a reason to believe otherwise.
However, if a problem is detected, the reviewer must thoroughly evaluate and resolve
the issue. It is expected a reviewer would spend approximately 10 percent of his or her
review time focused on the low priority areas.

The prioritized review procedures are intended to ensure that staff focus most of their effort on
the areas considered to have the greatest impact on safety and compliance with regulatory
limits. While some issues could possibly escape detection and resolution through this audit
review, they would be of lower regulatory significance. It is important to remember that the
priority designations were developed on a generic basis and may need to be adjusted
depending upon the characteristics of specific applications. It is the responsibility of the
individual reviewer to assess the design and determine the ultimate rigor needed to make a
safety determination, with reasonable assurance, in each review area.

Finally it should be noted that a low or medium priority review procedure does not mean an
application is exempted from any associated regulatory requirement, design requirement, or
safety analyses that is expected within the review objectives and acceptance criteria in this
SRP.

Evaluation Findings. This section provides example summary statements for evaluation
findings to be incorporated into the SER for each area of review. The evaluation findings are
prepared by the reviewer based on the satisfaction of the regulatory requirements. The findings
are published in the SER.
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GENERAL INFORMATION EVALUATION
1.1 Review Objective

The purpose of reviewing the general description of the Spent Fuel dry storage system (DSS) is
to ensure that the applicant has provided a non-proprietary description, or overview, that is
adequate to familiarize reviewers and other interested parties with the pertinent features of the
system.

1.2 Areas of Review

The general description should be reviewed by all reviewers, regardless of their specific review
assignments, to obtain a basic understanding of the DSS, its components, and the protections
afforded for the health and safety of the public. Because much of the information relevant to
this initial aspect of the DSS review is presented in more detail in other chapters of this SRP,
this chapter focuses on familiarization with the DSS and consistency of the DSS general
description with the remaining chapters of the safety analysis report (SAR). The SAR should be
reviewed for adequacy of the DSS and DSS support system descriptions and drawings. Areas
of review addressed in this chapter include the following:

DSS Description and Operational Features

Drawings

DSS Contents

Qualifications of the Applicant

Quality Assurance

Consideration of 10 CFR Part 71 Requirements Regarding Transportation

1.3 Regulatory Requirements

This section presents a summary matrix of the portions of U.S. Code of Federal Regulations
(CFR) Part 72, “Licensing Requirements for the Independent Storage of Spent Nuclear Fuel,
High-Level Radioactive Waste and Reactor-Related Greater Than Class C Waste,” Title 10,
“‘Energy” (10 CFR Part 72) that are relevant to the review areas addressed by this chapter. The
NRC staff reviewer should read the exact regulatory language. Table 1-1 matches the relevant
regulatory requirements associated with this chapter to the areas of review.

1-1
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Table 1-1 Relationship of Regulations and Areas of Review

10 CFR Part 72 Regulations
Areas of Review 72.2(a)(1), 72(';)22 72.140 | 72.230 | 72.230 72'2(3)6(3)'
® | iy | @@ | @ | o |
DSS Description and ° ° o
Operational Features
Drawings ° °
DSS Contents L °
Qualifications of the Applicant °
Quality Assurance ° °
Consideration of 10 CFR
Part 71 Certified Transportation ° ° °
Cask System Requirements

14 Acceptance Criteria

This section identifies the acceptance criteria for the material provided in the introduction. This
initial aspect of the DSS review should contain sufficient information to allow all reviewers,
regardless of their specific review assignments, to understand the principal functions and design
features of the DSS.

1.4.1 DSS Description and Operational Features

The application should contain a broad overview and a general, non-proprietary description
(including engineering drawings, sketches, and illustrations) of the DSS. This information
should clearly identify the functions of all principal components and principal auxiliary
equipment, and provide a list of those components classified as being “important to safety.”
Important aspects from all of the disciplinary areas should be summarized. If there are several
versions of the cask because of design limitations of nuclear power plants and ISFSlIs, the
differences between the versions should be delineated. Typical operational sequences for
loading and unloading procedures should be described.

If the potential exists that the DSS will be used to store damaged fuel, the SAR should include a
discussion of how the sub-criticality requirement of 10 CFR 72.236(c) and the wet or dry loading
and unloading requirements of 10 CFR 72.236(h) will be maintained.

The reviewer should verify that any documents submitted to the NRC in other applications and
incorporated in whole or in part have been indexed, and a summary has been included in the
appropriate section of the SAR.
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1.4.2 Drawings

Drawings should be included in the first chapter of the SAR. The drawings should contain
sufficient detail to allow the reviewer to understand the operation of the DSS and any special
equipment used for loading, unloading, transportation, or long-term storage of the DSS. Also,
the drawings should provide enough detail to allow the reviewer the option of developing an
analysis model for confirmatory calculations.

Ideally, the drawings should be non-proprietary. However, in some cases, the applicant may
request to have certain specific portions of the drawings classified as proprietary. Reviewers
should note that any drawings relied on as the technical basis for adding the DSS design to the
list of approved DSSs contained in Subpart K of 10 CFR 72 become part of the public record.
Such drawings will not be treated as proprietary and will be made available to the public
[10 CFR 2.390].

Any request for withholding from public disclosure subject to the provisions of 10 CFR 2.390
should be accompanied by an affidavit and must include information to support the claim that
the material is proprietary. The NRC Project Manager will develop and administer public
disclosure determinations, and the Office of the General Counsel will review them for
compliance with the requirements of 10 CFR 2.390.

1.4.3 DSS Contents

The reviewer should ensure specifications are provided for the contents expected to be stored
in the DSS (normally spent nuclear fuel [SNF]). These specifications may include, but not be
limited to, type of SNF (i.e., boiling-water reactor [BWR], pressurized-water reactor [PWR], or
both); number of SNF assemblies the cask can accommodate; maximum allowable enrichment
of the fuel before any irradiation; burnup (i.e., MWd/MTU); minimum acceptable cooling time of
the SNF before storage in the DSS (e.g., aged at least 1 year); maximum heat designed to be
dissipated; maximum SNF loading limit; condition of the SNF (i.e., intact, undamaged,
damaged, etc.); weight and nature of non-SNF contents; and inert atmosphere requirements.

1.4.4 Quality Assurance

Reviewers should verify that the application describes the proposed quality assurance (QA)
program and cites the applicable implementing procedures. This description should satisfy all
requirements of 10 CFR Part 72, Subpart G. A detailed review of the QA program to be
described in the SAR is presented in Chapter 14, “Quality Assurance Evaluation,” of this SRP.

1.4.5 Consideration of 10 CFR Part 71 Requirements Regarding Transportation

If the DSS has previously been evaluated for use as a transportation cask, the submittal should
include the Part 71 Certificate of Compliance (CoC) and associated documents in accordance
with 10 CFR 72.230(b). If application for storage is submitted, the transportability, per 10 CFR
72.236(m) should be addressed. (See Section 1.5.5).

1.5 Review Procedures

Figure 1-1 presents an overview of the evaluation process and a complete bulleted listing of
pertinent information for each chapter. Figure 1-1 and the corresponding figures in each
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chapter of this Standard Review Plan (SRP) provide a means to coordinate the review among
the NRC staff disciplines.

Regulatory requirements of 10 CFR Part 72 applicable to the general description review are
delineated in the following subsections. Since the review of the General Description of the SAR
is interdisciplinary, the reviewer should coordinate with other reviewers (e.g., structural, thermal,
shielding, criticality, materials), as necessary, for identification of related issues.

1.51 DSS Description and Operational Features (MEDIUM Priority)

Reviewers should verify that the application provides a broad overview of the DSS design that is
non-proprietary and may be used as a tool to familiarize interested parties with the features of
the proposed DSS. This description should present the principal characteristics of the DSS
including its dimensions, weight, and construction materials. In addition, the description should
clearly identify all components considered important to safety. Features such as the
confinement vessel, fuel basket, valves, lids, seals, penetrations, trunnions, closure
mechanisms, shielding safety features, criticality control features, impact limiters, and cask
identification should be identified and described. A clear definition of the primary confinement
system is particularly important. Special design features of the DSS such as a non-passive
heat-removal system, neutron poisons or monitoring instrumentation should be discussed.

Sketches and diagrams found throughout the SAR should be compared with the detailed
drawings presented in SAR Chapter 1, “General Information”. If the application includes
proprietary drawings and descriptions that will remain proprietary upon approval of the license
or certificate, the sketches, drawings, and diagrams that provide the general description and
operational features need not show the proprietary features. This may be achieved by depicting
less detail or by illustrating generic components that fulfill the design function. However, these
representations should show the operational concept and features important to safety in
sufficient detail to form an acceptable basis for public review and comment.

In addition to information on a single DSS, the application should describe any limitations on the
arrangement of DSS arrays. For a particular DSS, these limitations may include the minimum
spacing between the casks, maximum density of casks in an array, and/or total number of casks
or amount of SNF that may be stored at a single ISFSI. The acceptable limitations should be
included among the technical specifications in the Safety Evaluation Report (SER) (see Chapter
13, “Technical Specifications and Operating Controls and Limits Evaluation,” of this SRP). For a
DSS such as those with metal confinement vessels stored in a concrete vault, information on
the configuration of vault compartments and horizontal/vertical arrangement is necessary. The
operational sequences for loading and unloading the cask should be described.

Damaged fuel may require canning for storage and transportation. The purpose of canning is to
confine gross fuel particles to a known, subcritical volume during off-normal and accident
conditions, and to facilitate handling and ready retrieval of contents. Therefore, the reviewer
should verify that a description of how damaged fuel would be canned, the characteristics of the
can, and the means in which the can would be placed in the cask and either readily retrieved
(recovered) or retrieved is in the application.
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Figure 1-1 Overview of Safety Evaluation
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1.5.2 Drawings (MEDIUM Priority)

Drawings are usually presented in Chapter 1, “General Information” of the SAR. Reviewers
should be familiar with NUREG/CR-5502, “Engineering Drawings for 10 CFR Part 71 Package
Approval.” While NUREG/CR-5502 was written for transportation packages, the criteria in
NUREG/CR-5502 for drawings can be applied to applications for storage casks.

Although some applications may contain drawings designated as “proprietary,” reviewers should
note that any drawings relied on as the technical basis for adding the DSS design to the “list of
approved spent-fuel storage DSS” contained in Subpart K of 10 CFR 72 become part of the
public record. Such drawings will not be treated as proprietary and will be made available to the
public [10 CFR 2.390(a)]. Applicants may submit additional drawings showing greater detail to
support their evaluations, and these may be exempted from the public record if they are not
relied on by the staff as part of the technical basis for DSS design approval. The reviewer
should verify that all structures, systems, and components (SSC) important to safety are
sufficiently detailed to enable reviewers to evaluate their effectiveness. In addition, information
on non-safety items may also be necessary to ensure they do not impede the safety systems.

Each reviewer should evaluate the level of detail furnished with the application. The drawings
should specify those details of the cask design that affect its evaluation. Those design features
that have a significant effect on safety if altered or modified, should be considered for inclusion
into the technical specifications directly or by reference. If size reduction has rendered any
information unclear or illegible, the Project Manager in the Division of Spent Fuel Storage and
Transportation (SFST) should request that the applicant provide larger or full-size drawings.

Particular attention should be devoted to ensuring that dimensions, materials, and other details
on the drawings are consistent with those described in both the text of the SAR and those used
in supplementary analysis. The dimensions shown on the general arrangement drawing should
specify the overall size of the cask and the location and configuration of the contents. All
dimensions indicated on drawings should include tolerances that are consistent with the cask
evaluation.

1.5.3 DSS Contents (MEDIUM Priority)

The application should present a general description of the contents proposed for storage in the
DSS. Because a very detailed description of the proposed DSS contents or SNF is typically
provided in Chapter 2, “Principal Design Criteria,” of the SAR, the information presented in
Chapter 1, “General Information” of the SAR is important only to the extent that it permits overall
familiarization with the DSS. Key parameters for SNF include the type of fuel (i.e., PWR, BWR,
or both), number of fuel assemblies, the radiation source terms associated with these fuel
assemblies, preferential loading, and condition of the fuel assemblies (i.e., intact or
consolidated). Chapter 1 may also include additional characteristics such as maximum burnup,
initial enrichment, heat load, and cooling time as well as the assembly vendor and configuration
(e.g., Westinghouse 17x17). These characteristics may also be repeated in Chapter 2. In
addition, the cover gas, if any, should be identified.

If the applicant proposes the storage of damaged fuel or components that are associated with or
integral to the fuel assembly that do not have an integral confinement boundary, the range of
permissible conditions for the stored material should be defined. If the DSS system is intended
to be used to store damaged fuel or components that are associated with or integral to the fuel
assembly with an integral confinement boundary when placed in the confinement DSS, the
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possible range of conditions of the fuel or components should be stated. 10 CFR 72.122(h)(1)
requires “canning” or use of other acceptable means for storing fuel with cladding that is not or
may not remain intact and for unconsolidated assemblies (without intact cladding).
10 CFR 72.236(c) requires the damaged fuel be maintained in a subcritical condition, while
10 CFR 72.236(h) requires the damaged fuel to be compatible with wet or dry loading and
unloading facilities. If damaged fuel is to be stored, the application should address how the
following basic requirements will be met:

. Maintain subcriticality;

. Prevent unacceptable release of contained radioactive material;
. Avoid excessive radiation dose rates and doses;

. Maintain ready retrieval of the contents.

If the application requests approval to use the DSS system to store components that are
associated with or integral to the fuel assembly (i.e., control spiders, burnable poison rod
assemblies, control rod elements, thimble plugs, fission chambers, and primary and secondary
neutron sources, or BWR channels that are an integral part of the fuel assembly that do not
require special handling), the application should present summary descriptions of those
components in Chapter 1, “General Information” of the SAR. The SFST staff has made a
practice of carefully characterizing components as being “associated with or integral to” the fuel
assembly because only those components listed above are acceptable at a geologic repository
per 10 CFR 961.11, Appendix E, Section B.2. Components that are associated with or integral
to the fuel assembly are reviewed in more detail as part of Chapter 2, “Principal Design Criteria
Evaluation,” of this SRP. Also, if the components are degraded (e.g., the component does not
provide adequate confinement under design basis conditions to contain radioactive gas or other
dispersible radioactive materials), the application should describe the possible conditions and
alternative confinement methods, if any.

1.54 Quality Assurance Program (See Chapter 14 for Priority)

The application should describe the proposed QA program, citing all implementing procedures
in a manner that satisfies the 18 criteria defined in 10 CFR Part 72, Subpart G, “Quality
Assurance” (10 CFR §§ 72.142-72.176). The description need only refer to procedures that
implement the QA program, and these procedures need not be explicitly included in the
application. The QA program should address design, fabrication, construction, testing,
operation, and modification activities regarding the SSCs that are important to safety. The
application should also discuss the activities to be performed under the QA program and how
these activities will be controlled to ensure compliance with all of the requirements of Subpart G.
These controls may be applied to the various activities using a graded approach as presented in
NUREG/CR-6407, “Classification of Transportation Packaging and Dry Spent Fuel Storage
System Components According to Importance to Safety” (i.e., QA efforts expended for a given
activity should be consistent with that activity's system classification and function).

Per 10 CFR 72.140(d), a QA program previously approved by the NRC and established,
maintained, and executed for another DSS will be accepted as satisfying the requirements for a
QA program for the purpose of this application. Additionally, previously approved QA programs
that meet the requirements of Appendix B to 10CFR 50 or Subpart H to 10 CFR 71, will be
acceptable provided they also meet the recordkeeping requirements of §72.174. Any reference
to a previously approved QA program should identify the program by date of submittal to the
NRC, docket number, and date of NRC approval. The reviewer should coordinate with the
Chapter 14, “Quality Assurance Evaluation,” review of this SRP.

1-7
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1.5.5 Consideration of 10 CFR Part 71 Requirements (MEDIUM Priority)

Casks that have been certified for transportation of SNF under 10 CFR Part 71 may be
approved for the storage of SNF under 10 CFR Part 72 provided the application contains:

. A copy of the CoC issued under 10 CFR Part 71,

. Copies of all drawings and other documents referenced in the 10 CFR Part 71
CoC, and

. Sufficient information in the SAR to demonstrate that the cask is suitable for the

storage period of SNF as defined by 10 CFR 72.230(b).

Because applications for dual-purpose certification under 10 CFR Parts 71 and 72 are
sometimes submitted jointly, the final (approved) version of such documents may not be
available at the time of initial DSS SAR submission. Nonetheless, applicable documentation of
the Part 71 certification (or application), including questions and responses from the related
review, should be provided to the Part 72 review team, as appropriate.

Substantial coordination of the Part 71 and Part 72 reviews is necessary to ensure consistency
and avoid duplication of effort. The reviewer should verify that a process for promptly informing
each of the review teams about DSS system design changes precipitated by any concurrent
safety reviews has been identified by the applicant. Provisions for communicating these
changes should be addressed by, and discussed with, the applicant. In addition, transportability
of storage-only or dual purpose casks, per 10 CFR 72.236(m) should be addressed. The
applicant should address how it is planning to address the transportation requirements. The
reviewer should verify that such considerations have been made and described in the SAR,
when the SAR and/or accompanying documentation indicate plans to use the cask system for
transportation purposes.

1.6 Evaluation Findings

The evaluation findings are prepared by the reviewer on satisfaction of the regulatory
requirements in Section 1.3. These statements should be similar to the following examples, if
the documentation submitted with the application supports positive findings for each of the
regulatory requirements (the finding number is for convenience in reference within the SRP and
SER):

F1.1 A general description and discussion of the DSS is presented in Section(s)
of the SAR, with special attention to design and operating characteristics,
unusual or novel design features, and principal considerations important to
safety.

F1.2 Drawings for SSCs important to safety are presented in Section of the
SAR. A listing of those drawings (including dates and revision numbers) that
were relied upon as a basis for approval appears in Section of the SER.

F1.3 Specifications for the SNF to be stored in the DSS are provided in SAR

Section . Additional details concerning these specifications are presented
in Chapter of both the SAR and SER.

1-8
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F1.4 The quality assurance program and implementing procedures are described in
Section of the SAR.

F1.5 The [DSS system designation] [has been/is/is not being] certified under 10 CFR
Part 71 for use in transportation. A copy of the SAR and CoC issued under
10 CFR Part 71 is on file with the NRC under Docket No. [if applicable].

A summary statement similar to the following should be made:

“The staff concludes that the information presented in Chapter 1, “General Information”
of the SAR satisfies the requirements for the general description under 10 CFR Part 72.
This finding is reached on the basis of a review that considered the regulation itself,
Regulatory Guide 3.61, and accepted practices.”
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2 PRINCIPAL DESIGN CRITERIA EVALUATION
2.1 Review Objective

The objective of evaluating the principal design criteria related to structures, systems, and
components (SSCs) important to safety is to ensure that, in the view of the U.S. Nuclear
Regulatory Commission (NRC) staff, the principal design criteria comply with the relevant
general criteria established in U.S. Code of Federal Regulations (CFR) Part 72, “Licensing
Requirements for the Independent Storage of Spent Nuclear Fuel, High-Level Radioactive
Waste and Reactor-Related Greater Than Class C Waste,” Title 10, “Energy” (10 CFR Part 72).
Further guidance can be found in NUREG/CR-6407, “Classification of Transportation Packaging
and Dry Spent Fuel Storage System Components According to Importance to Safety.” Material
provided in this chapter will form the basis for accepting the safety analysis report (SAR) for
NRC staff review.

With regard to reviewing the principal design criteria, the applicant may take one of two
approaches: (1) SAR Chapter 2, “Principal Design Criteria” may discuss these criteria in general
terms with details provided in later sections or (2) SAR Chapter 2 may present detailed
discussions of selected (or all) criteria. Past applicants have generally selected the latter
approach. Subsequent chapters of this Standard Review Plan (SRP) provide detailed
discussions of the design criteria applicable to each functional area (e.g., structural, thermal)
without regard to those that may have been presented in SAR Chapter 2.

2.2 Areas of Review

The review of the principal design criteria should provide reasonable assurance that all design
criteria are addressed in the SAR. The following areas of review have been adopted by the
NRC staff:

Structures, Systems, and Components Important to Safety

Design Basis for Structures, Systems, and Components Important to Safety
Spent Nuclear Fuel (SNF) Specifications
External Conditions

Design Criteria for Safety Protection Systems
General
Structural
Thermal
Shielding/Confinement/Radiation Protection
Criticality
Material Selection
Operating Procedures
Acceptance Tests and Maintenance
Decommissioning

23 Regulatory Requirements
This section presents a summary matrix of the portions of U.S. Code of Federal Regulations

(CFR) Part 72, “Licensing Requirements for the Independent Storage of Spent Nuclear Fuel,
High-Level Radioactive Waste, and Reactor-Related Greater Than Class C Waste” Title 10,

2-1
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“Energy” (10 CFR Part 72) that are relevant to the review areas addressed by this chapter. The
NRC staff reviewer should read the exact regulatory language. Table 2-1 matches the relevant
regulatory requirements associated with this chapter to the areas of review.

Table 2-1 Relationship of 10 CFR Part 72 Regulations and Areas of Review

10 CFR Part 72 Regulations

Areas of 72.2 72104 | 72106 | 72.122 | 72122 | 72122 | 72124 | 72.126 | 72.236 | 72.236
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24 Acceptance Criteria

The reviewer should verify that the applicant has provided either sufficient general or summary
discussions of the SSC design features and of both operational and accident conditions. This
demonstrates a clear and defensible case that they have met the design criteria. In evaluating
the principal design criteria related to DSS SSCs that are important to safety, reviewers should
seek to ensure that the given design fulfills the following acceptance criteria.

241 SSCs Important to Safety

The reviewer should verify that the applicant presents the general configuration of the DSS and
provides an overview of specific components and their intended functions. In addition, the
reviewer should ensure the applicant identifies those components deemed to be important to
safety and addresses the safety functions of these components in terms of how they meet the
general design criteria and regulatory requirements discussed above. Additional information
concerning specific functional requirements for individual DSS components is addressed in
subsequent chapters of this SRP.
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24.2 Design Bases for SSCs Important to Safety

Detailed descriptions of each of the items listed below are generally found in specific sections of
the SAR. However, a brief description of these areas, including a summary of the analytical
techniques used in the design process, should also be captured in Chapter 2, “Principal Design
Criteria” of the SAR. This description gives reviewers a perspective of how specific DSS
components interact to meet the regulatory requirements of 10 CFR Part 72. This discussion
should be non-proprietary since it may be used to familiarize interested persons with the design
features and bounding conditions of operation of a given DSS.

2.4.2.1 SNF Specifications

The range and types of SNF or other radioactive materials that the DSS is designed to store
should be specified. In addition, these specifications should include, but are not limited to:

. The type of SNF (i.e., boiling-water reactor (BWR), pressurized-water reactor
(PWR), or both),

. Cladding material,

. Maximum assembly uranium mass loading,

. Weights of the stored materials,

. Dimensions and configurations of the fuel,

. The identification and limits on amount and position of damaged fuel, if damaged

fuel is to be stored, and the dimensions of the “damaged-fuel can,”

. Maximum allowable enrichment of the fuel before any irradiation for criticality
safety and minimum enrichment for the shielding evaluation,

. Assigned Burnup Loading Value (i.e., MWd/MTU),

. Loading Curves for each set of licensing conditions if Burnup Credit is used
(required minimum burnup versus enrichment curve),

. Operational history parameters (e.g., average in-core soluble boron
concentration, average moderator temperature, etc.) if burnup credit is used,

. Minimum acceptable cooling time of the SNF before storage in the DSS,

. Maximum heat to be dissipated,

. Maximum number of SNF elements,

. Condition of the SNF (i.e., intact assembly, damaged fuel or consolidated fuel
rods),
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Inerting atmosphere requirements and the maximum amount of fuel permitted for
storage in the DSS.

For DSSs that will be used to store components that are associated with or integral to fuel
assemblies (e.g., control rods and BWR fuel channels), the reviewer should ensure the
applicant specifies the types and amounts of radionuclides, heat generation, and the relevant
source strengths and radiation energy spectra permitted for storage in the DSS. For other
radioactive materials to be stored with the SNF assemblies, the SAR should specify the
following:

. The design basis source term;
. The effects of gas generation on the cask internal pressure;
. The effects of the additional weight and length of the proposed material on

structural and stability analyses;

. The impact of the added heat from these components, including the impact on
heat transfer characteristics; and

. Credit for any negative reactivity from residual neutron absorbing material
remaining in the control components.

2422 External Conditions

The SAR should define the bounding conditions under which the DSS is expected to operate.
Such conditions include both normal and off-normal environmental conditions as well as
accident conditions. In addition, the reviewer should verify that the applicant has considered the
effects of natural events such as tornadoes, earthquakes, floods, and lightning strikes.

243 Design Criteria for Safety Protection Systems
2.4.3.1 General

The SAR should define an expected lifetime for the cask design. The minimum licensing period
is defined in 10 CFR 72.230(b). The reviewer should verify that the applicant has provided a
brief description of the proposed quality assurance (QA) program, and applicable industry codes
and standards, which will be applied to the design, fabrication, construction, and operation of
the DSS. The applicant should also describe how the cask design reflects consideration of
compatibility with removal from a reactor site, transportation, and ultimate disposition of the
stored spent fuel.

In establishing normal and off-normal conditions applicable to the design criteria for DSS
designs, applicants should account for actual facility operating conditions. Therefore, design
considerations should reflect normal operational ranges, including any seasonal variations or
effects.

24.3.2 Structural

The SAR should define how the DSS structural components are designed to accommodate
combined normal, off-normal, and accident loads while preserving recover and protecting the
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DSS contents from significant structural degradation, criticality, and loss of confinement. This
discussion is generally a summary of the analytical techniques and calculation results from the
detailed analysis discussed in SAR Chapter 3, “Structural Evaluation,” and should be presented
in a non-proprietary form.

2.4.3.3 Thermal

The SAR should contain a general discussion of the proposed heat-removal systems, including
the reliability and verifiability of such systems, and any associated limitations. All heat-removal
systems should be passive and independent of intervening actions under normal and off-normal
conditions.

2434 Shielding/Confinement/Radiation Protection

The reviewer should ensure that the applicant describes those features of the cask that protect
occupational workers and members of the public against direct radiation dosages and releases
of radioactive material, and minimize the dose after any off-normal or accident-level conditions.

2435 Criticality

The SAR should address the mechanisms and design features that enable the DSS to maintain
SNF in a subcritical condition under normal, off-normal, and accident-level conditions.

2.4.3.6 Material Selection

The materials selected for the DSS must demonstrate adequate corrosion performance during
normal operation, off-normal, and accident-level conditions in the environmental conditions of
the ISFSI for the duration of the license.

The spent fuel cladding must be protected during storage 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 problems with respect to its removal from storage.

2437 Operating Procedures

The reviewer should ensure that the applicant provides potential licensees with guidance
regarding the content of normal, off-normal, and accident response procedures. Cautions
regarding both loading, unloading, and other important procedures should be mentioned here.
Retrievability should be provided for normal and off-normal conditions. Applicants may choose
to provide model procedures to be used as aids in preparing detailed site-specific procedures.

24.3.8 Acceptance Tests and Maintenance

The reviewer should verify that the applicant identifies the general commitments and industry
codes and standards used to derive acceptance, maintenance, and periodic surveillance tests
used to verify the capability of DSS components to perform their designated functions. In
addition, the reviewer should ensure the applicant discusses the methods used to assess the
need for such tests with regard to specific components.
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24.3.9 Decommissioning

Casks should be designed for ease of decontamination and eventual decommissioning. The
reviewer should examine the SAR to ensure the applicant describes the features of the design
that support these two activities.

2.5 Review Procedures

Chapter 2, “Principal Design Criteria” applies to all review disciplines. Figure 2-1 presents an
overview of the evaluation process and may be used as a guide for the coordination of the
review among review disciplines.

Reviewers for each section of the SAR should consider SAR Chapter 2 in combination with
additional details presented later in the SAR. In this SRP, evaluations of design criteria
applicable to each of the relevant chapters of the SAR are discussed in detail. Reviewers
should coordinate the review of each chapter with the applicable disciplines to ensure that multi-
disciplinary issues, which impact more than one chapter, have been addressed.

251 SSCs Important to Safety (MEDIUM Priority)

Reviewers should verify that the applicant has clearly identified all SSCs important to safety
(see Glossary for the definition of “important to safety”) and documented the rationale for this
designation. Such information may be provided in tabular form. Reviewers should review the
general DSS description presented in SAR Chapter 1, “General Description.” Reviewers should
ensure that the applicant has provided adequate justification for excluded SSCs.

Reviewers should pay particular attention to instrumentation and other equipment (e.g., lifting
devices and transport vehicles). In general, the NRC staff accepts that monitoring systems
need not be classified as being important to safety. For example, a failure in the functioning of
the pressure monitoring system does not directly result in a release of radionuclides. Additional
justification for not considering such systems as being important to safety may be presented in
later sections of the SAR and summarized in SAR Chapter 2, “Principal Design Criteria”.

Reviewers should consider adding to SAR Chapter 13 “Technical Specifications and Operating
Controls and Limits” any design features that would have a significant effect on safety if altered
or modified. Any such additions to Chapter 13 should be thoroughly discussed in their
respective sections of the SER.

25.2 Design Bases for SSCs Important to Safety

The reviewer should verify that the applicant's design basis for DSS approval accurately
identifies the range of SNF configurations and characteristics, the enveloping conditions of use,
the bounding site characteristics, and is consistent with or bounds the DSS’s Technical
Specifications. These factors determine the bounds within which an ISFSI owner may use the
SAR rather than provide additional proof regarding suitability of the covered topics.
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2.5.2.1 SNF Specifications (MEDIUM Priority)

The reviewer should review the detailed specifications for the SNF to be stored in the DSS as
presented in SAR Chapter 2, “Principal Design Criteria” and ensure that they are consistent with
those specifications discussed in SAR Chapter 1, “General Information” and later in the SAR.
The description of the range of SNF to be stored should include the type (PWR, BWR, or both);
configuration (e.g., 17x17, 15x15, or 8x8); fuel vendor; number of assemblies per cask;
enrichment; burnup and burnup profiles; minimum cooling time; decay heat generation rate;
type of cladding; physical dimensions; total weight per assembly; and uranium weight per
assembly. In addition, if components associated with fuel assemblies (e.g., control assemblies)
will be stored with the fuel, the reviewer should ensure that combined weight, dimensions, heat
load, and other appropriate information (e.g., number per cask) are specified.

The reviewer should examine any limitations regarding the condition of the SNF. If damaged
fuel is allowed, the effects of such damage should be assessed in later sections of the SAR.
Specific conditions that define damaged fuel are provided in Section 8.6, “Supplemental
Information for Methods for Classifying Fuel,” of this SRP with methods for classifying fuel
identified in Section 8.4.17.2 of this SRP. If damaged rods have been removed from a fuel
assembly, and they have/have not been replaced with solid dummy rods, the criticality reviewer
should determine whether the intended loading configuration has been adequately analyzed to
show sub-criticality. Note, the presence of additional moderating material will need to be
addressed in the criticality analysis in SAR Chapter 7, “Criticality”. Coordination with the
structural reviewer is necessary if there are structural defects in the assembly hardware.

The release of fill and fission product gases from failed fuel rods increases the pressure in the
cask cavity and the potential source term in the event of confinement failure. Consequently, the
reviewer should verify that the applicant provides information regarding the fill/fission product
gas present in the fuel as well as the free volume in the cask cavity to enable reviewers to
evaluate the pressure in the cask cavity resulting from cladding failure during storage. For the
purpose of calculating internal cask pressures, the NRC staff has accepted the bounding
assumptions given in SRP Section 4.5.4.6, “Pressure Analysis” regarding the minimum
percentages of fuel rods have failed (and released their gases).

The reviewer should pay particular attention to the specification of burnup, cooling time, and
decay heat generation rate. These parameters are generally not independent, and the manner
in which they are specified and combined can significantly affect the maximum allowed cladding
temperature as discussed in SRP Chapter 4, “Thermal Evaluation.”

The SAR will typically list various fuel assemblies that can be stored in the DSS. It is not
expected that one type of fuel assembly will be bounding for all analyses. The reviewer should
ensure that the applicant has justified which specifications are bounding for each of the
evaluations presented in subsequent sections of the SAR. Specifications used in these
analyses should also be clearly identified or referenced in SAR 13, “Technical Specifications
and Operational Controls and Limits”.

If the applicant requests permission for the storage of components that are associated with or
integral to the fuel assembly in the cask, the reviewer should examine the relevant detailed
specifications, conditions, and constraints presented in the SAR. These specifications should
be as detailed as the applicable information presented for the fuel designs to provide the
reviewer with a basis for determining that the relevant safety functions of the DSS will be
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maintained. The reviewer should ensure that the applicant also considers the storage of these
components in the analyses.

If the applicant requests burnup credit, the reviewer should examine the relevant detailed
specifications of the contents to which burnup credit is being applied. These specifications
include those that are already considered in criticality analyses for fresh fuel (e.g., maximum
initial enrichment). Additional specifications that must be reviewed include the cooling time, the
burnup, the requested amount of credit (i.e., the specific actinides), and operational history
parameters (e.g., core average boron concentration and assembly average moderator
temperature).

2522 External Conditions (MEDIUM Priority)

The SAR should identify those external conditions that significantly affect, or could potentially
affect, the performance of the DSS. These design-basis conditions will generally restrict either
the sites at which the DSS can be used for SNF storage or the manner in which the DSS can be
handled. For example, by selecting the design earthquake, the SAR limits the use of the cask
being reviewed to sites that are bounded by this seismic limit. By establishing a design-basis
drop, the SAR defines the maximum height to which a cask can be lifted without additional
safety analysis or design changes (e.g., addition of impact limiters) by the applicant.

Reviewers should note that movement of cask system components within a reactor building
may not meet the NRC’s criteria described in the NRC Bulletin 96-02, “Movement of Heavy
Loads over Spent Fuel, over Fuel in the Reactor Core, or over Safety Related Equipment,” for
movement of heavy loads within the reactor building. As such, if a potential user (licensee) has
been identified, coordination with the appropriate project manager or technical lead from the
NRC’s Office of Nuclear Reactor Regulation (NRR) should occur during the early stages of DSS
design review.

At a minimum, the NRC staff has generally addressed the conditions discussed below; however,
other conditions may be relevant depending on specific details of the DSS design. Reviewers
should pay particular attention to special design features and how these might be affected both
by other external conditions and other DSS components. Reviewers should ensure all required
information is provided in the SAR for the design earthquake accident analysis.

“‘Normal” conditions (including conditions involving handling and transfer) and the extreme
ranges of normal conditions are presumed to exist during design-basis accidents or design-
basis natural phenomena with the exception of irrational or readily avoidable combinations. For
example, an earthquake or tornado may occur at any time and in combination with any “normal”
condition. By contrast, it can be presumed that transfer, loading, and unloading operations
would not be conducted during a flood.

“Off-normal” conditions and events are presumed to occur in combination with normal conditions
that are not mutually exclusive. Nonetheless, it is not required that the SAR analyze or the
system be designed for the simultaneous occurrence of independent off-normal conditions or
events, design-basis accidents, or design-basis natural phenomena.

Conditions involving a “latent” equipment or instrument failure or malfunction (that is, one that
occurs and remains undetected) should be presumed to exist concurrently with other off-normal
or design-basis conditions and events. Typical latent malfunctions include a misreading
instrument that is not detected as part of routine procedures, an undetected ventilation
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blockage, or undetected damage from an earlier design-basis event or condition if no provisions
exist for detection, recovery, or remediation of such conditions.

For normal, off-normal, and accident-level conditions, reviewers should verify that the applicant
has defined appropriate operating and accident scenarios. For these scenarios, the reviewer
should verify the applicant includes in the SAR a comprehensive evaluation of the effects of
such scenarios on the SSCs important to safety. The analyses of such events are addressed in
individual chapters of the SRP. For example, the analyses of an earthquake on the DSS
structural components are addressed in SRP Chapter 3, “Structural Evaluation.” The
applicant’s evaluations should demonstrate that the requirements of 10 CFR §§ 72.104 and
72.106 as well as 10 CFR Part 20 have been met.

If appropriate, the following design bases should be included as operating controls and limits in
SAR Chapter 13, “Technical Specifications and Operational Controls and Limits Evaluation”:

(1) Normal Conditions

For a given SNF specification, the primary external conditions that affect DSS
performance are the ambient temperatures, insolation, and the operational
environment experienced by the DSS.

The NRC accepts as the maximum and minimum “normal” temperatures the
highest and lowest ambient temperatures recorded in each year, averaged over
the years of record. For the SAR, the applicant may select any design-basis
temperatures as long as the restrictions they impose are acceptable to both the
applicant and the NRC. If the cask is also designed for transportation, the
temperature requirements of 10 CFR Part 71 could determine the design-basis
temperatures for storage.

For storage casks, the NRC staff accepts a treatment of insolation similar to that
prescribed in 10 CFR Part 71.71 for transportation casks. If the applicant selects
another design approach, the alternative approach should be justified in the SAR.

The operational environment experienced by the DSS under normal conditions
includes the manner in which the cask is loaded, unloaded, and lifted.
Occupational dose rates will, in part, depend on whether the cask is sealed in a
wet or a dry environment. Fuel cladding temperatures may also be affected.
The manner in which the cask is lifted will determine the load on the trunnions
and/or lifting yoke. The orientation of the cask (vertical or horizontal) and its
height above ground during transport to the ISFSI will establish initial conditions
for the drop accidents discussed below.

(2) Off-Normal Conditions

An applicant’'s SAR generally addresses several off-normal conditions. These
should include variations in temperatures beyond normal, failure of 10 percent of
the fuel rods combined with off-normal temperatures, failure of one of the
confinement boundaries, partial blockage of air vents, human error, out-of-
tolerance equipment performance, equipment failure, and instrumentation failure
or faulty calibration.
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3)

Accident Conditions

The staff has generally considered that the following accidents should be
evaluated in the SAR. These do not constitute the only accidents that should be
addressed if the SAR is to serve as a reference for accidents for a specific
application. Other credible accidents that may be derived from a hazard analysis
could include accidents resulting from operational error, instrument failure,
lightning, and other occurrences. Post-accident recovery of damaged fuel may
require such systems as overpacks or dry- transfer systems since ready retrieval
of the fuel is required only for normal and off-normal conditions. Accident
situations that are not credible because of design features or other reasons
should be identified and justified in the SAR. Chapter 3, “Structural Evaluation”
of this SRP provides more detail regarding accidents.

(a) Cask Drop

The SAR should identify the operating environment experienced by the
cask as well as the drop events (i.e., end, side, corner) that could result.
Generally, the design basis is established either in terms of the maximum
height to which the cask may be lifted when handled outside the reactor
site SNF building or in terms of the maximum acceleration that the cask
could experience in a drop.

(b) Cask Tipover

Although cask system supporting structures may be identified and
constructed as being important to safety (i.e., designed to preclude cask
tipovers), the NRC considers that cask tipover events should be
analyzed. In some cases, cask tipover may be determined to be a
credible hazard, and the associated analysis should reflect the conditions
(e.g., heights and accelerations) associated with that hazard.

The NRC staff has accepted an unyielding surface for determining the
bounding cask deceleration loads. Prototype or scale model testing and
analytical modeling can be used. In the analytical approach, the hard
receiving surface need not be unyielding.

(c) Fire

The fire conditions postulated in the SAR should provide an “envelope”
for subsequent comparison with site-specific conditions. The NRC
accepts the methods discussed in 10 CFR 71.73(c)(4). In addition, the
NRC staff accepts that the applicant may consider a fire based upon the
limited availability of flammable material at an ISFSI (e.g., only that
associated with vehicles transporting or lifting the cask, or sources of
nearby combustible materials). Regardless of which approach the
applicant takes, the SAR should specify and justify the bounding
conditions for a “design-basis” fire.
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(d) Fuel Rod Rupture

The regulations require that the cask be designed to withstand the effects
of accident conditions and natural phenomena events without impairing
its capability to perform safety functions. Consequently, during the cask
analysis for conditions resulting from design-basis accidents and natural
phenomena, the NRC has asserted and the applicant should assume a
release of 100 percent of the initial rod fill gases and a release of
30 percent of the fission product gases from the fuel rods into the cask
interior. The remaining 70 percent of the fission product gases is
presumed to be retained within the fuel pellet.

(e) Leakage of the Confinement Boundary

Casks are designed to provide the confinement safety function under all
credible conditions.

(f) Explosive Overpressure

The conditions under which a DSS may be exposed to the effects of an
explosion vary greatly among individual sites. Generally, explosive
overpressure is postulated to originate from an industrial accident. The
NRC separately evaluated the effects of various sabotage methods on
cask systems in developing appropriate regulations in 10 CFR Part 73.
Consequently, this SRP does not consider explosive overpressures from
sabotage events.

The extent to which explosive overpressure is addressed in the SAR
directly affects the degree of site-specific review required. The principal
concern in the SAR should be the effects of explosive overpressure on
the storage system rather than descriptions of hypothesized causes.
Design parameters for blast or explosive overpressures should identify
pressure levels as reflected (“side-on”) overpressure and provide an
assumed pulse length and shape. This discussion should provide
sufficient information for licensees to determine if the effects of their site-
specific hazards are bounded by the cask system design bases.

(9) Air Flow Blockage

For storage systems with internal air flow passages, the reviewer should
verify the applicant considers blockage of air inlets and outlets in an
accident condition. The NRC staff considers that the effects of such an
assumption should be utilized in determining the appropriate inspection
intervals, and/or monitoring systems, for the DSS.



2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054

Natural Phenomena Events (LOW Priority)

The NRC staff has generally considered that the following events should be
evaluated as design-basis accidents in the SAR:

(a) Flood

The SAR should establish a design-basis flood condition. This condition
may be determined on the basis of the presumption that the cask cannot
tip over and the yield strength of the cask will not be exceeded.
Alternatively, the SAR can show that credible flooding conditions have
negligible impact on the cask design.

If the SAR establishes parameters for a design-basis flood, all of the
potential effects of flood water and ravine flood byproducts should be
recognized. Serious flood consequences can involve effects such as
blockage of ventilation ports by water and silting of air passages. Other
potential effects include scouring below foundations and severe
temperature gradients resulting from rapid cooling from immersion.

(b) Tornado

The NRC staff accepts design-basis tornado wind loading as defined by
RG 1.76, “Design Basis Tornado and Tornado Missiles for Nuclear
Power Plants” (Region 1) and RG 1.117, “Tornado Design Classification.”
Design criteria should be established for the cask on the basis of these
wind-loading and missile-impact definitions. The cask should not tip over,
and the capability to perform the confinement safety function should not
be impaired. The NRC staff considers that tornados and tornado missiles
may occur without warning. The review should note that, in general, the
effects of a tornado missile bound those of a light general aviation aircraft
directly impacting a DSS.

(c) Earthquake

The SAR should state the parameters of the design earthquake. For use
of a DSS at reactor sites, this is equivalent to the SSE used for analysis
of nuclear facilities under 10 CFR Part 50. An analysis for an Operating-
Basis Earthquake (OBE) is not required for a DSS SAR prepared in
accordance with 10 CFR Part 72. Cask tipover accidents are analyzed,
but tipover caused by an earthquake may not be a credible event. The
reviewer should verify that the SSCs meet appropriate guidance in RG
1.29, “Seismic Design Classification,” RG 1.61, “Damping Values for
Seismic Design of Nuclear Power Plants,” and RG 1.92, “Combining
Modal Responses and Spatial Components in Seismic Response
Analysis.”

(d) Burial Under Debris

Debris resulting from natural phenomena or accidents that may affect
cask system performance may be addressed in the SAR or left to the site-
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specific application. Such debris can result from floods, wind storms, or
land slides. The principal effect is typically on thermal performance.

(e) Lightning

Lightning typically has a negligible effect on cask systems; however, the
requirements of the Lightning Protection Code and National Electric Code
should be applied to the design of the cask system structures. The
applicant should cite these codes as part of the general design criteria for
the cask system (see Section 2.4.3.1). In addition, the SAR should
address lightning as a natural phenomenon if cask-system performance
may be impacted by the effect of lightning on a component that is
important to safety.

) Other

10 CFR Part 72 identifies several other natural phenomena events
(including seiche, tsunami, and hurricane) that should be addressed for
SNF storage. The SAR may include these natural phenomena as design-
basis events or show that their effects are bounded by other events. If
these events are not addressed in the SAR and they prove to be
applicable to a specific site, a safety analysis is required prior to approval
for use of the DSS under either a site-specific or general license.

253 Design Criteria for Safety Protection Systems (MEDIUM Priority)

Cask system components that are to be used in facility areas subject to review under 10 CFR
Part 50 should satisfy both the requirements in 10 CFR Part 72 (with review guided by this SRP)
and 10 CFR Part 50 (with review guided by NUREG-0800). Acceptance of the cask system in
areas covered by 10 CFR Part 50 license requirements is not addressed in this SRP for
approval under 10 CFR Part 72. If the applicant states that the storage system will be used at a
specific reactor site, then the Division of Spent Fuel Storage and Transportation (SFST) project
manager should inform the appropriate NRR project manager. The reviewer is reminded that
heavy loads are a likely matter of interest to NRR.

Table 2-2 presents a summary of design criteria (and design bases) that should generally be
identified during the initial stages of the review. The applicability of Table 2-2 may vary
depending on the details of the storage system design.

Regardless of where the descriptions and associated criteria are located in the SAR, reviewers
should include a description and evaluation of the safety protection systems in SER Chapter 2,
“Principal Design Criteria.” The system descriptions should address the functions of the various
system components in providing confinement, cooling, subcriticality, radiation protection of the
public and workers, and SNF retrievability. Summary criteria for the performance of the system
as a whole in providing for these capabilities or functions should also be described and
evaluated. Reviewers should verify that the design-basis assumptions presented are consistent
with and reasonable for actual site or facility conditions. Reviewers should also include a
description and evaluation of the cask system design’s compatibility with removal from a reactor
site, transportation, and ultimate disposition of the stored spent fuel.



Table 2-2 Outline of Design Criteria and Bases for DSS

Design Life

Limited to the requested term in the application

Design Bases

SNF Specifications
(1) Type
(2) Configuration/Vendor
(3) Enrichment (Maximum and Minimum)
(4) Weight or Range of Weights
(5) Burnup
(6) Type of Cladding
(7) Assemblies/Cask
(8) Dimensions
Decay Heat/Assembly
(1) Minimum Decay/Cooling Time (e.g., 5 years, 10 years,
etc.)
(2) Maximum Kilowatts per assembly
Gas Volume (at Temperature)
Fuel Condition/Damage Allowed
Burnup Credit
(1) Credit Amount (specific actinides)
(2) Operational History Parameters
Non-Fuel Hardware

Normal Design Event
Conditions

Ambient Temperature
(1) Maximum
(2) Minimum
Loading
(1) (Wet/Dry)
Storage Handling Orientation
(1) (Vertical/Horizontal)
Maximum Lift Height
Maximum Cladding Temperature
Other Conditions Considered in 2.5.2.2 (1)

Off-Normal Design
Event Conditions

Summarize Events Considered in 2.5.2.2 (2)

Design-Basis
Accident Design
Events and
Conditions

End Drop

(1) Lift Height (or Maximum Acceleration)
Side Drop

(1) Lift Height (or Maximum Acceleration)
Tip-Over

(1) Acceleration (if applicable)
Fire

(1) Duration

(2) Temperature
Other Events Considered in 2.5.2.2 (3)
(As Applicable)




Table 2-2 Outline of Design Criteria and Bases for DSS

Design-Basis Natural | e Flood
Phenomena Design e Earthquake
Events and e Tornado
Conditions e Other Events Considered in 2.5.2.2 (4)
(As Applicable)
Structural e Design Code (e.g., ASME, AISC)
(1) Containment
(2) Noncontainment
(3) Basket
(4) Trunnions
(5) Storage Radiation and Protective Shielding and
Enclosure
(6) Transfer Radiation and Protective Shielding and
Enclosure
(7) Cooling Structure or System
e Design Weight
e Design Cavity Pressure
(1) Normal/Off-Normal/Accident
o Response and Degradation Limits
(1) Normal/Off-Normal/Accident
Thermal e Maximum Design Temperatures
(1) Cladding
(2) Other Components
¢ Insolation (Side/Top/Bottom)
e Fill Gas
(1) Type (e.g., helium, etc.)
(2) Initial Fill Pressure (at temperature)

Modes of Heat Transfer Utilized in the Design

Confinement

Description of Confinement Boundary
Redundant Seals for Closure
Maximum Leak Rate for Confinement Boundary
(1) Normal/Off-Normal/Accident
(2) Justification of Leakage Rate if not Leaktight
Monitoring System Specifications




2105
2106
2107
2108
2109
2110
2111
2112
2113
2114
2115
2116
2117
2118
2119
2120
2121
2122
2123

Table 2-2 Outline of Design Criteria and Bases for DSS

Radiation Confinement Cask
Protection/Shielding (1) Surface Position
Normal/Off-Normal/Accident
e Exterior of Shielding
(1) Transfer Mode Position
(2) Storage Mode Position
Normal/Off-Normal/Accident
e ISFSI Controlled Area Boundary
(1) Dose Rate
(2) Annual Dose
Normal/Off-Normal/Accident

Criticality ¢ Method of Control
Geometry, Fixed Poison, Soluble Poison
Minimum Boron Concentration (Fixed and/or Soluble Poison)
Maximum kg
Burnable Neutron Absorber Credit
Burnup Credit Analysis

Materials e Cladding Hoop Stress
e Corrosion

Operating Procedures | ¢ Normal and Off-Normal
e After Accident-level Conditions

Acceptance Tests and | ¢ Industry codes and standards
Maintenance

Tech Specs e Operational Controls and Limits

Criteria relating to redundancy and allowable levels of response by the DSS under normal, off-
normal, and accident-level conditions and events should be described and evaluated. In
general, no unacceptable degradation in physical condition or functional performance should
result from normal or off-normal conditions. The design criteria regarding limits of permissible
system response and degradation resulting from an accident condition should be evaluated
against the SSC capabilities to perform the principal safety functions. Considerations of
permissible responses should include detect-ability and corrective actions that may be proposed
as conditions of system use.

The staff accepts that both routine surveillance programs and active instrumentation meet the
intent of “continuous monitoring” as required in 10 CFR 72.122(h)(4).

Reviewers should note that some DSS designs may contain a component or feature whose
continued performance over the licensing period has not been demonstrated to staff with a
sufficient level of confidence (e.g., rubber “O” rings). Therefore, staff may require the use of
active instrumentation if the failure of that system or component causes an immediate threat to
the public health and safety, and if that failure would not be detected by any other means. In
some cases, to demonstrate compliance with 10 CFR 72.122(h)(4), the vendor or NRC staff
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may propose a technical specification requiring such instrumentation as part of the first use of a
cask system. After first use, and if warranted and approved by staff, such instrumentation may
be discontinued or modified.

The staff should verify that the applicant has met the intent of continuous monitoring so that the
applicant can determine when corrective action needs to be taken to maintain safe storage
conditions.

2.6 Evaluation Findings

The reviewer will prepare evaluation findings on satisfaction of the regulatory requirements in
Section 2.3. If the documentation submitted with the application supports positive findings for
each of the regulatory requirements (the finding number is for convenience in reference within
the SRP and SER), these statements should be similar to the following examples:

F2.1 The SAR and docketed materials adequately identify and characterize the SNF
to be stored in the DSS in conformance with the requirements given in
10 CFR 72.236.

F2.2 The SAR and the docketed materials relating to the design bases and criteria
meet the general requirements as given in 10 CFR 72.122(a), (b), (c), (f), (h)(1),

(h)(4), (i), and (I).

F2.3 The SAR and docketed materials relating to the design bases and criteria for
structures categorized as important to safety meet the requirements given in
10 CFR 72.122(a), (b)(1), (b)(2) and (b)(3), (c), (f), (h)(1), (h)(4), and (i); and 10
CFR 72.236.

F2.4 The SAR and docketed materials meet the regulatory requirements for design
bases and criteria for thermal consideration as given in 10 CFR 72.122 (a),

(b)(1), (b)(2) and (b)(3), (c), (f), (h)(1), (h)(4), and (i).

F2.5 The SAR and docketed materials relating to the design bases and criteria for
shielding, confinement, radiation protection, and ALARA considerations meet the
regulatory requirements as given in 10 CFR 72.104(a) and (b); 10 CFR
72.106(b); 10 CFR 72.122(a), (b), (c), (f), (h)(1), (h)4), and (i); 10 CFR
72.126(a).

F2.6 The SAR and docketed materials relating to the design bases and criteria for
criticality safety meet the regulatory requirements as given in 10 CFR 72.124(a)
and (b).

F2.7 The SAR and docketed materials relating to the design bases and criteria for
retrievability meet the regulatory requirements as given in 10 CFR 72.122(a),

(b)(1), (b)(2), and (b)(3), (c), (F), (h)(1), (h)(4), and ().

F2.8 The SAR and docketed materials relating to the design bases and criteria for
other SSCs not important to safety but subject to NRC approval meet the general
regulatory requirements as given in the following subparts of



2173 10 CFR Part 72: Subpart E, “Siting Evaluation Factors” 72.104 and 72.106;

2174 Subpart F, “General Design Criteria” 72.122, 72.124, and 72.126; and Subpart L,
2175 “Approval of Spent Fuel Storage Casks.”
2176

2177  The reviewer should provide a summary statement similar to the following:
2178

2179 “The staff concludes that the principal design criteria for the [cask designation] are
2180 acceptable with regard to meeting the regulatory requirements of 10 CFR Part 72. This
2181 finding is reached on the basis of a review that considered the regulation itself,
2182 appropriate regulatory guides, applicable codes and standards, and accepted
2183 engineering practices. A more detailed evaluation of the design criteria and an
2184 assessment of compliance with those criteria are presented in Chapters 3 through 14 of
2185 the SER.”

2186

2187

2188
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3 STRUCTURAL EVALUATION
3.1 Review Objective

In this portion of the dry storage system (DSS) review, the U.S. Nuclear Regulatory Commission
(NRC) evaluates aspects of the DSS design and analysis related to structural performance
under normal and off-normal operations, accident conditions, and natural phenomena events.
In conducting this evaluation, the NRC staff seeks a high degree of assurance that the cask
system will maintain confinement, subcriticality, radiation shielding, and retrievability or recovery
of the fuel, as applicable, under all credible loads for normal and off-normal conditions
accidents, and natural phenomenon events.

3.2 Areas of Review

This chapter of the DSS Standard Review Plan (SRP) provides guidance for use in evaluating
the design and analysis of the proposed cask system with regard to its structural performance.
All DSSs include a confinement cask that may have both internal components and integral
external components. In addition, some DSSs have a variety of other components that are
subject to NRC evaluation and approval under the cask certification provisions of Subpart L of
10 CFR Part 72.

Recognizing the diversity of the various cask system components, the NRC has broadly
categorized the applicable review procedures and acceptance criteria as follows:

. Structural Capability of the Confinement boundary and Internals,
. Other structural system components important to safety,
. Other structural components subject to NRC approval.

Within these broad categories, the NRC focuses the DSS structural evaluation, as described in
Section 3.5, “Review Procedures,” using the following areas of review as appropriate:

Scope

Structural Design Criteria and Design Features
Design Criteria
General Structural Requirements
Applicable Codes and Standards
Structural Design Features

Materials Related to Structural Evaluation

Structural Analysis

Load Conditions

Normal Conditions

Off-normal Conditions

Natural Phenomena and Accident Conditions
Structural Analysis Methods

Finite-element Analysis

Closed-form Calculations

Structural Analysis for Specific Cask Components
Structural Evaluation
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Structural Capability
Fabrication and Construction

3.3 Regulatory Requirements

Table 3-1 presents a matrix that shows the primary relationship of the regulations provided in
this section to the specific areas of review associated with this SRP chapter. The NRC staff
reviewer should verify the association of regulatory requirements with the areas of review
presented in the matrix to ensure that no requirements are overlooked as a result of unique
applicant design features.

Table 3-1 Relationship of Regulations and Areas of Review

10 CFR Part 72 Regulations

Areas of Review
72.124(a) | 72.234(a), (b) 72'2(3?(?'))’(0)’ 72.236(g), (h)

Scope ° ° °

Structural Design Criteria " o o o

and Design Features

Materials Related to °

Structural Evaluation

Structural Analysis ° °

Structural Evaluation ° ° °

3.4 Acceptance Criteria

The most important function of the structural analysis is to ensure sufficient structural capability
for every applicable section of the cask system to withstand the worst-case loads under
accident conditions and natural phenomena events. Withstanding such loads enables the cask
system to successfully preclude the following negative consequences:

. Unacceptable risk of criticality,

. Unacceptable release of radioactive materials,

. Unacceptable radiation levels,

. Impairment of retrievability or recovery, as applicable.

Because of the diversity of cask system components and various materials that are subject to
NRC evaluation and approval, it is not possible to define objective structural review criteria that
address all possible component configurations. No single structural code currently accepted by
the NRC (such as the American Society of Mechanical Engineers [ASME] Boiler and Pressure
Vessel [B&PV] Code, Section lll, Division 1 [ASME B&PV]) or Section lll, Division 2 may cover
the design of all spent nuclear fuel (SNF) storage systems. Consequently, the acceptability of
any given structure will be contingent upon a combination of adherence to applicable portions of
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multiple codes and a review of the functional performance of the structure taken as a whole.
This combined approach allows the designer to request relief, or provide alternatives, and the
reviewer to impose additional restrictions when warranted by specific design features.

In general, the DSS structural evaluation seeks to ensure that the proposed design and analysis
fulfill the following acceptance criteria that reflect the industry codes and standards the NRC
staff has accepted in past DSS structural evaluations. The American National Standards
Institute’s (ANSI) “Design Criteria for an Independent Spent Fuel Storage Installation (Dry
Storage Type)” (ANSI/ANS-57.9) generally applies to the design and construction of an ISFSI
but contains some criteria/design requirements relative to dry storage systems.

3.4.1 Confinement Cask and Metallic Internals
3411 Steel Confinement Cask

The structural design, fabrication, and testing of the confinement system and its redundant
sealing system should comply with an acceptable code or standard such as ASME B&PV Code.
(The NRC has accepted use of either Subsection NB or Subsection NC of Section Ill, Division 1
of this code.) Division 3 of Section Ill of the ASME B&PV Code, addressing storage of spent
nuclear fuel, has been published, but currently no NRC position has been established on that
standard. Other design codes or standards may be acceptable depending on their application.
An applicant must justify the use of new criteria where no NRC staff position has been
established.

i. The NRC staff evaluates the proposed limitations on allowable stresses and
strains in the confinement cask, steel parts important to safety and subject to
review by comparison with those specified in applicable codes and standards.
Where certain proposed load combinations will produce values that exceed the
accepted limits for localized points on the structure, the applicant should provide
adequate justification to show that the deviation will not affect the functional
integrity of the structure. Under certain conditions limiting strains and limiting
deformations may form part of the acceptance criteria.

ii. The NRC has accepted the use of applicable subsections of the ASME B&PV
Code, Section lll, Division 1, such as Subsections NF and NG, for components
used in the cask system. This includes the “basket” structure used in casks to
restrain and position multiple fuel elements in the storage system in which
Subsection NG has been used.

3.41.2 Steel-Lined Concrete Confinement Cask

i. The American Concrete Institute (ACI) and ASME’s “Code for Concrete Reactor
Vessels and Containments” (ACI 359), also known as Section lll, Division 2 of
the ASME B&PV Code, constitutes an acceptable standard for prestressed and
reinforced concrete structures that are an integral component of a steel-lined
concrete confinement cask that must withstand internal pressure in operation or
testing and constitutes a confinement cask. The minimum functional
requirements of ANSI/ANS-57.9 for subject areas not specifically addressed in
ACI 359 shall be met.
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ii. The NRC will review the use of applicable subsections of the ASME B&PV Code,
Section lll, Division 1, such as Subsections NF and NG, for components used
within the confinement cask but not integrated with it. This includes Subsection
NG for the “basket” structure used in casks to restrain and position multiple fuel
elements in the storage system.

3.4.2 Other Structural System Components and Structures Important to Safety

The NRC accepts the use of ANSI/ANS-57.9 (together with the codes and standards cited
therein) as the basic reference for the ISFSI dry storage systems important to safety that are not
designed in accordance with accepted provisions or alternatives to applicable portions of
Section lll, Division 1 or 2 (ACI-359) of the ASME B&PV Code. Structures and components that
are important to safety which are related to lifting and handling cask systems should comply
with American National Standards Institute (ANSI) Standard, “American National Standards for
Radioactive Material Lifting Devices for Shipping Containers Weighing 10,000 Ibs (4500 kg) or
More” (N14.6). The loadings defined in American Society of Civil Engineers, “Minimum Design
Loads for Buildings and Other Structures,” (ASCE 7) can be used when load combinations are
considered on the basis of ANSI/ANS-57.9.

3.4.21 Steel Structures

The principal codes and standards include the following references that may be applied to steel
structures and components:

a. American Institute of Steel Construction (AISC), “Specification for Structural Steel
Buildings — Allowable Stress Design and Plastic Design.”

b. AISC, “Load and Resistance Factor Design Specification for Structural Steel
Buildings.”

C. American Welding Society, “Structural Welding Code Steel,” (AWS D1.1).
3.4.2.2 Reinforced Concrete Structures

ACI’s “Code of Requirements for Nuclear Safety Related Concrete Structures,” ACI 349 can be
applied to reinforced concrete structures and components.

3.4.3 Other Structural Components Subject to NRC Approval

For structural design and construction of other components subject to NRC approval, the
principal codes and standards include the following:

a. American Society of Civil Engineers (ASCE), “Minimum Design Loads for
Buildings and Other Structures” (ASCE 7).

b. International Building Code (IBC) 2006 from International Code Council.

C. AISC, “Specification for Structural Steel Buildings—Allowable Stress Design and
Plastic Design.”

d. AISC, “Code of Standard Practice for Steel Buildings and Bridges.”
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e. ASME B&PV Code, Section VIII.
f. ACI 318, “Building Code Requirements for Structural Concrete.”
3.5 Review Procedures (HIGH Priority)

The SAR documentation should be reviewed to confirm that the design of the cask structure
provides for satisfactory functional performance. This includes operating suitability within
specified limiting conditions and satisfaction of the basic safety criteria under all credible events
and environmental conditions.

The SAR should clearly identify the confinement system and other structures important to
safety, and each component should have sufficient structural capability for every applicable
section to withstand the worst-case loads under accident-level events and conditions to
successfully preclude the following:

. Unacceptable risk of criticality.

. Unacceptable release of radioactive materials to the environment.

. Unacceptable radiation dose to the public or workers.

. Significant impairment of retrievability or recovery, as applicable, of stored

nuclear materials (the NRC has accepted some degradation of retrievability
under accident conditions and severe natural phenomena events that are treated
as design bases events).

This position does not necessarily require that all confinement system and other structures
important to safety survive all design-basis accidents and extreme natural phenomena without
any permanent deformation or other damage. Some load combination expressions for the
design basis event (DBE) and conditions for structures important to safety permit stress levels
that exceed yield. The SAR should include computations of the maximum extent of potentially
significant accident deformations and any permanent deformations, degradation, or other
damage that may occur. The reviewer should verify that the applicant has performed
computations, analyses, and/or tests and that both the tests and results are acceptable to the
NRC to clearly demonstrate that any permanent deformations, degradation, or other damage
that may occur does not render the system performance unacceptable.

Structures important to safety are not required to survive accidents to the extent that they
remain suited for use for the life of the cask system without inspection, repair, or replacement. If
the service life of structures important to safety may be degraded by accident-level conditions,
there must be SAR commitments and procedures for determining and correcting the
degradation and performing other acceptable remedial action.

The proposed technical specifications should be reviewed to ensure that they include adequate
restrictions on cask handling and operations to preclude the possibility of damage to the
structure or the confined nuclear material. Operating controls and limits of the technical
specifications (reviewed under Chapter 13 of this SRP) should be included in both the SAR and
the SER, and should describe actions to be taken and inspections to be conducted upon
occurrence of events that may cause such damage.
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Figure 3-1 presents an overview of the evaluation process and can be used as a guide to assist
in coordinating with other review disciplines.

In evaluating the structural design and performance of a proposed DSS, the reviewer should
select and emphasize aspects of the following review procedures, as appropriate for the
particular DSS, in relation to the acceptance criteria summarized in Section 3.4.

Description of Structures, Systems, and Components Important to Safety

The reviewer should verify that the applicant’s safety analysis report (SAR) clearly identifies the
proposed structural design and construction of structures, systems, and components (SSCs)
that are important to safety and necessary for effective functional performance and safety of the
DSS. The SAR and supplemental material submitted by the applicant should be reviewed to
assess compliance with the applicable scope and content requirements defined in 10 CFR
72.230. The reviewer should focus in particular on requirements and conditions of use related
to design, construction, implementation, operation, and maintenance of structural SSCs.

Applicable Codes, Standards, and Specifications

NRC guidelines recommend that the safety evaluation report (SER) prepared by the NRC staff
include a table (in the design criteria evaluation section) summarizing the applicable reference
sources. This table should identify all source documents cited in the SAR, their usage (e.g.,
description of model, prior NRC approval of cask system elements, design code, construction
code), and acceptability for that usage. The sources of interest include documents directly
referenced in the SAR; sources of material incorporated by reference; and codes, standards,
specifications, and other sources of criteria that further define the design and construction of the
proposed structures. If not tabulated, the consolidated review and assessment of reference
sources should otherwise be included in the SER.

Loads and Load Combinations

The reviewer should verify that the loads and load combinations are as specified in Chapter 2,
“Principal Design Criteria Evaluation,” of this SRP. If the applicant has not adequately justified
any deviations from the acceptance criteria for loads and load combinations, the reviewer
should identify the deviations as unacceptable and transmit them to the applicant for further
justification. If components associated with or integral to the fuel assembly are to be stored in
the cask, then the reviewer should ensure these components are considered by the applicant in
the structural analyses.
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The SAR should include a comprehensive table of load combinations and safety margins for
selected structural sections of components important to safety (or otherwise subject to NRC
evaluation). The summary table should include sufficient structural sections and forms of
loadings (e.g., shear, flexure, axial, and combined stress situations) to verify that the lowest
margins of safety are represented for the various components. In addition, this table can be
used to summarize the structural capacity evaluation.

Design and Analysis Procedures

The reviewer should determine whether the applicant’s design and analysis procedures and
assumptions are conservatively defined on the basis of accepted engineering practice. The
behavior of the structure under various loads, and the manner in which these loads are treated
in conjunction with other coexistent loads should be reviewed, while compliance with the
acceptance criteria, defined in Section 3.4 of this SRP should be assessed.

Structural Acceptance Criteria

The proposed limitations on allowable stresses, strains, or deformations in the confinement
cask, its internals, system components important to safety, and other components subject to
review should be analyzed. The reviewer should compare the proposed limitations with those
specified in the applicable codes and standards. Where the applicant proposes to exceed the
accepted limits for certain load combinations at localized points on the structure, the reviewer
should evaluate the justification provided to ensure that the deviation will not affect the
functional integrity of the structure. If the justification is not acceptable, the reviewer should
request additional justification and bases.

Materials, Quality Control, and Special Fabrication Techniques

Information provided in the SAR regarding materials is reviewed under the guidance of Chapter
8, “Materials Evaluation” of this SRP. Quality control methods, and special fabrication
techniques, if any, related to the structural evaluation should be reviewed in coordination with
the materials discipline and QA. The QA program is reviewed under Chapter 14 “Quality
Assurance Evaluation” of this SRP. If the applicant proposes to use a new material not
addressed in prior approvals, the applicant must provide sufficient data regarding the material’s
structural properties to establish the acceptability of the material. Similarly, the reviewer should
evaluate any new quality control programs or construction techniques to ensure that they will
not degrade the structural quality, integrity, or function of the DSS.

Testing and In-Service Surveillance Requirements

The proposed pressure test procedures for the confinement cask should be reviewed in
comparison with the procedures described in ASME Code, Section lll, Division 1, Subsection
NB-6000, and in conjunction with Chapter 10, “Acceptance Tests and Maintenance Program
Evaluation” of this SRP. Also, the proposed acceptance test and maintenance requirements for
trunnions should be reviewed in comparison with those described in the ASME Code and ANSI
N14.6, as applicable for load bearing components. Any other proposed testing and in-service
surveillance programs should be reviewed on a case-by-case basis. Also, the reviewer should
read SAR Section 10 to verify that the applicant has included all appropriate acceptance tests
and addressed all required evaluations in Section 10 of the SER.
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Conditions for Use of Structures

The structural evaluation should be reviewed to determine if conditions of use or technical
specifications should be associated with the structural design or proposed fabrication and
construction methods. The reviewer should determine the appropriateness of and need for any
proposed technical specifications related to structural design and construction. Also, the
reviewer should determine whether any additional technical conditions related to structural
performance are needed and, if so, provide input to the conditions of use discussed in the SER.
In addition, the reviewer should describe the basis for the suggested conditions in the structural
evaluation section of the SER. Structure-related conditions of use may be linked to evaluations
performed under other sections (such as a field verification that maximum concrete
temperatures predicted from thermal analysis will not be exceeded).

The remainder of this section provides specific review procedures for each of the three
categories of cask system components including the confinement cask and steel internals, other
structures important to safety, and other components subject to NRC approval. Within each of
these broad categories, the specific review procedures focus the DSS structural evaluation
using the areas of review identified in Section 3.2 of this SRP.

3.5.1 Confinement Cask and Metallic Internals

The structural review of the confinement cask addresses drawings, plans, sections, supporting
computations, and specifications for those structural components comprising confinement
barriers. The review also addresses structural and sealing interfaces, and connections that are
necessary to complete the confinement system (as defined in 10 CFR Part 72). In addition, this
review includes evaluation of components that serve no structural function to confirm that they
do not impair the functioning of the confinement cask. The review also encompasses the
evaluation of the metallic internals that constitute the “basket” structure.

3.5.1.1 Scope

The SAR must describe all components of the confinement cask and internals important to
safety in sufficient detail to allow evaluation of their structural behavior and effectiveness under
the imposed design conditions. In addition, the SAR must identify all codes and standards
applicable to the components.

The discussion in the SAR must demonstrate that all components of the confinement cask and
internals important to safety will be designed and fabricated to quality standards commensurate
with the importance to safety of the function to be performed. In addition, components of the
confinement cask and internals important to safety must be designed to accommodate the
combined loads anticipated during normal, off-normal, accident, and natural phenomenon
events with an adequate margin of safety.

3.5.1.2 Structural Design Criteria and Design Features
i. Design Criteria (MEDIUM Periority)
The cask-related design criteria presented in SAR Chapter 2, “Principal Design
Criteria Evaluation” should be reviewed as well as the criteria provided herein.

The NRC generally considers the following design criteria to be acceptable to
meet the structural requirements of 10 CFR Part 72:
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General Structural Requirements

The proposed cask must maintain confinement of radioactive material
under normal and off-normal operations, accident conditions, and natural
phenomenon events. In addition, neither the cask nor any basket within
the cask may deform under credible loading conditions in a manner that
would jeopardize the subcritical condition and recovery or retrievability of
the fuel, as applicable.

The design must adequately protect the fuel cladding against gross
rupture caused by degradation resulting from design or accident
conditions. In addition, the design must ensure that the SNF will not
experience accelerations/decelerations that would damage its structural
integrity or jeopardize its subcritical condition or retrievability under
normal and off-normal design conditions.

The applicant must analyze the cask to show that it will not tip over or
drop in its storage condition as a result of a credible natural phenomenon
event. A tipover or drop is always assessed as a bounding condition
during handling operations.

Radiation shielding in the cask system is required to protect the public
and workers involved with spent fuel handling and storage, and such
shielding must not degrade under normal or off-normal conditions or
events. The shielding function may degrade as a result of an accident
(e.g., displacement of source or shielding, reduction in shielding).
However, the loss of function must be readily visible, apparent, or
detectable. (Any permissible degradation in shielding must be shown to
result in dose rates sufficiently low to permit recovery of the damaged
cask including unloading, if necessary). The necessary structural criteria
to assure adequate shielding remains in-place should be clearly
identified.

Applicable Codes and Standards

The structural design, fabrication, and testing of the confinement system
and any necessary redundant sealing system should comply with
acceptable codes or standards. Use of codes and standards previously
accepted by the NRC expedites the evaluation process. Use of other
codes and standards, definition of criteria composed of extracts from
multiple codes and standards with overlapping scopes, or substitution of
other criteria, in whole or in part, in place of acceptable published codes
or standards requires a custom NRC review and may delay the evaluation
process.

Section lll, Division 1, of the ASME B&PV Code is an accepted code for
design, fabrication, and test of steel confinement casks. Specifically, the
NRC has accepted use of either Subsection NB or NC. Other design
codes or standards may be acceptable depending on their application.
The NRC has accepted use of the applicable subsections of the ASME
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Code, Section lll, Division 1, for cask system components used within the
confinement cask but not integrated with it. This includes the “basket,”
which is a structure used in casks to restrain and position multiple fuel
elements. Section lll, Division 3 of the ASME B&PV Code is also
available and addresses storage cask systems, but NRC has not
endorsed its use at the current time.

Also, the NRC has accepted applicable subsections of Division 1, of the
ASME Code, for structural external integral elements of the confinement
(e.g., Subsection NF for integral supports) cask.

Commitments for structures important to safety to ASME Code Section lll,
with proposed alternatives to the Code, should be documented in the
application. Likewise, NRC staff-approved alternatives to the Code
should be incorporated, either directly or referenced, in the certificate of
compliance (or in the technical specifications attached to the certificate)
issued by the NRC. In the event that alternatives to codes are required
during fabrication and the alternatives do not impact the quality or safety
of the component, an alternative to the requirements of the certificate of
compliance or technical specification may be granted with approval of the
NRC.

Applicants should propose a condition to the certificate of compliance or
technical specification, either directly or referenced, describing the
alternatives to the referenced codes. The condition or technical
specification should also describe a process to address one-time
alternatives from the ASME Code that may occur during fabrication. The
information provided should include the identification of the component,
the reference to the ASME Code (code edition, addenda, section or
article), description of the Code requirement, and a description of the
alternative. In addition, the applicant should justify the alternative,
including a description of how the alternative would provide an acceptable
level of quality and safety. Additionally, the applicant should describe
how compliance with the code provisions would result in hardship or
difficulty without a compensating increase in the level of quality or safety.

For a steel-lined concrete confinement cask system, NRC accepts ACI
359, also designated Section lll, Division 2, of the ASME Boiler and
Pressure Vessel Code. This Code is acceptable for prestressed and
reinforced concrete that is an integral component of a radioactive material
containment vessel that must withstand internal pressure in operation or
testing. ACI 359, as endorsed by RG 1.136, Rev. 3, “Design Limits,
Loading Combinations, Materials, Construction, and Testing of Concrete
Containments,” and Section 3.8.1, “Concrete Containments” of NUREG-
0800, “Standard Review Plan for Review of Safety Analysis Reports for
Nuclear Power Plants,” should be applied on the basis of containment
function regardless of whether the concrete structure is fixed or portable
and regardless of where the concrete structure is fabricated. ACI 359
also applies to structural concrete supports constructed as an integral
part of the containment. If ACI 359 and RG 1.136 apply to the structure,
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the Code applies to the entire design, material selection, fabrication, and
construction of that structure.

As an alternative to the requirements of Section CC-3440 of ACI 359, the
NRC also accepts the following. These criteria are an alternative to the
temperature requirements of ACI 349, A.4, but only for the specified uses
and temperature ranges:

a. If concrete temperatures of general or local areas are 93°C
(200°F) in normal or off-normal conditions/ occurrences, no tests
to prove capability for elevated temperatures or reduction of
concrete strength are required.

b. If concrete temperatures of general or local areas exceed 93°C
(200°F) but would not exceed 149°C (300°F), no tests to prove
capability for elevated temperatures or reduction of concrete
strength are required if Type Il cement is used and aggregates are
selected which are acceptable for concrete in this temperature
range. The following criteria for fine and coarse aggregates are
acceptable:

1) Satisfy ASTM C33, (“Standard Specification for Concrete
Aggregates”) requirements and other requirements
referenced in ACI 349 for aggregates.

2) Satisfy ASTM C150, (“Standard Specification for Portland
Cement”) requirements and other requirements referenced
in ACI 349 for cement.

3) Have demonstrated a coefficient of thermal expansion
(tangent in temperature range of 20°C to 38°C [70°F to
100°F]) no greater than 11x10°® mm/mm/°C (6x10°
in./in./°F), or be one of the following minerals: limestone,
dolomite, marble, basalt, granite, gabbro, or rhyolite.

C. If concrete temperatures of general or local areas in normal or off-
normal conditions or occurrences do not exceed 107°C (225°F),
the requirements of 1 and 2 apply to the coarse aggregate, but
fine aggregate that meets 1 and is composed of quartz sands or
sandstone sands may be used in place of compliance with 2.

Structural Design Features (LOW Priority)

The cask-related descriptive information presented in SAR Chapter 1, “General
Information Evaluation” should be reviewed as well as any related information
provided in SAR Chapter 3 “Structural Evaluation”. The drawings, figures, tables,
and specifications included in the SAR should fully define the structural features
of the cask. These may include the cask system that could include an inner
shell, an outer shell, and a gamma shield, inner and outer lids and bolts, port
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covers and bolts, vent port covers to be welded in place, neutron shields and
shell, trunnions, fuel basket, and impact limiters (if used).

The reviewer should coordinate with the confinement review (Chapter 5,
“Confinement Evaluation,” of this SRP) to verify that the SAR clearly identifies the
confinement boundaries. These boundaries include the primary confinement
vessel; its penetrations, seals, welds, and closure devices; and the redundant
sealing system as provided by the system.

The list of weights and calculation of the cask center of gravity should be
reviewed. The reviewer should verify that the applicant used the appropriate
limiting cases in the structural evaluations.

3.5.1.3 Materials Related to Structural Evaluation (HIGH Periority)

The structural reviewer should coordinate with the materials reviewer to determine the impact of
corrosion, reviewed in Chapter 8, “Materials Evaluation” of this SRP, on structural integrity. The
reviewer should ensure that the applicant used appropriate corrosion allowances for the
structural analyses. The reviewer should consider the static and dynamic (where appropriate)
stresses, strains, deformations, and response, and the limits used for the structural design and
evaluations.

A DSS serves to confine and maintain safe storage conditions throughout its service life.
Design and construction codes (e.g., ASME B&PV Code Section Ill) give reasonable assurance
that the as-fabricated material will provide the necessary integrity. It is noted that the ASME
Code Section lll, Division 1, applies specifically to maintaining pressure boundaries and
supporting structures in nuclear power plants, and may not necessarily be totally applicable to
all DSS. However, designers may choose to cite it as the code to which selected components
are to be fabricated. Codes such as the ASME B&PV are not likely to address all the potential
performance conditions (e.g., cracking, creep, corrosion, etc.) that may arise from
environmental, electrochemical, or dynamic-loading. These and other effects are specific to the
individual application and should be addressed to meet the guidance of Chapter, 8, “Materials
Evaluation” of this SRP.

The reviewer should verify that the properties used are appropriate for the load conditions of
interest (e.g., static or dynamic, impact loading, hot or cold temperature, wet or dry conditions).
SAR Chapter 12, “Accident Analyses Evaluation” should be reviewed to ensure that the
applicant considered any appropriate restrictions regarding temperature or environmental
conditions for the materials under accident conditions.

The reviewer should coordinate with the thermal and material disciplines to determine the
appropriate temperatures at which allowable stress limits should be defined. For most cask
materials, the stress limits should be defined at the maximum temperature for each material as
established by the SAR thermal analysis. Further discussion of the background for the
temperature limits can be found in Chapters 4, “Thermal Evaluation” and 8, “Materials
Evaluation” of this SRP.

The reviewer should coordinate with the materials, criticality, and shielding reviews to ensure
that, during storage and accident conditions, any structural materials considered as neutron
absorbers and/or gamma shields will perform safety functions as intended.
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If the cask has impact limiters, used in the transfer and storage operations, the applicant should
thoroughly evaluate and verify their nonlinear impact characteristics. In addition, the applicant
should tabulate and describe the crush characteristics and properties of the limiters in the
directions that are to be used.

3.5.14

Structural Analysis
Load Conditions

(MEDIUM Priority) To meet the structural requirements of 10 CFR Part 72, the
DSS design must accommodate the full spectrum of load conditions including all
anticipated normal, off-normal, and accident-level conditions (including natural
phenomenon events). The system should not experience any permanent
deformation or loss of safety function capability during normal or off-normal
operating conditions. However, the system may experience some permanent
deformation, but no loss of safety function capability, in response to an accident.

(1) Normal Conditions (LOW Priority)

Normal conditions and events are those associated with cask system
operations, including storage of nuclear material, under the normal range
of environments. The SAR should state the assumed limits of normal use
environments to support evaluation by a user of the certified cask system
suitability for use at a specific site under a general license.

Loads normally applicable to a confinement cask include weight, internal
and external pressures, and thermal loads associated with operating
temperature. The loads experienced may vary during loading,
preparation for storage, transfer, storage, and retrieval operations. The
weight is the maximum or design weight (including tolerances) of the cask
as it is stored and loaded with SNF. However, depending on the
operation and procedures, the weight should also include water fill. The
applicant should evaluate all orientations of the cask body and closure
lids during normal operations and storage conditions including loads
associated with loading, transfer, positioning, and retrieval of the
confinement cask.

Internal pressures result from hydrostatic pressure, cask drying and
purging operations, filling with non-reactive cover gas, out-gassing of fuel,
refilling with water, radiolysis, and temperature increases. Temperature
variations and thermal gradients in the structural material may cause
additional stresses in the cask and closure lids. The reviewer should
coordinate with the thermal review (Chapter 4, “Thermal Evaluation,” of
this SRP) to determine the conservative (or enveloping) values and
combinations of the cask internal pressures and temperatures for both hot
and cold conditions. The reviewer should use the temperature gradients
calculated in SAR Chapter 4 to determine thermal stresses. Note that if
the confinement system has several enclosed areas; all areas may not
have the same internal pressures. In some casks, enclosed areas
consist of the cask cavity and the region between the inner and outer lids.
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Required evaluations include weight plus internal pressures and thermal
stresses from both hot and cold conditions. The reviewer should verify
that the applicant included the maximum thermal gradient as determined
in the thermal analysis, when evaluating thermal stresses.

Off-Normal Conditions (LOW Priority)

The review should identify and evaluate all off-normal events and
conditions described in Chapter 12, “Accident Analyses Evaluation,” of
this SRP. The off-normal conditions and events should be reviewed for
those that affect the confinement cask structure. The confinement cask
components should satisfy the same structural criteria required for normal
conditions, as discussed above.

The SAR should clearly identify anticipated off-normal conditions and
events that may reasonably be expected to occur during the life of the
cask system at the proposed site. In addition, the SAR should state the
environmental limits to support comparison of the cask system design
bases with specific site environmental data. Off-normal conditions and
events can involve potential mishandling, simple negligence of operators,
equipment malfunction, loss of power, and severe weather (short of
extreme natural phenomena).

Accident-Level Events and Conditions

The reviewer should follow the guidance below in reviewing the structural
response to accident-level conditions. Note that the SAR must address,
at a minimum, each of the following accidents. However, this discussion
may not address all of the potential events or accidents that apply to a
cask (Chapter 12 of this SRP addresses the identification and evaluation
of accidents).

(a) Cask Drop and Tipover (HIGH Priority)

The reviewer should ensure the applicant performs a cask drop
and tipover analysis or demonstrates that this scenario is not
credible. The SAR should identify the operating environment
experienced by the cask and the drop events (end/side/tipover)
that could result. Generally, applicants establish the design basis
in terms of the maximum height to which the cask is lifted outside
the building or the maximum deceleration that the cask could
experience in a drop. The design-basis drops should be
determined on the basis of the actual potential handling and
transfer accidents.

If the analytical approach described in the LLNL report
UCID-21246 (Chun, R., et al., 1986) for axial buckling is used to
assess fuel integrity for the cask drop accident, the analysis
should use the irradiated material properties and should include
the weight of fuel pellets.
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Alternatively, an analysis of fuel integrity which considers the
dynamic nature of the drop accident and any restraints on fuel
movement resulting from cask design is acceptable if it
demonstrates that the cladding stress remains below yield. |If a
finite element analysis is performed, the analysis model may
consider the entire fuel rod length with intermediate supports at
each grid support (spacer). Irradiated material properties and
weight of fuel pellets should be included in the analysis.

The NRC will accept cask tipover about a lower corner onto a hard
receiving surface from a position of balance with no initial velocity.
The NRC has also accepted analysis of cask drops with the
longitudinal axis horizontal which, together with analysis of a
vertical drop, could bound a non-mechanistic tipover case.

NRC staff has accepted an unyielding surface for determining the
bounding cask deceleration loads that can far exceed the
decelerations experienced by a cask dropping onto or tipping over
the concrete storage pad that will bend and deform. Prototype or
scale model testing can be used to obtain more realistic cask
deceleration or equivalent load for quasi-static analyses.
Alternatively, applicants can develop an analytical model to
calculate cask deceleration loads. In the analytical approach, the
hard receiving surface for a drop or tipover accident need not be
an unyielding surface, and its flexibility may be included in the
modeling.

The structural discipline should review validation of the analytical
model. The staff has completed a series of low-velocity impact
tests of a steel billet from which a model validation approach and
corresponding acceptance criteria have been developed. These
tests and analytical evaluations are summarized in
NUREG/CR-6608, Summary and Evaluation of Low-Velocity
Impact Tests of Solid Steel Billet Onto Concrete Pads
(Witte, 1998). On the basis of the report, the following model
validation acceptance criteria apply to a cask-pad-soil analytical
model for predicting impact responses of the cask:

. When solid steel billet is used to replace the cask in the
cask-pad-soil analytical model, it should predict a pulse
amplitude slightly higher than the recorded pulse amplitude
from the billet test.

. The calculated pulse duration and shape should be similar,
but not necessarily identical, to those recorded from the
billet test.

The validated billet-pad-soil model is considered adaptable to a
cask-pad-soil analysis model if relevant attributes of the cask are
used to replace those of the billet.
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(b)

Explosive Overpressure (LOW Priority)

Explosion-induced overpressure and reflected pressure may result
from explosion hazards associated with explosives and chemicals
transported by rail or on public highways, natural gas pipelines,
and vehicular fires of equipment used in the transfer of casks.
Explosions may result from detonation of an air-gaseous fuel
mixture. With the exception of transfer vehicle accidents, the
explosion hazards are typically similar to those for facilities subject
to reviews under 10 CFR Part 50, “Domestic Licensing of
Production and Utilization Facilities.”

The SAR should state the level of overpressure that the cask
system can withstand for this accident condition. This
overpressure level would then serve as the quantitative envelope
for future comparison with hazards for specific site installations.
The pressure criteria for the assumed design-basis wind or
tornado may also serve as an envelope for the explosive
pressures for comparison with actual site hazards of a general
licensee’s facility.

If the SAR includes bounding explosion effects for which the cask
system is to be approved, the reviewer should verify that the
applicant also provided structural analyses of those effects for
cask system structures that may be affected. The SAR should
identify the maximum response determined. The maximum
response includes pressure-induced maximum stresses at critical
cask locations and governing structural performance modes for
the cask components important to safety. That response should
be sufficiently low such that while damage may occur, it would not
impair the capability of the component to perform its safety
functions. In addition, the SAR should identify any post-event
inspection and remedial actions that may be necessary.

Fire (LOW Priority)

Chapter 4, “Thermal Evaluation” of this SRP addresses potential
fire conditions. Fire-related structural evaluation considerations
include increased pressures in the confinement cask, changes in
material properties, stresses caused by different coefficients of
thermal expansion and/or temperatures in interacting materials,
and physical destruction.

The reviewer should evaluate the discussion in the SAR
concerning the treatment of structural effects associated with the
presumed fire. The reviewer should evaluate the appropriateness
of the applicant’'s analysis of those structural effects for the
assumed parameters of the design-basis fire. The reviewer
should confirm that the applicant defined the confinement cask
pressure capacity on the basis of the cask material properties at
the temperature resulting from the fire. Spalling of concrete that
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may result from a fire is generally considered acceptable and
need not be estimated or evaluated. Such damage is readily
detectable, and appropriate recovery or corrective measures may
be presumed. The NRC accepts concrete temperatures that
exceed the temperature limits of ACI349 for accidents, providing
that the temperatures result from a fire. However, corrective
actions may need to be taken for continued safe storage.

Flood (LOW Priority)

The applicant’s evaluation of the DSS design should be reviewed
with regard to the structural consequences of a flood event. The
SAR may stipulate an assumption that the DSS not be used at
any site where there is potential for flooding. In this case, the
DSS would have to be placed at an ISFSI site above the
maximum probable flood level (SAR Chapter 12, “Accident
Analyses Evaluation” should state this condition). Alternatively, an
application for a certificate of compliance to use a DSS at a site
with flooding potential would require a full analysis for a defined
flood event.

If a design flood event is defined for the certificate of compliance
the reviewer should verify that the SSCs meet appropriate
guidance in RG 1.59, Rev. 2 and 1.102, Rev. 1 for that level of
flood protection.

One possible structural consequence of a flood is that a vertically
stored cask may tip over or translate horizontally (slide) because
of the water velocity. Another possible consequence is that
external hydrostatic pressure will exceed the capacity of the cask.
The applicant may state the critical water velocity and hydrostatic
pressure as bounds for the SAR flood analysis.

The NRC accepts the evaluation for flooding events when the
flood conditions for overturning and sliding of stored confinement
casks and other cask system structures (with a safety factor of 1.1
for accidents cases) have been applied. The applicant should
state the basis for estimation of lateral pressure on a structure as
a result of water velocity.

The NRC accepts the use of Hoerner's Fluid-Dynamics Drag
(Hoerner, 1965) for estimating drag coefficients and net lateral
water pressure. An approach for calculating the velocity
corresponding to the cask stability limit is to assume that the cask
is pinned at the outer edge of the cask bottom and rotates about
that outer edge, and the pinned edge does not permit sliding. The
overturning moment from the velocity of the flood water can be
compared to the stability moment of the cask (with buoyancy
considered). The structural consequences of the flood event are
typically bounded by analyses for the drop or tipover accident
cases.
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(e)

The analysis of the confinement cask should be reviewed for
flood-related hydrostatic pressure. The analysis should include
the combined effects of weight, external hydrostatic pressure,
internal pressure(s), and thermal stress. Resistance of the
confinement cask to flood-related hydrostatic pressure should be
analyzed in accordance with Section Ill, Subsection NB or NC, of
the ASME B&PV Code (depending on the subsection used for
design).

Additional flood consequences include potential scouring under a
foundation, damage to access routes, temporary blockage of
ventilation passages with water, blockage of ventilation passages
and interstitial spaces between the confinement cask and
shielding structure with mud, and steep temperature gradients in
the shielding structure and confinement cask. The consequences
of these conditions may be analyzed in the SAR and identified in
the certificate of compliance so a general licensee will be able to
consider these factors when siting an ISFSI.

Tornado Winds (LOW Priority)

The reviewer should verify that the SAR addresses the potential
structural consequences of design-basis tornado or extreme wind
effects. The load combination analyses should be reviewed for
acceptable inclusion of tornadoes and tornado missiles. Current
NRC guidance provided in RG 1.76, Rev. 1, recognizes three
regions in the contiguous United States each with distinct design-
basis tornado parameters. The applicant for a certificate of
compliance must clearly define the boundary conditions of the
proposed cask system with respect to these regions or utilized
Region 1.

Confinement casks may be vulnerable to overturning and/or
translation caused by the direct force of the drag pressure while in
storage or during transfer operations. Criteria for resistance to
overturning or sliding should be provided in the SAR.

Confinement casks are generally not vulnerable to damage from
overpressure or negative pressure associated with tornadoes or
extreme winds. However, they may be vulnerable to secondary
effects, such as wind-borne missiles (see (f), below) or collapse of
a weather enclosure, if used. The capability and behavior of the
cask system under the collapse of any such external structure, if
allowed by the Certificate of Compliance should be identified in
the SAR.

Tornadoes typically produce the greatest “design-level” wind
effects for American sites. However, there are some potential
American sites at which high winds may be more severe than the
credible tornado. The SARs for a limited set of potential sites
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could reflect high wind effects as a basis for structural analysis. If
the certificate is to include proven design resistance to tornadoes
or extreme winds, the SAR documentation must identify the wind
levels (e.g., in miles or kilometers per hour), source (tornado or
high wind), and specific wind-driven missiles (shape, weight, and
velocity) for which the design is to be evaluated.

RG 1.76, Rev. 1, “Design-Basis Tornado for Nuclear Power
Plants,” provides applicable tornado-related parameters. The
NRC accepts the use of ASCE 7 for conversion of wind speed to
pressure and for typical building shape factors. Conversion of
tornado or other wind speeds to pressure in the SAR
documentation should assume that the cask system is at sea
level.

The reviewer should verify that the cask system design meets
appropriate guidance in the RG 1.76, Rev. 1, and 1.117, Rev. 1,
and NUREG-0800 “Standard Review Plan for Power Reactors,”
Section 3.3.2, Rev. 3 for tornado protection.

Tornadoes and high winds can produce a significant negative
pressure differential between interior spaces and the outside in a
storage cask system that should be considered. This is a function
of wind speed and factors relating to the structure. The magnitude
of negative pressure depends on other parameters of the tornado
or wind, and on wall pressure coefficients (as expressed in ASCE
7). There is no need for the SAR to separately state negative
pressure to establish an envelope for approval since negative
pressure is insignificant with regard to confinement cask accident
pressure analysis.

The NRC does not accept the presumption that there will be
sufficient warning of tornadoes that operations such as transfer
between the fuel pool facility and storage site may never be
exposed to tornado effects. Overturning during onsite transfer is
considered by the staff to be a design-basis event. The tornado
analysis should determine if tornado-induced overturning is
bounded by drop and tipover cases. In addition, the SAR should
show that the cask system will continue to perform its intended
safety functions (i.e., criticality, radioactive material release, heat
removal, radiation exposure, and retrievability).

Tornado Missiles (LOW Priority)

The applicant’s evaluation of the cask system design should be
reviewed with regard to the structural consequences of wind-
driven missile impact (RG 1.76, Rev. 1 and NUREG-0800,
“Standard Review Plan for Power Reactors,” Section 3.5.1.4
(Rev. 3) and Section 3.5.3 (Rev. 3) describe the effects of tornado
missiles). The SAR should define the missile parameters for
which the cask system is to be evaluated based on the three
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tornado regions currently identified in the RG 1.76, Rev. 1.
Among the possible missile effects, the SAR should address those
that may result in a tipover and those that may cause physical
damage as a result of impact. The damage should not result in
unacceptable radiation dose or significantly impair either criticality
control, heat removal, or the retrievability of the fuel.

The NRC has accepted use of the analytical approaches given in
U.S. Reactor Containment Technology, ORNL-NSIC-5, Volume 1,
Chapter 6 (Cottrell and Savolainen), for estimating the potential
effects of missile impact on steel sheets, plates, and other
structures. Further guidance on analytical acceptable approaches
for use in ISFSI design is provided in NUREG-0800, Section 3.5.3,
“Barrier Design Procedures.” In addition, for analysis and design
regarding the ability of reinforced concrete structures to resist
missiles, the NRC has accepted use of “Review of Procedures for
the Analysis and Design of Concrete Structures to Resist Missile
Impact Effects” (Kennedy, 1975).

Cask systems are not required to survive missile impacts without
permanent deformation. However, the maximum extent of
damage from a design-basis event must be predicted and should
be sufficiently limited. Moreover, the capability of the SSC to
perform their safety functions should not be impaired.

Earthquake (MEDIUM Priority)

The applicant’s evaluation of the cask design should be reviewed
with regard to the structural consequences of the earthquake
event. Cask designs must satisfy the load combinations that
encompass earthquake, including those for sliding and
overturning. The applicant should demonstrate that no tipover or
drop will result from an earthquake. In addition, impacts between
casks should either be precluded, or should be considered an
accident event for which the cask must be shown to be structurally
adequate.

Appendix H of ANSI/ANS-57.9-1992 provides guidance for
seismic analysis. Implicit in this guidance is the assumption that
the ISFSI concrete pad, supported by soil, behaves as a rigid mat
and therefore possesses no out-of-plane flexibility. This is valid
for the majority of nuclear power plant structures where relatively
thick mats support integral reinforced concrete walls. However,
ISFSI pads are usually relatively thin structures (i.e., small
thickness to length ratio) and generally do not incorporate integral
walls to stiffen the pad. While the cask itself is relatively rigid, the
rigid cask resting on a flexible pad has a lateral mode frequency
that is generally low enough to fall within the amplified range of
most design earthquake spectra. Thus, in determining the inertia
forces that act at the center of gravity of the cask for the purpose
of evaluating the onset of sliding or tipping, the reviewer should
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ensure that the applicant has either accounted for the out-of-plane
flexibility of the pad in the seismic analysis or demonstrated that it
is not an important parameter in determining 