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ABSTRACT

The Standard Review Plan for Spent Fuel Dry Storage Facilities (FSRP) provides guidance to the
staff of the U.S. Nuclear Regulatory Commission for reviewing applications for license approval
or renewal for commercial independent spent fuel storage installations (ISFSIs). An ISFSI may
be co-located with a reactor or may be away from a reactor site. These installations may be
designed for the storage of irradiated nuclear fuel and associated radioactive materials.

The U.S. Code of Federal Regulations (CFR), Title 10, Chapter 1, Part 72, Subpart B, specifies
information required to be submitted in applications for license approval and renewal for ISFSIs.
Regulatory Guide (RG) 3.48, "Standard Format and Content for the Safety Analysis Report for
an Independent Spent Fuel Storage Installation” provides an outline and specific guidance
regarding the information to be included in an applicant’s safety analysis report (SAR). This
standard review plan is intended to ensure the quality and uniformity of the NRC staff reviews by
establishing the review scope and requirements.

The FSRP uses a basic outline defined by RG 3.48, modified based on staff experience with SAR
reviews. The modified outline will be used for the related safety evaluation report (SER)
prepared by the NRC staff in response to the applicant's SAR. The FSRP includes regulatory
requirements, staff positions, references to applicable national and other industry standards and
codes, acceptance criteria, guidance on preparation of the SER, and other guidance.

In conjunction with the FSRP, the Spent Fuel Project Office (SFPO) developed several SFPO
Director’s Interim Staff Guidance (ISG) documents. These ISGs were developed to address
emerging issues for which interim guidance was needed. Current ISGs are available on the NRC
website. Although the FSRP was revised to incorporate most of these ISGs, ISG guidance will
continue to be developed when required. The FSRP will be revised periodically to reflect current
guidance to the staff.

Comments are solicited on this document and applicable ISGs. The comments will be considered
and incorporated into updates to the FSRP, as appropriate. Comments, errors or omissions, and
suggestions for improvement should be sent to the Director, Spent Fuel Project Office, Office of
Nuclear Material Safety and Safeguards, Mail Stop O-13D13, U.S. Nuclear Regulatory
Commission, Washington, D.C. 20555-0001.
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GLOSSARY

The following terms are defined here by the staff for the purpose of this FSRP. Many terms are
taken from 10 CFR 20.1003 or 10 CFR 72.3. The definitions from these CFR sections have not
been changed in the list below, but are repeated for convenience.

Accident-Level A term used to include both design basis accidents and design basis natural
phenomenon events and conditions. See "Design Basis." Resistance, response limit, and
functional capability requirements apply for conditions and events that exceed "off-normal" or
"Design Event II" as described in ANSI/ANS 57.9.

Annual limit on intake (ALI)means the derived limit for the amount of radioactive material
taken into the body of an adult worker by inhalation or ingestion in a year. ALl is the smaller
value of intake of a given radionuclide in a year by the reference man that would result in a
committed effective dose equivalent of 5 rems (0.05 Sv) or a committed-dose equivalent of 50
rems (0.5 Sv) to any individual organ or tissue. (ALl values for intake by ingestion and by
inhalation of selected radionuclides are given in Table 1, Columns 1 and 2, of Appendix B to
20.1001-20.2401). (10 CFR 20.1003)

As low as is reasonably achievable (ALARMeans making every reasonable effort to maintain
exposures to radiation as far below the dose limits in 10 CFR 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, and other societal and
socioeconomic considerations, and in relation to utilization of nuclear energy and licensed
materials in the public interest.” (10 CFR 20.1003)

Basic, or fundamental, safety criteridl he following are considered the basic nuclear safety
criteria for design of the ISFSI installation:

Maintain subcriticality

Prevent release of radioactive material above acceptable amounts
Ensure radiation rates and doses do not exceed acceptable levels
Maintain retrievability of the stored radioactive materials

Benchmarking Validation of the accuracy of a computer code by comparison of results with
results of relevant experiments.

Committed dose equivalefti;, 50) means 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)
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GLOSSARY
(Continued)

Confinement Barrier A structure, system, or component that prevents the release of radioactive
substances from areas containing radioactive substances to areas not containing radioactive
substances and ultimately, to the environment.

Construction Includes materials, design, fabrication, installation, examination, testing,
inspection, and certification (as required in the manufacture and installation of components).

Controlled Area Any area to which access is controlled to protect individuals from exposure to
radiation and radioactive materials.

Damaged Fuel.Spent nuclear fuel with known or suspected cladding defects greater than a
hairline crack or a pinhole leak.

Derived air concentration (DAC)means the concentration of a given radionuclide in air which,

if breathed by the reference man for a working year of 2,000 hours under conditions of light work
(inhalation rate 1.2 cubic meters of air per hour), results in an intake of 1 ALI. DAC values are
given in Table 1, Column 3, of Appendix B to 10 CFR 20.1001-20.2401. (10 CFR 20.1003)

Design Basis The extreme level of an event or condition for which there is a specified
resistance, specified limit of response, or requirement for a specified level of continuing
capability. Compares with "Design Events" lll and IV of ANSI/ANS 57.9.

Design Event (1, I, 1lI, or IV) Conditions and events as defined and used for ISFSI in
ANSI/ANS 57.9.

Docketed Formal submissions made to the NRC by an applicant. A docket number is assigned
to the facility by the NRC and is used for the application and subsequent submissions and other
correspondence on the facility. Except when the NRC concurs in a request that material be
protected as being "proprietary data" docketed material becomes available for public.

Emergency PowerThe power supply that is selected to furnish electric energy to safety-related
structures, systems and components when the preferred power supply is not available.

Exclusion Area [Applies to sites with a reactor only] That 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.

Exemption As used in the FSRP, an exemption to application of a specific regulatory
requirement that must be approved by the NRC.
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GLOSSARY
(Continued)

Important Confinement Feature3.erm used in ANSI/ANS 57.9 but not acceptable to the NRC
(per RG 3.60). "Important to safety” should be substituted for "important confinement features"
in the standard.

Important to Safety, also "Important to Nuclear Safetyerms used synonymous in the FSRP.
"Important to nuclear safety” is used where there may be a misinterpretation that the
classification "important to safety” may also include SSCs which do not have a nuclear safety
role but may be important for life safety, fire prevention, prevention or mitigation of property

loss, or protection of the environment (from other than radioactive material or radiation).
Important to safety can include "safety-related” and "nonsafety-related” SSCs (see definitions).
"Structures, system, and components important to safety” mean those features of the ISFSI whose
function is: (1) To maintain the conditions required to store spent fuel or high-level radioactive
waste safely, (2) To prevent damage to the spent fuel or the high-level radioactive waste
container during handling and storage, or (3) To provide reasonable assurance that spent fuel or
high-level radioactive waste can be received, handled, packaged, stored, and retrieved without
undue risk to the health and safety of the public. (10 CFR 72.3)

In-place radioactive materialRadioactive material that has not escaped through the closest
confinement barrier (or liquid containment).

ISFSI Independent Spent Fuel Storage Installation. ISFSI may be operated by public or private
utilities, commercial entities, and governmental agencies.

k.« "k" effective Measure of reactivity. Multiplication factor including all biases and
uncertainties at a 95 percent confidence level for indicating the level of subcriticality relative to
the critical state. At the critical statgg= 1.0.

Mixed waste Waste material which is hazardous because of both radioactive material and other
hazard(s), such as chemical, toxic, incendiary.

Non-Mechanistic EventAn event, such as cask tip-over, that should be analyzed for acceptable
system capability, although a cause for such an event is not identified in the analyses of
off-normal and accident-level events and conditions.

XXIX



GLOSSARY
(Continued)

Nonsafety-Related Electrical Equipmeriquipment whose failure under postulated

environmental conditions could prevent satisfactory accomplishment by "safety-related electrical
equipment” of prevention or mitigation of the consequences of design basis events. For this
definition, design basis events are defined as conditions of normal operation, including
anticipated operational occurrences, design basis accidents, external events, and natural
phenomena for which the facility must be designed to ensure accomplishment of the stated safety
requirement. [Based on description at 10 CFR 50.49(b)(1).] [Also see "Important to Safety" and
"Safety-Related Electrical Equipment."]

Normal The maximum level of an event or condition expected to routinely occur. The ISFSI is
expected remain fully functional and to experience no temporary or permanent degradation from
normal operations, events, and conditions. Compares to "Design Event I" of ANSI/ANS 57.9.
Events and conditions that exceed the levels associated with "normal” are considered to be, and
to have the response allowed for, "off-normal” or "accident-level” events and conditions.

Off-Normal The maximum level of an "off-normal” event or condition, for which there is a
corresponding maximum specified resistance, specified limit of response, or requirement for a
specified level of continuing capability. Similar to "Design Event II" of ANSI/ANS 57.9. ISFSI
SSCs are expected to experience off-normal events and conditions without permanent
deformation, and without degradation of capability to provide their full functional capability
(although operations may be suspended or curtailed during off-normal conditions) over the full
license period. Off-normal is considered to include "anticipated occurrences" as used in

10 CFR 72.

Part. A subdivision of the CFR. References to a "Part" number in this FSRP are to parts of Title
10 of the CFR unless a different title is specified.

Radwaste Waste which is hazardous as a result of its containing nuclear materials; may be high-
or low-level.

Rem Is 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)

Restricted Area Any area, access to which is controlled by the licensee for purposes of
protection of individuals from exposure to radiation and radioactive materials. (10 CFR 20)

Retrievability. Capability to retrieve the stored radioactive material without the release of
radioactive materials to the environment or radiation exposures in excess of 10 CFR 20 limits
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(10 CFR 72.122(h)(5)). ISFSI storage systems must be designed to allow ready retrieval of the
stored spent fuel for compliance with 10 CFR 72.122(1).

Safety Analysis Reportn the context of this FSRP, the report submitted by the license applicant
in compliance with 10 CFR 72, Subpart B. The fundamental contents of the report are described
at 10 CFR 72.24. Guidance on content of the report is provided by Regulatory Guide 3.48,
"Standard Format and Content for the Safety Analysis Report for an Independent Spent Fuel
Storage Installation,” October 1981. The SAR is considered to be the submitted application, and
supplemental data and responses submitted to the NRC staff to resolve questions arising during
the staff's review. Only docketed material is considered to form part of the submission. The
effective SAR is considered by the staff to be that submitted, as amplified and/or modified by the
supplemental and later submissions.

Safety Evaluation Reportn the context of this FSRP, the report prepared by the NRC staff to
document the acceptability of the applicant’s safety analysis and other required submissions.

Safety-Related Electrical EquipmerEquipment relied upon to remain functional during and
following a design basis event to ensure the capability to prevent or mitigate the consequences of
accident-level events. For this definition, design basis events are defined as conditions of normal
operation, including anticipated operational occurrences, design basis accidents, external events,
and natural phenomena for which the facility must be designed to ensure accomplishment of the
stated safety requirement.

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

Source Material (1) Uranium or thorium, or any combination thereof, in any physical or
chemical form or (2) ores containing by weight one-twentieth of one percent (0.05%) or more of
(I) uranium, (ii) thorium or (iii) any combination of thereof. Source material does not contain
SNM. (10 CFR 72.3)

Special Nuclear Material (1) plutonium, uranium 233, uranium enriched in the isotope 233 or

in the isotope 235, and any other material which the Commission, pursuant to the provisions of
Section 51 of the Act, determines to be SNM, but does not include source material; or (2) any
material artificially enriched by any of the foregoing but does not include source materials.

(10 CFR 72.3)

Standby power The power supply that is selected to furnish electric energy when the preferred
power supply is not available. Often used interchangeably with emergency power.
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(Continued)

Storage confinement caskask, vessel, or other sealed container providing the principal
confinement barrier for subject radioactive material while in dry storage. Term includes internal
and integral external components unless otherwise specified at the point of use.

Subject radioactive materialThe material whose storage is the principal function of the ISFSI.
Term includes power reactor spent fuel and other radioactive material associated with spent fuel
storage for an ISFSI.

Unrestricted Area An area to which access is not controlled by the licensee for purposes of
protection of individuals from exposure to radiation and radioactive materials. 10 CFR 20

Volume % The percentage of a mole of the material that is present in a volume that is equal to
the standard volume for the material as a gas.
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INTRODUCTION

This document is the Facility Standard Review Plan (FSRP). Itis intended to provide guidance
to the NRC staff who will be conducting a safety review of a site-specific license application for
an independent spent fuel storage installation (ISFSI). The objective of this introduction to the
FSRP is to give an overview of the entire ISFSI Safety Analysis Report (SAR) review process
and to assist the Project Manager who is responsible for coordinating and managing the overall
safety review effort. Itis also intended to help individual technical reviewers understand how
their specific review must be coordinated with other reviews to produce an integrated review.

Review Process

The review process of an ISFSI application involves six major phases: (1) site evaluation, (2)
operations systems evaluation, (3) criteria and technical design evaluation, (4) evaluation of
proposed programs that support protection of worker and public health and safety, (5) evaluation
of accidents, and (6) evaluation of proposed technical specifications.

These six major review phases are illustrated in Figure 1. The figure shows that all reviews
proceed primarily from information in the license application (primarily the SAR) and any
responses to Requests for Additional Information (RAIS). The review of health and safety
programs can proceed independently of the other review efforts (site, operations systems, and
design review), but the results of all these efforts must be considered in the accident analysis.
The last phase of the safety review addresses the proposed technical specifications and draws on
all of the previous review results. Additional details on how the design review is conducted are
also presented in a later section of this introduction and in specific chapters of the FSRP.

Site Evaluation. This phase of the review evaluates site characteristics to determine if the
applicant has properly identified and quantified natural phenomena such as floods, high winds,
high temperatures, and seismic events, and has included them in the ISFSI design bases. The
review also determines if the applicant has identified and quantified the site characteristics
related to contaminant transport and potentially exposed individuals and population. Specific
guidance for conducting this review is presented in Chapter 2 of this FSRP.

Operation Systems Evaluation This phase of the review evaluates the overall description of

the proposed ISFSI, the identification of the major components, and the description of the major
spent fuel or high-level waste handling operations and post-storage inspection and monitoring
operations.

Criteria and Technical Design Evaluation. This phase of the review is a large part of the

ISFSI review effort and must be performed in a coordinated manner with several technical
disciplines. Individual components and ISFSI system performance are reviewed for normal
conditions, off-normal conditions, and design basis accidents. Selection of the components for
the design review should be made after consultation between the various review disciplines
(structural, thermal, nuclear criticality safety, shielding, etc.) and the Project Manager. The
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INTRODUCTION

system-level performance review focuses on radiological impacts and involves estimates of any
material released under normal conditions, off-normal conditions, and design basis accident
conditions.

Evaluation of Proposed Programs that Support Protection of Worker and Public Health

and Safety. This phase of the review provides assurance that facility operations will not have
adverse impacts on public health and safety. These programs include radiation protection,
conduct of operations, quality assurance, decommissioning, and waste confinement. Each of
these programs can be reviewed independently of the other programs or the design review effort.

Evaluation of Accident Analysis. This phase of the review involves the evaluation of accidents
under off-normal events and conditions, as well as accident or design basis events. The results
are documented in a separate chapter of the Safety Evaluation Report (SER) and are part of the
basis for determining technical specifications.

Proposed Technical SpecificationsThe previous reviews and analyses have established the
bases for the identification of safety limits, limiting conditions, and surveillance requirements
deemed necessary to ensure safe operation of the ISFSI.

The criteria and design evaluation effort (Phase 3) involves the detailed review of proposed
design criteria, design codes, and the resulting designs. This effort is similar to the design
reviews conducted for ISFSI casks certified under 10 CFR Part 72, Subpart L, and conducted
according to the guidance of NUREG-1536, “Standard Review Plan for Dry Cask Storage
Systems.” This FSRP builds on the guidance in NUREG-1536, and the chapters related to
criteria and design evaluation often reference specific sections of NUREG-1536.

The evaluation of proposed programs that support protection of worker and public health and
safety (e.g., radiation protection, conduct of operations, quality assurance) is a review area for
specific licenses rather than the certificate of compliances. Such programs are not developed for
review as part of a cask certification application that would be reviewed by using the guidance of
NUREG-1536; thus, the review guidance for these areas does not refer to NUREG-1536.

Material in the FSRP Chapters

Each chapter of the FSRP gives six types of information: review objective, areas of review,
regulatory requirements, acceptance criteria, review procedures, and evaluation findings.

Review Objective This section gives an overview to the chapter and establishes the major
review objectives of the chapter.

Areas of Review. This section identifies topics and their sequence in the discussion of
acceptance criteria and review procedures subsections of each chapter.

3 NUREG-1567
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Regulatory Requirements. This section summarizes the regulatory requirements from 10 CFR
Part 72 expected to be applicable. The reviewer should read the complete language of the current
version of 10 CFR Part 72 and independently determine whether the proper set of applicable
regulations for the design is being reviewed.

Acceptance Criteria. This section is organized according to review areas established in

Section 2 of the specific chapter, and identifies the type and level of information that should be in
the application. Specific criteria are identified based on (a) specific language in 10 CFR Part 72,
(b) specific language in Regulatory Guide 3.48, and (c) clearly established precedent in Part 72
licensing.

Review Procedures This section presents a step by step procedure of what to check in the
application for each review area. As an aid to the reviewer, this section also provides

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.

Evaluation Findings. This last section of each chapter provides guidance on how findings
might be worded for the SER and gives suggested language for findings that indicate compliance
with regulations and regulatory guidance.

Safety Evaluation Report Outline

The review results are documented in an SER. The final determination of the organization of an
SER is determined by the review Project Manager.

The chapters are presented in an order intended to help a reader of the SER understand:

. Evaluation of the site

. Evaluation of proposed operations

. Evaluation of structures, systems, and components important to safety; and evaluation of
design criteria and bases

. Results of specific technical reviews

. Reviews of proposed programs intended to promote protection of worker and public
health and safety

. Assessment of potential accidents

. Evaluation of proposed technical specifications.
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1 GENERAL DESCRIPTION

1.1 Review Objective

The objective of this chapter is to ensure that the applicant has provided a non-proprietary
description of major components and operations that is adequate to familiarize reviewers and
other interested parties with the pertinent features of the installation. Figure 1.1 presents an
overview of the evaluation process.

1.2 Areas of Review

The following outline shows the areas of review addressed in Section 1.4, Acceptance Criteria,
and Section 1.5, Review Procedures:

Introduction

General Description of Installation
General Systems Description
Identification of Agents and Contractors
Material Incorporated by Reference

1.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.

72.22 Contents of application: General and financial information

72.24 Contents of application: Technical information [Contents of SAR]

(b) “A description and discussion of the [Independent Spent Fuel Storage Installation] ISFSI or
monitored retrievable storage (MRS) structures”

(f) “Features of ISFSI or MRS design and operating modes to reduce ... radioactive waste
volumes.”

() “A description of the equipment ... to maintain control over radioactive materials in gaseous
and liquid effluent”

72.44 License Conditions
A matrix showing the primary relationship of these regulations to the specific areas of review in
this chapter is given in Table 1.1. The reviewer should independently verify the relationships in

this matrix to ensure that no requirements are overlooked because of unique applicant design
features.

1-1 NUREG-1567



L9GT-93dNN

General Information

10 CFR Part 72
Requirements

Components/Systems Site
Proposed Operations

Regulatory Guide 3.48

NOILdIHOS3dA TVH3INIO

Al

Site Operation
. Systems
Evaluation Evaluation
Chapter 2 Chapter 3
SSC and Structural i Nuclear ) Accident Technical
Design Criteria Evaluation EThtlerrr;_al EShIIeId;_ng Criticality Cé)nfllne?ﬁent Evaluation Specifications
Evaluation valuation valuation Evaluation valuation Evaluation
Chapter 4 Chapter 5 Chapter 6 Chapter 7 Chapter 8 Chapter 9 Chapter 15 Chapter 16
Conduct of Radiation Quality U Waste
Operations Protection Assurance Dechm:”ms_smnlng Confinement
Evaluation Evaluation Evaluation valuation Evaluation
Chapter 10 Chapter 11 Chapter 12 Chapter 13 Chapter 14

Figure 1.1 Overview of Safety Evaluation

T NOILD3S



SECTION 1 GENERAL DESCRIPTION

1.4 Acceptance Criteria

This section identifies the acceptance criteria for the material provided in the introduction. The
regulatory requirements relevant to the introductory chapter of the Safety Analysis Report (SAR)
are found in 10 CFR 72.22, 72.24, and 72.44. The general description should enable all
reviewers, regardless of their specific review assignments, to obtain a basic understanding of the
principal function and design features of the proposed installation. Regulatory Guide 3.48,
“Standard Format and Content for the Safety Analysis Report for an Independent Spent Fuel
Storage Installation, (Dry Storage),” provides guidance regarding information that should be
included in the general description. Because much of the information relevant to this initial
aspect of the review is presented in more detail in other chapters of this Standard Review Plan
(SRP), this chapter focuses on familiarization with the system and should be consistent with the
remaining sections of the SAR.

Table 1.1 Relationship of Regulations and Areas of Review
10 CFR Part 72 Regulations
Areas of Review
72.22 72.24 72.44
Introduction ° °
General Description of Installation °
General System Description °
Identification of Agents and Contractors ° °
Material Incorporated by Reference °

1.5 Review Procedures

The following provides guidance relevant to the review of the general description chapter of the
SAR.

1.5.1 Introduction

The reviewer should verify that the principal function and design features of the installation have
been presented. The reviewer should verify that the location of the ISFSI and schedules for
construction and operation have been presented.

1.5.2 General Description of Installation

The reviewer should verify that the applicant has provided a broad overview of the installation

that is non-proprietary and may be used as a tool to familiarize interested parties with the features
of the proposed ISFSI. This description should present the principal characteristics of the ISFSI,
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GENERAL DESCRIPTION SECTION 1

including its dimension, weights, and construction materials. The reviewer should compare
sketches and diagrams, if presented in this section, with the detailed drawings presented
elsewhere in the SAR. If the application includes proprietary drawings and descriptions that will
remain proprietary upon approval of the license, the sketches, drawings, and diagrams that
provide the general description need not show the proprietary features. This may be achieved by
depicting less detail or by illustrating generic components that fulfill the design functions that
differ from the actual design. However, these representations should show the operational
concept and safety-related features in sufficient detail to form an acceptable basis for public
review and comment, as necessary for public hearings.

To verify compliance with 10 CFR 72.122Retrievability the reviewer should verify that the

facility description demonstrates that the facility is designed to allow for ISFSI decommissioning,
and will be used for interim storage, not permanent disposal. 10 CFR 72.122(]) applies to normal
and off-normal design conditions and not to accidents. Sections 4,10, and 15 of this SRP
describe the staff's recommendations for post-accident recovery with regard to retrievability.

The reviewer should verify that the applicant has presented a general description of the fuel or
other contents proposed for storage in the ISFSI. Because a very detailed description of the
proposed contents is typically provided in the SAR in Section 3, “Principal Design Criteria,” the
information presented in Section 1, “General Description,” is important only to the extent that it
permits overall familiarization with the ISFSI. Key parameters for spent fuel include the type of
fuel (i.e., pressurized water reactor [PWR], boiling water reactor [BWR]), number of fuel
assemblies, and conditions of the fuel assemblies (i.e., intact, consolidated). This section often
includes additional characteristics, such as maximum burnup, initial enrichments, heat load, and
cooling time, as well as the assembly vendor and configuration (e.g., Westinghouse 17x17).
These characteristics may also be repeated in the principal design criteria. The cover gas, if any,
should be identified.

1.5.3 General Systems Description

The reviewer should verify that a summary description of the storage mode and arrangement of
the storage structures has been provided. The reviewer should verify that a brief description of
the operating systems, including fuel handling, decay heat removal, site-generated waste
treatment, and auxiliary systems has been provided. The reviewer should determine if sufficient
detail has been provided to result in an understanding of the systems involved.

1.5.4 Identification of Agents and Contractors

The reviewer should verify that the prime agents or contractors for the design, construction, and
operation of the installation have been identified. The reviewer should verify that all principal
consultants and outside service organizations, including those providing quality assurance (QA)
services, have been identified. The reviewer should ensure that the application clearly defines
the division and assignments of responsibilities among those parties.
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SECTION 1 GENERAL DESCRIPTION

1.5.5 Material Incorporated by Reference

The reviewer should verify that a tabulation of all topical reports incorporated by reference has
been provided. The reviewer should verify that any documents submitted to the Commission in
other applications and incorporated in whole or in part have been tabulated and a summary
included in the appropriate section of the SAR.

1.6 Evaluation Findings

NRC staff reviewers prepare evaluation findings regarding satisfaction of the regulatory
requirements related to the introduction and general description. If the documentation submitted
with the application fully supports positive findings for each of the regulatory requirements, then
the findings should substantially be stated as follows (finding numbering is for convenience in
referencing within the SRP and SER):

F1.1 The staff concludes that the information presented in this section 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 3.48 and accepted practices.

F1.2 Agents and contractors responsible for the design, construction, and operation of
the installation have been identified.

F1.3 A tabulation of all topical reports and docketed material, incorporated by
reference, has been provided in the SAR.
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2 SITE CHARACTERISTICS

2.1 Review Objective

The purpose of the site characteristics review is to make three determinations. The firstis

whether the applicant has properly identified the external natural and man-induced phenomena

for inclusion in the design basis and whether the design basis levels are adequate. The second is
whether the applicant has adequately characterized local land and water use and population so
that important individuals and populations likely to be affected can be identified. The third is
whether the applicant has adequately characterized the transport processes which could move any
released contamination from the facility to the maximally exposed individuals and populations.

The results of this review determine the acceptability of site-derived design bases. The
determination whether the design basis events were properly incorporated into the proposed
design is made in the design review sections of the Standard Review Plan (SRP). The results
also determine the location of maximally exposed individuals and populations and the
dilution/dispersion parameters to be used by the radiation protection reviewer in determining the
impacts of normal operations and accidents.

Because the site characteristic information required of the Safety Analysis Report (SAR) and of
the Environmental Report (ER) is similar, common information is normally presented in one
document which is referenced by the second document. Thus, the reviewer may need copies of
the relevant sections from both documents.

An overview of the site characteristics review process is shown in Figure 2.1 which shows that
the site review process draws upon information from the application. Some results are
documented in the NRC staff-prepared Safety Evaluation Report (SER); others are used in other
technical review areas.

2.2 Areas of Review

The following outline shows the six areas of review addressed in Section 2.4, Acceptance
Criteria, and Section 2.5, Review Procedures:

Geography and Demography
Site Location
Site Description
Population Distribution and Trends
Land and Water Use
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SECTION 2 SITE CHARACTERISTICS

Nearby Industrial, Transportation, and Military Facilities

Meteorology
Regional climatology
Local meteorology
Onsite meteorological measurement program

Surface Hydrology
Hydrologic description
Floods
Probable Maximum Flood (PMF) on streams and rivers
Potential dam failures (seismically induced)
Probable maximum surge and seiche flooding
Probable maximum tsunami flooding
Ice flooding
Flood protection requirements
Environmental acceptance of effluents

Subsurface Hydrology

Geology and Seismology
Basic geologic and seismic information
Vibratory ground motion
Surface faulting
Stability of subsurface materials
Slope stability

2.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.

72.24 Contents of application: Technical information
(a) “A description and safety assessment of the site...with appropriate attention to the design
bases for external events.”

72.40 Issuance of license
(2)(2) “The proposed site complies with the criteria in Subpart E;”
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SITE CHARACTERISTICS SECTION 2

72.90 General considerations

(a) “Site characteristics...must be investigated and assessed.”

(b) “Proposed site...must be examined with respect to the frequency and the severity of external
natural and man-induced events that could affect ... safe operation.”

(c) “Design basis external events must be determined for each combination of proposed site and
proposed ... design.”

(d) “Proposed sites with design basis external events for which adequate protection cannot be
provided through ... design shall be deemed unsuitable.”

(e) “[T]he potential for radiological and other environmental impacts on the region must be
evaluated.”

(f) “The facility must...avoid...adverse impacts associated with the occupancy and modification
of floodplains.”

72.92 Design basis external natural events

(a) “Natural phenomena...that can occur in the region of a proposed site must be identified and
assessed.”

(b) “Records of the occurrence and severity of...natural phenomena must be collected...and
evaluated.”

(c) “Appropriate methods must be adopted for evaluating the design basis external natural
events.”

72.94 Design basis external man-induced events

(a) “The region must be examined for both past and present man-made facilities and activities
that might endanger the proposed ISFSI or MRS.”

(b) “Information concerning the potential occurrence and severity of such events must be
collected and evaluated.”

(c) “Appropriate methods must be adopted for evaluating the design basis external man-induced
events.”

72.96 Siting limitations

(a) “An ISFSI which is owned and operated by DOE must not be located at any site within which
there is a candidate site for a [High-Level Waste] HLW repository.”

(b) “An MRS must not be sited in any State in which there is any site approved for site
characterization for a HLW repository.”

(c) “If an MRS is located...within 50 miles of the first HLW repository, any Commission

decision approving the first HLW repository application must limit the quantity of spent fuel or
high-level radioactive waste that may be stored.”

(d) “An MRS authorized by section 142(b) of [Nuclear Waste Policy Act] NWPA ... may not be
constructed in the State of Nevada.”
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SECTION 2 SITE CHARACTERISTICS

72.98 Identifying regions around an ISFSI or MRS site
(a) “The regional extent of external phenomena ... that are used as a basis for the design ... must
be identified.”
(b) “The potential regional impact due to the construction, operation or decommissioning...must
be identified.”
(c) “Those regions identified pursuant to paragraphs (a) and (b) of this section must be
investigated with respect to:
(1) The present and future character and the distribution of population,
(2) Consideration of present and projected future uses of land and water within the region,
and
(3) Any special characteristics that may influence the potential consequences of a release
of radioactive material during the operational lifetime of the ISFSI or MRS.”

72.100 Defining potential effects of the ISFSI or MRS on the region
(a) “The proposed site must be evaluated with respect to the effects on populations.”
(b) “Each site must be evaluated with respect to the effects on the regional environment.”

72.102 Geological and Seismological characteristics

@) (1) “East of the Rocky Mountain Front...except in areas of known seismic activity...sites
will be acceptable if investigations show no unstable geological characteristics ... for
vibratory ground motion ... in excess of an appropriate response spectrum anchored
at0.2g.”
(2) “For those sites that have been evaluated under paragraph (a)(1) of this section that
are east of the Rocky Mountain Front, and that are not in areas of known seismic activity,
a standardized design earthquake (DE) described by an appropriate response spectrum
anchored at 0.25 g may be used. Alternatively, a site-specific DE may be determined by
using the criteria and level of investigations required by appendix A of part 100 of this
chapter.”

(b) “West of the Rocky Mountain Front ... and in other areas of known potential seismic activity,

seismicity will be evaluated by the techniques of appendix A of part 100 of this chapter.”

(c) “Sites other than bedrock sites must be evaluated for their liquefaction potential or other soil

instability due to vibratory ground motion.”

(d) “Site-specific investigations and laboratory analyses must show that soil conditions are

adequate for the proposed foundation loading.”

(e) “In an evaluation of alternative sites, those which require a minimum of engineered

provisions to correct site deficiencies are preferred.”

() “The ... DE for use in the design of structures must be determined as follows:
(1) For sites that have been evaluated under the criteria of appendix A of 10 CFR Part
100, the DE must be equivalent to the safe shutdown earthquake (SSE) for a nuclear
power plant.
(2) Regardless of the results of the investigations anywhere in the continental U.S.,
the DE must have a value for the horizontal ground motion of no less than 0.10 g with the
appropriate response spectrum.”
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72.122 Overall requirements
(b) “Protection against environmental conditions and natural phenomena.
(1) Structures, systems, and components (SSCs) important to safety must be designed to
accommodate the effects of ... site characteristics and environmental conditions
associated with normal operation, maintenance, and testing of the ISFSI or MRS and to
withstand postulated accidents.
(2) SSCs important to safety must be designed to withstand the effects of natural
phenomena.... The design bases for these SSCs must reflect:
(i) Appropriate consideration of the most severe of the natural phenomena
reported for the site and surrounding area
(i) Appropriate combinations of the effects of normal and accident conditions and
the effects of natural phenomena.
The ISFSI or MRS should also be designed to prevent massive collapse of
building structures or the dropping of heavy objects on the spent fuel or high-level
radioactive waste or on to structures, systems, and components important to
safety.”
(4) “If the ISFSI or MRS is located over an aquifer which is a major water resource,
measures must be taken to preclude the transport of radioactive materials to the
environment through this potential pathway.”

A matrix showing the primary relationship of these regulations to the specific areas of review in
this chapter is given in Table 2.1. The reviewer should independently verify the relationships in
this matrix to ensure that no requirements are overlooked because of unique applicant design

features.
Table 2.1 Relationship of Regulations and Areas of Review

10 CFR Part 72 Regulations

Areas of Review

72.24 | 72.40] 7290 729 7294 7296 72Pp8 72100 72002 73122
Geography & o . . . o
Demography
Nearby Facilities ° ° ° ° ° ° ° °
Meteorology ° ° ° ° ° °
Surface Hydrology| e ° ° ° ° °
Subsurface
Hydrology * ° °
GeOIOQy & [ [ [ [ [ [ ] [ ]
Seismology

2.4 Acceptance Criteria

The specific acceptance criteria for methods used to identify design criteria are presented in the
appropriate parts of this section. No specific acceptance criteria for factors such as atmospheric
dispersion or population location are applied in assessing the impacts. Rather, the applicant must
supply accurate information so that realistic impacts can be estimated.

NUREG-1567 2-6



SECTION 2 SITE CHARACTERISTICS

2.4.1 Geography and Demography

10 CFR 72.90, 72.98, 72.100, and 72.122 require that the SAR contain information about the site
geography, population, and water and land uses. The criteria given here indicate the kind and
degree of detail of information required in an application before a reviewer can validate its
adequacy for use in an impact analysis.

2.4.1.1 Site Location

Information on site location of the proposed ISFSI and nearby facilities should clearly describe
the location by stating the site’s host State and county, and its latitude, longitude, and Universal
Transverse Mercator coordinates. Maps and aerial photographs of the site should be presented
with radial coverage extending a minimum of 8 km (5 mi) from the site. A detailed map of the
site area should clearly show adjacent buildings, roads, railroads, transmission lines, wetlands,
and surface water bodies. The reviewer should be aware of the limitations on ISFSI and MRS
siting which are listed in 10 CFR 72.96, and the potential changes to these limitations which may
have been enacted by Congress.

2.4.1.2 Site Description

A site map should clearly indicate the site boundary and the controlled area (if different from the
site boundary), controlled area access points, and the distances from the boundary to significant
features of the installation. The SAR should discuss the applicant’s legal responsibilities for the
properties described, such as ownership, lease, or easements. Topographic maps should reveal
the site topography and surface drainage patterns as well as roads, railroads, transmission lines,
wetlands, and surface water bodies on the site. Vegetative cover and surface soil characteristics
should be described to facilitate evaluation of fire hazards and erosion. Other activities
conducted by the applicant within the controlled area should be identified, and potential
interactions with ISFSI operation discussed.

2.4.1.3 Population Distribution and Trends

Current population data and projections should be presented. A sector map of population should
divide the area within a 8-km (5-mi) radius of the site by concentric circles with radii of 1.5, 3, 5,
6.5 and 8 km (approximately 1, 2, 3, 4, and 5 miles), and by 22.5-degree segments, each segment
centered on one of the 16 compass points. Current and projected populations in each sector
should be given. The population data should be overlain on a base map which shows any cities
or towns. The maximally exposed individual(s) should be specifically identified and a rationale

for their selection (e.g., nearest well, closest person downwind in the predominant wind

direction) presented.
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2.4.1.4 Land and Water Use

Use of land and water within an 8-km (5-mi) radius should be described. Residential, farming,
dairy, industrial, and recreational uses of land and water should be presented in sufficient detail
to allow estimates of concentrations of radionuclides to populations from any airborne or liquid
effluents.

2.4.2 Nearby Industrial, Transportation, and Military Facilities

10 CFR 72.94 requires that the region be examined for man-made facilities that might endanger
the proposed ISFSI or MRS. The SAR should indicate the locations of nearby industrial,
transportation, military, and nuclear installations on a map which clearly shows their distance and
relationship to the ISFSI. All facilities within an 8-km (5-mi) radius and all relevant facilities at
greater distances should be included. For each facility, the products or materials produced,
stored, or transported should be described, and any potential hazards to the ISFSI from activities
or materials at the facilities should be discussed. Any effect of these facilities on the specific
ISFSI design basis should also be discussed.

2.4.3 Meteorology

10 CFR 72.90 requires that site characteristics affecting the safety of the proposed ISFSI or MRS
must be assessed. The SAR should describe the meteorological conditions at the site and vicinity.
Conditions which influence the design and operation of the facility should be identified, and
sources of all information should be stated. Enough information should be provided to permit
NRC staff to independently evaluate atmospheric diffusion characteristics of the site area.

Enough information should also be provided to permit NRC staff to determine the basis for the
high winds (either straight line or tornado winds) and high temperature used in the design basis.

2.4.3.1 Regional Climatology

The SAR should describe the climate of the region, including temperature, precipitation, relative
humidity, general airflow, pressure patterns, cloud cover, average wind speeds, and prevalent
wind direction. Ranges and seasonal variations of these parameters should be discussed.
Climate characteristics attributable to terrain should be mentioned. Data on the frequency,
intensity, and duration of severe weather should be presented. For example, the SAR should
address: temperature, wind, and precipitation extremes; hurricanes, tropical storms, tornadoes,
lightning strikes; and snow, ice, and hail storms. Data sources and reliability should be
discussed. The rationale for the design basis winds and temperature should be stated in the
application.

2.4.3.2 Local Meteorology
The description of local meteorology should summarize data on temperature, wind speed and
direction, and relative humidity collected onsite as well as at nearby weather stations. The

representativeness of data collected offsite should be discussed. If offsite data adequately
represent onsite conditions, then onsite data may not be necessary. For the purpose of evaluating
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atmospheric diffusion, topographic maps at two different scales should be provided. One should
show detailed topographic features, as modified by the facility, within an 8-km (5-mi) radius of
the site. A smaller-scale map should show topography out to a 16-km (10-mi) radius. This map
should be accompanied by profiles of maximum elevation over distance from the center of the
installation out to 16-km (10-mi) for each of the 22.5 degree compass-point sectors.

2.4.3.3 Onsite Meteorological Measurement Program

The meteorological data collected onsite should be reviewed to ensure its adequacy for NRC staff
to conduct independent atmospheric dispersion estimates for both postulated accidents and
expected routine releases of gaseous effluents. The meteorological data should be provided in
the form of joint frequency distributions of wind speed and wind direction by atmospheric

stability class. The SAR should state the measurements made, the locations and elevations of
measurements, descriptions of the instruments used, instrument performance specifications,
calibration and maintenance procedures, and data analysis procedures. Any onsite program and
any programs to be used during operations to estimate offsite concentrations of airborne effluents
should be described in conformity to Regulatory Guide 1.23, “Onsite Meteorological Programs,”
criteria for an acceptable onsite meteorological measurements program, and its format for
presenting stability class data. If no onsite measurement program exists, the applicant should
provide justification for using data from nearby stations.

2.4.4 Surface Hydrology

10 CFR 72.98 requires that the present and future uses of land and water within the region be
investigated. The SAR should contain adequate information for an independent review of all
surface hydrology-related design bases, performance requirements, and operating procedures
important to safety.

2.4.4.1 Hydrologic Description

The SAR should characterize the surface hydrologic features of the region, area, and site, because
this information is the basis for hydrologic engineering analyses. The location, size, and

hydrologic characteristics of all streams, rivers, lakes, and adjacent shore regions which influence
or may influence the site or facilities under severe hydrologic conditions, should be described.
Topographic maps of the area and the site should be provided to give a clear understanding of
these features. A map of the site area should indicate any proposed change to the natural
drainage features. If the site is vulnerable to river flooding, any river control structures upstream

or downstream of the site should be identified.

The SAR should identify the sources of the hydrologic information, the types of data collected,
and the methods and frequency of collection. The SAR should also list the structures important
to safety, including their exterior accesses, and equipment and systems which may be affected by
hydrologic features. The SAR should note any surface waters which could potentially be

affected by normal or accidental effluents from the site. A listing of any population groups

which use such surface waters as a potable water supply should be provided, as well as the size
of these population groups, location, and water-use rates.
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2.4.4.2 Floods

The SAR should adequately support any claim that the proposed site is flood-dry, that is, with
structures important to safety so high above potential sources of flooding that safety is obvious or
can be documented with little analysis, as indicated in American National Standards
Institute/American Nuclear Society (ANSI/ANS) 2.8-1981.

If the site is not flood-dry, then the SAR should identify the design basis flood (DBF) and

provide a rationale for this specific design basis. Such a rationale should contain a synopsis of
the flood history of the site, including dates and maximum water levels. Causes of past and
potential future flooding, such as river or stream floods, surges, tsunami, dam failures, ice jams,
etc., should be provided. A detailed analysis of the flooding potential of the site is required, as
discussed in SRP Sections 2.4.4.3 through 2.4.4.9. This information should be detailed enough
for NRC staff to perform an independent flood analysis of the site, as described in NUREG-0800,
“Standard Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants,”
Section 2.2.2(1).

2.4.4.3 Probable Maximum Flood on Streams and Rivers

The SAR must consider the PMF on adjacent streams and rivers in its detailed flood analysis. If
the SAR did not follow the approach for assessing PMFs in ANSI/ANS 2.8-1981, then it should
describe the alternative approach used. The steps taken to derive the probable maximum
precipitation (PMP) over the applicable drainage area, the precipitation losses, the amount of
runoff, and the PMF should be shown. Drainage basins should be identified on a topographic
map. The estimated discharge hydrograph for the PMF at the site and, if applicable, a similar
hydrograph without the effects of an upstream reservoir should be included. The conversion of
the PMF peak discharge into water elevation at the site should be described. Wind-wave activity
which could coincide with the PMF should be discussed. Finally, the locations and associated
water levels for which PMF determinations have been made should be summarized.

2.4.4.4 Potential Dam Failures (Seismically Induced)

If potential dam failures are necessary to identify flood design bases, then the SAR should
discuss the effects of potential seismically induced dam failures (both upstream and downstream)
on the water levels of streams and rivers. Descriptions of existing or proposed dams and
reservoirs which could influence conditions at the site should be provided and include seismic
design criteria for dams. The potential dam failure modes which lead to the most critical
consequences for the site (flood or low reservoir level) should be described. Domino-type dam
failures from floodwaves should be considered where applicable. Finally, the reliability of the
water level estimate should be addressed.
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2.4.4.5 Probable Maximum Surge and Seiche Flooding

If the site is at risk of inundation from surge or seiche flooding, these hazards should be
described. Water bodies which could impact the site should be described, and the surge and
seiche history of the site should be provided. The frequency and magnitudes of potential causes
of surges, such as hurricanes, wind storms, squall lines, and other mechanisms should be
described. A graph of the calculated maximum surge hydrograph should be provided. The
potentially coincident wind-generated waves and the possibility of wave oscillation at natural
frequencies should be described. Estimates of potential wave runup, erosion, and sedimentation,
and any site facilities designed to guard against these processes, should be described.

2.4.4.6 Probable Maximum Tsunami Flooding

If the site abuts a coastal area, the hazards posed by tsunami should be analyzed. The history of
tsunami in the region--be it recorded, translated, or inferred from the geologic record--should be
analyzed. The analysis should include all potential tsunami generators, such as specific faults,
fault zones, volcanoes, and potential landslide areas. The maximum tsunami height from these
causes should be estimated at the source, in deep water offshore from the site, and onshore. A
probable maximum tsunami should be derived from these analyses. Near-shore routing, wave
breaking, bore formation, and resonance effects of this tsunami should be discussed. Any
structures designed to protect against tsunami flooding should be described.

2.4.4.7 Ice Flooding

If the site is not subject to flooding caused by ice jams, a brief statement of explanation should be
provided. If the site is subject to ice-jam flooding, an analysis of this hazard should be provided.
The history of ice jam formation in the region and the location of ice-generating mechanisms
relative to the facility should be described. Any structures designed to protect against flooding
from ice jams should also be described.

2.4.4.8 Flood Protection Requirements

The static and dynamic consequences of all types of flooding on each storage structure and
component important to safety should be described if the previous flooding analyses indicate that
the structure or component is subject to flooding. The design bases required to ensure that all
structures and components can survive all design flood conditions should be included.

2.4.4.9 Environmental Acceptance of Effluents

The ability of the surface water and ground water environment to disperse, dilute, or concentrate
normal and inadvertent liquid releases of radioactive effluents for the full range of anticipated
operating conditions, including accident scenarios leading to worst-case releases, should be
described. All potential surface water and ground water pathways by which radionuclides could
reach existing and potential water users should be identified. Any potential for water
recirculation, sediment concentration, or hydraulic short-circuiting of cooling ponds should be
assessed in anticipation of normal or accidental releases of radionuclides.
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2.4.5 Subsurface Hydrology

10 CFR 72.122 requires that measures be taken to preclude the transport of radioactive materials
to the environment through subsurface characteristics. The SAR should contain adequate
information for an independent review of all subsurface hydrology-related design bases and
compliance with dose radiological exposure standards.

If the site is located over an aquifer which is a source of well water, the groundwater aquifer(s)
beneath the site, the associated hydrologic units, and their recharge and discharge areas should be
described. The results of a survey of groundwater users, well locations, source aquifers, water
uses, static water levels, pumping rates, and drawdown should be provided. A water table

contour map showing surface water bodies, recharge and discharge areas, and locations of
monitoring wells to detect leakage from storage structures should also be provided. Information

on monitoring wells should include: wellhead elevation, screened interval, installation method,

and representative hydrochemical analyses. An analysis bounding the potential groundwater
contamination from site operations should be provided. A graph of time versus radionuclide
concentration at the closest existing or potential downgradient well should be included.

2.4.6 Geology and Seismology

10 CFR 72.102 requires that the SAR describe the geological and seismological setting of the site
and surrounding region. Conditions which may influence the design and operation of the facility
should be identified, and sources of all information should be stated. Enough information for an
independent evaluation of the potential ground vibrations and the seismic and fault displacement
hazards at the site area should be provided. Design bases for ground vibration, surface faulting,
subsurface material stability, and slope stability should also be provided.

2.4.6.1 Basic Geologic and Seismic Information

Basic geologic and seismic characteristics of the site and vicinity should be provided. The
geologic history of the area should describe its lithologic, stratigraphic, and structural conditions.
A large-scale geologic map of the site area showing the surface geology and the location of major
facilities should be provided. A stratigraphic column and cross-sections should also be provided.
Planar and linear features of structural significance such as folds, faults, synclines, anticlines,
basins, and domes should be identified on a geologic map showing bedrock surface contours. A
description of the site geomorphology should include areas of potential landsliding or
subsidence, and a topographic map showing geomorphic features and principal site facilities
should be provided. The results of pertinent geophysical investigations in the area, such as
seismic refraction, seismic reflection, aeromagnetic, or geoelectrical surveys, should also be
provided.

The SAR should evaluate geologic features from an engineering geology perspective. Detailed
static and dynamic engineering properties of soil and rock underlying the site should be provided,
with the results integrated to provide a comprehensive understanding of the surface and
subsurface conditions. A small-scale map should show major features of the installation and the
locations of all borings, trenches, and excavations. Small-scale cross-sections should
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demonstrate relationships between major foundations and subsurface materials, structures, and
the water table. Finally, any physical evidence concerning the behavior of surficial site materials
during previous earthquakes should be presented.

2.4.6.2 Ground Vibration

The design basis ground vibration and a rationale for its selection should be presented and
explained. The rationale should list historical earthquakes which could have affected the site,
their dates, epicenter locations, and magnitudes. This listing of events is not constrained by
distance and may include entries for distant structures, such as the New Madrid fault system. All
faults and epicenters should be displayed on maps of appropriate scales. The fault map should
include all potentially significant faults or parts of faults within 161 km (100 mi), regardless of
capability. All capable faults (as defined in 10 CFR Part 100, Appendix A) which may be of
significance in establishing the design basis ground vibration for the site should be identified and
adequately described. The maximum ground vibration at the site should be derived from the
potential earthquakes from all capable faults and from floating earthquakes (FEs, those not
associated with a previously identified structure).

2.4.6.3 Surface Faulting

Surface faulting at the site and underlying tectonic structures which have caused or might cause
faulting should be described. The capability of any mapped faults 300 m (1000 ft) or longer
within 8 km (5 mi) of the site should be described. Those judged capable should be described in
detail, with special attention to their displacement history and their relationship to any regional
tectonic structures.

2.4.6.4 Stability of Subsurface Materials

The stability of the rock (defined as having a shear wave velocity of at least 1166 m/s [3500 ft/s])
and soil beneath the foundations of the facility structures while subjected to the design basis
ground vibration should be described. The geologic features which could affect the foundations,
such as areas of potential uplift or collapse, or zones of deformation, alteration, structural
weakness, or irregular weathering, should be described. The static and dynamic engineering
properties of the materials underlying the site, as well as the physical properties of foundation
materials should be described. A plot plan showing the locations of all borings, trenches, seismic
lines, piezometers, geologic cross-sections, and excavations, with all installation structures
superimposed, should be provided. Plans and profiles showing the extent of excavations and
backfill, as well as compaction criteria, should be provided. The water table history and
anticipated groundwater conditions beneath the site during facility construction and operation
should be described. Analyses of soil and rock responses to dynamic loading should be
provided, and potential liquefaction beneath the site should be discussed. Criteria, references, or
methods of design used, along with safety factors, should be discussed.
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2.4.6.5 Slope Stability

The stability of all natural and man-made slopes, both cut and fill, the failure of which could
adversely affect the site, should be described. Cross-sections of the slopes and a summary of the
static and dynamic properties of embankment and foundation soil and rock underlying the slopes,
should be provided. The design criteria and analyses used to determine slope stability should be
described.

2.5 Review Procedures
2.5.1 Geography and Demography

The reviewer should use the methods stated below to perform the compliance review of the
geography and demography information in the SAR.

2.5.1.1 Site Location

Confirm that the site location, its relationship to political boundaries, and the natural and
anthropogenic features of the area are properly described. Use U.S. Geological Survey (USGS)
topographic maps and aerial photos (obtained either independently or from the applicant) to
verify the location described in the SAR.

2.5.1.2 Site Description

Ensure that the site maps clearly delineate boundary and controlled areas. Confirm that distances
between the controlled area boundary and the storage location, as well as other possible effluent
release points, are accurately reported. These distances should agree with those used in SAR
Section 8, accident analyses. Check that access to the controlled area will be adequately
restricted to protect individuals outside the area, as required by 10 CFR 72.104. Ensure that the
orientation of plant structures with respect to nearby roads, railways, and waterways is shown,
and that there are no obvious ways by which transportation routes within the controlled area can
interfere with normal ISFSI operations. Use site visits to verify information in the site

description.

2.5.1.3 Population Distribution and Trends

Confirm that the source of the population data used in the SAR is appropriate and that the basis
for population projections is reasonable. The population data can be compared to other data
available from local or State agencies, councils of government, Census Bureau CED tapes and
projections, or any Bureau of Economic Analysis special census. Note significant differences
from SAR data which may require clarification. Determine whether the rationale for identifying
the maximally exposed individual is consistent with local meteorology and patterns of land and
water use.
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2.5.1.4 Land and Water Use

Compare SAR land use information to existing data on land use, land use controls such as
zoning, potential for growth, and other factors which may encourage or retard population growth
between the facility and the nearest population. Confirm the identification of any bodies of water
or aquifers used by humans, livestock, or farms within 8 km (5 mi) of the site. Compare SAR
information with available independent data on water use and any projections of future water use
in the vicinity of the site. Consider the level of detail appropriate to the projected distance of the
nearest future population center to the site and the level of projected water withdrawal within 8
km (5 mi) of the site.

2.5.2 Nearby Industrial, Transportation, and Military Facilities

Review the potential hazards associated with nearby facilities. In addition to obvious industrial
or nuclear facilities in the area, consider other anthropogenic features which could conceivably
pose a hazard, such as transportation routes, railroads, and airports. Accuracy of the SAR
information can be confirmed by referring to USGS maps, aerial photos, or other documents,
such as applications from any nearby nuclear plants. Use contacts with local, State, and other
Federal agencies.

Review specific information relating to types of potentially hazardous material expected to be
transported in the area including: distance, quantity, and frequency of shipment. The hazards
from nearby facilities may include, but are not limited to: explosions of chemicals, flammable
material, or munitions; detonation of explosives stored at mines or quarries; structure,
petrochemical, brush, or forest fires; and release of toxic gases. Consider aircraft size, velocity,
weight and fuel load in assessing the hazards of aircraft crashes on an installation near an airport.
Analyze the effects of any airborne pollutants from nearby facilities and the effects of a possible
collapse of any discharge stacks on site. Determine if the methods used by the applicant to
guantify offsite hazards are consistent with the guidance in Chapter 15, Accident Analysis, of the
FSRP. ldentify potential accidents which cannot be eliminated from consideration as design
basis events because the consequences could affect facility safety features. Ensure that such
accidents are adequately considered in the design criteria of SAR Chapter 3.

2.5.3 Meteorology

The reviewer should use the methods stated below to perform the compliance review of the
meteorology information in the SAR.

2.5.3.1 Regional Climatology

Review the SAR description of climate parameters against standard references listed in NUREG-
0800, Section 2.3.1(ll) for verifying meteorological discussions and data. Confirm that the data
sources are reliable and that the level of detail in the database is appropriate. Ensure that climate
data are based on long-term data gathering at National Weather Service (NWS) stations and other
sites with reliable meteorological monitoring equipment. Review the information on severe
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weather, especially strong wind and wind-borne missiles, and check for consistency with the
values used to develop structural design criteria in SAR Chapter 3.

2.5.3.2 Local Meteorology

Use maps and site visits to become familiar with the locations of all primary meteorological
stations. Review the topographic maps for the accurate location of features, and confirm accurate
portrayal of topography on the topographic profiles. Review summaries of the meteorological
data for adequacy and completeness of the database. Whenever possible, review the onsite wind
speed and atmospheric stability data which are used to model atmospheric diffusion because
airflow and vertical temperature structure can vary substantially over short horizontal distances.

If only offsite data are available, determine how well the data represent site conditions. Consult
references in NUREG-0800, Section 2.8I2(to evaluate the representativeness of weather

stations and periods of record. Data summaries from nearby stations with long periods of records
should well represent long-term meteorological extremes. Ensure consistency between these
extreme values and those used to develop structural and thermal design criteria.

2.5.3.3 Onsite Meteorological Measurement Program

Review two areas in this section, the instruments gathering the meteorological data and the data
itself, by examining instrument siting, meteorological sensors, recordings of meteorological
sensor output, instrument surveillance, and data acquisition and reduction, as discussed in detail
in NUREG-0800, Section 2.3.3.

Review the joint frequency distributions of wind speed, wind direction, and atmospheric stability.
Ensure that measurement heights and data recording periods are appropriate. In addition,
determine the climatic representativeness of the joint frequency distribution by comparing with

data from nearby stations which have collected reliable meteorological data over a long period,
such as 10-20 years. Ensure that the meteorological measurement program is consistent with
gaseous effluent release structures and systems design. Assume that the effluent release structure
and system design are commensurate with the degree of risk to public health and safety.

2.5.4 Surface Hydrology

The reviewer should use the methods stated below to perform the compliance review of the
surface hydrology information in the SAR.

2.5.4.1 Hydrologic Description

Ensure that all relevant hydrologic features are addressed and properly described by using USGS
topographic maps and available independent hydrologic reports for this verification. Determine
whether hydrologic features which influence or may influence the site under severe hydrologic
conditions (e.g., a flood) have been adequately described. Review the criteria governing
operation of any upstream or downstream river control structures for scenarios of problems in
river management. Examine any proposed alterations to the natural drainage pattern of the site.
Ensure that the design of any systems, structures, and components important to safety can
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accommodate the effects of these alterations. Review local hydrologic reports to confirm the
identity of population groups getting potable water from the described hydrologic features. Use
references in NUREG-0800, Section 2.4.1(ll), to verify information provided for this section by
the applicant.

2.5.4.2 Floods

Review any claim that the site is flood-dry. Consider that a descriptive statement of
circumstances and relative elevations may be enough to complete such a review. Evaluate the
bases of any analogy with comparable watersheds for which PMF levels have been determined or
approximations of PMF levels used. Require details only to the level required to prove that
structures important to safety are safe from flooding. Ensure that conservatism is used in all
methods and assumptions. Consult ANSI/ANS 2.8-1981 for descriptions of acceptable
procedures to demonstrate flood-dry status.

If the site is not clearly flood-dry, review in detail the analysis called for in Sections 2.5.4.3
through 2.5.4.9. Determine whether SAR Chapter 3 adequately addresses the DBF in Sections
2.5.4.3 through 2.5.4.9.

2.5.4.3 Probable Maximum Flood on Streams and Rivers

Review the SAR derivation of the PMF. Rely on information from actual storms in the region of
the drainage basin. Consider storm configurations, maximum storm precipitation amounts
(compare these with NWS and Army Corps of Engineers [COE] determinations), time
distributions, orographic effects, storm centering, seasonal effects, antecedent storm sequences,
and antecedent snowpack. Confirm by calculations that the maximum storm precipitation
distribution for the drainage basin is conservative. Review the SAR analysis of the absorption
capability of the drainage basin. Ensure that assumptions of initial losses, infiltration rates, and
antecedent precipitation are reasonable and justified. Review the SAR model for calculating
runoff, as well as the input data such as hydrologic response characteristics of the watershed.
Check that subbasin drainage areas and topographic features are mapped properly, and review the
tabulation of drainage areas, runoff, and reservoir and channel-routing coefficients. Confirm that
the PMF hydrograph represents the flow from the PMP and any possible coincident snowmelt.

Determine whether the PMF analysis considers any existing or proposed upstream dams or river
structures and their ability to withstand a PMF. Confirm the maximum water flows from
breaches if they are not designed to withstand a PMF. Review the PMF stream course response
model and its ability to compute floods of various magnitudes up to the severity of a PMF.
Review any reservoir and channel-routing assumptions, and the assessment of initial conditions,
outlet works, spillways, coincident wind-wave action, wave protection, and reservoir design
capacity. Review the process of translating PMF discharge to peak water level at the site by such
means as: topographic profiles, reconstitution of historical floods, standard step methods,
roughness coefficients, bridge and other losses, extrapolation of coefficients for the PMF,
estimates of PMF water surface profiles, and flood outlines. Review the SAR discussion of the
effects on structures from runup and the static and dynamic effects of wave action which may
occur coincidentally with the PMF peak water level.

2-17 NUREG-1567



SITE CHARACTERISTICS SECTION 2

Perform an independent analysis of the PMF by using alternative data and interpretations when
available. Require additional justification if the SAR analyses are more than five percent less
conservative than independent NRC estimates.

Consult the following documents in reviewing SAR data and analyses: Regulatory Guide 1.59,
“Design Basis Floods for Nuclear Power Plants,” guidance for estimating the PMF design basis;
Regulatory Guide 1.102, “Flood Protection for Nuclear Power Plants,” description of acceptable
flood protection for safety-related facilities; and NWS and Army COE documents for estimating
PMF discharge and water level conditions at the site.

2.5.4.4 Potential Dam Failures (Seismically Induced)

Review whether the applicant considered all relevant dams and reservoirs which could affect the
site in the event of failure. Review the drainage areas above reservoirs, and ensure that all dam
structures, appurtenances, and ownership are completely described. Review the reservoir
elevation/storage relationships and short- and long-term storage allocations. Ensure that the
discussion of dam failures considers all factors including: landslides, antecedent reservoir levels,
domino-type multiple dam failures, and base river flow coincident with the flood peak, but not
necessarily the simultaneous occurrence of the PMF with a seismic dam failure. Ensure that a
conservative analysis has been used and that it assumes that the maximum earthquake (based on
historic seismicity) coincides with full reservoirs and either a flood half the size of the PMF or a
standard-project flood as defined by the Army COE. Review for conservatism the basis for
selecting the maximum earthquake which can lead to dam failure.

Review the calculations used to derive the peak flow rate and water level at the site which could
result from the worst possible dam failure. Examine all methods and coefficients used in these
calculations, and ensure that the analytical methods apply to such artificially large floods.
Review the discussion of static and dynamic effects of the floodwave at the site. Examine the
assumptions used to attenuate the wave if credit is taken for downstream attenuation of a
floodwave. Ensure that wind waves which may coincide with the flood are properly considered.

Conduct a more refined analysis, as described in NUREG-800, Sectioni®.4f4bis fl ooding
analysis indicates a potential flooding problem. To the extent possible, conduct an independent
analysis of the flooding effects from a seismically induced dam failure by using simplified,
conservative procedures according to guidance in ANSI/ANS 2.8-1981. Require additional
justification if the SAR analyses are more than five percent less conservative than independent
NRC estimates.

2.5.4.5 Probable Maximum Surge and Seiche Flooding

Review the descriptions of potential surge and seiche sources, and ensure that they address the
most severe combination of reasonable meteorological parameters including: storm track, wind
fields, wind fetch, and bottom effects. Use NUREG-0800, Section 218, 5¢r its discussion of
methods to develop the maximum hurricane parameters for a site, to estimate the maximum
surge still water elevations at coastal sites, and to estimate coincident wind-generated waves and
runup. Use National Oceanic and Atmospheric Administration (NOAA) Technical Report NWS-
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23 for its descriptions of the meteorological characteristics of the probable maximum hurricane
for the East and Gulf Coasts, the most severe combination of meteorological parameters of
moving squall lines for the Great Lakes, and the most severe combination of meteorological
parameters capable of producing high storm-induced tides for the West Coast.

Confirm that ambient water levels, including tides and sea-level anomalies, are conservatively
estimated. Use NUREG-0800, Section 2.4.5(ll), for its discussion of water level estimation
methods which follow NOAA and Army COE guidance. Ensure that the method of developing

the surge hydrograph from the meteorological, hydrological, and site-specific information is
appropriate. Review the information on wave action which may coincide with surges. Ensure

that estimates of wave height and runup are adequately conservative and, if appropriate, include
breaking waves. Review the analysis of wave resonance within any lakes or harbors near the site.

To the extent possible, conduct an independent analysis of the water level and wave height for
surges and seiches by using alternative data and interpretations when available. Require
additional justification if the SAR analyses are more than five percent less conservative than
independent NRC estimates.

2.5.4.6 Probable Maximum Tsunami Flooding

Review the historical tsunami information for completeness. Review the tabulation of source
areas capable of generating tsunami at the site for completeness. Evaluate the seismic
characteristics of the tsunami generators, including fault location and orientation, as well as
amplitude and areal extent of potential vertical displacement, to ensure that conservative values
have been used. Examine this information for consistency with that provided in the SAR

geology and seismology section. Review the tabulation of maximum tsunami wave heights
which can be generated at each local source and the maximum deep-water heights generated by
distant sources. Review the process used to identify the source of the probable maximum
tsunami for transparency. Examine the method used to translate tsunami waves from deep water,
offshore locations to the site. Review the analysis of local factors which may affect the
magnitude of tsunami flooding, such as coastline shape, offshore land areas, hydrography, and
stability of the coastal area. Ensure the reasonableness of assumptions and the inclusion of
appropriate bathymetric data in the analysis. For the probable maximum tsunami, review the
analysis of potential breaking wave formation, bore formation, resonance effects, or other factors
which can affect the maximum height of the tsunami water level. Use NUREG-0800, Section
2.4.6(11), for references for evaluating ambient tide and waeaditions, oscillation of waves at
natural periodicity, and the adequacy of protection from flooding.

To the extent possible, conduct an independent analysis of the source of the probable maximum
tsunami and its resulting water height at the site by using alternative data and interpretations
when available. Require additional justification if the SAR analyses are more than five percent
less conservative than independent NRC estimates.
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2.5.4.7 Ice Flooding

Determine whether ice flooding poses a threat to the site on the basis of a review of the
applicable literature describing historical occurrences of icing in the region, and, if so, ensure the
adequacy of the SAR historical description. Use NUREG-0800, Section 2.4.7(ll), for references
in researching the history and potential for ice formation in the region. Ensure that the SAR
properly considers all ice-related hazards, such as ice jam floods, wind-driven ice ridges, and ice-
produced forces which could affect the site. If feasible, conduct an independent analysis of the
ice flooding hazard by using independent data and assumptions.

2.5.4.8 Flood Protection Requirements

Compare the estimated DBF level (both SAR and any independent estimates) with the locations
and elevations of safety-related components to confirm whether flood protection is necessary,
and if so, to what levels. If flood protection is necessary, review the facility flood design basis
for compatibility with the positions in Regulatory Guide 1.59. Use Regulatory Guide 1.102 for
guidance on appropriate flood protection measures which must protect against both static and
dynamic flooding effects. Review the SAR for flood protection measures based on standard
engineering practice, such as that developed by the Army COE, in positive flood control and
shoreline protection.

2.5.4.9 Environmental Acceptance of Effluents

Evaluate scenarios for routine and accidental releases to ensure consideration of worst-case
releases of radionuclides into surface water or groundwater. Examine the physical parameters
used in calculating the transport paths and times of liquid effluent between the release point and
receptors downstream or downgradient. Confirm that mathematical models used to analyze flow
and transport have been verified by field data and have used conservative input parameters. Site-
specific data sources used in modeling the transport of radionuclides through water should be
adequately described and referenced.

Use independent data and assumptions to the extent possible to assess the transport capabilities
and potential contamination pathways of the surface water and groundwater environments.

Focus this independent assessment on transport to existing and possible future water users under
both normal and accident conditions. Use NUREG-0800, Section 2I4) 1&(its descriptions

of simplified calculational procedures for models used to assess effluent transport through

surface water and groundwater.

2.5.5 Subsurface Hydrology

Review the descriptions of hydrogeologic units beneath the site. For each hydrogeologic unit,
ensure proper representation of potentiometric level, hydraulic gradient and conductivity,
effective porosity, storage coefficient, recharge and discharge areas, and potential for
groundwater flow reversal. For the water table aquifer, ensure that seasonal fluctuations in the
water level have been conservatively bounded. Compare the SAR chemical analyses, including
major ions, pH-Eh values, and presence of radionuclides, with analyses obtained independently.
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Review the information on existing groundwater use, such as withdrawal points, pumping rates,
source aquifers, and drawdown. Use reports by the USGS or a State geological survey in
reviewing site hydrogeology and water withdrawal downgradient of the site.

Review the analysis of the potential effects of the facility on any groundwater recharge areas
within the site, including dewatering during construction. Ensure that this analysis uses
conservative assumptions and input values. Confirm that estimated groundwater withdrawal
volumes during facility operation are conservative and that drawdown or other effects on the
aquifer(s) are addressed.

Review the transport characteristics of aquifers which are subject to radionuclide contamination.
Ensure that contamination pathways are adequately described and that models and codes used to
predict radionuclide migration are appropriate for the site. Ensure that potential future
groundwater uses are conservatively estimated. If warranted, conduct an independent analysis of
radionuclide migration by using an alternative transport model or independent data.

2.5.6 Geology and Seismology

The reviewer should use the methods stated below to perform the compliance review of the
geology and seismology information in the SAR.

2.5.6.1 Basic Geologic and Seismic Information

Verify the documentation of the results from all independent surveys, geophysical studies,
borings, trenches, and other investigations. Consider descriptions of techniques, graphic logs,
photographs, laboratory results, and identification of principal investigators. Consider references
to published reports, dissertations, and personal communications. Review both the reports cited
in the SAR, as well as other relevant reports on local geology.

Review the SAR discussion of basic site characteristics which may be problematic in siting an
ISFSI, such as high seismic activity or recent volcanic activity. Scrutinize any SAR statement
that the presence of unstable geologic characteristics will not have a deleterious effect on the
facility or that their effects are within the design bases of all facility components important to
safety.

Examine the geologic maps, cross-sections, and stratigraphic columns provided in the SAR. For
each lithologic unit, review the origin, unit thickness, physical characteristics, mineral
composition, and degree of consolidation. Use the summary logs of borings, excavations, and
trenches in reviewing lithology. Compare the geologic map for the site area with other available
published maps. If the SAR interpretations differ substantially from published literature, ensure
that the differences are noted and that the SAR interpretations are adequately justified. Review
the bedrock contour map to confirm that all relevant structural features are accurately
represented. Review the description of the site geomorphology to ensure that all significant
landforms, including the geologic processes which engendered them, are properly described.
Ensure that all locations of potential landsliding, subsidence, or uplift resulting from natural or
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anthropogenic processes have been identified, and that any associated hazards have been
evaluated.

Review the results of any geophysical surveys, with particular attention to the methods by which
the data were gathered. Compare the interpretations of stratigraphy and structures with other
cross-sections. Require that discrepancies be explained. Examine any values of compressional
and shear wave velocities for reasonableness.

Review the plan showing the locations of all major features of the facility, as well as the
locations of all borings, trenches, and excavations. Examine the cross-sections showing the
relationships of engineered structures to subsurface material. Ensure that the water table (and
fluctuation range) is represented accurately and that groundwater can not have an adverse effect
on these structures. Review the profile drawings showing the extent of excavation and backfill,
as well as the compaction criteria for the engineered backfill. Ensure that compaction criteria
meet appropriate engineering standards. Determine whether the SAR conservatively evaluates
the effects of deformation zones such as shears, joints, fractures, faults, or folds on structural
foundations. Ensure that alteration zones, irregular weathering profiles, and zones of structural
weakness composed of crushed or disturbed materials have been addressed in terms of
engineering geology.

Examine the tabulation of the static and dynamic engineering soil and rock properties of the
various materials underlying the site, including grain size classification, Atterberg limits, water
content, unit weight, shear strength, relative density, shear modulus, Poisson’s ratio, bulk
modulus, damping, consolidation characteristics, seismic wave velocities, density, porosity,
strength characteristics, and strength under cyclic loading. Ensure that the data are substantiated
with appropriate representative laboratory test records. Give extra attention to mechanical
properties of aquifer materials and any fine-grained materials associated with the uppermost
confined or semi-confined aquifer. Scrutinize any site materials which may have an adverse
response to seismic shaking, as well as any rocks or soils which may be unstable because of their
mineral composition, lack of consolidation, or water content. For those which may respond
adversely to seismic shaking, ensure that conservative estimates are used for seismic response
characteristics, such as liquefaction, thixotropy, differential consolidation, cratering, and

fissuring. Review the SAR for inclusion of available data on the behavior of site geologic
materials during previous earthquakes. Review the analytical techniques and safety factors used
in evaluating the stability of foundations for all structures and embankments under normal
operating and extreme environmental conditions.

2.5.6.2 Ground Vibration

Examine the maps of earthquake epicenters and faults in the region. Confirm that the epicenter
map adequately represents the locations of the tabulated historical earthquakes. Ensure that the
earthquake tabulation comes from a credible source; compare it to an alternate earthquake
catalog if available. Confirm that sound practices are used in estimating the magnitudes of
historical earthquakes which pre-dated seismological instrumentation. Consider differences in
soil and bedrock properties between the site and the location where earthquake intensity was
reported.
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Review the descriptions of any capable faults, including length, relationship to regional tectonic
structures and the regional stress regime, and the nature and amount of the maximum
displacement per event during the Quaternary. Ensure that suitable methods, such as those
outlined by Slemmons (1977), determined fault capability. Ensure that fault studies used
photogeologic work and field investigations. Compare SAR findings to any alternative published
interpretations. Review any justification of non-capability for any fault within 161 km (100 mi)

of the site which, if it produced its maximum magnitude earthquake at its closest distance to the
site, would produce site ground acceleration greater than or equal to the design value. Confirm
that field investigations and conservative assumptions justify the classification of such fault as
non-capable. Use trench excavations in determining capability if a fault is overlain by Late
Pleistocene sediments.

Review the SAR calculation of the ground motion design basis value as defined by a response
spectrum corresponding to the peak horizontal ground acceleration (PHA). A standardized
design basis earthquake described by an appropriate response spectrum anchored at 0.25 g may
be used for the site if it meets three criteria: 1) located east of the Rocky Mountain front, 2) not in
a seismically active region (e.g., New Madrid, MO; Charleston, SC; or Attica, NY), and 3) not
subject to ground motion above 0.2 g (per an appropriate response spectrum) as shown by
reconnaissance investigation. Alternatively, for sites meeting the three criteria, the procedures of
10 CFR Part 100, Appendix A may be used to identify design basis values. Follow the
procedures in 10 CFR Part 100, Appendix A, to derive the ground motion design basis value if
the site does not meet these three criteria.

Review the ground motion value derived from Appendix A methods by using the following
procedures. Ensure that all capable faults have been considered as seismic sources, with the
maximum magnitude earthquake occurring on the fault at its nearest approach to the site. Ensure
that the maximum magnitude event is based on an accepted fault length-magnitude relationship,
such as Slemmons et al. (1982) or Bonilla et al. (1984). Use a widely accepted attenuation model
such as Campbell and Bozorgnia (1994) to ensure that the peak ground acceleration at the site is
calculated from the earthquake magnitude and the site-to-source distance. Ensure that the SAR
analysis considered an FE, that it based the FE magnitude on the seismological history of the
tectonic province, and that it used 15 km as the site-to-source distance for calculating ground
acceleration at the site. Ensure that the SAR considered adjacent provinces and their
characteristic FEs if the site is near a tectonic province boundary. Ensure that the site-to-source
distance for a FE in an adjacent province is 15 km or the closest approach of the province to the
site, whichever is greater. (Note: Reviewers should be aware of proposed changes to 10 CFR
Part 100. The earthquake which engenders the greatest peak ground acceleration at the site is the
design basis earthquake. Presently, Appendix A methodology assigns a site being evaluated a
design basis earthquake (DBE) equal to the SSE for a nuclear power plant in the same location.)

Ensure that site-specific response spectrum used to derive PHA from the DBE considers the
specific engineering properties of the material underlying the site, including seismic wave
velocities, density, water content, porosity, and strength. Ensure that the design criteria in SAR
Chapters 3 and 7 consider the design ground motion value.
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2.5.6.3 Surface Faulting

Review the evaluation of tectonic structures underlying the site. Consider whether boreholes or
geophysical surveys were used to reveal buried structures. Determine the need for geophysical or
other studies to establish the presence or absence of such structures if local geology
investigations provide some evidence that buried, potentially active structures may underlie the
site. Ensure that the evaluation of onsite structures considers the effects of man’s activities, such
as mining activity, loading effects from dams or reservoirs, and pumping fluids out of or into the
subsurface, and the proclivity of faults to slip. Confirm that all faults more than 300 m (1000 ft)
long and passing within 8 km (5 mi) of the site have had their capability assessed. Examine these
assessments to ensure that the conclusions are based on sound geologic principles and practices,
and in cases where capability remains equivocal, a preponderance of the available geologic
evidence. Review the information provided on fault length and relationship to regional tectonic
structures, the nature and amount of Quaternary displacement, and the magnitude of the
maximum Quaternary displacement event for those faults which are deemed capable. Ensure that
the outer limits of the fault or fault zone have been identified along the trace 16 km (10 mi) in

either direction of the point where the fault makes its closest approach to the site. Ensure that

any fault displacement, if the site is subject to surface faulting, does not exceed the design

criteria. Require a large safety margin if critical facilities are to be located in areas subject to
displacement because fault displacement is a difficult phenomenon to assess.

2.5.6.4 Stability of Subsurface Materials

Review the description of geologic features to ensure that no natural features which could affect
foundation stability during ground shaking have been overlooked. Examine the tabulations of
the physical and engineering properties for the foundation materials underlying the site. Ensure
that foundation material properties include grain size classification, consolidation characteristics,
water content, Atterberg limits, unit weight, shear strength, relative density, shear modulus,
damping, Poisson’s ratio, bulk modulus, strength under cyclic loading, seismic wave velocities,
density, porosity, and strength characteristics. Compare selected values against representative
laboratory test results to confirm the accuracy of the values of selected properties.

Examine the plans and profiles of the locations of investigative studies and facility structures.
Confirm that the plans include all appropriate boreholes, trenches, etc. Ensure that the profiles
accurately show the relationships between structure foundations and subsurface materials and the
groundwater and engineering characteristics of the subsurface materials. Review the plans and
profiles which show excavation and backfill activity to ensure that compaction criteria are
substantiated with representative laboratory or field test records. Examine the tables and profiles
of the compressional and shear wave velocities in the soil and rock beneath the site. Ensure that
these data were gathered by appropriate methods. Examine any graphic logs of boreholes,
trenches, or other excavations for accuracy. Ensure that the analyses of the soil and rock
responses to dynamic loading are conservative.

Review the discussion of liquefaction potential of material beneath the site. Conduct an

independent analysis to verify a claim that liquefaction-susceptible soils are absent beneath the
site. The reviewer should ensure that the discussion of soil zones with the potential for
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liquefaction includes relative density, void ratio, ratio of shear stress to initial effective stress,
number of load cycles, grain size distribution, degrees of cementation and cohesion, and
groundwater elevation fluctuations.

Ensure that the analysis for soil stability uses the appropriate response spectra in determining the
design ground motion from the DBE. Ensure that the static analyses address settlement and
lateral pressures and are accompanied by representative laboratory data. Review the
specifications for any techniques, such as grouting, vibraflotation, rock bolting, or anchors,
required to improve unstable subsurface conditions. Ensure that designs follow proper
engineering standards. Examine the safety factors and the criteria, references, or methods of
design used in ensuring that the facility can withstand seismic ground motion and surface
faulting.

2.5.6.5 Slope Stability

Examine the slope cross-section drawings for accuracy. Review the static and dynamic

properties of the embankment and foundation soil and rock beneath the slope to ensure that the
values are reasonable and substantiated with representative laboratory test data. Ensure that
stability assessments address the potential effects of erosion, deposition, and seismicity, either
individually or in combination. Ensure that erosional processes discuss sheet and rill flow, mass
wasting, and valley widening. Ensure that the compaction specifications are based on
representative laboratory analyses. Review the logs of core borings and test pits taken in these
areas for any proposed borrow areas. Ensure that the analyses supporting the slope and erosional
stability findings use conservative methods and assumptions.

2.6 Evaluation Findings

Prepare evaluation findings on compliance with SRP Section 2.1 review objectives and Section
2.3 regulatory requirements on site characteristics. Use the following statements (or similarly
phrased statements) of findings if the documentation submitted with the application, including
the SAR and the ER, fully supports positive findings for each of the regulatory requirements
(finding numbering is for convenience in referencing within the FSRP and SER):

F2.1 The SAR provides an acceptable description and safety assessment of the site on
which the [ISFSI/MRS] is to be located, in accordance with 10 CFR 72.24(a).

F2.2 The proposed site complies with the criteria of 10 CFR 72 Subpart E, as required
by 10 CFR 72.40(a)(2).

Communicate to the NRC project manager the inadequacies in the site characterization, the

reasons for an inability to make fully positive findings, and the additional information, analyses,
or design changes which must be provided to NRC before the review can continue.
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3.1 Review Objective

The objective of this chapter is to evaluate for clarity and completeness the description of all
operations, including systems, equipment, and instrumentation, particularly as they relate to
handling and storage of spent fuel or solidified high-level waste, confinement of nuclear material,
and management of expected and potential radiological dose. Sufficient detail should be

provided to ensure that reviewers can understand the operations and the operations’ effects on the
design evaluations. Safety features required to maintain the installation in a safe condition

should be described; however, evaluation of those features should be performed in the
appropriate technical sections.

Figure 3.1 presents an overview of the operation systems evaluation process. The figure shows
that this review process draws on information in the application and the regulatory requirements.

3.2 Areas of Review

The following outline shows the areas of review addressed in Section 3.4, Acceptance Criteria,
and Section 3.5, Review Procedures:

Operation Description

Spent Fuel and High-Level Waste Handling Systems
Other Operating Systems

Operation Support Systems

Control Room and Control Area

Analytical Sampling

Shipping Cask Repair and Maintenance

Pool and Pool Facility Systems

3.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.

72.24 Contents of application: Technical information [Contents of SAR]
(b) “A description and discussion of the ISFSI or MRS structures.”
(f) “Features of ISFSI or MRS design and operating modes to reduce ... radioactive waste
volumes.”
() “A description of the equipment ... to maintain control over radioactive materials in
gaseous and liquid effluent.”
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72.40 Issuance of license.
(a) “The application ... meets the ... requirements ... and...”
(5) “Proposed operating procedures ... protect health and minimize danger.”
(13) “There is reasonable assurance that:
(i) The activities ...can be conducted without endangering the health and safety ...
and
(ii) these activities will be conducted in compliance with the applicable
regulations.”

72.44 License Conditions.

(c) “Technical specifications must include...”

(1) “Functional and operating limits and monitoring instruments and limiting control settings.”
(2) “Limiting conditions.”

(3) “Surveillance requirements.”

72.104 Criteria for radioactive materials in effluents and direct radiation...

(b) “Operational restrictions must be established to meet [ALARA] objectives...”

(c) “Operational restrictions must be established for radioactive materials in effluents and direct
radiation levels...”

72.122 Overall requirements.

(f) “Testing and maintenance of systems and components.”

(h) “Confinement barriers and systems.”

() “Instrumentation and control systems.”

() “Control room or control area of the ISFSI or MRS under off-normal or accident conditions.”
(k) “Utility or other services.”

() “Retrievability.”

72.124 Criteria for nuclear criticality safety.
(c) “Criticality Monitoring.”

72.126 Criteria for radiological protection.
(b) “Radiological alarm systems.”

(c) “Effluent and direct radiation monitoring.”
(d) “Effluent control.”

72.128 Criteria for spent fuel, high-level radioactive waste, and other radioactive waste storage
and handling.

(a) “Spent fuel and high-level radioactive waste storage and handling systems.”

(1) “A capability to test and monitor components important to safety.”

(2) “Confinement structures and systems.”

72.150 Instructions, procedures, and drawings.
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A matrix which shows the primary relationship of these regulations to the specific areas of

review associated with this Standard Review Plan (SRP) chapter is given in Table 3.1. 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.

3.4 Acceptance Criteria

This section identifies the acceptance criteria used for the operation systems review. Information
on systems may be fully described functionally at the Safety Analysis Report (SAR) chapters
oriented on physical design and specific safety-related functions (such as installation and
structural design, thermal, criticality, and confinement), since detailed information need only be
included once in the SAR. The primary purpose of this chapter is a review of the functional
description of the systems operations, flowsheets showing sequences of operations and controls,
and drawings showing proper functioning of each system. Additional description of the
information that should be in the SAR is provided for each of the review areas.

3.4.1 Operation Description

Operation description relates to the overall storage functions and operation of the installation.
The applicant should provide an overview of operations. Acceptable criteria for operation
system descriptions are given in NUREG-1536, Chapter 8, Section IV, items 1 through 6.

3.4.2 Spent Fuel and High-Level Waste Handling Systems

The regulatory requirements given in 10 CFR 72.124, 10 CFR 72.128, 10 CFR 72.150, and

10 CFR 72.166 address the information to be included in a license application. The SAR should
include information as described in Regulatory Guide 3.48 Section 5.2 on spent fuel (and
high-level waste if for an MRS) handling systems. The descriptions of the spent fuel or high-

level waste handling systems must be clear. The functions of transfer from transportation
vehicles, receipt inspection, and initial decontamination should be addressed if the operations are
performed independently of a 10 CFR 50 license review. The transfer facility and its use should
be described, including its use during the stages of operation of the ISFSI. Spent fuel and high-
level waste handling systems in a pool facility used for wet transfer is addressed in a following
section.

3.4.3 Other Operating Systems
The scope of this section is taken to be all operating systems important to safety that are not
covered in Sections 3.4.1 (Operation Description) and 3.4.2 (Spent Fuel and High-Level Waste

Handling Systems) except that instrumentation and controls are covered in 3.4.4 and analytical
sampling is covered in 3.4.6. “Other operating systems” and “auxiliary systems” that are
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Table 3.1 Relationship of Regulations and Areas of Review

Areas of
Review

10 CFR Part 72 Regulations

72.24

72.40

72.44

72.104

|

72.12

2 721

P4 72.1

26 72.

128 72

150 72

Operation
Description

Spent Fuel
and
High-Level
Waste
Handling
Systems

Other
Operating
Systems

Operation
Support
Systems

Control Room
and Control
Area

Analytical
Sampling

Shipping Cask
Repair and
Maintenance

Pool and Pool
Facility
Systems

.166

important to safety should be as described in Regulatory Guide 3.48 Sections 4.3 and 5.3 and
noted in the narrative descriptions or flowcharts describing the operation of the ISFSI. 10 CFR

72.122 requires that the SAR include clear descriptions of the systems and system equipment and

controls used to assure safety. These items must be consistent with other parts of the SAR.

Examples of “other operating systems” that may be classified as important to safety include
ventilation and off-gas systems, electrical systems, air supply systems, steam supply and

distribution systems, water supply systems, fire protection systems, air sampling systems,

decontamination systems, and systems related to chemical hazards.
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3.4.4 Operation Support Systems

10 CFR 72.122 requires that the SAR include information on operation support systems,
primarily instrumentation and control (I&C) systems and component spares or alternative
equipment. These items should be as described in Regulatory Guide 3.48 Section 5.4. This
information should include an analysis or other acceptable basis for determination that operation
support systems important to safety remain operational under accident-level conditions. The
SAR should include clear descriptions of the operation support systems and descriptions of
equipment and controls used to assure safety, which are consistent with other parts of the SAR.

3.4.5 Control Room and Control Area

10 CFR 72.122 requires that the SAR include a discussion of how a control room and control
room areas permit the installation to operate safely under normal, off-normal, and accident
conditions. The SAR should include clear descriptions of the control room and control area.

The NRC has accepted omission of a control room for ISFSI operations that have not involved
control of operations within a pool or use of a powered cooling system for material in storage. A
control room and redundancy for control of functions important to safety in a separate control
area is acceptable for ISFSI with pool facilities.

3.4.6 Analytical Sampling

The SAR should include a discussion of the provisions for obtaining samples for analysis
necessary to ensure that the ISFSI is operating within prescribed limits. The SAR should include
a description of the facilities and equipment available to perform the required tests.

3.4.7 Shipping Cask Repair and Maintenance

The SAR should contain a description of the shipping cask repair and maintenance facilities.

The operation of these facilities, including provision for contamination control and occupational
exposure minimization, should also be included. Note that the ownership, maintenance, and use
of a shipping cask for shipping nuclear material by an ISFSI or MRS licensee is governed by the
requirements of 10 CFR 71 only.

3.4.8 Pool and Pool Facility Systems

For ISFSI or MRS with a pool, the pool facility and the associated equipment constitute the
principal capability for handling the subject radioactive material outside its storage confinement
barrier or with that barrier open. The SAR should include clear descriptions of the pool and pool
facility systems and descriptions of pool facility equipment and controls used to assure safety,
which are consistent with other parts of the SAR. Section 9.1.2 of NUREG-0800 presents pool
and pool facility systems requirements for a 10 CFR 50 license and should be used as guidance in
the design of a 10 CFR 72 facility. Because a pool facility used only for wet transfer presents
unique requirements, specific criteria are not provided.
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The NRC accepts pool facilities for licensing under 10 CFR 72 if those facilities meet the
requirements for nuclear power plants licensed under 10 CFR 50.

3.5 Review Procedures

The following provides review guidance relevant to the operation systems evaluation. This
review is oriented on functions and the compatibility of proposed systems with performance of
those functions. Since the NRC does not review and approve procedures, the review of the
descriptions of functions constitutes the principal basis for assessing the assurance provided by
the submitted documentation. Reviews in other FSRP sections determine quantitative functional
performance for functional and structural performances.

3.5.1 General Operating Functions

Review the description of operating functions for completeness. The reviewer should compare
the functions with descriptions included in other licensing documentation to confirm
acceptability. If a previously certified cask design is used, the functions described in the SAR
under review should be checked for compatibility with those functions that were included in the
SAR for the certified cask.

Acceptance of the description of general operating functions can be based on information
provided in the flowsheets and narrative descriptions of steps. The reviewer should ensure that
the applicant has fully described the appropriate procedures, equipment involved, and personnel
requirements. Review procedures can be found in the next-to-the-last paragraph of the NUREG-
1536, Chapter 8, Section V introduction which precedes subsection 1 (Cask Loading).

3.5.2 Spent Fuel and High-Level Waste Handling Systems

Review procedures for spent fuel handling systems are given in the NUREG-1536, Chapter 8,
Section V, items 1, 2, and 3. A review for handling high-level waste follows the same procedure.
Because the spent fuel and high-level waster handling systems have many interfaces with other
systems of the facility, verify that these interfaces are addressed and that continuity of operations
can occur under all operational conditions.

3.5.3 Other Operating Systems

For systems that are important to safety, review the description of the location of the various
systems in relationship to their functional objectives. Verify that provisions for coping with
unscheduled occurrences have been described so that a single failure within one of the auxiliary
systems will not result in a release of radioactive material. The reviewer should evaluate the
systems to ensure that the design includes performance under normal operating loads,

loading situations resulting from primary failure and/or accident conditions, and loading
situations required for the safety of a shutdown operation. If a system requires a technical
specification, verify that it has been included in the SAR.

3-7 NUREG-1567



OPERATION SYSTEMS SECTION 3

3.5.4 Operation Support Systems

Review the descriptions of the I&C systems for adequacy of definition of their function. Systems
that are important to safety should describe all major components, operating characteristics,
locations of sensors and alarms, threshold levels for 1&C that produce alarms, automatic and
manual control actions to be triggered, and safety criteria. The NRC has accepted omission of
instrumentation and monitoring for passively cooled welded-closure storage casks if a periodic
check for air cooling effectiveness is included as a technical specification.

Consider the projected accident-level and off-normal events (addressed at FSRP Chapter 15) and
the roles that the 1&C has in avoiding or mitigating significant radiological consequences of

those events. Verify that consideration has been given to the redundancy required to ensure safe
operation or safe curtailment of operations under accident conditions. Verify that spare or
alternative instrumentation, if provided, has been designed to ensure safe functioning.

Review proposed technical specifications that include reliance on an I&C system performance.
3.5.5 Control Room and Control Area

Review the control room and control area functions, equipment, instrumentation and control
links, and staffing for consistency and appropriateness for the intended functional control and
safety roles. Information on these different aspects of the control room/area may be at various
locations within the SAR.

The explanation for omission of a control (and/or monitoring) room/area should be provided.
For example, explanations may include: a description of functions and procedures (flowsheets
and narrative descriptions) that provide for performance without need for a centralized control
room, the acceptability of accident-level and off-normal event and condition analyses that show
acceptable levels of maximum response and safety without use of a control room, and/or the
desirability that damage avoidance and mitigation be based on passive measures to the extent
feasible.

3.5.6 Analytical Sampling

The review of the analytical sampling operation should verify that the types of samples and rate
of sampling are appropriate for the condition being monitored. Provisions should be included for
obtaining samples during off-normal conditions to ensure that prescribed limits have not been
exceeded. The SAR should describe the facilities and equipment that will be available to
perform the analyses. Disposition of laboratory wastes should also be described.

The review should compare the proposed analytical sampling operations with those of existing

facilities for reasonableness as documented in FSAR that cover similar facilities and prior license
applications.
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3.5.7 Shipping Cask Repair and Maintenance

The principal concern for review of any shipping cask repair capability incorporated into the

ISFSI or MRS is that the applicant recognizes the need for receiving and inspection of loaded
shipping casks and shipping cask decontamination. If a repair capability is to be provided on-site
for repair of storage confinement and on-site transfer casks, the skills and equipment necessary
for shipping cask repair will probably also exist.

The status of the pool facility may be one of several possibilities: (1) the pool facility may be a
new facility to be licensed under 10 CFR 72, (2) the pool facility may be licensed under a

10 CFR 50 license which is being terminated and a transfer to 10 CFR 72 is being requested, or
(3) the pool facility may exist under DOE ownership, and NRC licensing under 10 CFR 72 is
being requested.

If the pool facilities are to be built, the functions and various systems should reflect NRC and
industry standards for pool facility design and use. The reviewer should compare the
descriptions of functions and the structures, systems, and components (SSCs) to support those
functions with descriptions of existing pool facilities and associated FSARs. Bases for
significant discrepancies between functions and/or equipment used to perform the various
functions should be provided.

If the review is to include approval of an existing licensed pool facility, the reviewer should
review and compare descriptions of functions and component SSCs in the FSAR, NRC staff and
field inspector reports on operations of the pool facility, and any finding associated with the
facility or with the proposed use of the pool facility.

If the pool facility exists but is unlicensed, review the suitability of the design and systems for the
proposed functions and the acceptability of the described functions to permit licensing under 10
CFR 72. Review proposed modifications of the facility with the reviewer for structural
evaluation. Compare the proposed functions and supporting SSCs with pool facilities used at
nuclear power plants to assist confirmation that the design and functions are compatible.

3.6 Evaluation Findings

NRC staff reviewers prepare evaluation findings regarding satisfaction of the regulatory
requirements related to operations systems. If the documentation submitted with the application
fully supports positive findings for each of the regulatory requirements, then the findings should
substantially be stated as follows (finding numbering is for convenience in referencing within the
SRP and Safety Evaluation Report [SER]):

F3.1 [If applicable] The [ISFSI/MRS] is to be located on the same site as another
facility licensed by the NRC. Potential interactions between these facilities and
the [ISFSI/MRS] have been evaluated, in accordance with 10 CFR 72.24(a) and
72.40(a)(3) and have been determined to be acceptable and pose no undue risk to
any of the facilities.
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F3.2

F3.3

F3.4

F3.5

F3.6

F3.7

F3.8

NUREG-1567

The SAR includes acceptable descriptions and discussions of the projected
operating characteristics and safety considerations, in compliance with 10 CFR
72.24(b).

The SAR provides reasonable assurance that the activities to be authorized by the
license can be conducted without endangering the health and safety of the public
and will be in compliance with the applicable regulations of 10 CFR 72.40(a)(13).

[One of the following, as appropriate] The design of the [ISFSI/MRS] provides
for an acceptable [control room/control area] as part of the facilities to be built, in
compliance with 10 CFR 72.122(j). - or -

The operating procedures and schedule for operations for the [ISFSI/MRS]
acceptably provides for control during storage operations to be accomplished from
the security/monitoring/surveillance office facility and for control during loading,
transfer, and unloading operations to be from temporary control facilities, for
which there are acceptable provisions included in the design. This is considered
to acceptably comply with 10 CFR 72.122(j). - or -

The [ISFSI/MRS] is to be located on a site with existing facilities suitable and
available for control of [ISFSI/MRS] operations under off-normal or accident
conditions, whose use will not interfere with other operations on the site important
to safety, in compliance with 10 CFR 72.40(a)(3) and 72.122(j).

The proposed [ISFSI/MRS] facilities include the following utility service systems
[identify]. [If appropriate] The following utility service systems are important to
safety: [identify]. The [ISFSI/MRS] design provides for redundant systems to the
extent necessary to maintain, with adequate capacity, the ability to perform safety
functions assuming a single failure; in compliance with 10 CFR 72.122(k)(1).

The proposed design of the [ISFSI/MRS] emergency utility services acceptably
permits testing of the functional operability and capacity of each system and
permits operation of associated safety systems, in compliance with 10 CFR 72.122

(k)(2).

The proposed design of the [ISFSI/MRS] includes the following systems and
subsystems which require continuous electric power to permit continued
functioning of all systems essential to safe storage: [identify]. The design
of the [ISFSI/MRS] acceptably provides for timely emergency power for these
systems and subsystems, in compliance with 10 CFR 72.122(Kk)(3).

The descriptions of the proposed [ISFSI/MRS] functions and operating systems
with regard to retrieval of stored radioactive material from storage, in normal,
off-normal, and accident conditions are acceptable and comply with 10 CFR
72.122(1).
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F3.9 Acceptable capability to test and monitor components important to safety are
provided in the design and procedures for the [ISFSI/MRS], in compliance with
10 CFR 72.128(a)(2).

If the design of the confinement cask system has been previously certified under 10 CFR
72 Subpart L, the following evaluation finding statements would also be appropriate:

F3.10 The proposed [ISFSI/MRS] uses a cask system that has been previously certified
by the NRC.

3.7 References

NRC documents referenced are identified at Consolidated References, Chapter 17.
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4 SSC AND DESIGN CRITERIA EVALUATION

4.1 Review Objective

The objective of the review is to ensure that the applicant acceptability defines: (1) the limiting
characteristics of the spent fuel or other high-level radioactive waste materials to be stored, (2)
the classification of structures, systems and components (SSCs) according to their importance to
safety, and (3) the design criteria and design bases, including the external conditions during
normal and off-normal operations, accident conditions, and natural phenomena events.

Figure 4.1 presents an overview of the SSC and design criteria evaluation process. The figure
shows that this review process draws on information in the application and the regulatory
requirements.

4.2 Areas of Review

The following outline shows the areas of review addressed in Section 4.4, Acceptance Criteria,
and Section 4.5, Review Procedures:

Materials to be Stored
Spent Fuel
High-Level Radioactive Waste

Classification of Structures, Systems, and Components

Design Criteria for SSCs Important to Safety
General
Structural
Thermal
Shielding and Confinement
Criticality
Decommissioning
Retrieval

Design Criteria for Other SSCs
4.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.
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SECTION 4 SSC AND DESIGN CRITERIA

72.2 Scope

(a) “Except as provided in Section 72.6(b), licenses issued under this part”
(1) “Power reactor spent fuel to be stored in a complex”
(2) “Power reactor spent fuel to be stored in an [Monitored Retrievable Storage] MRS
owned by DOE”

72.3 Definitions

Structures, systems, and components important to safety
(1) “To maintain the conditions required to store spent fuel or high-level...”
(2) “To prevent damage to the spent fuel or high-level radioactive waste...”
(3) “To provide reasonable assurance that the spent fuel...”

72.6 License required; types of licenses
(b) “A general license...own spent fuel or high-level radioactive waste without regard”

72.24 Contents of application: Technical information
(c) “The design of the [Independent Spent Fuel Storage Installations] ISFSI or MRS in sufficient
detall ... including:”
(1) “The design criteria”
(2) “The design bases and the relation of the design bases to design criteria”
(4) “Applicable codes and standards.”
(n) “The description must identify the structures, systems and components important to safety”

72.102 Geological and seismological characteristics

(a) “East of the Rocky Mountain Front”

(b) “West of the Rocky Mountain Front”

(c) “Sites other that bedrock sites must be evaluated for their liquefaction”

(d) “Site-specific investigations and laboratory analyses must show that the soil conditions”
(e) “In an evaluation of alternative sites, those which require a minimum of engineered”

() “The design basis earthquake (DE) for use in the design of structures must be”

72.104 Criteria for radioactive materials in effluents and direct radiation from an ISFSI or MRS
(a) “During normal operations and anticipated occurrences, the annual dose”

(b) “Operational restrictions must be established to meet as low as is reasonable”

(c) “Operational limits must be established for radioactive materials in effluents”

72.106 Controlled area of an ISFSI or MRS

(@) “For each ISFSI or MRS site, a controlled area must be established.”

(b) “Any individual located on or beyond the nearest boundary of the controlled area”
(c) “The controlled area may be traversed by a highway,”

72.120 General considerations

(a) “Pursuant to ... must include the design criteria for the proposed storage installation”
(b) “The MRS must be designed to store either spent fuel or solid high-level radioactive wastes”
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72.122 Overall requirements
(a) Quality Standards. “SSCs important to safety must be designed, fabricated”(b) Protection
against environmental conditions and natural phenomena.
(1) “SSCs important to safety must be designed to ...postulated accidents.”
(2) “SSCs important to safety must be designed to ... natural phenomena”
(i) “Appropriate consideration of the most severe of the natural phenomena”
(ii) “Appropriate combinations of the effects of normal and accident conditions”
“The ISFSI or MRS should also be designed to prevent massive collapse of building”
(4) “If the ISFSI or MRS is located over an aquifer”
(c) Protection against fires and explosions. “SSCs important to safety must be designed”
(d) Sharing of SSCs. “SSCs important to safety must not be shared”
(e) Proximity of sites. “An ISFSI or MRS located near other nuclear facilities”
() Testing and maintenance of system and components. “Systems... to permit inspection”
(g9) Emergency capability. “SSCs important to safety must be designed for emergencies”
(h) Confinement barriers and systems.
(1) “The spent fuel cladding must be protected”
(2) “For underwater storage of spent fuel”
(3) “Ventilation systems and off-gas systems”
(4) “Storage confinement systems must have...continuous monitoring”
(5) “The high-level radioactive waste...that allows handling and retrievability”
() Instrumentation and control systems. “Instrumentation and control systems...to monitor
systems”
(1) Control room or control area. “A control room or control area, if appropriate”
(k) Utility or other services.
(1) “Each utility service system must be designed to meet emergency conditions”
(2) “Emergency utility services must be designed to permit testing”
(3) “Provisions must be made... in the event of a loss of the primary electric power”
(4) “An ISFSI or MRS...may share common utilities and services”
(1) Retrievability. “Storage systems must be designed to allow ready retrieval’

72.124 Criteria for nuclear criticality safety

(a) Design for criticality safety. “Spent fuel handling,...be maintained subcritical”
(b) Methods of criticality control. “... the design of an ISFSI or MRS must be based”
(c) Criticality Monitoring. “A criticality monitoring system shall be maintained”

72.126 Criteria for radiological protection.

(a) Exposure control. “Radiation protection systems must be provided for all areas”
(1) “Prevent the accumulation of radioactive material”
(2) “Decontaminate those systems to which access is required”
(3) “Control access to areas of potential contamination”
(4) “Measure and control contamination”
(5) “Minimize the time required to perform work in the vicinity of radioactive”
(6) “Shield personnel from radiation exposure.”

(b) Radiological alarm systems. “Radiological alarm systems must be provided”
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(c) Effluent and direct radiation monitoring
(1) “As appropriate for the handling and storage”
(2) “Areas containing radioactive materials”
(d) Effluent control. “The ISFSI or MRS must be designed to provide”

72.128 Criteria for spent fuel, high-level radioactive waste, and other radioactive waste storage
and handling.
(a) Spent fuel and high-level radioactive waste storage and handling systems. “Spent fuel
storage”
(1) “A capability to test and monitor components”
(2) “Suitable shielding for radioactive protection under normal and accident conditions”
(3) “Confinement structures and systems”
(4) “A heat-removal capability having testability”
(5) “Means to minimize the quantity of radioactive wastes generated.”
(b) Waste treatment. “ Radioactive waste treatment facilities must be provided”

72.130. Criteria for decommissioning
“The ISFSI or MRS must be designed for decommissioning”

72.144 Quality assurance program
(a) “...licensee shall identify the SSCs to be covered by the quality assurance program”
(c) “The licensee shall base the requirements...on the following considerations”
(1) “The impact of malfunction or failure of the item on safety;”
(2) “The design and fabrication complexity”
(3) “The need for special controls”
(4) “The degree to which functional compliance can be demonstrated by inspection”
(5) “The quality history and degree of standardization of the item.”

72.182 Design for physical protection

“The design for physical protection must show the site layout and the design features...”
(a) “The design criteria for the physical protection of the proposed ISFSI or MRS;”

(b) “The design bases and the relation of the design bases to the design criteria...”

(c) “Information relative to materials of construction...”

72.236 Specific requirements for spent fuel storage cask approval

(a) “Specification must be provided for the spent fuel...”

(b) “Design bases and design criteria...”

(c) “Spent fuel is maintained in a subcritical condition.”

(d) “Radiation sheilding and confinement must be provided.”

(e) “The cask must be designed to provide redundant sealing of confinement systems.”

(f) “The cask must be designed to provide adequate heat removal capacity without active
cooling....”

(9) “The cask must be designed to store the spent fuel safely for a minimum of 20 years....”
(K) “The cask must be conspicuously and durably marked with:...”

() “The cask...must be evaluated...to demonstrate...confinement...under normal, off-normal, and
credible accident conditions.”
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A matrix that shows the primary relationship of these regulations to the specific areas of review
associated with this FSRP chapter is given in Table 4.1. 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 4.1 Relationship of Regulations and Areas of Review
10 CFR Part 72 Regulations

Areas of Review 72.2 72.3 72.6 72.24] 72.10p 72.104 72.1p6 72.120
Material to be Stored ° ° ° °
Classification of SSCs ° °

Design Criteria of SSCs
Important to Safety

Design Criteria of SSCs °

Table 4.1 Relationship of Regulations and Areas of Revieicontinued)

10 CFR Part 72 Regulations

Areas of Review
72122 | 72.124] 72.126 72.128 72.130 72.144 72.182 772|236

Material to be Stored °

Classification of SSCs [

Design Criteria of SSCs
Important to Safety

Design Criteria of SSCs

4.4 Acceptance Criteria

This section identifies the acceptance criteria used for the various review areas. The acceptance
criteria are based on regulatory requirements, Regulatory Guides, and staff judgments.

4.4.1 Materials To Be Stored
4.4.1.1 SpentFuel

The regulatory requirements given in 10 CFR 72.2 (a)(1) and (a)(2) identify power reactor spent
fuel as material to be stored. 10 CFR 72.6 (b) states that the general license to store spent fuel or
high-level radioactive waste may be issued without regard to quantity. 10 CFR 72.120 (b)
discusses the acceptable form, i.e., solid fuel or high-level radioactive waste. The applicant must
provide information on the spent fuel to be stored including, but not limited to, reactor type (e.g.,
Boiling Water Reactor, Pressurized Water Reactor, etc.), fuel manufacturer and model
designation and number, fuel physical characteristics, fuel cladding material, thermal
characteristics, radionuclide characteristics (e.g., gamma and neutron source terms), and history
and census, including burnup, initial enrichment, and cooling time. The applicant must also
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provide information on the ranges of parameters of the spent fuel to be stored. Bounding
parameters for further fuel storage should be listed.

In the SAR, the applicant must specify if damaged fuel is to be stored at the ISFSI. Damaged
fuel should be canned 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 retrievability. As proof that the fuel is undamaged, the applicant, at a
minimum, should review the fuel records and verify that the fuel was undamaged. Also, the
applicant should specify that prior to loading, the fuel assemblies will receive an external visual
examination for any obvious damage. For fuel assemblies where reactor records are not
available, the applicant should provide alternate information which provides reasonable
assurance that the fuel is undamaged or that damaged fuel loaded in a storage or transportation
cask is canned in addition to the external visual examination for any obvious damage.

Rod cluster control assemblies, burnable poison (rod) assemblies, thimble plugging assemblies,
and primary and secondary source assemblies are materials associated with the storage of spent
fuel assemblies. Title 10, Code of Federal Regulations (10 CFR), Section 72.3, “Definitions,”
states, *..Spent fuel includes the special nuclear material, byproduct material, source material,
and other radioactive materials associated with fuel assemblies.” The applicant should define the
range and types of spent fuel or other radioactive materials that the DCSS [dry cask storage
system] is designed to store. For DCSSs that will be used to store activated components
associated with a spent fuel assembly, the applicant should specify the types and amounts of
radionuclides, heat generation, and the relevant source strengths and radiation energy spectra
permitted for storage in the DCSS. Specifically, the applicant should describe:

. The design bases source term (radiological and thermal components). The source term
should be based on a saturation value for activation of cobalt impurities or on cobalt
activation from a specified maximum burn-up and minimum cool time. The applicant
should describe other activation products, as appropriate.

. The effects of gas generation must be considered in the design pressure for the cask,
including (1) the release of gas from additional components, and (2) the volume occupied
by additional components on the cask internal pressure.

. Additional weight and length of the proposed material must be considered in the
structural and stability analyses.

. The thermal analysis must consider (1) the added heat from these components, and (2) the
effects of heat transfer within and to/from the fuel assembly by the addition or absence of
these components. This would ultimately affect the maximum predicted cladding
temperature.

. In terms of a criticality evaluation, absent direct physical measurements, the applicant
should not take credit for any negative reactivity from residual neutron absorbing material
remaining in the control components. A bounding analysis would assume that no control
components are present. Credit for water displacement may be taken provided adequate
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structural integrity and placement under accident conditions is demonstrated. Also, the
applicant may need to consider the effects of displacing borated water, if applicable.

4.4.1.2 High-Level Radioactive Waste

The regulatory requirements given in 10 CFR 72.3 define high-level radioactive waste and 10
CFR 72.120 (b) establish that the spent fuel or solid high-level waste are the acceptable waste
forms. Liquid high-level radioactive waste is not acceptable for storage. Furthermore, if a pool
type facility is proposed, the solidified waste form shall be a durable solid with demonstrable

leach resistance. The applicant must provide information on the waste form, proposed storage
package, characteristics of any encapsulation material, radionuclide characteristics, heat
generation rate, and history and census. The Safety Analysis Report (SAR) must also include
both the ranges of parameters of the known material to be stored and the bounding parameters of
any additional materials that may be stored.

4.4.2 Classification of Structures, Systems, and Components

The applicant must identify all SSCs important to safety and provide a rationale for the
identification. SSCs are classified into two broad categories: important to safety or not. The
NRC review involves both categories; however, SSCs important to safety are reviewed in greater
depth. Acceptance criteria for classification of SSCs important to safety are discussed in 10 CFR
72.3, 10 CFR 72.24 (n), and 10 CFR 72.144 (a) and (c).

The chapter on Installation Design and Structural Review discusses five areas of review which
generally include SSCs identified as important to safety. These areas of review are: confinement
structures, systems, and components; pool confinement facilities; and reinforced concrete
structures; other SSCs important to safety; and other SSCs subject to NRC approval. Similarly
the chapters on Thermal Evaluation, Radiation Shielding Evaluation, Criticality Evaluation,
Confinement Evaluation, Waste Confinement, Radiation Protection, and Decommissioning have
review areas that must be considered in identifying SSCs important to safety.

4.4.3 Design Criteria for SSCs Important to Safety
4.4.3.1 General

The regulatory requirements for design bases and general design criteria are given in 10 CFR
72.24 (c)(1), (c)(2), and (c)(4); 10 CFR 72.106 (a) and (c); 10 CFR 120 (a) and (b); 10 CFR 122
(a) through (1); 10 CFR 72.144; and 10 CFR 72.182 (a), and (b). The applicant must identify
design criteria and design bases for all SSCs determined to be important to safety. The basic
design criteria for SSCs which are important to safety shall: maintain subcriticality, maintain
confinement, ensure radiation rates and doses for workers and public do not exceed acceptable
levels and remain as low as is reasonably achievable (ALARA), maintain retrievability, and
provide for heat removal (as necessary to meet the above criteria). Acceptance criteria for the
specific design criteria are discussed in detail in each of the chapters.

The principal design criteria and bases should include the following items:

NUREG-1567 4-8



SECTION 4 SSC AND DESIGN CRITERIA

. Normal design conditions and parameters, including site-specific environmental
conditions such as ambient temperature, humidity, and insolation; and operational
parameters such as maximum load capacity of cranes and handling equipment; and
maximum dimensions of the casks or other critical equipment to be handled

. Off-normal design conditions and parameters, including site-specific environmental
conditions such as ambient temperatures and insolation, and operational parameters
which do not approach accident conditions

. Accident design events, including site-specific environmental conditions such as tornado
wind velocities, tornado pressure drop, maximum wind velocities, design basis
earthquake, peak explosive over pressure, peak flood elevation, and accident design
events such as maximum dose rates associated with hypothetical accidents including a
cask drop or loss of pool coolant

Codes and standards and other detailed criteria applicable for ISFSI and MRS SSCs important to
safety are presented or referenced in the Standard Review Plan (SRP) chapters addressing
structural evaluation, thermal evaluation, shielding evaluation, nuclear criticality safety,
confinement, waste management and decommissioning.

The FSRP chapter on site evaluation addresses review of site characteristics that must be
included in design criteria and bases for natural phenomena.

4.4.3.2 Structural

The regulatory requirements for structural aspects of SSCs important to safety are given in 10
CFR 72.24 (c)(1), (c)(2), (c)(3), and (n); 10 CFR 72.102 (a), (b), (c), (d), (e), and (f); 10 CFR
72.120 (a) and (b); and 10 CFR 72.122 (a), (b)(1), (b)(2) and (b)(3), (c), (d), (f), (9), (h), (i), (),
and (k).

The applicant must present the structural design criteria and design bases for the proposed ISFSI
or MRS. The structural design criteria and bases presented by the applicant for an ISFSI or MRS
must address the design magnitudes of loads and limits derived from site characteristics and
analyses of normal, off-normal, and accident-level conditions. The design bases presented by the
applicant must include dead load, live load, lateral rail pressure, thermal loads, wind loads,
accident loads, earthquake loads, and flood loads. Design bases guidance for tornado protection
are given in Regulatory Guides 1.76, “Design Basis Tornado for Nuclear Power Plants,” and
1.117, “Tornado Design Classification.” Guidance for flood protection is given in Regulatory
Guides 1.59, “Design Basis Floods for Nuclear Power Plants,” and 1.102, “Flood Protection for
Nuclear Power Plants.” Guidance for protection against seismic events is given in Regulatory
Guides 1.29, “Seismic Design Classification,” 1.60, “Design Response Spectra for Seismic
Design of Nuclear Power Plants,” 1.61, “Damping Values for Seismic Design of Nuclear Power
Plants,” 1.92, “Combing Modal Responses and Spatial Components in Seismic Response
Analysis,” and 1.122, “Development of Floor Design Response Spectra for Seismic Design of
Floor-Supported Equipment or Components.”
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4.4.3.3 Thermal

The regulatory requirements relating to design bases and design criteria for thermal

considerations are given in 10 CFR 72.122 (a), (b)(1), (b)(2) and (b)(3), (c), (d), (), (g), (h), and

(); and 10 CFR 72.128 (a)(4). The applicant must identify thermal design criteria and bases.

These criteria and bases must recognize the site temperature range and the specific materials used
in ISFSI or MRS components.

Another aspect of thermal design criteria and design bases is fire protection. Guidance for fire
protection is given in Regulatory Guide 1.120, “Fire Protection Guidelines for Nuclear Power
Plants.”

4.4.3.4 Shielding and Confinement

The regulatory requirements for shielding and confinement are given in 10 CFR 72. 24 (c)(1),
(c)(2) and (c)(4); 10 CFR 72.104 (a), (b), and (c); 10 CFR 72.106 (a), (b), and (c); 10 CFR

72.122 (a), (b), (c), (d), (e), (f), (9), (h), and (i); 10 CFR 72.126 (a), (b), (c) and (d); and 10 CFR
72.128 (a) and (b). The applicant must identify shielding and confinement design criteria and
design bases. These criteria and bases should discuss any proposed compliance with Regulatory
Guides 8.5, “Criticality and Other Interior Evacuation Signals;” 8.25, “Air Sampling in the
Workplace;” 8.34, “Monitoring Criteria and Methods to Calculate Occupational Radiation

Doses;” and 1.143, “Design Guidance for Radioactive Waste Management Systems, Structures,
and Components Installed in Light-Water-Cooled Nuclear Power Plants.”

4.4.3.5 Criticality

The regulatory design bases and design criteria for criticality safety are given in 10 CFR 72.124
(a), (b), and (c). The application must identify nuclear criticality safety design criteria and design
bases. These criteria and bases should discuss any proposed compliance with Regulatory
Guides.

4.4.3.6 Decommissioning
10 CFR 72.130 outlines the regulatory requirements for decommissioning considerations. The
applicant must identify any decommissioning design criteria and design bases. The application

must also discuss compliance with any relevant Regulatory Guides.

Planning for decommissioning and design guidance for facilitating decommissioning are
addressed in the FSRP chapter on decommissioning.

4.4.3.7 Retrieval
General regulatory requirements for retrieval capability are given in 10 CFR 72.122 (a), (b)(1),

(b)(2), and (b)(3), (c), (), and (h). Retrievability is specifically outlined in 10 CFR 72.122 (I).
The applicant must include design criteria and design bases for retrieval.
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The design criteria and bases for the ISFSI or MRS storage system must recognize the need for
facilities, equipment, and procedures for the removal of spent fuel or solidified high-level
radioactive waste from storage systems, and the transfer of this material into another storage
system or a transportation cask. The design developed in compliance with the criteria must be
able to retrieve spent fuel or the solidified high-level waste following normal and off-normal
design conditions. Specific retrieval facilities, equipment, and procedures for post accident
conditions are not required to be described in the SAR because of the wide variety of possible
post-accident conditions that may occur.

The design must accommodate the retrieval of spent fuel or solid HLW following design basis
accidents. The design and procedures for retrieval must be such that the operations can be
conducted in compliance with the requirements of 10 CFR Part 20.

4.4.4 Design Criteria for Other SSCs

Design criteria and bases for other SSCs not important to safety should meet the general
regulatory requirements as given in 10 CFR 72.24 (a), (b), (c), (d), (e), (), (9), (h), (1), and the
appropriate requirements as given in 10 CFR 72, Subparts E and F.

The applicant must identify design criteria and bases for SSCs not important to safety. These
design criteria and bases for ISFSI and MRS SSCs that are not important to safety may be
adequately defined by statements in the SAR identifying the design codes and standards to be
met in design and construction. Greater definition is typically appropriate for SSCs that interface
with SSCs important to safety.

4.5 Review Procedures

The reviewer should complete the appropriate sections of Table 4.2 at the end of this Chapter.
The review includes evaluation of compliance with all regulatory requirements and acceptance
criteria given in the FSRP and other NRC documents, as well as accepted codes. NRC may
inspect various aspects of the ISFSI or MRS construction process during the SAR review.

4. 5.1 Materials To Be Stored

The reviewer should verify that the types of materials to be stored comply with 10 CFR
72.2(a)(1) and (a)(2), and 10 CFR 72.120(b). The reviewer should confirm that the SAR gives
spent fuel or high-level radioactive waste acceptance specifications, including upper or lower
bound limits of acceptable variability. The reviewer should verify that these acceptance
specifications are incorporated in the facility technical specifications. The reviewer should
confirm that the SAR gives the criteria for procedures for testing, inspecting, and verifying
wastes received for storage at the facility. The reviewer should verify that the SAR defines
criteria for procedures for handling, repackaging, and shipping of out-of-specification wastes.
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45.1.1 Spent Fuel

The reviewer should determine that the spent nuclear fuel is appropriately characterized so that
the necessary design and analytical calculations and acceptance tests may be carried out.
Analytical calculations include nuclear criticality safety, heat removal, shielding, etc. Fuel
characteristics include reactor type, fuel configuration and vendor, enrichment, dimensions,
weight, burnup, cooling time, type of cladding, assemblies to be stored per confinement vessel or
pool facility, decay heat, fuel pin gas volume and temperature, condition (i.e., intact,
undamaged), presence of control components, or other radioactive materials associated with fuel
assemblies, and physical form of radionuclides.

In the SAR, the applicant must specify if damaged fuel is to be stored at the ISFSI. Damaged
fuel should be canned 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 retrievability. As proof that the fuel is undamaged, the applicant, at a
minimum, should review the fuel records and verify that the fuel was undamaged. Also, the
applicant should specify that prior to loading, the fuel assemblies will receive an external visual
examination for any obvious damage. For fuel assemblies where reactor records are not
available, the applicant should provide alternate information which provides reasonable
assurance that the fuel is undamaged or that damaged fuel loaded in a storage or transportation
cask is canned in addition to the external visual examination for any obvious damage.

4.5.1.2 High-Level Radioactive Waste

The reviewer should determine that the high-level radioactive waste is appropriately

characterized so that the necessary design and analytical calculations and acceptance tests may be
carried out. For high-level radioactive waste, such characteristics include waste form, decay

heat, and inventory of radionuclides.

The reviewer should specifically ensure that the waste form is solid and not liquid. If the waste
form contains liquid, as in undried filter residues, the NRC staff must establish waste acceptance
specifications and bounding limits of acceptability.

4.5.2 Classification of SSCs

The reviewer should review all SSCs classified as important to safety and the rationale for
classification. When reviewing the applicant’s rationale for classification, the reviewer should
consider the concept of classifying the SSCs into three categories as discussed in Regulatory
Guide 7.10, “Establishing Quality Assurance Programs for Packaging Used in the Transport of
Radioactive Material, Revision 1,” and developed further in NUREG/CR-6407. The reviewer
should compare the results of the applicant’s classification process with the listings in
NUREG/CR-6407 where category A and B items are generally considered important to safety.

The reviewer should determine if the following SSCs and functions that have typically been
considered as important to safety are included: (1) components of the confinement vessel and

NUREG-1567 4-12



SECTION 4 SSC AND DESIGN CRITERIA

integral components and structures used within the vessel, (2) radiation shielding, (3) SSCs
providing capabilities for lifting, handling, and transfer of spent fuel, (4)

confinement for pool coolant, (5) instrumentation and controls (I&C) SSCs, if they are used as
the primary means for real-time recognition of off-normal conditions, (6) SSCs providing either
active or passive decay heat removal, (7) the confinement systems to preclude the release of
radioactive liquids, and (8) SSCs for retaining radioactive material within the pool building.

4.5.3 Design Criteria for SSCs That Are Important to Safety
4.5.3.1 General

The reviewer should verify that the SAR identifies the principal design criteria and bases for
SSCs important to safety. These design criteria and bases may be presented by reference to a
summary discussion or tabular listing in the SAR. Table 4.2 illustrates the headings for such a
listing.

The reviewer should check Chapter 4 of the SAR (Design Criteria), as well as sections of the
SAR which address confinement, cooling, subcriticality, radiation protection, decommissioning,
retrieval capability, and ALARA. Design criteria and bases for the system as a whole must be
identified and evaluated.

The reviewer should determine that the criteria derived from the site characteristics and accident
analyses (accident and off-normal conditions) are consistent with the analyses used in the
gualification of the SSCs. The reviewer should verify that these criteria are equivalent to those
proposed in the facility design.

The reviewer should confirm that ALARA goals were considered in development of the
applicant’s general design criteria. The criteria should reflect any stated applicant ALARA
policies.

The reviewer should verify that criteria defining the response of SSCs to normal, off-normal, and
accident conditions are satisfactory. The following sections provide general guidance for
determining if the proposed criteria are acceptable.

The reviewer should determine the design criteria for normal conditions and operations which do
not result in any degradation of the capabilities of the ISFSI or MRS. Routine maintenance, as
described in the SAR, should be sufficient to correct any “wear and tear” from normal conditions
and operations that would degrade the capabilities of the ISFSI.

The reviewer should determine that the design criteria for off-normal conditions do not permit
any degradation of the capabilities of the ISFSI or MRS, assuming contingency operations during
and following off-normal conditions. The NRC does not require that radioactive material
handling or waste processing functions or capabilities at an ISFSI or MRS continue during an
off-normal condition or that such operations resume immediately. The licensee may impose
inspections and system checkouts following any event or condition.
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The reviewer should determine that design criteria for accident conditions do not permit
degradation of SSCs important to safety, including, but not limited to, (1) reduced radioactive
material handling and waste processing capability, (2) reduced capability to withstand further
accident conditions without excess response, without remedial action, and (3) reduced ability to
provide functions for the full system life time without remedial action. The reviewer should
determine that design criteria for accidents still prevent (1) criticality, (2) unacceptable releases
of radioactive material, (3) unacceptable radiation doses for the public and workers, and (4) loss
of retrieval capability.

The NRC staff does not require assumption of multiple failure scenarios of SSCs important to
safety unless these multiple failure scenarios are credible consequences of the initiating event.

The NRC requires analysis or testing of SSCs for some events (e.g., cask drop or tipover) even
though the events may be determined as non-credible in the accident analysis. Criteria for
survival of SSCs important to safety for these “non-mechanistic” events should be the same as
the criteria for survival of credible accidents.

4.5.3.2 Structural

For confinement SSCs designed to ASME B&PVC, Section Ill, the revietauld verify that

the loads, load conditions, and load combinations are defined in accordance with Article 3000

and include design pressure, design temperature, and design mechanical loads for Service Levels
A, B, C, and D associated with normal, off-normal, and accident conditions.

The reviewer should ensure that acceptable design codes have been specified for SSCs important
to safety that are not confinement casks and internal components, such as critical lifting devices,
pool and pool facilities, waste management facilities, and radiation and protective shielding. The
reviewer should compare applicant-proposed load combinations with those presented in Table

3-1 of NUREG-1536 which identifies load combinations for SSCs important to safety. The table
also categorizes load combinations for normal, off-normal, or accident conditions. The load
combination expressions identify which loads should be considered as acting concurrently. The
reviewer should ensure that the appropriate loads and load combinations are used and correspond
to the appropriate operating conditions for the specific site. The reviewer should verify that the
SSCs meet appropriate guidance in Regulatory Guides 1.76 and 1.117 for tornado protection;
Regulatory Guides 1.29, 1.60, 1.61, 1.92, and 1.122 for protection against seismic events;
Regulatory Guides 1.59, and 1.102 for flood protection; and NUREG-0800 for tornado missile
protection.

45.3.3 Thermal

The reviewer should verify that the design bases and criteria for thermal conditions are defined
and appropriate for the site. The reviewer should ensure that design parameters, such as
maximum cladding temperature, pool coolant temperature, reinforced concrete temperature, and
other SSCs that are temperature-sensitive are defined. The reviewer should verify that the design
criteria meet the appropriate sections of Regulatory Guide 1.120 for fire protection. The

following sections provide general guidance for normal, off-normal, and accident conditions.
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The reviewer should verify that the thermal design criteria address: (1) extremes of normal
ranges of ambient temperature versus storage or operational time durations, (2) maximum site
insolation, (3) maximum duration that an active cooling system may be unavailable as a result of
normal conditions (e.g., cooling of material in storage, if active cooling used, or of pool water) as
the result of a “normal” occurrence, and (4) maximum design basis stored material decay heat
load.

The design criteria for off-normal conditions include: (1) extreme off-normal ranges of ambient
temperature versus significant time durations, (2) maximum site insolation for high ambient
temperature case, and (3) maximum duration that an active cooling system may be unavailable
(e.g., cooling of material in storage or in pool water) as the result of an off-normal occurrence.

The design criteria for accident conditions include: (1) accident ranges of ambient temperature
versus significant time durations, (2) maximum site insolation for highest ambient temperature
case, and (3) maximum duration that an active or passive cooling system may be unavailable
(e.g., cooling of material in storage or in pool water) as the result of an accident occurrence.

4.5.3.4 Shielding and Confinement

The reviewer should verify that the design bases and criteria define the shielding and
confinement systems. The reviewer should verify that the maximum dose rates for the
confinement cask surfaces and exterior of shielding are defined. The reviewer should verify that
the dose rate and annual dose to workers are specified. The reviewer should check that the ISFSI
controlled area boundary complies with the regulations and that the dose rates and annual dose
rates to the public meet the regulations. The reviewer should ensure that the criteria are explicit
for normal, off-normal, and accident conditions. For confinement casks, the reviewer should
confirm that the method of sealing is defined and meets regulations for redundant seals and that
the maximum leak rates are specified and do not result in exceeding dose requirements. The
reviewer should verify that monitoring systems are specified and that they meet the regulations
for continuous monitoring of SSCs important to safety. Where appropriate, the reviewer should
confirm that guidance given in Regulatory Guides 1.143, “Design Guidance for Radioactive
Waste Management Systems, Structures, and Components Installed in Light-Water-Cooled
Nuclear Power Plants,” 8.5, “Criticality and Other Interior Evacuation Signals,” 8.25, “Air
Sampling in the Workplace,” and 8.34, “Monitoring Criteria and Methods to Calculate
Occupational Radiation Doses,” are considered.

The reviewer should verify that the design criteria or design bases for normal conditions include:
(1) locations of on-site personnel with respect to shielding and radiation protection afforded by
site characteristics and installation layout, (2) ALARA concepts applied to normal maintenance
and operations, and (3) estimation of dose rates or doses for on-site workers and the public based
on dispersion characteristics associated with normal weather patterns and bounding radiological
source terms along with facility shielding.

The reviewer should verify that the design criteria or design bases for off-normal conditions
include (1) ALARA concepts applied to operator action during off-normal events and conditions,
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and (2) estimation of dose rates or doses for on-site workers and the public based on dispersion
characteristics associated with conservative weather patterns.

The reviewer should verify that the design criteria or design bases for accident conditions include
maximum accident dose rates to the offsite public based on accident analysis.

4.5.3.5 Criticality

The reviewer should confirm that the method of criticality control, such as geometry, fixed
poisons, borated pool water, etc., is specified. The reviewer should confirm that procedures are
in place to control minimum boron concentration in fixed poisons in the confinement cask or in
the pool. The reviewer should verify that the design criteria require thd¢gs than 0.95 (with

95% probability and 95% confidence) for all normal events, abnormal events, and postulated
accidents. The reviewer should verify that design criteria require that the calculatign of k
includes the effects of maximum fresh fuel enrichment, optimum moderation, and computer code
computational and experimental benchmark bias.

4.5.3.6 Decommissioning Considerations

The reviewer should confirm that the design criteria include requirements for decommissioning
as outlined in 10 CFR 72.130. Regulatory Guide 1.86, “Termination of Operating Licenses for
Nuclear Reactors,” offers guidance on contamination levels on material which can be released.

4.5.3.7 Retrieval Capability

The reviewer should verify that design criteria for retrieval capability of spent fuel or other high-
level radioactive waste forms considers normal and off-normal events.

4.5.4 Design Criteria for Other SSCs

The reviewer should verify that the design bases and criteria for other SSCs not important to
safety meet the general regulatory requirements as given in 10 CFR 72.24 (a), (b), (c), (d), (e),

(f), (9), (h), and (I).

Typical concerns for general design criteria reviews of other SSCs not important to safety
include, but are not limited to, adequate functional performance, interfacing with other SSCs, and
recognition of appropriate site characteristics.

4.6 Evaluation Findings

Evaluation findings are prepared by the staff upon completion of the SAR review and
determination that the regulatory requirements identified in Section 4.3 and staff safety concerns
have been properly addressed and factored into the design. If the documentation submitted with
the application fully supports positive findings for each of the regulatory requirements, the
statements of findings may be as follows (numbering is for convenience in referencing the FSRP
section):
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F4.1 The SAR and docketed materials adequately identify and characterize the spent
fuel to be stored at the site in conformance with the requirements given in 10 CFR
72.2 (2)(1) and (a)(2), and 10 CFR 72.6 (b). The form of the spent fuel is
acceptable if the fuel is solid fuel and not in liquid form, and meets the
requirements given in 10 CFR 72.120 (b).

F4.2 The SAR and docketed materials adequately identify and characterize the high-
level radioactive waste as required by 10 CFR 72.3. The waste form is solid and
not liquid as required by 10 CFR 72.120 (b).

F4.3 The structure, systems and components have been classified according to their
function as important to safety or not important to safety, and meet the
requirements given in 10 CFR 72.3, 10 CFR 72.24 (n), and 10 CFR 72.144 (a)
and (c).

F4.4 The SAR and the docketed materials relating to the design bases and criteria meet
the general requirements as given in 10 CFR 72.24 (c)(1), (c)(2), (c)(4), and (n);
10 CFR 72.106 (a) and (c); 10 CFR 120 (a) and (b); 10 CFR 122 (a), (b), (c), (d),
(e), (M, (9), (h), (i), (1), (k), and (1); 10 CFR 72.144; and 10 CFR 72.182 (a),
and (b).

F4.5 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 72.24 (c)(1), (c)(2), (c)(3), and (n); 10 CFR 72.102 (a), (b), (c), (d), (e), and
(f); 10 CFR 72.120 (a) and (b); and 10 CFR 72.122 (a), (b)(1), (b)(2) and (b)(3),
(c), (d), (), (9), (h), (), (j), and (k). For certified confinement casks complying
with Subpart L, the regulatory requirements are outlined in 10 CFR 72.236. The
SAR meets the guidance given in Regulatory Guides 1.76, 1.117, and NUREG-
0800 for tornado and tornado missile protection. The SAR meets the guidance in
Regulatory Guides 1.59 and 1.102 for flood protection. The SAR meets
Regulatory Guides 1.29, 1.60, 1.61, 1.92, and 1.122 for seismic events.

F4.6 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), (d), (f), (9), (h), and (i); and 10 CFR 72.128 (a)(4). The SAR
meets the regulatory requirements for design criteria of for fire protection given in
Regulatory Guide 1.120.

F4.7 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. 24 (c)(1), (c)(2), (c)(4), and (n);
10 CFR 72.104 (a), (b), and (c); 10 CFR 72.106 (a), (b), and (c); 10 CFR 72.122
(@), (b), (c), (d), (e), (N, (9), (h), and (i), 10 CFR 72.126 (a), (b), (c) and (d); and
10 CFR 72.128 (a) and (b). The SAR meets the guidance given in Regulatory
Guides 1.143, 8.5, 8.25, and 8.34.
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F4.8 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),
(b), and (c).

F4.9 The SAR and docketed materials relating to design criteria for decommission of
the facility comply with the regulatory requirements given in 10 CFR 72.130 and
the guidance given in Regulatory Guide 1.86.

F4.10 The SAR and docketed materials relating to the design bases and criteria for
retrieval capability meet the regulatory requirements as given in 10 CFR 72.122

(@), (b)(1), (b)(2), and (b)(3), (c), (f), (h) and ().
F4.11 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 10 CFR 72.24 (a), (b), (c), (d), (e), (), (9), (h),
() and the appropriate requirements as given in Subparts E and F of 10 CFR 72.
4.7 References

NRC documents referenced are identified at Consolidated References, Chapter 17.

ASME Boiler and Pressure Vessel Code, Section lll, Division 1, “Rules for Construction of
Nuclear Power Plant Components.”
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Table 4.2 Summary of Design Criteria/Bases for SSCs Important to Safety
Design Criteria (Specify normal/off-normal/accident, if applicable)
Design Bases
Specifications of radioactive material to be stored
Bounding normal design event and condition parameters
Bounding off-normal design event and condition parameters
Design basis accident design event and condition parameters
Design Life (Initial license restricted to 20 years with potential for renewal)
Structural
Design codes for:
Confinement casks and integral and internal components
Other SSCs important to safety
Radiation and protective shielding
Pool

Pool facility SSCs important to safety
Waste management facility SSCs important to safety

Design weights
(Account for nominal dimension ranges.)

Cask design cavity pressures
Special response and degradation limits
Thermal
Maximum design temperatures
Cladding
Reinforced concrete
Pool coolant
[Other SSCs that are temperature sensitive in range of projected temperatures]
Maximum temperature gradients for structures subject to thermal stress
Insolation

Fill gas specification

Maximum stored material decay heat load
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Confinement
Method of sealing
Maximum leak rates
Primary seals
Redundant seals
Cask body
Monitoring system specifications

Retrievability

Normal and off-normal
After accident events

Criticality
Maximum fresh unirradiated ¥ enrichment

Method of Control
(e.g., geometry, fixed poison, borated pool water)

Minimum boron concentration
Fixed in confinement cask
Pool water

Maximum k.
Burnup credit
Radiation Protection/Shielding

Maximum dose rate
Confinement cask surface( position)
Exterior of shielding (transfer/storage mode position)
Pool surface

Individual workers
Dose rate
Annual dose
Dose per loading operation

ISFSI controlled area boundary

Normal/off-normal/accident dose rate
Annual dose

NUREG-1567 4-20






5 INSTALLATION AND STRUCTURAL EVALUATION

5.1 Review Objective

The objective of the installation design review is to ensure compliance with required site features
and to support other evaluation areas. The objective of the structural evaluation review is to
ensure the structural integrity of structures, systems, and components (SSCs) with emphasis on
SSCs important to safety. These SSCs may provide confinement, subcriticality, radiation
shielding, and retrievability of the stored materials, and must be appropriately maintained under
all credible loads for normal, off-normal, and design basis accident conditions. These conditions
also include natural phenomena. Chapter 4, Design Criteria, discusses the categorization of the
SSCs into two subsets, “important to safety” and “not important to safety.”

Figure 5.1 presents an overview of the structural evaluation review process. The figure shows
the information flow from the applicant and from other sections of the review such as thermal
analysis, criticality analysis, and accident analysis. The figure also shows the flow of results
from the structural evaluation to the Safety Evaluation Report (SER) and to other review areas,
such as confinement analysis and limiting conditions for operation.

5.2 Areas of Review

The Safety Analysis Report (SAR) should be reviewed for adequacy of the description and
evaluation of the structural integrity for all structures, systems and components which are
classified in the SAR and confirmed in Chapter 4 of this Standard Review Plan (SRP) for Spent
Fuel Dry Storage Facilities as important to safety or otherwise subject to the NRC approval. The
following outline shows the areas of review addressed in Section 5.4, Acceptance Criteria and
Section 5.5, Review Procedures:

Confinement Structures, Systems, and Components
Description of Structural Design
Design Criteria
Material Properties
Structural Analysis

Pool and Pool Confinement Facilities
Description of Structural Aspects of Pool
Design Criteria
Material Properties
Structural Analysis

Reinforced Concrete Structures
Description of Structural Design
Design Criteria
Material Properties
Structural Analysis
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Other SSCs Important to Safety
Description of Structural Aspects
Design Criteria
Material Properties
Structural Analysis

Other SSCs
Description of Structural Aspects
Design Criteria
Material Properties
Structural Analysis

5.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.

72.24 Contents of application: Technical information [Contents of SAR]
(a) “A description and safety assessment of the site ... and evaluation of the major SSCs....”
(b) “A description and discussion of the [Independent Spent Fuel Storage Installations] ISFSI or
{Monitored Retrievable Storage] MRS structures ...."
(c) “The design of the ISFSI or MRS in sufficient detail ... including:”

(1) “The design criteria....”

(2) “The design bases and the relation of the design bases to the design criteria;”

(3) “Information relative to materials of construction... dimensions ...."

(4) “Applicable codes and standards.”
(d) “An analysis and evaluation of the design and performance of SSCs important to safety....”
(i) “If the proposed ISFSI or MRS incorporates structures... have not been demonstrated....”

72.40 Issuance of license.

(a) “Except as provided in paragraph (c) of this section....”
(1) “The applicant’s proposed ISFSI or MRS design complies with Subpart F;”
(2) “The proposed site complies with the criteria in Subpart E;”
(3) “If on the site of a nuclear plant...”

72.82 Inspections and tests.
(c)(2) “For a site with a single storage installation ....”
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72.102 Geological and seismological characteristics.
@) (1) “East of the Rocky Mountain Front...response spectrum anchored at 0.2 g.”
(2) “For those sites that have been evaluated under paragraph (a)(1)...”
(b) “West of the Rocky Mountain Front...evaluated by the techniques of appendix A of part
100...”
(c) “Sites other than bedrock sites...”
(d) “Site-specific investigations and laboratory analyses...soil conditions...”
(e) “In an evaluation of alternative sites...”
() “The design earthquake (DE) for the use in the design of structures...”
(1) “For sites that have been evaluated under the criteria of appendix A...”
(2) “Regardless of the results...no less than 0.10 g...”

72.106 Controlled area of an ISFSI or MRS.

(a) “For each ISFSI or MRS site, a controlled area must be established.”

(b) “...The minimum distance from the spent fuel....shall be at least 100 meters.”
(c) “The controlled area may be traversed by a highway....”

72.120 General considerations.

(a) “Pursuant to...must include the design criteria for the proposed storage installation....”
(b) “The MRS must be designed to store either spent fuel or solid high-level radioactive
wastes...."

72.122 Overall requirements.
(a) Quality Standards. “SSCs important to safety must be designed, fabricated....”
(b) Protection against environmental conditions and natural phenomena.
(1) “SSCs important to safety must be designed to....postulated accidents.”
(2) “ SSCs important to safety must be designed to... natural phenomena....”
“The design bases for these SSCs must reflect:”
() “Appropriate consideration of the most severe of the natural phenomena....”
(ii) “Appropriate combinations of the effects of normal and accident
conditions....”
(3) “Capability must be provided for determining the intensity of natural phenomena....’
(c¢) Protection against fires and explosions. “ SSCs important to safety must be designed....”
(d) Sharing of SSCs. “SSCs important to safety must not be shared....”
() Testing and maintenance of system and components. “ Systems...permit inspection....”
(g9) Emergency capability. “SSCs important to safety must be designed for emergencies....”
(h) Confinement barriers and systems.
() Instrumentation and control systems. “Instrumentation and control systems....”
(1) Control room or control area. “A control room or control area, if appropriate ...."
(k) Utility or other services.
(1) Retrievability. “Storage systems must be designed to allow ready retrieval....”

72.128 Criteria for spent fuel, high-level radioactive waste, and other radioactive waste storage
and handling.

(a) Spent fuel and high-level radioactive waste storage and handling systems.

(b) Waste treatment.
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[The following regulatory requirements apply to ISFSI and MRS confinement casks, if the design
of the confinement cask system has been previously certified under 10 CFR 72 Subpart L].

72.236 Specific requirements for spent fuel storage cask approval

(b) “Design bases and design criteria...”

(e) “The cask must be designed to provide redundant sealing of confinement systems.”

(f) “The cask must be designed to provide adequate heat removal capacity without active
cooling....”

(9) “The cask must be designed to store the spent fuel safely for a minimum of 20 years....”
(K) “ The cask must be conspicuously and durably marked with:...”

A matrix showing the primary relationship of these regulations to the specific areas of review in
this chapter is given in Table 5.1. The reviewer should independently verify the relationships in
this matrix to ensure that no requirements are overlooked because of unique applicant design
features.

Table 5.1 Relationship of Regulations and Areas of Review
10 CFR Part 72 Regulations

Areas of Review 72.24 72.40 72.82| 72.102 72.106 72.1p0 72.122 72028 72.236
Confinement SSCs ° ° o ° ° ° ° ° °

Pool and Facilities ° ° ° ° ° ° ° °

Reinforced Concrete| e ° ° ° ° ° ° °

Other SSCs ° ° ° ° ° ° ° °

Important To Safety

Other SSCs ° ° ° ° ° ° °

5.4 Acceptance Criteria

This section identifies the acceptance criteria used for the structural evaluation. Acceptability of
the design of the structures, systems, and components as described in the SAR is based on
compliance with requirements and Regulatory Guides determined by independent calculations
and staff judgments. The design of the SSCs are acceptable if the integrated design meets the
general and specific criteria discussed below.

The license approval process for ISFSI and MRS is a one-step licensing process rather than a
two-step process as exemplified by 10 CFR Part 50 for a reactor license. Thus, the evaluation of
the SAR and the supporting materials for an ISFSI license is the sole occasion in the design and
construction sequence that the design and proposed construction are comprehensively reviewed
by the NRC staff. The result is that the depth of information required for individual SSCs
important to safety is greater for ISFSI and MRS than would be required for similar SSCs in the
application for a construction permit under 10 CFR 50.

5-5 NUREG-1567



INSTALLATION AND STRUCTURAL SECTION 5

The confinement systems, including pool facilities, reinforced concrete structures, and other
SSCs, which are important to safety or subject to NRC approval, must to have sufficient
structural capability to withstand the worst-case loads under accident conditions and natural
phenomena events. This may be verified by the reviewer of the SAR, first by verifying
acceptable design criteria and then by verifying acceptable analyses, which ensure that the
structures preclude:

. unacceptable risk of criticality

. unacceptable release of radioactive materials

. unacceptable radiation levels

. impairment of ready retrievability of stored material

Provided that a certified cask system has not been modified, the use of a certified cask design can
be used to satisfy a part of the requirements for the facility license application by reference. Site
facilities and infrastructure of concern to the NRC are to have the descriptions, design criteria,
and safety analyses as appropriate to safety reviewed. These could include the pool and pool
facility SSCs, the waste facilities, space for NRC use, and other elements of the site physical
infrastructure.

5.4.1 Confinement Structures, Systems, and Components
5.4.1.1 Description of Confinement Structures

10 CFR 72.24 (a) and (b), 10 CFR 72.82 (c)(2), and 10 CFR 72.106 (a), (b), and (c) outline the
contents of the application, which include design descriptions in sufficient detail to support
findings in the SER. For confinement SSCs the application must include text descriptions,
drawings, figures, tables and specifications that would fully define the structural features of the
confinement SSCs.

For a site-specific ISFSI, the application may involve use of a cask certified under 10 CFR 72,
Subpart L, including the SAR for the certified cask system by reference. Additional information
relating to the cask should also be provided, including the applicant’s evaluations that establish
that site parameter limits are within the bounds of those established as limiting conditions as set
forth in the Certificate of Compliance.

If actual site parameters exceed the bounds of those assumed in the safety analysis submitted for
the certified cask system or exceed specified conditions of compliance, then the SAR submitted
with the application must fully address those areas affected by the variations. If the design of the
proposed cask system is not identical to the certified cask system, the SAR shall include a full
description of the cask system (drawings and construction or fabrication specifications), a
description of all changes to the certified design, and analyses that show the proposed design
satisfies the criteria for the proposed installation.
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5.4.1.2 Design Criteria for Confinement Structures

The regulatory requirements given in 10 CFR 72.24 (c)(1), (c)(2), and (c)(4); 10 CFR 72.40

(a)(1); 10 CFR 72.120 (a), and (b); 10 CFR 72.122 (a), (b), (c), (d), (f), (9), (h), (i), (j), (k), and

(); and 10 CFR 72.128 (a) and (b) identify acceptable design criteria. The NRC generally
considers the design criteria identified below to be acceptable to meet the structural requirements
of 10 CFR 72 for storage confinement casks.

General Structural Requirements

The confinement structures are to have sufficient structural capability so that every cross section
of the structure can withstand the worst-case loads and successfully preclude the unacceptable
risk of criticality, unacceptable release of radioactive materials to the environment, unacceptable
radiation dose to the public or workers, and significant impairment of ready retrievability of the
stored nuclear material. Confinement of radioactive material must be maintained under normal,
off-normal, and accident conditions.

These criteria do not require that all confinement systems 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 accident events, for
structures important to safety, permit stress levels that exceed yield. These scenarios should be
shown to be acceptable by computations, analyses, and/or tests acceptable to the NRC.

Structures important to safety are not required to survive accident events and conditions to the
extent that they remain suited for use for the life of the ISFSI or MRS without inspection, repair,
or replacement. However, confinement structures are required to maintain confinement integrity
under all accident conditions. The NRC does not accept breach of the storage confinement.

If the life of structures important to safety may be degraded by design basis events, requirements
and procedures for determination and correction of the degradation, or other acceptable remedial
action must be provided.

Spent fuel cladding must be protected against gross rupture caused by degradation resulting from
normal, off-normal, or accident conditions.

The cask and any racks for positioning stored fuel or waste material within the cask must not
deform under credible loading conditions to the extent that the subcritical condition or the
retrievability of the fuel would be jeopardized. The cask must be analyzed to show that it will

not slide, tip over, or drop in its storage condition as a result of a credible natural phenomenon
event, including tornado winds and tornado missiles, earthquakes, and floods. This criterion is to
preclude damage to an entire array. A tip-over or drop is always to be assessed as a bounding
condition during handling operations.

Radiation shielding for the cask system, required for protection of the public or workers, must
not degrade under normal or off-normal conditions. The shielding function may be acceptably
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degraded by a design basis event (e.g., loss of liquid neutron shielding resulting from a drop
accident). However, the loss of function must be readily apparent.

Applicable Codes and Standards

The applicant must identify the design codes and standards intended for confinement structures.
The structural design, fabrication, and testing of the confinement system must comply with an
acceptable code or standard. Use of codes and standards that have been accepted by the NRC
expedites the evaluation process. The alternative use of other codes and standards may require
extensive NRC review and may delay the evaluation process.

An accepted code for design, fabrication, and testing of steel confinement casks is Section Il of
the ASME Boiler and Pressure Vessel Code (ASME B&PVC). The NRC has accepted use of
either Section NB or NC. The NRC has accepted use of Sections NF and NG of the ASME
B&PVC, Section lll, Division 1 for cask system cqronents used within the confinement cask

but not integrated with it. This includes the “basket” which is a structure used inside casks to
restrain and position fuel assemblies. Other design codes or standards may be acceptable
depending on their application.

The NRC accepts use of Regulatory Guides 7.11, “Fracture Toughness Criteria of Base Material
for Ferritic Steel Shipping Cask Containment Vessels with a Maximum Wall Thickness of 4
Inches (0.1 m),” and 7.12, “Fracture Toughness Criteria of Base Material for Ferritic Steel
Shipping Cask Containment Vessels with a Wall Thickness Greater than 4 Inches (0.1m) But Not
Exceeding 12 Inches (0.3m),” as bases for determining the potential for brittle fracture. These
Regulatory Guides also incorporate a portion of NUREG/CR 1815 by reference. The reviewer
should be aware of those portions of NUREG/CR 1815 which are excluded by Regulatory
Guides 7.11 and 7.12.

The fatigue limits of the cask structural materials may be based on the provisions of the ASME
B&PVC, Section Il or the guidance provided in Regulatory Guide 7.6, “Design Criteria for the
Structural Analysis of Shipping Cask Containment Vessels.” Since casks are typically not
subjected to cyclic loads, fatigue may not be a significant concern.

Cask Closure Welds After Fuel Loading

The following special considerations are generally accepted by the NRC for the dry storage
canister top end closure welds which are made after the canister has been loaded with spent
nuclear fuel assemblies. All other dry storage canister bottom end closure welds and shell welds
should be designed, fabricated, examined, and tested to the requirements of the appropriate
subsections of the ASME Section Ill Code.

The top end closure welds are to be helium leak tested. No hydrostatic or pressure tests are

required if a minimum margin of safety equal to or greater than 1.5 against design pressure was
demonstrated by analysis.
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The closure weld joint may be either a full thickness penetration weld or a partial penetration
groove weld. For a partial penetration groove weld, the maximum clearance between the closure
plate and the enclosure shell should be small enough to ensure a good weld and should not
exceed the clearance allowed in the weld procedure qualification. The minimum depth of the
groove shall be equal to or larger than the enclosure shell thickness. The weld strength of the
closure joint is based on the nominal weld area and the design stress intensity values for the
weaker of the two materials jointed. However, the minimum ultimate tensile strength of the weld
metal should equal or exceed the base metal strength to preclude weld metal failure.

For dry storage canisters made from austenitic stainless steels Type 304, 304L, 304LN, 316,
316L, or 316LN, the top end closure weld may be examined by either the ultrasonic methods
(UT) or progressive liquid penetrant (PT) examinations as follows:

If UT is used, the UT acceptance criteria shall be the same as NB-5332 for pre-
service examination.

If PT is used, the examination shall be performed progressively on the root layer;
the lesser of one half of the welded joint thickness, or ¥z inch intervals thereafter;
and the final surface. In addition, a stress reduction factor of 0.8 shall be applied
to the weld strength of the joint.

For dry storage canisters made from austenitic stainless steels other than the Type 304 or 316
materials listed above, the top end closure weld may be examined by PT as described above for
Type 304 and 316, except that the thickness and number of intermediate layers to be examined
shall be determined by a fracture mechanics assessment of the weld considering the specific
geometry, material properties, and loadings. The maximum thickness of each weld pass deposit
and PT layer shall not exceed the allowable critical flaw size for a 360 degree circumferential
flaw.

For dry storage canisters made from ferritic steels, the top end closure weld should be examined
by UT and:

The critical flaw size and the critical design stress values shall be determined by
the linear elastic fracture mechanics methodology specified in ASME Code,
Section Xl using the applicable service temperature and material properties.

The UT must be performed in accordance with pre-qualified procedures and
methods. The UT examination methodology should be demonstrated to be
reasonably accurate and consistently able to detect flaw sizes less than the critical
flaw size determined by linear elastic fracture mechanics.

The UT examination must be performed by tested and certified operators.
The welding processes, weld inspection criteria, and weld personnel qualifications

shall be in conformance with the ASME Code. The welding process and
technique used should be evaluated to preclude hydrogen induced cracking.
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As an alternative, progressive surface examinations, utilizing PT or magnetic
particle examination (MT), are permitted only if unusual design and loading
conditions exist. PT or MT must be performed after sufficiently small intervals to
ensure that flaws equal to the critical flaw size will be detected. In addition, a
stress reduction factor of 0.8 shall be used for the weld strength of the closure
joint to account for imperfections or flaws potentially missed by progressive
surface examinations. Critical flaw sizes for ferritic steels are generally small.
Therefore, PT or MT must be performed on many layers of the weld and this
alternative may become unacceptable, due to ALARA concerns. The weld design
should provide a sufficient safety margin and should be approved by the NRC on
a case-by-case basis.

5.4.1.3 Material Properties

Acceptable criteria for materials used in all structural components and systems are given in 10
CFR 72.24 (c)(3). The applicant must identify standards for materials and properties used in
analyses.

The information provided on materials must be consistent with the application of the accepted
design criteria, codes, standards, and specifications selected for the storage cask system. For
example, if the ASME B&PVC, Section Il is used for the design criteria, the materials selected
for the cask must be consistent with those allowed by the particular Section of the ASME
B&PVC used for design. Acceptable requirements are ASME-adopted specifications given in
ASME B&PVC, Section I, Part A “Ferrous Metals,” Part B “Nonferrous Metals,” Part C

“Welding Rods, Electrodes, and Filler Metals,” and Part D “Properties.” NUREG-1536 provides
additional guidance regarding the use of the ASME B&PVC requirements for material properties
and specifications.

Compatibility of materials and coatings to be used with the environments to be experienced must
be established. This includes compatibility with fluids during loading and unloading operations
that may occur on-site. Compatibility verification should specifically include potential reactions

in the presence of liquids that may be used in conjunction with loading, unloading,
decontamination, wet transfer operations, electrolytes, and water. Reactions may include
chemical and galvanic actions, the possibility of production of explosive or toxic gas, and/or
degradation.

The SAR should include tables with material properties and allowable stresses and strains
associated with temperature, as appropriate. Appropriate corrosion allowances should be
established and used in the structural analyses. The potential for brittle fracture must be
reviewed. The potential for brittle fracture of some components important to safety has resulted
in conditions of use that preclude transfer operations during extremely low temperatures.

5.4.1.4 Structural Analysis

Requirements for acceptable structural analysis are given in 10 CFR 72.24 (d)(1), (d)(2), and (i),
as well as 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (c), (d), (), (9), (h), (i), (i), (k), and (I). The
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applicant must provide analyses of load combinations for normal, off-normal, and accident
conditions.

The applicant must provide design analyses with adequate detail so that they may be readily
audited to permit determination of the sources of expressions used, values of material properties,
data from other supporting calculations and assumptions. ANSI N45.2.11 provides guidance for
preparation of design analyses which is acceptable to the NRC.

The design analysis for confinement SSCs shall identify all loading conditions and combinations
of loadings. The analysis shall establish the design internal and external pressures, the design
temperatures, and all the design mechanical loads. The analysis shall identify all combinations of
design loads which can occur simultaneously. The specification shall establish service loadings
(with appropriate service limits), which are discussed as normal, off-normal, and accident
conditions in this SRP. For comparison purposes, normal service corresponds to Service Levels
A and B of the ASME B&PVC, Section lll; andccident service corresponds to Service Level D.

5.4.1.5 Buckling of Irradiated Fuel Under Bottom End Drop Conditions

Fuel rod buckling analyses under bottom end drop conditions have traditionally been performed
to demonstrate integrity of the fuel following a cask drop accident. The analytical method
described by Lawrence Livermore National Laboratory (LLNL) in report UCID-21246, is a
simplified approach. The analytical method assumes that buckling occurs when a fuel rod
segment between the bottom two spacer grids reaches the Euler buckling limit. The analytical
method uses material properties for irradiated cladding, considers the weight of the cladding, but
neglects the weight of fuel pellets. The NRC considers that, in addition to the weight of the
cladding, end drop analyses should include the weight of fuel pellets and irradiated material
properties. With the weight of the fuel pellets included, the analytical method of UCID-21246
yields highly conservative results.

The analytical methods in UCID-21246 used to demonstrate fuel integrity following a cask drop
accident yield a large margin to the point of actual failure. The calculated onset of buckling does
not imply fuel or cladding failure. Where such analyses yield too conservative results, the
applicant may use more realistic analyses of dynamic fuel behavior. If the cladding stress
remains below yield strength, the fuel integrity is assured.

If the applicant uses the analytical approach described in UCID-21246 for axial buckling 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.

Alternately, 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
analytical 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.
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5.4.2 Pool and Pool Confinement Facilities

The pool and pool confinement facilities provide a capability that may be essential to the conduct
of ISFSI and MRS loading for storage and unloading functions and that may be needed for
retrievability (see guidance in SRP Sections 3.4.8 and 4.4.3.7). The pool and pool confinement
facilities are considered to include those systems important to safety that provide for wet transfer,
loading, unloading, and temporary holding or long-term storage of spent fuel, high-level waste,
and/or other radioactive materials associated with spent fuel or high-level waste storage. Other
ISFSI or MRS equipment that may be used within and outside the pool facility, or that are used
for lifting or transfer within the facility but are not installed cranes or conveyance systems, are
addressed as “other SSCs important to safety” or “other SSCs.”

The safety function of the pool and associated equipment is to maintain the spent fuel assemblies
in a safe and subcritical array during all credible storage conditions and to provide a safe means
of loading the assemblies into shipping casks.

The ISFSI and MRS pools and pool facilities should be designed as though they were to be in
constant use for in-pool storage and wet transfer for the life of the ISFSI/MRS license. However,
it is anticipated that the actual use of the pool facility may differ from the use of the spent fuel
pool at a reactor facility. Therefore, limited or part-time use of the pool should be well-described
in the SAR. The use status of the pool facility may have a major impact on the generation of
radioactive and other waste. The design may also need to provide for conversion to standby
mode or decontamination and decommissioning (D&D) while the rest of the ISFSI or MRS
remains in use for dry storage.

5.4.2.1 Description of Pool Facilities

10 CFR 72.24(a) and (b), 10 CFR 72.40(a)(3), 10 CFR 72.82(c)(2), and 10 CFR 72.106(a), (b),
and (c) address the descriptive information to be included in a license application. The
application must describe pool facilities in sufficient detail to support a detailed review and
evaluation. This would include text, descriptions, drawings, flow diagrams, figures, tables, and
specifications to fully define the systems and features of the pool facilities.

The NRC accepts use of existing pool and pool confinement facilities that are licensed under 10
CFR 50 for ISFSI or MRS, if concerns for possible sharing of SSCs between separately licensed
facilities are satisfied (10 CFR 72.3 (included with definition of ISFSI), 72.24 (a), 72.40 (a)(3),
and 72.122 (d)). The existing pool and pool confinement facilities may continue to be licensed
under 10 CFR 50, or they may be re-licensed as elements of a wet storage and/or dry storage
ISFSI.

5.4.2.2 Design Criteria
The regulatory requirements given in 10 CFR 72.24 (c)(1), (c)(2), and (c)(4); 10 CFR 72.40
(a)(1); 10 CFR 72.120 (a), and (b); 10 CFR 72.122 (a), (b), (c), (d), (f), (9), (h), (i), (j), (k), and

(); 10 CFR 72.128 (a) and (b); and 10 CFR 72.236 (b), (e), (f), (9), and (K) identify acceptable
design criteria.

NUREG-1567 5-12



SECTION 5 INSTALLATION AND STRUCTURAL

Design criteria for important to safety facilities in 10 CFR 72 are fully applicable to pool and

pool confinement facilities. Pool and pool confinement facilities should meet the criteria for
structural integrity for similar facilities constructed at a power reactor which must comply with

10 CFR 50. These criteria are principally as stated in 10 CFR 50, Appendix A, General Design
Criteria 61, “Fuel Storage and handling and radioactivity control.” Some portions of the General
Design Criteria 62, “Prevention of criticality in fuel storage and handling,” and General Design
Criteria 63, “Monitoring fuel and waste storage” apply. Additionally, the General Design

Criteria 2, 4, and 5 apply to the design of pool facilities. See NUREG-0800 Sections 9.1.2, Spent
Fuel Storage and 9.1.3, Spent Fuel Pool Cooling and Cleanup System for specific acceptance
criteria, which derives from 10 CFR Part 50, Appendix A.

The intended usage of the pool and pool facilities may be used in the development of design
requirements. Should the intended usage be long-term storage of spent nuclear fuel, the NRC
accepts design of elements of the pool facility in accordance with ANSI/ANS 57.2. Should the
intended usage be short term or primarily to facilitate wet transfer operations, the NRC accepts
design of elements of the pool facility in accordance with ANSI/ANS 57.7. Regardless of
whether ANSI/ANS 57.2 or 57.7 is used, it should be noted that 10 CFR 72.2 requires that spent
fuel be aged for at least one year after discharge from the core.

The NRC accepts design of the pool liquid containment SSCs as required for Quality Group B
(per Regulatory Guide 1.26, “Quality Group Classifications and Standards for Water-, Steam-,
and Radioactive Waste-Containing Components of Nuclear Power Plants”) that are licensed
under 10 CFR 50. This quality group requires design to not less than the requirements of ASME
B&PVC, Section lll, Class 2 (Division 1, Section NC).

The NRC accepts design of ISFSI and MRS pool facility cooling and make-up water systems (as
required) for Quality Group C. This quality group requires design to not less than the
requirements of ASME B&PVC, Section lll, Class 3 (Division 1, Section ND).

The NRC accepts the guidance for reactor facility pools provided by Regulatory Guide 1.13,
“Spent Fuel Storage Facility Design Basis,” for ISFSI and MRS pool facilities. The principal
criteria for pool facility design included in Regulatory Guide 1.13 are to:

. prevent loss of water from the pool that would uncover the radioactive material
. protect the radioactive material from mechanical damage
. provide capability for limiting the potential offsite exposures in the event of a significant

release of radioactivity from the subject materials.
5.4.2.3 Material Properties
Acceptable criteria for materials used in all structural components and systems are given in

10 CFR 72.24 (c)(3). The applicant must identify materials and material properties to be used in
the design.
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The information describing material properties must be consistent with the application of the
accepted design criteria, codes, standards and specifications for the structural components of the
pool facility. For example, if pool components forming the primary hydraulic containment or
water level control, such as piping, pumps, valves, holding tanks, or filters are designed
according to the ASME B&PVC Sectidil, then the materials selected must be consistent with
those allowed by the particular Section of the design code. If the pool is housed in a reinforced
concrete building designed according to ACI 349, then material properties should be consistent
with the ACI 349 Code. If steel structures are to American Institute of Steel Constructions

(AISC) standards, then the steel should have material properties from the Steel Construction
Manual.

In addition to the criteria given in 10 CFR 72.24 (c)(3), materials wetted by the pool water should
be reviewed for compatibility and chemical stability. The selection of materials should be such
that there are no potential mechanisms that will: (1) alter the location of any fixed neutron
absorbers used in the design of the storage racks, and/or (2) cause physical distortion of the
structures designed to retain the stored fuel assemblies in a fixed location.

5.4.2.4 Structural Analysis

Requirements for acceptable structural analysis are given in 10 CFR 72.24 (d)(1), and (d)(2), (i),
as well as 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (c), (d), (), (), (h), (i), (j), (k), and (1.

Design analyses should be prepared such that they may be readily audited to permit
determination of the sources of expressions used, values of material properties, data from other
supporting calculations, and assumptions. ANSI N45.2.11 provides guidance for preparation of
design analyses which is acceptable to the NRC.

The design specification for SSCs comprising the pool and the pool facilities shall identify all
loading conditions and combinations of loadings. The specification shall establish the design
internal and external pressures, the design temperatures, and all the design mechanical loads.
The specification shall identify all combinations of design loads which can occur simultaneously.
The specification shall establish service loadings (with appropriate service limits), which are
discussed as normal, off-normal, and accident conditions in this SRP. ANSI/ANS 57.2 and
ANSI/ANS 57.7 provide guidance for establishing design loads and structural analysis methods.
Design codes are discussed.

5.4.3 Reinforced Concrete Structures
5.4.3.1 Description of Concrete Structures

10 CFR 72.24 (a) and (b), 10 CFR 72.82(c)(2), and 10 CFR 72.106(a), (b), and (c) outline the
contents of the application, which includes design descriptions in sufficient detail to support a
detailed review and evaluation. Concrete structures may have roles in providing radiological
shielding, forming ventilation passages, weather enclosures, structural supports, access denial,
foundations, earth retention, anchorages, floors, walls, movable shields, and protection against
natural phenomena and accidents. The applicant must fully describe any reinforced concrete
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structures. The description should include text descriptions, drawings, figures, tables, and
specifications that would fully define the structural features of the reinforced concrete structures.

Concrete structures may be cast in place, cast at the site, or cast elsewhere. Concrete structures
may also be combinations of cast in place and precast sections that are integrated by bolting,
welding, fitting, grouting, or placing additional concrete at the site. They may also include
concrete that may be cast as part of a composite confinement cask with metallic liner. A metallic
liner of a composite confinement cask, its closures, or its internal components should be designed
as required for confinement SSCs (5.4.1).

5.4.3.2 Design Criteria

The regulatory requirements given in 10 CFR 72.24 (c)(1), (c)(2), and (c)(4); 10 CFR 72.40
(a)(1); 10 CFR 72.120 (a), and (b); 10 CFR 72.122 (a), (b), (c), (d), (f), (9), (h), (i), (j), (k), and
(); 10 CFR 72.128 (a) and (b); and 10 CFR 72.236(b), (e), (f), (g), and (k) identify acceptable
design criteria.

The structural design of the concrete structures shall withstand the effects of credible accident
conditions and natural phenomena events without impairment of their capability to perform
safety functions. The principal safety functions include maintaining subcriticality, containing
radioactive material, providing radiation shielding for the public and workers, and maintaining
retrievability of the stored material.

The NRC has accepted special criteria for selection of components of reinforced concrete that
may be exposed to elevated temperatures in normal or off-normal conditions. These criteria are
given in the SRP Section 6.5.2.3. The acceptability of loads and stresses associated with thermal
conditions is analyzed as part of the structural analysis.

Concrete pads that support confinement casks in storage are not “pavements.” They should be
designed and constructed as foundations under the applicable code (ACI 318 or ACI 349).

Codes and Standards

ANSI/ANS 57.9 is generally applicable to ISFSI design and construction (with exceptions for
confinement casks). Table 3-1 of NUREG-1536 includes extracts of ANSI/ANS 57.9 that are
especially applicable to concrete structure design and construction. The table also includes

corresponding evaluation guidance for review of the SAR documentation.

The NRC has not accepted use of a set of criteria that has been derived by selection of criteria
from more than one code. However, the NRC has accepted use of ACI 349 for design and
material selection for concrete structures important to safety (but not as confinement cask), but
has allowed the optional use of ACI 318 for construction, as described in this Section.

There are codes other than those discussed herein that may be applicable to the design and
construction of the concrete elements of ISFSI and MRS. It is acceptable that such codes (e.g.,
the National Fire Protection Association (NFPA) Electric, Life Safety and Lightning Protection
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Codes) be included in the design by reference in the SAR documentation. Where designs of
structures subject to approval are also covered by such other codes, the review should include
evaluation of compliance with those codes.

The NRC accepts use of ACI 349 for design, material selection and specification, and
construction of all concrete structures that are not within the scope of ACI 359; except that
additional or more stringent requirements given in ANSI/ANS 57.9, as incorporated by reference
in NRC Regulatory Guide 3.60, “Design of an Independent Fuel Storage Installation (Dry
Storage),” must also be met. Use of ACI 318 for construction of structures designed and with
materials selected in accordance with ACI 349 is acceptable.

The following identifies the portions of ACI 349 and ASTM standards that are applicable to

design (including material selection and metal embedments) that must be met by those applicants
that choose to use ACI 318 for construction. The paragraph references are as in ACI 349-90.
Unlisted and excepted sections cover construction requirements, for which the NRC accepts
substitution of ACI 318.

Chapter 1, “General Requirements”, Section 1.1 and 1.5 (less references to construction),
Section 1.2, Section 1.4

Chapter 2, “Definitions”, All

Chapter 3, “Materials, All, except Section 3.1, 3.2.3, 3.3.4, 3.5.3.2, 3.6.7, 3.7

Chapter 4, “Concrete Quality”, Section 4.1.4

Chapter 6, “Form work, Embedded Pipes, and Construction Joints”, Section 6.3.6(k),
6.3.8

Chapter 7, “Details of Reinforcement”, All

Chapter 8, “Analysis and Design” - General Considerations, All

Chapter 9, All

Chapters 10-19, All

Appendix A, All

Appendix B, “Steel Embedments,” All, but note that the load combinations and load
variation requirements of ANSI/ANS 57.9 must be met in addition to those of
ACI 349 Section 9.2 cited at Section B.3.2 (given in Table 3-1 of
NUREG-1536)

Appendix C, “Special Provisions for Impulsive and Impactive Effects”, All, except that the
load combinations and load variation requirements of ANSI/ANS 57.9 must be
met in addition to those of ACI 349 Section 9.2 (given in Table 3-1 of
NUREG-1536).

Concrete Containments

ACI 359, Section CC, is acceptable for prestressed and reinforced concrete that is an integral
component of a radioactive material containment vessel that must, in operation or in testing,
withstand internal pressure. Application of ACI 359 is based on the containment function,
regardless of whether the concrete structure is fixed or portable, or where the concrete structure is
fabricated. ACI 359 also applies to structural concrete supports that are constructed as an
integral part of the containment.
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If ACI 359 is applicable to an ISFSI/MRS structure, it is applicable for the full design, material
selection, fabrication, and construction of that structure. The NRC has not accepted the
substitution of elements of ACI 349 or ACI 318 for any portion of ACI 359 for an ISFSI/MRS
structure. Structures for which ACI 359 is applicable shall also meet the minimum functional
requirements of ANSI/ANS 57.9, where specific requirements in the subject area are not
included in ACI 359.

5.4.3.3 Material Properties

Acceptable criteria for materials used in all structural components and systems are given in
10 CFR 72.24 (c)(3).

The information describing material properties must be consistent with the application of the
accepted design criteria. For concrete structures as referenced in ACI 349-90, this would include
ASTM standard specifications applicable to design and material specifications: A 36, A 53, A
82,A 184, A 185, A242, A 416, A 421, A496, A 497, A500, A501, A572, A588, A615 A

706, A 722, C 33, C 144, C 150, C 595, and C 637.

Fabrication and Construction

Selection and validation of concrete mix to meet design requirements is considered to be a
construction function. Specification of cement type, aggregates, and special requirements for
durability and elevated temperatures is considered to be a design or material selection function,
and therefore, to be governed by ACI 349 (ACI 359 if applicable).

The following identifies sections of ACI 318, Building Code Requirements for Reinforced
Concrete (chapters, appendix, and paragraphing per ACI 318-89) that have been accepted by the
NRC for construction of ISFSI concrete structures that are not within the scope of ACI 359.

Chapter 1, “General Requirements”, Section 1.1.1, 1.1.2, 1.1.3, and 1.1.5 (less references to
design and material properties); Section 1.3

Chapter 2, “Definitions”, use ACI 349 Chapter 2

Chapter 3, “Materials”, Section 3.1, Section 3.8 (except delete A 616 and A 617)

Chapter 4, “Durability Requirements”, All

Chapter 5, “Concrete Quality, Mixing, and Placing”, All

Chapter 6, “Form work, Embedded Pipes, and Construction Joints”, All (less references to
design and material properties, these are governed by ACI 349)

ASTM standard specifications acceptable for construction and associated testing are: C 31, C 39,
C42,C94,C109,C172,C 192, C 260, C 494, C 496, C 685, and C 1017.

The following standards relating to construction are identified in ACI 349 and may be used:
C 88, C 131, C 289, and C 441.

ASTM standard specifications acceptable for construction and associated testing are: C 31, C 39,
C42,C94,C109,C172,C 192, C 260, C 494, C 496, C 685, and C 1017.
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5.4.3.4 Structural Analysis

Requirements for acceptable structural analysis are given in 10 CFR 72.24 (d)(1), and (d)(2), (i),
as well as 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (c), (d), (), (9), (h), (i), (), (K), and (1).

Design analyses should be prepared such that they may be readily audited to permit
determination of the sources of expressions used, values of material properties, data from other
supporting calculations, and assumptions. ANSI N45.2.11 provides guidance for preparation of
design analyses which is acceptable to the NRC.

The design specification for concrete structures shall identify all loading conditions and
combinations of loadings. The specification shall establish the design internal and external
pressures, the design temperatures, and all the design mechanical loads. The specification shall
identify all combinations of design loads which can occur simultaneously. The specification

shall establish service loadings (with appropriate service limits), which are discussed as normal,
off-normal, and accident conditions in this SRP.

The NRC accepts strength design as presented in the current ACI 349 for concrete structures
important to safety that are not within the scope of ACI 359. ACI 359 is based on allowable
stress design.

Load definitions and load combinations shown in Table 3-1 of NUREG-1536 have been accepted
by the NRC for analysis of steel and reinforced concrete ISFSI and MRS structures important to
safety. The load combinations are as included or derived from ANSI/ANS 57.9 and ACI 349.
Load combinations to be used for concrete structures designed in accordance with ACI 359
should be as given in ACI 359 (Section CC3230)

5.4.4 Other SSCs Important to Safety
5.4.4.1 Description of Other SSCs Important to Safety

10 CFR 72.24 (a) and (b), 10 CFR 72.82(c)(2), and 10 CFR 72.106(a), (b), and (c) outline the
contents of the application, which includes design descriptions in sufficient detail to support
findings in the SER. For other SSCs important to safety this would include text descriptions,
drawings, figures, tables, and specifications that would fully define the structural features of the
items identified.

5.4.4.2 Design Criteria
The regulatory requirements given in 10 CFR 72.24(c)(1), (c)(2), and (c)(4); 10 CFR 72.40
(a)(1); 10 CFR 72.120 (a), and (b); 10 CFR 72.122 (a), (b), (c), (d), (f), (9), (h), (i), (j), (k), and

(); 10 CFR 72.128 (a) and (b); and 10 CFR 72.236(b), (e), (f), (g), and (k) identify acceptable
design criteria.
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Codes and Standards

The NRC accepts use of ANSI/ANS 57.9 and the codes and standards cited therein as the basic
references for ISFSI structures important to safety that are not designed in accordance with the
ASME B&PVC Section Ill.

The principal included references applicable to steel structures and components are the
following:

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

. AISC, “Code of Standard Practice for Steel Buildings and Bridges”
. AWS D 1.1, “Structural Welding Code-Steel”

. ASCE 7, “Minimum Design Loads for Buildings and Other Structures,” however, note
that the load combinations of ANSI/ANS 57.9 are to be used

5.4.4.3 Material Properties

Acceptable criteria for materials used in all structural components and systems are given in 10
CFR 72.24 (c)(3).

5.4.4.4 Structural Analysis

Requirements for acceptable structural analysis are given in 10 CFR 72.24 (d)(1), (d)(2), and (i),
as well as 10 CFR 72.122 (b)(1) and (b)(2), (c), (d), (), (9), (h), (i), (), (k), and (1).

Design analyses should be prepared such that they may be readily audited to permit
determination of the sources of expressions used, values of material properties, data from other
supporting calculations, and assumptions. ANSI N45.2.11 provides guidance for preparation of
design analyses which is acceptable to the NRC.

The design specification for all other SSCs important to safety shall identify all loading
conditions and combinations of loadings. The specification shall establish the design internal
and external pressures, the design temperatures, and all the design mechanical loads. The
specification shall identify all combinations of design loads which can occur simultaneously.
The specification shall establish service loadings (with appropriate service limits), which are
discussed as normal, off-normal, and accident conditions in this SRP.
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5.4.5 Other SSCs
5.4.5.1 Description of Other SSCs

10 CFR 72.24 (a) and (b), 10 CFR 72.82 (c)(2), and 10 CFR 72.106 (a), (b), and (c) outlines the
contents of the application, which includes design descriptions in sufficient detail to support
findings in the SER. For other SSCs subject to NRC approval this would include text
descriptions, drawings, figures, tables and specifications that would fully define the structural
features of the items identified.

5.4.5.2 Design Criteria

The regulatory requirements given in 10 CFR 72.24 (c)(1), (c)(2), and (c)(4); 10 CFR 72.40
(a)(1); 10 CFR 72.120 (a), and (b); 10 CFR 72.122 (a), (b), (c), (d), (f), (9), (h), (i), (j), (k), and
(); 10 CFR 72.128 (a) and (b); and 10 CFR 72.236 (b), (e), (f), (9), and (K) identify acceptable
design criteria.

Codes and Standards

The principal structural codes and standards for SSCs which are not important to safety but
which are subject to NRC approval include:

. ASCE 7

. Uniform Building Code (UBC)

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

. AISC, “Code of Standard Practice”
. ASME B&PVC, Section VI

The above include acceptable load definitions and load combinations. Load definitions and load
combinations shown in Table 3-1 of NUREG-1536 have been accepted by the NRC for analysis
of steel and reinforced concrete ISFSI structures important to safety. These may also be used for
structures not important to safety.

5.4.5.3 Material Properties

Acceptable criteria for materials used in all structural components and systems are given in 10
CFR 72.24 (c)(3).

5.4.5.4 Structural Analysis

Requirements for acceptable structural analysis are given in 10 CFR 72.24 (d)(1), (d)(2), and (i),
as well as 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (c), (d), (), (9), (h), (i), (), (K), and (1).

Design analyses should be prepared such that they may be readily audited to permit
determination of the sources of expressions used, values of material properties, data from other
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supporting calculations, and assumptions. ANSI N45.2.11 provides guidance for preparation of
design analyses which is acceptable to the NRC.

The design specification for all other SSCs subject to NRC approval shall identify all loading
conditions and combinations of loadings. The specification shall establish the design internal
and external pressures, the design temperatures, and all the design mechanical loads. The
specification shall identify all combinations of design loads which can occur simultaneously.

The specification shall establish service loadings (with appropriate service limits), which are
discussed as normal, off-normal, and accident conditions in this SRP.

Load combinations for analysis of structures not important to safety but subject to NRC approval
should be as given in acceptable codes and standards. The load combinations given in ACI 318
or the Uniform Building Code (UBC) are appropriate for SSCs not important to safety.

5.5 Review Procedures

The following procedures are generally applicable to the structural evaluation of all SSCs subject
to NRC approval.

Review the entire application, particularly the sections that describe the overall design and
operations, as given in Chapters 4 and 5 of the SAR; the design criteria and bases, and structural
evaluation information as given in Chapter 3; the accident analysis in Chapter 8 of the SAR; and
the operating controls and limits in Chapter 10 of the SAR. If drawings and calculation packages
were submitted with the application, review those which are pertinent to the particular structure
being evaluated. From Chapter 3, ensure that all the components which are identified as
important to safety or otherwise require NRC approval have been included in Chapter 7.

5.5.1 Confinement Structures, Systems, and Components
5.5.1.1 Description of Confinement Structures

Review the descriptive material in the SAR. The text descriptions along with the drawings,
figures, tables, and specifications included in the application should fully define the confinement
SSCs.

The reviewer should determine if SSCs important to safety are described in sufficient detail in
the SAR or its supporting documentation to enable an evaluation of their structural and
functional suitability. The configurations are defined by drawings and fabrication specifications.
The specifications should include reference to the codes that govern design details not shown on
the drawings. The combination of the drawings, specifications, and proper application of the
codes and standards cited in the specifications or on the drawings accompanying the license
application, should provide a design that is so defined that final fabrication drawings and
specifications could be prepared without further information.

The structural components of a storage cask may include: the cask body (including an inner shell,
an outer shell, and gamma radiation shielding), any integral structural supports or lifting and
handling aids, inner lid (to be welded or bolted), port covers (to be welded or bolted), outer lid
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(to be welded or bolted), neutron shields and shell, trunnions, fuel basket, exterior components
forming elements of the confinement boundary during storage, such as tubes and valves used to
monitor the pressure of the storage cavity, and impact limiters.

At a minimum, the SAR documentation should provide the following: (1) the dimensions of all
sections of the confinement structure, including locations, sizes, configurations, and weld
specifications, (2) structural materials with defining standards or specifications, including test
requirements such as brittle fracture testing, (3) fabrication, assembly, and test procedures for
assemblies and subassemblies, and (4) weld materials, and weld codes, including pre- and post-
heat requirements.

Coordinate with the confinement review Chapter 9 of this SRP to verify that the SAR clearly
identifies the confinement boundaries. The confinement boundaries may include the primary
confinement vessel, the penetrations, seals, welds, and closure devices. Any redundant sealing
joints should be described. Ensure that the applicant has provided proper specifications for all
welds and bolted closures.

Review the calculations which quantify the weights and centers of gravity, and verify that the
applicant used limiting cases for structural evaluations.

Fabrication and Construction

The NRC has accepted fabrication of confinement casks in accordance with the ASME B&PVC,
Section lll. Any deviations from use of the particular Section (as identified by the applicant) of
the ASME B&PVC, Section Ill used for design as the code for construction, fabrication, or
assembly of the confinement cask, must be explicitly justified in the SAR and accepted by the
NRC. The reviewer should especially address any specifications for preparation for welding,
materials to be used in welds, performance of welding, and inspection of welds that do not fully
comply with the Code.

5.5.1.2 Design Criteria for Confinement Structures

For each of the confinement SSCs being reviewed, the reviewer should review the design criteria,
design bases, and design codes proposed by the applicant. In the event that the reviewer does not
concur with the SAR, the issue may be resolved to the staff's satisfaction by writing a Request

for Additional Information. Acceptable design criteria for codes and standards are discussed in
Section 5.4.1.2.

Review the confinement boundary weld designs for compliance with the design code used.
Acceptable weld design codes appear in the ASME Code Sdtti@ections NB3352 and NC-
3352, “Permissible Types of Welded Joints,” and NB-4240 and NC-4240, “Requirements for
Weld Joints in Components.” Welds must be well characterized on drawings using standard
welding symbols and/or notations as discussed in American Welding Standard (AWS) A2.4.

The NRC has previously accepted alternative confinement boundary weld designs that achieve
equivalent structural integrity, but do not meet all the provisions of NB-3352 or NC-3352 for full
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penetration welds or do not meet the non-destructive examination (NDE) requirements for full
volumetric examination (NB-5200 or NC-5200, typically for Category C welded joints). The

NRC has accepted alternative designs for the welds of the head or flat end plate to the cylindrical
portion of the confinement vessel. The NRC has required redundant seals for these alternative
designs.

Structural Acceptance Testing

The NRC has accepted use of the codes and standards used for design of the confinement SSCs
as the basis for structural acceptance testing. These codes may incorporate other codes,
standards, and specifications by reference. The reviewer should verify that for the confinement
system, the ASME Section Ill, Section NB or NC, depending on the Section used for design, is
specified for acceptance testing. The reviewer should verify that for the cask internals, (e.qg.,
basket) the ASME Section Il is specified for acceptance testing.

Confirm that cask components are fabricated and examined in accordance with an accepted
standard used for their design, in overview: Section Il (“Materials Specifications and
Properties”), Section V (“NDE Specifications and Procedures”), and Section IX (“Qualification
Standard for Welding and Brazing Procedures, Welders, Brazers, and Welding and Brazing
Operators”).

The reviewer should verify that NDE of weldments is well characterized on drawings, using
standard NDE symbols and/or notations (as given in AWS A2.4). Check the appropriate
documents for a detailed, weld inspection plan in accordance with an approved Quality
Assurance program that complies with 10 CFR 72, Subpart G. The inspection plan should:

. include visual tests (VT), dye penetrant tests (PT), magnetic particle tests (MT),
ultrasonic tests (UT), and radiographic tests (RT), as applicable.

. identify welds that will be examined

. include the examination sequence

. identify the type of examination

. state the appropriate acceptance criteria

. require that inspection personnel be pre-qualified in accordance with the current revision

of SNT-TC-1A (as specified by the ASME B&PVC).

The reviewer should verify that confinement boundary welds and welds for components
performing redundant sealing meet the requirements of ASME B&PVC SdtidiB- 5200 or
NC-5200. This generally requires RT or UT for volumetric examination and either PT or MT for
surface examination. Redundant seal welds for the confinement boundary which do not meet the
configuration for a “pre-qualified,” full penetration weld according to the ASME B&PVC,

should be avoided in the design process. When a pre-qualified, full penetration weld cannot be
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used, every effort should be made to permit full volumetric inspection of the weld by means of
UT techniques in conformance with NB-5330 or NC-5330.

The NRC has accepted multiple surface examinations of welds combined with helium leak tests
for inspecting the final redundant seal welded closures. The reviewer should verify that PT tests
are performed in accordance with ASME B&PVC Section V, Article 6. Acceptance criteria for
confinement welds should be in accordance with ASME B&PVC Section Ill NB-5350 or
NC-5350. Repair procedures should be in accordance with NB-4450 or NC-4450.

Confirm that RT tests are in accordance with ASME B&PVC SeclilptNB-5320 or NC-5320.
Confirm that UT tests are in accordance with NB-5330 or NC-5330. Repaired welds should be
reexamined in accordance with the original examination method and associated acceptance
criteria.

Fabrication controls and specifications should be in place and field verifications performed to
prevent post-welding operations (such as grinding) from compromising the design requirements
(such as wall thickness). The specifications should be clear that reduction of wall thickness at
the weld region is not acceptable.

Structural Pressure Tests and Leak Tests

Confirm that the confinement boundary (including that of the redundant sealing) will be tested at
an overpressure, in accordance with ASME B&PVC, Sediipirticle NB- 6000 or NC-6000.

10 CFR 72.122 requires that the cask system be designed to withstand postulated accidents. The
pressure test should be at a pressure level that is not less than the maximum cask cavity pressure
with 100 percent failure of the fuel rods. The test pressure should be maintained for a minimum
of 10 minutes, after which a visual inspection should be performed to detect any leakage. All
accessible welds shall be PT inspected. The test pressure should be clearly specified in the SAR.

Confirm that leak tests will be performed on all confinement boundaries. These include the
primary confinement boundary, the boundary of the redundant sealing, and, if applicable, any
additional boundaries used in the pressure monitoring system. Leakage criteria in units of std

cc/s must be at least as restrictive as those specified in the principal design criteria. The general
testing methods (e.g., pressure rise, mass spectrometer) and the required sensitivities should also
be indicated. If cask closure depends on more than one seal (e.g., lid, vent port, drain port), the
leakage criteria should ensure that the total leakage is within the design requirements. The
reviewer should verify that leak testing will be conducted in accordance with ANSI N14.5.

Cask Closure Welds After Fuel Loading
The reviewer should verify that, if the applicant proposes to use the special considerations for

loaded dry storage canister top end closure welds described in section 5.4.1.2, that the applicant
adequately describes how the requirements of section 5.4.1.2 will be met.
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5.5.1.3 Material Properties

Coordinate with the thermal review, Chapter 6 of the SRP, to verify that the material properties
used in the structural analysis are appropriate for the load condition (i.e. hot or cold temperature)
and that the appropriate temperature at which allowable stress limits are defined is consistent
with service temperatures.

For each of the confinement SSCs being reviewed, determine what structural materials are
specified, and verify that the information defining the materials is consistent with the accepted
design codes and standards. Acceptable material requirements are discussed in Section 5.4.1.3.
Chapter 3, Section V of NUREG-1536 provides a comprehensive discussion of review
procedures for materials.

In reviewing the structural materials, consider the source of the information. If the applicant has
selected the ASME B&PVC Section Il for the design code, then the material properties should
be taken from Section Il of the Code. Confinement vessels may use components which have no
structural role except that the mass must be considered. In such cases, sources of material
properties need not be taken from Section Il of the Code; however, preferred sources include
industry and Government standards and specifications.

For ASME B&PVC, Section lll, Section NB or NC applications, &dthal material

requirements regarding examination prior to fabrication, testing, analyses, and traceability are
applicable. Compliance with the requirements of the following Section Ill paragraphs, or their
equivalent, must be acknowledged in the SAR: NB-2121 or NC-2121 (Permitted Material
Specifications), NB-2130 or NC-2130 “Certification of Material,” NB-2500 or NC-2500
“Examination and Repair of Pressure Retaining Material,” and NB-2400 or NC-2400 “Welding
Material.”

Review the structural materials that are in direct contact with each other and with other materials,
and verify that they will not produce a significant chemical or galvanic reaction and initiate
corrosion or generate combustible gas. NRC Bulletin 96-04, “Chemical, Galvanic, or other
Reactions in Spent Fuel Storage and Transportation Casks,” may be referred to for additional
information on this topic. Evaluate the potential for corrosion to ensure that the applicant has
provided for appropriate corrosion allowance for materials susceptible to corrosion.

Review the test procedures and performance specifications in the SAR for any material which
has the potential for brittle fracture at low operational temperatures. The reviewer should verify
that limiting conditions of operation in the technical specifications chapter of this SRP are
specified for such materials. Ensure that consistent test procedures are cited in the SAR and that
they are applicable. Section Il of the ASME B&PVC has consistent test procedures and
performance requirements for primary confinement vessels (i.e., Sections NB and NC); however
the reviewer may require testing to prevent brittle fracture for internal basket components which
exceed the Code requirements (i.e., Subsections NF and NG) for some materials and/or material
thicknesses. The basis for this is that two functions of basket components are to prevent
criticality and ensure ready retrievability. These functions are outside the scope and intent of
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Subsections NF and NG. Regulatory Guides 7.11 and 7.12 may be referred to for determining the
bases for brittle fracture.

5.5.1.4 Structural Analysis

The reviewer should verify that the design analyses include determination of the sources of
expressions used, properties used for structural materials and components, and data derived by
other calculations and assumptions.

Load Conditions

Coordinate with the thermal review in Chapter 6 of this SRP to verify that the temperatures and
pressures for all confinement structures presented in the SAR correspond to the same
temperatures given in the thermal stress analysis.

Coordinate with the operating system review in Chapter 3 of the SRP to verify that the
configuration of the confinement structure (i.e., storage cask in a transfer component, or storage
cask on the storage pad or in the spent fuel pool, etc.) corresponds to the same configuration
used in the various load conditions and load combinations.

Chapter 3, Section V of NUREG-1536 has a detailed discussion of appropriate review
procedures for the structural analysis of casks. The following discussion briefly outlines load
conditions which are necessary to meet the structural requirements of 10 CFR 72: normal
conditions, off-normal conditions, and accident conditions (including natural phenomena).

Normal Conditions

Normal conditions are associated with the normal range of environments for operations and
storage. The limits of normal use environments are supported by the Environmental Report, Site
Characteristics, and/or the Operating Procedures.

Loads normally applicable to a confinement cask are weight, internal/external pressure, and
thermal loads caused by temperature gradients. Normal conditions include handling and transfer
operations. The weight is the maximum or design weight of the cask as it is stored and loaded
with spent fuel. However, for certain operation and procedures, the weight should include water
fill. All orientations of the cask body and closure lids during normal operations and storage
conditions should be evaluated.

The reviewer should verify that the stress intensity level is below the stress limits for dead

weight, pressure, normal handling and transfer operations, thermal loadings, and all load
combinations (i.e., Service Levels A and B of the ASME B&PVC). The reviewer should verify
that the maximum weight is used and that all normal temperature conditions are considered. The
reviewer should verify that the maximum temperature gradient is considered.
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Off-Normal Conditions

Off-normal conditions are considered to include those events that may reasonably be expected to
occur during the life of the cask system and that exceed normal conditions. Environmental limits
should be stated to support comparison of the cask system design bases with specific site
environmental data. Off-normal conditions can involve mishandling, simple negligence of
equipment operators, equipment malfunction, loss of power, and severe weather (short of
extreme natural phenomena).

The reviewer should verify that the stress intensity level is below the stress limits for off-normal
conditions and load combinations (i.e., Service Level C of the ASME B&PVC).

Accident Conditions

Coordinate with the accident analysis review in Chapter 15 of this SRP to verify that all

accidents presented in that chapter have been adequately analyzed for structural integrity.
Accident conditions are considered to include events that exceed the levels associated with
off-normal conditions. Hypothetical accidents may or may not actually occur in the design life of
the SSC; however, the reviewer must verify that the structure has been designed to resist the
accidents. The reviewer should verify that all accidents have either been analyzed, or
alternatively, that the effects of the accident have been shown to be bounded by another credible
accident event.

The NRC accepts that the confinement system may experience some permanent deformation but
no loss of confinement or other safety function in response to accident conditions. The reviewer
should verify that the stress intensity level is below the stress limits for all accident conditions

and accident load combinations (i.e., Service Level D of the ASME B&PVC). Other SSCs
important to safety may experience some deformation and limited damage in response to
accident conditions, if this is readily apparent and remedial actions are identified.

The following accidents should be included as a part of the analysis submitted in the SAR for
confinement SSCs. For a more detailed discussion of these accidents, see Chapter 3 of the
NUREG-1536.

Cask Drop

The SAR should identify the operating environment experienced by the cask and the drop events
(end/side/corner) that could result. The “operating environment” includes the configuration of
the confinement SSCs, i.e., a storage cask impacts a storage pad horizontally, or a storage cask
inside a transfer component impacts a spent fuel pool floor vertically. The reviewer should

verify that the impact surface is characterized sufficiently to quantify the deceleration level.

The maximum height above a receiving (impact) surface to which the cask could be lifted should
be used for the design basis accident drops, if the hypothetical drops occur outside of a spent fuel
pool building. The analysis should recognize that a drop may involve initial impact with the
storage confinement cask at a wide range of orientations. Further, different orientations at the
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time of initial impact can result in the highest stresses for different elements of the confinement
cask and its internal components. The reviewer should verify that the worst drop cases have been
examined and that the stress intensity level is below the stress limit (i.e. Service Level D of the
ASME B&PVC).

Cask Tip-over

The NRC requires that occurrence of a cask tip-over be assumed and analyzed. For this analysis,
the NRC will accept cask tip-over about a lower corner onto a 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 a drop with the longitudinal axis vertical, could
bound a non-mechanistic tip-over analysis.

Explosive Overpressure

Coordinate the structural review with Chapters 2 and 15 to determine what scenarios were
considered in the SAR for explosive overpressure. Explosion-caused overpressure and reflected
pressure may result from sources such as: explosion hazards associated with explosives, fuels,
and chemicals transported by rail or on public highways; natural gas pipelines; vehicular fires
involving equipment used in the transfer of casks; and aircraft crash. With the exception of
transfer vehicle accidents, the explosion hazards are typically similar to those for facilities
subject to 10 CFR Part 50 reviews.

As an accident condition, the structures are not required to survive an explosion’s effects without
damage or permanent deformation. The maximum response should be determined and should be
shown in the SAR documentation. The reviewer should verify that the component’s confinement
integrity is maintained by showing that the stress intensity level is below the stress limit (i.e.,
Service Level D of the ASME B&PVC). Note, the “explosive overpressure” is not meant to be

that from a sabotage event. There is currently no design basis sabotage event.

Fire

To check if a hypothetical fire accident was considered, coordinate the structural review with
Chapter 2, Site Characteristics, and Chapter 15, Accident Analysis. If a fire was postulated,
determine from Chapter 6, the thermal evaluation chapter of the SRP, what the response of the
confinement cask was. The structural evaluation for fire should include increased pressures in
the confinement cask. Allow for temporary loss of strength at elevated temperatures and
permanent loss of strength because of annealing. The reviewer should verify if the response
included physical destruction (e.g., surfaces of concrete exposed to intense or prolonged high
temperatures).

Flood
Coordinate the structural review with the site characteristics, and identify the severity and

frequency of potential flooding. Flood control or mitigation measures should be included in the
installation design for the site. Regulatory Guides 1.59, “Design Basis Floods for Nuclear Power

NUREG-1567 5-28



SECTION 5 INSTALLATION AND STRUCTURAL

Plants,” and 1.102, “Flood Protection for Nuclear Power Plants,” provide guidance for flood
protection.

Confirm that the resistance of the confinement cask to flood hydrostatic pressure is analyzed in
accordance with ASME B&PVC, Sectidh, Section NB or NC (depending on the Section used

for design). Table 3-1 in NUREG-1536 includes analyses for tip-over and sliding that are
applicable to potential flood forces on an exposed cask and other structures. The reviewer should
verify that the confinement cask does not tip over or slide due to the effects of a potential flood.

Tornado Winds

Coordinate with Chapters 2 and 15 of this SRP to determine what wind conditions are applicable
to the facility. Regulatory Guide 1.76, “Design Basis Tornado for Nuclear Power Plants,” and
NUREG-1503 provide applicable tornado parameters. ANSI/ANS 57.9 provides acceptable
criteria for resistance to overturning or sliding. ASCE 7 provides an acceptable conversion of
wind speed to lateral pressure and coefficients for pressure coefficients.

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 or collapse of a weather enclosure or adjacent
stack. Tornado or extreme winds have been a governing load condition in prior reviews for
major structures (other than confinement casks) that form part of an ISFSI system.

The NRC has maintained a position that warning of tornadoes should not be assumed.
Therefore, the effects of tornadoes during operations such as transfer between the pool facility
and a storage site must be evaluated. The reviewer should verify that the confinement cask does
not tip over due to the effects of tornado winds.

Tornado Missiles

Tornado winds and missiles are described in Regulatory Guide 1.76, NUREG-1503, and
NUREG-0800 (Section 3.5.1.4). The reviewer should verify that the SAR has defined the

missile parameters for which the cask system is evaluated. NUREG-0800 (Section 3.3.2) states
that the most adverse combined effects of tornado winds, tornado missiles, and tornado
differential pressure should be evaluated. The reviewer should verify that the combined effects
of tornado loading does not cause a tip-over. Confirm from the calculations that damage to the
confinement cask does not result in release of radioactive material, unacceptable radiation dose,
or preclude ready retrieval of the fuel.

The NRC has accepted use of the analytical approaches given in ORNL-NSIC-5, Volume 1,
Chapter 6 for estimating the potential effects of missile impact on steel sheets, plates, and other
structures. Further guidance on acceptable analytical approaches is in NUREG-0800 Section
3.5.3, “Barrier Design Procedures.” The NRC has accepted use of Kennedy, R.P., “A Review of
Procedures for the Analysis and Design of Concrete Structures to Resist Missile Impact Effects,”
for analysis and design of reinforced concrete structures to resist missiles.
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Earthquake

The reviewer should verify that the confinement SSCs are designed to maintain principal safety
functions during the maximum response to an earthquake. The design earthquake is that
developed from the analysis of the site and reported in the Environmental Report and SAR Site
Characteristics. Confirm that the design earthquake in Chapter 2 and 15 of the SRP corresponds
to the value used in the structural evaluation. The design earthquake shall not be less than that
required for the site by 10 CFR 72.102. The reviewer should verify that regulatory guidance as
provided in Regulatory Guides 1.29, “Seismic Design Classification;” 1.60, “Design Response
Spectra for Seismic Design of Nuclear Power Plants;” 1.61, “Damping Values for Seismic

Design of Nuclear Power Plants;” 1.92, “Combining Modal Responses and Spatial Components
in Seismic Response Analysis;” and NUREG-0800 has been appropriately followed.

Storage confinement casks and SSCs are not required to survive accident-level earthquakes
without permanent deformation; however, the reviewer should verify that the stress intensities
are less that the stress allowable (i.e., Service Level D of the ASME B&PVC). The reviewer
should verify that the confinement cask does not tip over or slide due to the effects of the seismic
event.

Structural Analysis Methods for Confinement Structures

NUREG-1536 has a detailed discussion of structural analysis methods and procedures which are
appropriate for evaluating structural integrity of confinement SSCs. These procedures include
discussion of finite element methods, closed-form calculations, and prototype or scale model
testing.

Values for the stress intensity limits, based on the maximum shear stress theory for ductile
materials, are defined in the ASME B&PVC. Confirm that the stress intensities are below the
stress limits for all load conditions and load combinations.

Compare, when feasible, solutions from finite-element analyses with closed-form calculations.
For example, the stress state caused by internal pressure in the cask can be checked with the
formulas for the stress in a cylinder with end-caps. A source of closed-form equations for stress
analysis which is accepted by the NRC is Young’'s RoaRdsmulasfor StressandStrain.

Prototype or scale model testing may be performed in lieu of impact analysis for cask drop
conditions or to support analytical results. Drop tests may be performed to obtain an equivalent
static load to be used in analysis. Various methods may be used to obtain key data for the
impact, or target surface, and the engineered foundation including the spring constants.

When test results are submitted in the SAR, verify proper scale parameters, including distribution
of loadings (weights), geometry (dimensions), and material properties of the cask.
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Structural Analysis for Specific Cask Components

A few specific examples of structural analysis for some of the confinement cask components are
listed below:

Trunnions

The reviewer should verify the adequacy of the design of the trunnions, their connections with

the cask body, and the cask body in the area around the trunnions. The trunnions can be either a
single-load path or a dual-load path design. In either case, the design should meet the
requirements of ANSI N14.6 or NUREG-0612 for critical loads.

Lifting trunnions should be fabricated and tested in accordance with ANSI N14.6. Since the cask
is considered to be a critical load during handling at heights higher than design drop heights (i.e.
lifting in the pool building facility), verify that trunnion testing is performed at a minimum of

150 percent of the maximum service load if a dual-load path is employed or at 300 percent of the
service load if a single-load path is used. Confirm that any restrictions on cask lifting, resulting
from these tests, is included in Chapter 12 of the SAR and in the Technical Specifications listed
in the SER.

Fuel Basket

The reviewer should verify that the weight supported by the basket is the maximum or design
weight of spent fuel. Consider all credible orientations of the cask and basket during cask drop.
End or side drops typically produce the greatest structural demand on various basket components.
Compare the stress intensity level of the fuel basket components with stress limits (i.e., Service
Level D of the ASME B&PVC).

Evaluate the buckling capacity of the basket. Acceptable guidance for evaluating the buckling
capacity of cask basket materials is given in the ASME B&PVC, Section Ill, Appendix F, and in
NUREG/CR-6322.

Closure Lid Bolts

Review the analysis of closure lid bolts (if used in the design). The reviewer should verify that
the combined effects of weight, internal pressure(s), thermal stress, O-ring compression force,
cask impact forces, and bolt pre-load are used. The weight used in the analysis should be the
maximum or design weight of the closure lids and any cask components supported by the lids.
Acceptable methods for analysis of closure bolts are given in NUREG/CR-6007.

Buckling of Irradiated Fuel Under Bottom End Drop Conditions
If the applicant uses the analytical method described by Lawrence Livermore National
Laboratory (LLNL) in report UCID-21246, for axial buckling to assess fuel integrity for the cask

drop accident, the reviewer should verify that the analysis uses the irradiated material properties
and includes the weight of fuel pellets.
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Alternately, it is acceptable if the applicant uses an analysis of fuel integrity which considers the
dynamic nature of the drop accident and any restraints on fuel movement resulting from cask
design, if the analysis demonstrates that the cladding stress remains below yield. If a finite
element analysis is performed, the analytical 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.

5.5.2 Pool and Pool Confinement Facilities
5.5.2.1 Description of Pool Facilities

Review the descriptive material in Chapter 1 of the SAR and the descriptive information in
Chapter 3 of the SAR. The text descriptions along with the drawing figures, tables, flow
diagrams, and specifications included in the application should fully define the pool facilities.
Review the description of SSCs important to safety, and verify that there is sufficient detail to be
able to proceed with the evaluation of the structural integrity and functional suitability. The
configurations should be defined by drawings and fabrication specifications. The specifications
should include references to the codes which govern the design details. The reviewer should
verify that the combination of the drawings, specifications, appropriate codes and standards, and
supporting calculations are sufficient.

A pool and pool confinement facilities involve a broader range of components and systems than
the confinement structures. However the staff anticipates a diversity of pool facilities ranging
from existing conventional pools designed under 10 CFR Part 50 requirements to site-specific
designs used for limited, short-duration, wet transfer operations. The facilities may be comprised
of some of the following elements which will require verification of structural integrity:

. pool structure, structural supports, and components that form the primary hydraulic
confinement, water level control, cooling, and clean-up systems, such as piping, valves,
pumps, filters, monitoring stations, and feeders

. pool components that provide for positioning the radioactive materials within the pool to
ensure subcriticality (racks), accessibility, and compatibility with lifting interfaces

. pool components that ensure against improper movement of transfer or storage casks
during wet loading and unloading operations

. secondary hydraulic containment that precludes releases to the surface or subsurface
environment that might result from leaks or rupture of elements of the primary hydraulic
containment, including equipment and floor drainage system

. SSCs associated with lifting, loading, unloading, transfer, or other handling of

ISFSI/MRS vessels, transfer or transportation casks, other shielding vessels, or
radioactive material to be stored
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. enclosure(s) of the pool and operations that involve loading, unloading, and handling of
the subject radioactive materials and other SSCs forming structural elements of the
confinement boundary

. emergency power capability necessary to maintain safe conditions and monitor
radioactivity

. internal waste collection and/or confinement, demineralized water make-up system,
compressed air system for cask dewatering system (if used)

. SSCs providing compartmentalization and secondary confinement boundaries within (or
coincident with) a pool facility’s tertiary confinement barrier, such as for control room,
electrical and machinery rooms, cask system component holding and inspection,
personnel changing and showers, personnel decontamination and monitoring, health
physics, and technical and administrative spaces.

Other ISFSI or MRS equipment that may be used within and outside the pool facility or that is
used for lifting or transfer within the facility, but is not installed in the facility, such as cranes or
conveyance systems, is addressed as “other SSCs important to safety” or “other SSCs.”

Coordinate with the confinement review, Chapter 9 of this SRP, to verify that the SAR clearly
identifies the confinement boundaries associated with the pool and pool facilities.

5.5.2.2 Design Criteria

For each of the SSCs being reviewed, determine what the design criteria and design bases are
from the SAR. Confirm that the design criteria comply with acceptance criteria as outlined in
Section 5.4.2.2.

Depending on the type of usage, i.e., long-term storage or short-term wet transfer, verify that the
appropriate criteria are applied. ANSI/ANS 57.2 is appropriate for long-term, as well as short-
term storage, whereas ANSI/ANS 57.7 may be more appropriate for short-term storage or wet
transfer operations.

The reviewer should verify that the following sections of NUREG-0800 (Section 9.1.2) are
adequately addressed:

. General Design Criteria 2, as it relates to structures housing the facility and that the
facility is capable of withstanding the effects of natural phenomena such as earthquakes,
tornadoes, and hurricanes.

. General Design Criteria 4, as it relates to structures housing the facility and that the
facility is capable of withstanding the effects of environmental conditions and external
missiles such that safety functions are not precluded.

. General Design Criteria 5 as it relates to shared structures, systems and components.
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. General Design Criteria 61 as it relates to the facility design for fuel storage and handling
of radioactive materials.

. General Design Criteria 62 as it relates to the prevention of criticality of the fuel by
means of physical systems.

5.5.2.3 Material Properties

Coordinate with the thermal review, Chapter 6 of the SRP to verify that the material properties
used in the structural analysis are appropriate for the load conditions and that the appropriate
temperature at which the stress limits are defined is consistent with service temperatures. For
each of the SSCs being reviewed, determine what structural materials are specified (e.qg.,
reinforced concrete, steel, etc.), and verify that the material properties conform with the accepted
design codes and standards. Section 5.4.2.3 gives references to acceptable codes. Review
structural and other materials, and verify that they will produce no significant chemical or
galvanic action or cause corrosion degradation that could adversely affect the safety function.

5.5.2.4 Structural Analysis

Design analyses should be prepared such that they may be audited to permit determination of the
sources of expressions used, properties used for structural materials and components, and data
derived by other calculations and assumptions.

Confirm that the design analysis includes codes and standards, design documentation, and design
conditions for: (1) the spent fuel storage and cask handling pools, (2) the spent fuel cask and fuel
assembly handling systems, (3) spent fuel storage racks, (4) fuel pool water makeup, cooling, and
cleanup systems, (5) heating, ventilating and air conditioning equipment, (6) fuel storage

buildings, and (7) electrical power, I&C and communications, as described in ANSI/ANS 57.2
and/or ANSI/ANS 57.7.

If ANSI/ANS 57.2 is used, the review should verify that the SSCs meet the following General
Design Criteria (GDC) from 10 CFR Part 50, Appendix A:

. GDC 2: Confirm that regulatory position C.2 of Regulatory Guide 1.13, applicable
portions of Regulatory Guides 1.29, 1.117, “Tornado Design Classification,” and
appropriate paragraphs of ANSI/ANS 57.2 are met.

The reviewer should verify by review of supporting documentation and appropriate staff
confirmatory calculations that position C.2 of Regulatory Guide is met. Position C.2
states that the pool facility should be designed to keep tornado winds and missiles
generated by tornado winds from causing significant loss of watertight integrity of the

fuel storage pool and to prevent tornado driven missiles from contacting the fuel stored in
the pool.
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GDC 4: Confirm that regulatory position C.2 of Regulatory Guides 1.13, 1.115,
“Protection Against Low-Trajectory Turbine Missiles,” and 1.117, as well as appropriate
paragraphs of ANSI/ANS 57.2 are met.

GDC 5: Confirm that SSCs important to safety are capable of performing the required
safety function.

GDC 61: Confirm that positions C.1 and C.4 of Regulatory Guide 1.13 and appropriate
paragraphs of ANSI/ANS 57.2 are met.

The reviewer should verify by review of supporting calculations or independent staff
confirmatory calculations that positions C.1 and C.4 of Regulatory Guide 1.13 are
satisfied. Position C.1 states that the fuel storage facility, including its structures and
facilities (with some exceptions in C.6), should be designed to Category | seismic
requirements. Position C.4 states that a controlled leakage building should enclose the
fuel pool. It should be equipped with an appropriate ventilation and filtration system to
limit the potential release of radioactive materials. Although the building need not be
designed to withstand extremely high winds, leakage should be suitably controlled during
fuel transfer operations. The ventilation and filtration system should be based on the
assumption that the cladding of all the fuel rods in one fuel bundle might be breached.

GDC 62: Confirm that positions C.1 and C.4 of Regulatory Guide 1.13 and appropriate
paragraphs of ANSI/ANS 57.2 are met.

Confirm that the handling of heavy loads (e.g., a spent fuel storage cask or spent fuel
shipping cask) conforms with the guidance given in NUREG-0612.

Drop of a confinement cask may include secondary effects with safety implications, such as:
deformation of interior structural SSCs that may preclude ready retrievability of the stored
materials, structural damage and possible rupture of the pool (without loss of coolant that would
uncover the fuel), damage to radioactive materials in the pool, and damage to the transfer cask
and/or radiation shielding. These may also involve analyses addressed under the other structural
evaluation categories such as the pool and pool facilities, reinforced concrete structures, and
other SSCs important to safety.

Regulatory Guide 1.120, “Fire Protection Guidelines for Nuclear Power Plants,” provides
guidance for fire protection, where applicable, to some confinement systems such as the spent
fuel pool area.

5.5.3 Reinforced Concrete Structures

5.5.3.1 Description of Concrete Structures

Review the descriptive material in Chapters 1 and 3 of the SAR. The text descriptions along
with the drawings, figures, tables, and specifications included in the application should fully
define the reinforced concrete structures. The configurations are defined by drawings and
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fabrication specifications. The specifications should include reference to the codes that govern
the design details. The reviewer should verify that the combinations of drawings, specifications,
appropriate codes and standards, and supporting calculations are sufficient.

Confirm that, at a minimum, the SAR documentation provides the following: (1) the dimensions
of all sections that have a structural role including locations, sizes, configuration, spacing,
enclosure (e.g., spirals, stirrups), and depth of cover or reinforcement for the reinforced concrete
SSCs, (2) structural materials with defining standards or specifications, (3) location and
specifications for control, contraction, and construction joints, and (4) fabrication codes and
standards.

5.5.3.2 Design Criteria

For each of the concrete SSCs being reviewed, determine what the design criteria and design
bases are from the SAR. Confirm that the design criteria comply with the acceptance criteria
outlined in Section 5.4.3.2.

5.5.3.3 Material Properties

Coordinate with the thermal review, Chapter 6 of the SRP, to verify that the material properties
used in the concrete structural analysis are appropriate for the load condition and that the
appropriate temperature at which the strength limits are defined is consistent with service
temperatures.

For each of the concrete structures being reviewed, determine what structural materials are
specified (e.g., concrete composition, reinforcing material, and embedments, etc.), and verify that
the material properties conform with the accepted design codes and standards. Section 5.4.3.3
gives complete references for cement type, aggregates, reinforcing, and embedments.

5.5.3.4 Structural Analysis

Design analyses should be prepared such that they may readily be audited to permit
determination of sources of expressions used, properties used for structural materials, and data
obtained by other calculations and assumptions.

Coordinate with the thermal review in Chapter 6 of this SRP to verify that the temperatures and
pressures (where applicable) for all concrete structures presented in the SAR correspond to the
same temperatures and pressures given in the thermal loads analysis.

Coordinate with the operation systems review in Chapter 3 of this SRP to verify that the
configuration of the concrete structure (i.e., shielding cask or module on the concrete storage pad
or shielding cask with confinement cask lift, etc.) corresponds to the same configuration which is
used in the various load conditions and load combinations.
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Normal Conditions

Normal conditions of concern for concrete structures are: (1) live and dynamic loads associated
with transfer of the confinement cask, and installing closures, (2) load or support conditions
associated with differential settlement of foundations, and (3) thermal gradients associated with
normal operations and ranges of ambient temperatures.

The reviewer should verify that the design strength of the concrete structures exceeds the
required strength as outlined in the ACI 349 code. If the ACI 359 code is used for confinement
concrete structures, verify that the allowable stresses are not exceeded for normal conditions.
The reviewer should verify that the maximum weight is used and that all normal ambient
temperatures are considered. The reviewer should verify that the maximum temperature gradient
is considered.

Off -Normal Conditions

Off-normal conditions of concern for concrete structures may include: (1) live and dynamic loads
associated with equipment or instrument malfunctions, accidental misuse during transfer
operations, (2) loads arising from jamming a confinement cask into a concrete structure, (3)
impact loads on a concrete structure by a suspended transfer, confinement or storage cask, and
(4) off-normal ambient temperature conditions.

The reviewer should verify that the design strength of the concrete structures exceeds the
required strength as outlined in the ACI 349 code. If the ACI 359 code is used for confinement
concrete structures, verify that the allowable stresses are not exceeded for off-normal conditions.
The reviewer should verify that the maximum weight is used and that off-normal ambient
temperatures are considered. The reviewer should verify that the maximum temperature gradient
for the off-normal temperature is considered.

Accident Conditions

Coordinate with the accident analysis review in Chapter 15 of this SRP to verify that all

accidents presented in that chapter have been adequately analyzed for structural integrity.
Accident conditions which may be of concern to concrete structures include: (1) loads associated
with accidental drops during transfer and handling operations of the confinement cask, (2)
conditions arising from extreme thermal gradients in the concrete sections, (3) response to
earthquakes, (4) tornadoes and tornado-driven missiles, (5) floods, (6) fires, (7) concrete cask
drop, and (8) explosive overpressure.

The reviewer should verify that the design strength of the concrete structures exceeds the
required strength as outlined in the ACI 349 code. If the ACI 359 code is used for confinement
concrete structures, verify that the allowable stresses are not exceeded for accident conditions.
The reviewer should verify that the maximum weight is used and that maximum ambient
temperatures are considered. The reviewer should verify that the maximum temperature gradient
is considered.
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The ACI codes are intended to ensure ductile response beyond initial yield of structural
components, regardless of the excess of capacity at yield over the maximum accident-level event.
ACI 349 imposes additional conditions on design (over those of ACI 318) that increase the
ductility.

Structural Analysis Methods for Concrete Structures

The reviewer should verify that the concrete structures conform with the respective code
requirements as given below.

Strength Design

The NRC accepts strength design as presented in the current ACI 349 for concrete structures
important to safety. Strength (or “Ultimate Strength”) design is the usual approach used in
American concrete design. Strength design is the only design approach that has been accepted
for ISFSI or MRS concrete structures not within the scope of ACI 359. Strength design is the
approach used in the current ACI 318 and ACI 349 codes. Determination that a concrete
structure designed by another approach satisfies ACI 349 typically requires clause-by-clause
review of the code for compliance.

Allowable Stress Design

The procedures of ACI 359 constitute an allowable stress design approach. The NRC does not
accept an allowable stress design approach for SSCs not within the scope of ACI 359.

5.5.4 Other SSCs Important to Safety
5.5.4.1 Description of Other SSCs Important to Safety

Review the descriptive material in Chapters 1 and 3 of the SAR. The text descriptions along
with the drawings, figures, tables, and specifications included in the application should fully
define the other SSCs important to safety. The configurations are defined by drawings and
fabrication specifications. The specifications should include reference to the codes that govern
the design details. The reviewer should verify that the combinations of drawings, specifications,
appropriate codes and standards, and supporting calculations are sufficient.

Confirm that, at a minimum, the SAR documentation provides the following: (1) the dimensions
of all sections that have a structural role including locations, sizes, configuration, and spacing,
(2) structural materials with defining standards or specifications, (3) location and specifications
for assembly and weld joints, and (4) fabrication codes and standards.

Other SSCs important to safety are considered to be those SSCs not addressed in the other
categories. These may include:

. transfer cask used to transfer the confinement cask to and from the storage area
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. transfer and shielding vessel used to transfer radioactive material to or from the storage
cask within a confinement barrier (such as from a pool to a storage cask to avoid
immersion or lifting of the storage cask)

. non-concrete structures that support or shield the confinement cask during storage
(excluding pads or hardstands for placement of moveable cask systems)

. lifting slings, spreaders, hooks, eyes, shackles, etc. used in lifts in which failure of a SSCs
could jeopardize the basic safety requirements

. non-concrete foundations for structures important to safety (excluding pads or hardstands
for placement of moveable cask systems), such as piles

. emergency power facilities and equipment and other electric equipment, if required to
maintain nuclear materials in a safe condition in a general power outage. [Note: There is
no safety requirement that handling or testing operations be continued during a power
outage. Certified cask systems must be safe in storage without active systems.]

. SSCs associated with contaminated waste handling, treatment, reduction, packaging, and
on-site storage

. SSCs associated with on-site inter-modal transfer of nuclear material containers, such as
cranes used at truck, rail and barge/ship docks [Note: The cranes may not be important to
safety depending on acceptable safety analysis.]

. SSCs whose response to accident conditions could have unacceptable consequences for
maintenance of the basic safety requirements for the ISFSI/MRS (subcriticality,
containment, radiation level limits, and retrievability)

5.5.4.2 Design Criteria

For each of the SSCs being reviewed, determine what the design criteria and design bases are
from the SAR. Confirm that the design criteria comply with the acceptance criteria outlined in
Section 5.4.4.2. The general structural requirements preclude unacceptable risk of criticality,
unacceptable release of radioactive materials to the environment, unacceptable radiation dose,
and impairment of ready retrievability of stored materials.

5.5.4.3 Material Properties

Coordinate with the thermal review, Chapter 6 of the SRP, to verify that the material properties
used in the structural analysis are appropriate for the load condition and that the appropriate
temperature at which the strength limits are defined are consistent with service temperatures.

For each of the structures being reviewed, determine what structural materials are specified (e.g.,

structural steel, etc.), and verify that the material properties conform with the accepted design
codes and standards. Ensure that material properties which vary as a function of temperature,
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radiation, or other environments are adequately defined. The reviewer should verify that
materials subject to corrosion and other degradation mechanisms are adequately protected or
otherwise accounted for.

5.5.4.4 Structural Analysis

Design analyses should be prepared such that they may be readily audited to permit
determination of sources of expressions used, properties used for structural materials, and data
obtained by other calculations and assumptions.

Coordinate with the thermal review in Chapter 6 of this SRP to verify that the temperatures and
pressures (where applicable) for all other SSCs important to safety, presented in the SAR,
correspond to the same temperatures and pressures given in the thermal loads analysis.

Coordinate with the operation systems review in Chapter 3 of the SRP to verify that the
configuration of the other SSCs (i.e. transfer device lifting the confinement cask, etc.) correspond
to the same configuration which is used in the various load combinations.

Coordinate with the accident review in Chapter 15 of the SRP to verify that the accidents
identified there correspond to the accident conditions evaluated in this chapter. Ensure that all
load combinations, as outlined in Table 3-1 of NUREG-1536 have been appropriately evaluated.

5.5.5 Other SSCs
5.5.5.1 Description of Other SSCs

Review the descriptive material in Chapters 1 and 3 of the SAR. The text descriptions along
with the drawings, figures, tables, and specifications included in the application should fully
define the other SSCs not important to safety, but subject to NRC approval. The configurations
are defined by drawings and fabrication specifications. The specifications should include
reference to the codes that govern the design details. The reviewer should verify that the
combinations of drawings, specifications, appropriate codes and standards, and supporting
calculations are sufficient.

Confirm that, at a minimum, the SAR documentation provides the following: (1) the dimensions
of all sections that have a structural role including locations, sizes, configuration, and spacing,
(2) structural materials with defining standards or specifications, (3) location and specifications
for assembly and weld joints, and (4) fabrication codes and standards.

SSCs not important to safety but subject to NRC approval must be described sufficiently to
provide an adequate basis for that approval. Typically this would include descriptive information
about the function, applicable codes, and standards for design and manufacture or procurement.
Other SSCs subject to NRC approval may include, in illustration, SSCs as listed below:

. pads and hardstands for storage of confinement casks
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. demineralized water makeup system (see NUREG-0800, Section 9.2.3)

. SSCs on site associated with facilities other than for the ISFSI or MRS but which are
shared by the ISFSI/MRS facilities, or which are physically connected to SSCs supporting
the ISFSI/MRS and that have safety or safeguards and security related functions

. SSCs associated with a standby power capability

. SSCs associated with transfer of confinement and transfer casks on site, including cask
loading and extraction equipment, trailers, prime movers, crane, and equipment unique to
the cask system whose failure would not jeopardize the basic safety requirements of the
confinement system

. on site radioactive material transfer route structures, such as bridges, roads, and rail
crossings

. fixed or mobile structures that provide space for NRC use

. SSCs including cranes and other equipment for inter-modal transfer of containers holding

nuclear materials, such as truck, rail, and barge/ship docks whose failure would not
jeopardize the basic safety criteria

. structures and earthworks to prevent on site facility flooding

. SSCs, including equipment, that provide fire protection or that may be required to
mitigate the effects of accident events

. other SSCs required for compliance with code safety requirements, such as for lightning
protection

. training facilities and associated equipment for health physics, procedural, and other
training

5.5.5.2 Design Criteria

For each of the SSCs being reviewed, determine what the design criteria and design bases are
from the SAR. Confirm that the design criteria comply with the acceptance criteria outlined in
Section 5.4.5.2.

5.5.5.3 Material Properties

Coordinate with the thermal review, Chapter 6 of the SRP to verify that the material properties

used in the structural analysis are appropriate for the load condition and that the appropriate
temperature at which the strength limits are defined is consistent with service temperatures.
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For each of the structures being reviewed, determine what structural materials are specified (e.g.,
concrete composition, reinforcing material, and embedments, structural steel, etc.), and verify
that the material properties conform with the accepted design codes and standards.

Ensure that material properties which vary as a function of temperature, radiation, or other
environments are adequately defined. The reviewer should verify that materials subject to
corrosion and other degradation mechanisms are adequately protected or otherwise accounted
for.

5.5.5.4 Structural Analysis

Design analyses should be prepared such that they may be readily audited to permit
determination of sources of expressions used, properties used for structural materials, and data
obtained by other calculations and assumptions.

Coordinate with the thermal review in Chapter 6 of this SRP to verify that the temperatures and
pressures (where applicable) for other SSCs presented in the SAR, and subject to NRC approval,
correspond to the same temperatures and pressures given in the thermal loads analysis.

Coordinate with the operation systems review in Chapter 3 of the SRP to verify that the
configuration of the other SSCs subject to NRC approval corresponds to the same configuration
which is used in the various load combinations.

Coordinate with the accident review in Chapter 15 of the SRP to verify that the accidents
identified there correspond to the accident conditions evaluated in this chapter. Ensure that all
load combinations, as outlined in Table 3-1 of NUREG-1536, have been appropriately evaluated.

The information and evaluation required for these SSCs is typically to lesser levels than that
required for SSCs important to safety as described in the respective part of this Section. For
example, the structural capacities or design and construction codes may be stated and evaluated,
but there typically is no review of structural analyses or other analyses supporting selection or
assessment of projected performance.

5.6 Evaluation Findings

The evaluation findings are prepared by the reviewer on satisfaction of the regulatory
requirements relating to the installation design and the structural evaluation, as identified in
Section 5.3. Based on the review of the applicant’s description, proposed design criteria,
appropriate use of material properties, and adequate structural analysis of the five categories of
structures, systems and components, the staff concludes that the SSCs are in conformance with
NRC regulations. The five categories of SSCs, or areas of review are: (1) confinement
structures, systems and components, (2) pool and pool confinement facilities, (3) reinforced
concrete structures, (4) other SSCs important to safety, and (5) other SSCs subject to NRC
approval. The SER should address each acceptance criteria provided in Section 5.4 of this SRP
similar to the following (finding numbering is for convenience in referencing within the SRP

and SER):
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F5.1

F5.2

F5.3

F5.4

F5.5

F5.6

The SAR and docketed materials relating to the description of confinement
structures, systems and components meet the requirements of 10 CFR 72.24 (a)
and (b), 10 CFR 72.82 (c)(2), and 10 CFR 72.106 (a), (b), and (c).

The SAR and docketed materials relating to design criteria, including applicable
codes and standards meet the requirements of 10 CFR 72.24 (c)(1), (c)(2), and
(©)(4); 10 CFR 72.40 (a)(1); 10 CFR 72.120 (a) and (b); 10 CFR 72.122 (a), (b),
(©), (d), (M, (9), (h), (1), (), (k), and (I); 10 CFR 72.128 (a) and (b); and 10 CFR
72.236 (b), (e), (), (9), and (k). Additionally, the potential for brittle fracture has
been considered by meeting the guidance provided in Regulatory Guides 7.11 and
7.12. The confinement structures meet the guidance provided in applicable parts
of Regulatory Guides 1.29, 1.60, 1.61, and 1.92 for protection against seismic
events. The confinement structures meet the guidance provided in applicable
parts of Regulatory Guides 1.76 and 1.117 and NUREG-1503 for tornado
protection.

The SAR and docketed materials relating to suitable material properties for use in
the design and construction of the SSCs meet the requirements of 10 CFR
72.24 (c)(3).

The SAR and docketed materials provide adequate analytical and/or test reports to
ensure that structural integrity of the SSCs and meet the requirements of 10 CFR
72.24 (d)(1), (d)(2), and (i), and 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (c), (d),

(. (@), (h), (), (), (k), and ().

The SAR and docketed materials relating to the description of pool and pool
facilities meet the requirements of 10 CFR 72.24 (a) and (b), 10 CFR 72.40 (a)(3),
10 CFR 72.82 (c)(2), and 10 CFR 72.106 (a), (b), and (c).

The SAR and docketed materials relating to design criteria, including applicable
codes and standards meet the requirements of 10 CFR 72.24 (c)(1), (c)(2), and
(©)(4); 10 CFR 72.40 (a)(1); 10 CFR 72.120 (a) and (b); 10 CFR 72.122 (a), (b),
(©), (d), (M, (9), (h), (1), (), (k), and (I); 10 CFR 72.128 (a) and (b); and 10 CFR
72.236 (b), (e), (), (g), and (k). Additionally the pool and pool facilities meet the
General Design Criteria 2, 4, 5, 61, and portions of 62 and 63 of 10 CFR Part 50,
Appendix A. The pool meets the guidance provided in applicable parts of
Regulatory Guides 1.13, and 1.26, and ANSI/ANS 57.9 as well as 57.7 and/or
57.2. The pool and pool facilities meet the guidance provided in applicable parts
of Regulatory Guides 1.29, 1.60, 1.61, 1.92, and 1.122, “Development of Floor
Design Response Spectra for Seismic Design of Floor-Supported Equipment or
Components,” for protection against seismic events. The pool and pool facility
meet the guidance provided in applicable parts of Regulatory Guides 1.76 and
1.117 and NUREG-1503 for tornado protection.
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F5.7

F5.8

F5.9

F5.10

F5.11

F5.12

F5.13

F5.14

NUREG-1567

The SAR and docketed materials relating to suitable material properties for use in
the design and construction of the pool and pool facilities meet the requirements
of 10 CFR 72.24 (¢)(3).

The SAR and docketed materials provide adequate analytical and/or test reports to
ensure that structural integrity of the pool and pool facilities and meet the
requirements of 10 CFR 72.24 (d)(1), (d)(2), and (i), and 10 CFR 72.122 (b)(1),

(b)(2), and (b)(3), (c), (d), (f), (9). (h), (i), (). (k), and (I).

The SAR and docketed materials relating to the description of reinforced concrete
meet the requirements of 10 CFR 72.24 (a) and (b), 10 CFR 72.82 (c)(2), and 10
CFR 72.106 (a), (b), and (c).

The SAR and docketed materials relating to design criteria, including applicable
codes and standards meet the requirements of 10 CFR 72.24 (c)(1), (c)(2), and
(c)(4); 10 CFR 72.40 (a)(1); 10 CFR 72.120 (a) and (b); 10 CFR 72.122 (a), (b),
(©), (d), (M, (9), (h), (1), (), (k), and (I); 10 CFR 72.128 (a) and (b); and 10 CFR
72.236 (b), (e), (), (g), and (k). The concrete structures meet the guidance
provided in applicable parts of Regulatory Guides 1.29, 1.60, 1.61, 1.92, and
1.122 for protection against seismic events. The concrete structures meet the
guidance provided in applicable parts of Regulatory Guides 1.76 and 1.117 and
NUREG-1503 for tornado protection.

The SAR and docketed materials relating to suitable material properties for use in
the design and construction of the SSCs meet the requirements of 10 CFR 72.24

(©)(3).

The SAR and docketed materials provide adequate analytical and/or test reports to
ensure that structural integrity of the SSCs and meet the requirements of 10 CFR
72.24 (d)(1), (d)(2), and (i), and 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (c), (d),

(. (@), (h), (), (), (k), and ().

The SAR and docketed materials relating to the description of other SSCs
important to safety meet the requirements of 10 CFR 72.24 (a) and (b), 10 CFR
72.82 (c)(2), and 10 CFR 72.106 (a), (b), and (c).

The SAR and docketed materials relating to design criteria, including applicable
codes and standards meet the requirements of 10 CFR 72.24 (c)(1), (c)(2), and
(c)(4); 10 CFR 72.40 (a)(1); 10 CFR 72.120 (a) and (b); 10 CFR 72.122 (a), (b),
(©), (d), (M, (9), (h), (1), (), (k), and (I); 10 CFR 72.128 (a) and (b); and 10 CFR
72.236 (b), (e), (), (g), and (k). The other SSCs important to safety meet the
guidance provided in applicable parts of Regulatory Guides 1.29, 1.60, 1.61, and
1.92 for protection against seismic events. The other SSCs important to safety
meet the guidance provided in applicable parts of Regulatory Guides 1.76 and
1.117 and NUREG-1503 for tornado protection. The other SSCs important to
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safety meet guidance provided in Regulatory Guides 1.59 and 1.102 for flood
protection.

F5.15 The SAR and docketed materials relating to suitable material properties for use in
the design and construction of the SSCs meet the requirements of 10 CFR 72.24

(©)(3).

F5.16 The SAR and docketed materials provide adequate analytical and/or test reports to
ensure that structural integrity of the SSCs and meet the requirements of 10 CFR
72.24 (d)(1), (d)(2), and (i), and 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (c), (d),

(), (@, (h), (i), (), (k), and (I).

F5.17 The SAR and docketed materials relating to the description of other SSCs subject
to NRC approval meet the requirements of 10 CFR 72.24 (a) and (b), 10 CFR
72.82 (c)(2), and 10 CFR 72.106 (a), (b), and (c).

F5.18 The SAR and docketed materials relating to design criteria, including applicable
codes and standards meet the requirements of 10 CFR 72.24 (c)(1), (c)(2), and
(c)(4); 10 CFR 72.40 (a)(1); 10 CFR 72.120 (a) and (b); 10 CFR 72.122 (a), (b),
(©), (d), (M, (9), (h), (1), (), (k), and (I); 10 CFR 72.128 (a) and (b); and 10 CFR
72.236 (b) (e), (), (9), and (k).

F5.19 The SAR and docketed materials relating to suitable material properties for use in
the design and construction of the SSCs meet the requirements of 10 CFR 72.24

(©)(3).

F5.20 The SAR and docketed materials provide adequate analytical and/or test reports to
ensure that structural integrity of the SSCs and meet the requirements of 10 CFR
72.24 (d)(1), (d)(2), and (i), and 10 CFR 72.122 (b)(1), (b)(2), and (b)(3), (c), (d),

(), (9), (), (), (), (k), and ().
5.7 References

NRC documents referenced are identified at Consolidated References, Chapter 17.
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Boiler and Pressure Vessel Code, Section I, “Rules for Construction of Nuclear Power Plant
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1996].

ANSI/ANS-57.2-1983, “Design Requirements for Light Water Reactor Spent Fuel Storage
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ANSI/ANS-57.9-1984, “Design Criteria for an Independent Spent Fuel Storage Installation (Dry
Storage Type),” American Nuclear Society (ANS) [Referenced to the extent that ANSI/ANS
57.9-1984 is stated as suitable in Regulatory Guide 3.60].

American Society for Testing and Materials (ASTM)
A 36, “Standard Specification for Structural Steel.”

A 53, “Standard Specification for Welded and Seamless Steel Pipe.”
A 82, “Standard Specification for Cold-Drawn Steel Wire for Concrete Reinforcement.”

A 184, “Standard Specification for Fabricated Deformed Steel Bar Mats for Concrete
Reinforcement.”
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Prestressed Concrete.”
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A 421, “Standard Specification for Uncoated Stress-Relieved Steel Wire for Prestressed
Concrete.”

A 441, “Standard Specification for High-Strength Low-Alloy Structural Manganese Vanadium
Steel.”

A 496, “Standard Specification for Deformed Steel Wire for Concrete Reinforcement.”

A 497, “Standard Specification for Welded Deformed Steel Wire Fabric for Concrete
Reinforcement.”

A 500, “Standard Specification for Cold-Formed Welded and Seamless Carbon Steel Structural
Tubing in Rounds and Shapes.”

A 501, “Standard Specification for Hot-Formed Welded and Seamless Carbon Steel Structural
Tubing.”

A 572, “Standard Specification for High-Strength Low-Alloy Columbium-Vanadium Steels of
Structural Quality.”

A 588, “Standard Specification for High-Strength Low-Alloy Structural Steel with 50,000 psi
Minimum Yield Point to 4 in. Thick.”

A 615, “Standard Specification for Deformed and Plain Billet-Steel Bars for Concrete
Reinforcement.”

A 706, “Standard Specification for Low-Alloy Steel Deformed Bars for Concrete
Reinforcement.”

A 772, “Standard Specification for Uncoated High-Strength Steel Bar for Prestressing Concrete.”
C 31, “Standard Method of Making and Curing Concrete Test Specimens in the Field.”

C 33, “Standard Specification for Concrete Aggregates.”

C 39, “Standard Method of Test for Compressive Strength of Cylindrical Concrete Specimens.”
C 42, “Standard Method of Obtaining and Testing Drilled Cores and Sawed Beams of Concrete.”

C 88, “Standard Method of Test for Soundness of Aggregates by Use of Sodium Sulfate or
Magnesium Sulfate.”

C 94, “Standard Specification for Ready-Mixed Concrete.”

C 109, “Standard Method of Test for Compressive Strength of Hydraulic Cement Mortars (Using
2-inch or 50-m-m Cube Specimens).”
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C 131, “Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by
Abrasion and Impact in the Los Angeles Machine.”

C 144, “Standard Specification for Aggregate for Masonry Mortar.”

C 150, “Standard Specification for Portland Cement.”

C 172, “Standard Method of Sampling Fresh Concrete.”

C 192, “Standard Method of Making and Curing Concrete Test Specimens in the Laboratory.”
C 260, “Standard Specification for Air-Entraining Admixtures for Concrete.”

C 289, “Standard Method of Test for Potential Reactivity of Aggregates (Chemical Method).”

C 441, “Standard Method of Test for Effectiveness of Mineral Admixtures in Preventing
Excessive Expansion of Concrete, Due to the Alkali-Aggregate Reaction.”

C 494, “Standard Specification for Chemical Admixtures for Concrete.”

C 496, “Standard Method of Test for Splitting Tensile Strength of Cylindrical Concrete
Specimens.”

C 595, “Standard Specification for Blended Hydraulic Cements.”

C 618, “Standard Specification for Fly Ash and Raw or Calcined Natural Pozzolan for Use as a
Mineral Admixture in Portland Cement Concrete.”

C 637, “Standard Specification for Aggregates for Radiation-Shielding Concrete.”

C 685, “Standard Specification for Concrete Made by Volumetric Batching and Continuous
Mixing.”

C 1017, “Standard Specification for Chemical Admixtures for Use Producing Flowing
Concrete.”

American Society of Civil Engineers (ASCE)
ASCE 4, “Seismic Analysis of Safety-Related Nuclear Structures.”

ASCE 7 (formerly ANSI A58.1), “Minimum Design Loads for Buildings and Other Structures.”
American Society of Mechanical Engineers (ASME)
ASME Boiler and Pressure Vessel Code, Section I, “Rules for Construction of Nuclear Power

Plant Components.”

ASME Boiler and Pressure Vessel Code, Section IX, “Welding and Brazing Qualifications.”
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American Welding Society (AWS)
AWS A2.4, “Standard Symbols for Welding, Brazing and Nondestructive Examination.”

AWS D1.4, “Structural Welding Code - Reinforcing Steel.”

International Conference of Building Officials (ICBO)
“Uniform Building Code” (UBC).

National Fire Protection Association (NFPA)
NFPA, “National Electric Code.”

NFPA, “Code for Safety to Life from Fire in Buildings and Structures.”
NFPA, “Lightning Protection Code.”
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Hoerner, S.F., “Fluid Dynamic Drag,” 1965, Hoerner Fluid Dynamics, P.O. Box 342, Brick
Town, NJ 08723.

Marker, B.R., et al, “NIKE3D-A Nonlinear, Implicit, Three-Dimensional Finite Element Code
for Solid and Structural Mechanics-User’'s Manual,” UCRL-MA-105268, Lawrence Livermore
National Laboratory, January 1991.

Young, W.C., “Roark’s Formulas for Stress and Strain,” McGraw-Hill.
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Cottrell, W.B., and Savolainen, A.W., “U.S. Reactor Containment Technology,” ORNL-NSIC-5,
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Kennedy, R.P., “A Review of Procedures for the Analysis and Design of Concrete Structures to
Resist Missile Impact Effects,” Holmes and Narver, Inc., September 1975.

Levy, I.S., et al., “Recommended Temperature Limits for Dry Storage of Spent Light Water
Zircalloy Clad Fuel Rods in Inert Gas,” PNL-6189, Pacific Northwest Laboratory.
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6 THERMAL EVALUATION

6.1 Review Objective

The objective of the thermal review is to ensure that the decay heat removal (DHR) system is
capable of reliable operation so that the temperatures of materials used for systems, structures,
and components (SSCs) important to safety, fuel assembly cladding material, and solidified high-
level waste packages remain within the allowable limits under normal, off-normal, and accident
conditions. Wet and dry fuel assembly transfer systems are evaluated for adequate decay heat
removal under normal, off-normal, and accident conditions. Fire hazards analysis and fire
protection measures for the MRS or ISFSI are evaluated. The review also confirms that the
thermal design of the ISFSI or MRS has been analyzed with acceptable analytical and/or test
methods.

The approach to thermal review and evaluation presented in this chapter builds upon the
guidance provided for the certification review of casks in Chapter 4 of NUREG-1536, “Standard
Review Plan for Dry Storage Systems.” The additional guidance of this chapter is necessary
because the site specific applications reviewed under this guidance will contain site specific
features (e.g., temperature limits) and other systems (e.g., pools, structures using reinforced
concrete). If the ISFSI or MRS uses a cask which has received a certificate of compliance, key
assumptions, bounding site characteristics and environmental conditions, and cask/ISFSI
interface requirements identified in the cask Safety Analysis Report (SAR) and certificate of
compliance are also examined and compared to the ISFSI or MRS design and environmental
conditions.

Figure 6.1 presents an overview of the thermal evaluation process. The figure shows that the
thermal review draws information from different sections of the application including supporting
calculations. The figure also shows that the results of the thermal review are both used by other
technical review areas and are documented in the NRC staff-prepared Safety Evaluation

Report (SER).

6.2 Areas of Review

The following outline shows the areas of review addressed in Section 6.4, Acceptance Criteria,
and Section 6.5, Review Procedures:

Decay Heat Removal Systems

Material Temperature Limits

Thermal Loads and Environmental Conditions
Analytical Methods, Models and Calculations
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Fire and Explosion Protection
General Considerations
Spent Fuel Casks
SSCs Important to Safety Guidance for Fire Protection Program

6.3 Regulatory Requirements

This section identifies and presents a high-level summary of Title 10 of the Code of Federal
Regulations (CFR) Part 72 relevant to the review areas addressed by this chapter. The NRC staff
reviewer should read the exact regulatory language. A matrix at the end of this section matches
the regulatory requirements identified in this section to the areas of review identified in the
previous section.

72.92 Design basis external natural events
(a) “...natural phenomena that affect the ISFSI design must be identified and assessed according
to their potential effects on the safe operation.”

72.122 Overall requirements
(c) Protection against fires and explosions
“...must be designed and located so that they continue to perform their safety functions
effectively under credible fire and explosion exposure conditions...Explosion and fire detection,
alarm, and suppression systems shall be designed and provided.”
(d) Sharing of structures, systems and components
“...must not impair the capability of either facility.”
(h) Confinement barriers and systems
(1) “The spent fuel cladding must be protected during storage against degradation that
leads to gross ruptures or confined such that degradation of the fuel during storage will
not pose operational safety problems.”
(2) “For underwater storage of spent fuel or high-level radioactive waste... systems for
maintaining water purity and pool water level must be designed so that any abnormal
operations or failure in those systems from any cause will not cause the water level to fall
below safe limits.”
(4) “Storage confinement systems must have the capability for continuous monitoring.”
() Control room or control area (note: as applied to fire and explosion protection)
“A control room or control area...must be designed to monitor the ISFSI or MRS safely under
normal conditions and to provide safe control ...under off-normal or accident conditions.”

72.128 Criteria for spent fuel, high-level radioactive waste, and other radioactive waste storage
and handling.
(a) Spent fuel and high-level radioactive waste storage and handling systems. “... must be
designed to ensure adequate safety under normal and accident conditions...These systems must be
designed with”

(4) “A heat-removal capability having testability and reliability.”
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A matrix which shows the primary relationship of these regulations to the specific areas of

review associated with this Standard Review Plan (SRP) chapter is given in Table 6.1. 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 6.1 Relationship of Regulations and Areas of Review
10 CFR Part 72 Regulations

Area of Review 7292 | 72122 | 72128
Decay Heat Removal Systems o o
Material Temperature Limits °
Thermal Loads and Environmental o .
Conditions
Methods, Models, and Calculations ° °
Fire and Explosion Protection °

6.4 Acceptance Criteria

This section identifies the acceptance criteria used for the thermal evaluation review. Specific
acceptance criteria are delineated in this section.

6.4.1 Decay Heat Removal Systems

The spent fuel cladding must be protected during storage against degradation that leads to gross
fuel rupture (10 CFR 72.122(h)). Decay heat removal systems shall have testability and
reliability consistent with their importance to safety (10 CFR 72.128(a)).

The applicant must provide a description of the proposed heat removal system. The description
must describe the mechanisms for removing decay heat including any active components or
operator actions necessary for operation during normal, off-normal, and accident conditions. If
the decay heat removal system is for a pool, the description must address the layout of piping and
equipment, control systems for managing flow, and instrumentation systems for monitoring

water conditions.

The applicant must provide evidence that the decay heat removal system will operate reliably
under normal, off-normal, and accident conditions.

6.4.2 Material Temperature Limits
SSCs important to safety shall be maintained within their minimum and maximum temperature

criteria for normal, off-normal, and accident conditions so as to support the performance of the
intended safety function (10 CFR 72.128(a).
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The applicant must identify the temperature limits for fuel cladding, solidified waste packages,
and materials used for SSCs that are important to safety. The applicant shall also provide a basis
for the temperature limits. The temperature limits for fuel cladding should include consideration
of mechanisms that can lead to gross cladding rupture.

Fuel cladding temperature during dry storage shall be maintained below the expected
damage-threshold temperatures for normal conditions and a minimum of 20 years dry storage for
ISFSI or MRS design and environmental conditions. The fuel cladding temperature should also
generally be maintained below 570 (1058 F) for short-term off-normal, short-term accident,

and fuel transfer operations (e.g., vacuum drying of the cask or dry transfer) (PNL-4835).

6.4.3 Thermal Loads and Environmental Conditions

The applicant must identify the design basis thermal loads from the spent fuel or high-level
waste, as well as the thermal loads associated with insolation and the site parameters that
determine the rate at which heat can be removed from the ISFSI or MRS (10 CFR 72.92).

The heat removal system must accommodate the decay heat of the spent fuel or high-level waste
and the site normal, off-normal, and accident thermal conditions (10 CFR 72.122(b)).

6.4.4 Analytical Methods, Models, and Calculations

The applicant shall present a thermal analysis that demonstrates the ability to manage design
basis heat loads and have the various materials remain within temperature limits. The analysis
shall be conducted for normal, off-normal, and accident conditions. The analysis shall also
present temperature and temperature gradient information that is necessary to support the
structural analysis. The applicant shall identify the codes or analytical methods used for thermal
analysis and discuss the basis for the parameters selected for the analysis.

For each fuel assembly-type proposed for storage, the dry storage system shall ensure a very low
probability (e.g., 0.5 percent), per fuel rod, of cladding breach during long-term (e.g., 40 year)
storage (10 CFR 72.122(h), PNL-6189).

The maximum internal pressure of the cask shall remain within its design pressure for normal,
off-normal, and accident conditions assuming 1 percent, 10 percent, and 100 percent ruptured
fuel rods respectively. Assumptions for pressure calculations include release of 100 percent of
the fill gas and 30 percent of the significant radioactive gases in the fuel rods (10 CFR 72.128(3),
10 CFR 72.122(h)).

Under the conditions where any of the cask component or fuel cladding temperatures are close
(within 5%) to their limiting values during an accident or the maximum normal operating
pressure is within 10% of its design basis pressure, or any other special considerations affected
by fission gas concentrations, the applicant should analyze the potential impact of the fission gas
in the cask on the cask component and fuel cladding temperature limits and the internal cask
pressure.
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The pool system shall be designed so that, for all postulated events, the pool water level is
maintained at a level above the top of the active fuel to ensure adequate decay heat removal and
shielding (ANS/ANS 57.7).

6.4.5 Fire and Explosion Protection

Spent fuel assemblies, other radioactive materials, and SSCs important to safety shall have
adequate protection against fires and explosions to minimize and control the release of
radioactive material to the environment (10 CFR 72.122(c)).

Measures for fire prevention, fire detection, fire suppression, and fire containment for the
protection of the spent fuel assemblies and SSCs important to safety shall be provided. 10 CFR
72.122(c) requires that:

. SSCs important to safety must be designed and located so that they can continue to
perform their safety functions effectively under credible fire and explosion exposure
conditions.

. Non-combustible and heat resistant materials must be used wherever practical throughout
the ISFSI or MRS, particularly in locations vital to the maintenance of safety control
functions.

. Explosion and fire detection, alarm, and suppression systems shall be designed and
provided with sufficient capacity and capability to minimize the adverse effects of fires
and explosions on SSCs important to safety.

. The design of the ISFSI or MRS must include provisions to protect against adverse
effects that might result from the operation or failure of the fire suppression system.

In addition, 10 CFR 72.122(j) requires that a control room or control area, if appropriate for the
ISFSI or MRS design, must be designed to permit occupancy and actions to be taken to monitor
the safety of the ISFSI or MRS under normal conditions and to provide safe control of the ISFSI
or MRS under off-normal or accident conditions.

6.5 Review Procedures
The following provides review guidance relevant to the thermal evaluation. This guidance is

based on the required products of the review and lessons learned from prior reviews. Additional
review guidance is available in Chapter 4, Section V of NUREG-1536.
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6.5.1 Decay Heat Removal Systems
6.5.1.1 General Considerations

ISFSI or MRS decay heat removal systems may be passive (nhatural convection and thermal
radiation) for dry storage or may include active cooling systems (motors, pumps, heat
exchangers, valve actuators, and switchgear) for wet or dry storage. The reviewer should verify
that the application for the ISFSI or MRS clearly establishes that the storage system will function
within the original design basis thermal limits under normal, off-normal, and accident conditions.
The reviewer should examine the thermal analysis, material temperature limits, and key
assumptions of the analysis to ensure that the ISFSI or MRS design and environmental
conditions are within the envelope of the storage system original analysis and associated
technical specifications.

The reviewer should confirm that the design criteria include maximum heat output of the
radioactive materials; temperature levels for the ambient air under normal, off-normal, and
accident-level conditions; and associated insolation. The maximum times that the stored material
will be subject to ambient elevated temperatures should be identified. Definition of daily cycles

of temperature may be important for heat removal for some storage systems. The accompanying
insolation cycle may be important for storage systems with direct solar exposures.

The reviewer should evaluate the temperature distributions and temperature criteria that are used
in determination of thermal stresses for all DHR system components exposed to heat generated
by the fuel assembly. These DHR components include the cask, transfer equipment, and any
shielding components. Evaluation of stresses or loads caused by temperature gradients and
interacting materials at different temperatures or with different coefficients of thermal expansion
is performed under Section 5, “Installation Design and Structural Evaluation.”

The reviewer should verify that technical specifications relating to heat removal capability have
been included in the technical specification chapter of the SAR. These may have been proposed
by the applicant in compliance with 10 CFR 72.26 or may result from the review and evaluation
of submittals relating to those areas. The following two paragraphs illustrate technical
specifications related to thermal evaluations which have been accepted in previous applications:

. Surveillance requirement: Performance of the heat removal system will be verified by
tests conducted upon placing the first full storage container in its storage position. These
tests determine heat removal by measurement of air flow and temperatures and will be
used to confirm the adequacy of the thermal analysis by comparison of the actual
conditions of heat generation by the stored fuel assembly and ambient conditions.

. Surveillance requirement: Periodic surveillance will be performed to ensure that there is
no blockage of cooling air flow in the heat removal system. This surveillance [typically
based on the minimum time for stored material cladding or other material important to
safety (e.qg., shielding) to reach a threshold temperature in the event of a complete
blockage occurring immediately following the prior surveillance and the minimum time
to repair or correct the blockage condition] shall be no less frequent than [insert
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time interval]. [Alternatives may link the surveillance interval to ambient temperature.
Procedures for performing the surveillance may be as proposed by the applicant or may
be left unstated in the SER, with the procedures to be developed by the applicant
subsequent to license approval.]

Required Thermal Analysis Scenarios

The reviewer should confirm that the following thermal scenarios are considered, to determine
that temperature limits are met. The list is not necessarily exhaustive.

. For storage conditions at maximum normal, off-normal, and accident-level ambient
temperatures and insolation

. Temperature in storage with partial or full blockage of ventilation passages (if applicable
to ISFSI design such as concrete type storage modules or vaults)

. In wet temporary storage with partial or full failure of an active heat removal system or
loss of electrical power

. In transfer configuration within a transfer cask at maximum normal, off-normal, and
accident-level ambient temperatures and insolation

. During cask dewatering and/or cask purging operations with the interior at a near vacuum

. In a configuration associated with stored material retrieval (retrieval may be required at
any time following loading of a cask)

. During cask sealing and opening operations when there is a liquid (water or borated
water) in the cask cavity which has been lowered to permit welding or cutting operations
on the closure

. Cask reflood for unloading operations

. Facility fire or explosion (internal and external event to the facility)
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6.5.1.2 Dry Storage Systems

A dry storage system may consist of a cask used on an ISFSI pad or stored in a dry vaulted
system. The boundary conditions on the cask surface or dry storage system depend on the
environment surrounding the cask. The reviewer should confirm that the temperature of the
environment for normal and off-normal conditions is specified in the SAR. The reviewer should
verify the appropriateness of specified incident and absorbed insolance. The reviewer should
evaluate the mechanisms and models for the dissipation of the absorbed insolance and decay heat
from the surface of the cask to the environment which are identified and described. The reviewer
should review the cask SAR to ensure the site conditions are enveloped by the cask thermal
analysis. The reviewer should evaluate the thermal performance of the cask in accordance with
Chapter 4 of NUREG-1536.

The reviewer should verify that if any of the cask component or fuel cladding temperatures are
close (within 5%) to their limiting values during an accident or the maximum normal operating
pressure is within 10% of its design basis pressure, or any other special considerations affected
by fission gas concentrations, the applicant has analyzed the potential impact of the fission gas in
the cask on the cask component and fuel cladding temperature limits and the internal cask
pressure.

The reviewer should confirm that the liquid in the cask does not boil during fuel assembly
transfer operations to avoid uncontrolled pressures on the cask and the connected dewatering,
purging, and recharging system(s) and/or further discharge of liquid providing radiation shielding
over the top of the contained radioactive materials. The reviewer should confirm that an
adequate subcooling margin has been identified in the application and corresponding operating
procedure to prevent boiling which may result in an inadvertent criticality due to optimum
moderator conditions. Boiling is also not acceptable because of its impact on doses due to
reduced water shielding and potential hydrodynamic loads on cask internal components. This
may be cask specific depending on the design of the fuel assembly basket and key assumptions of
the criticality analysis. The reviewer should ensure that the ISFSI or MRS maximum
temperature (under normal conditions) of the pool water and/or other water used in the cask
cavity during loading and unloading operations is below the temperature assumed in the cask
criticality safety analysis if a time restriction exists in the corresponding technical specifications.

The reviewer should verify that limiting conditions for the operations have been imposed in the
technical specifications which ensure that the temperature will remain acceptable during the
process and that normal cooling will begin before the temperature criterion is exceeded if the fuel
cladding temperature calculation is based on heatup over a limited time period.

For unloading operations, evaluate fuel cladding temperature and cask pressure calculations
supporting procedural steps for cool down of the casks (both transportation and storage casks)
and reflood of the casks internals presented in Chapter 5 of the SAR. The applicant’s analysis
should specify and justify the appropriate temperature and flow rate of the quench fluid,
assuming maximum fuel cladding temperatures. Engineering judgement, combined with relevant
operational experience of unloading of spent fuel assembly from transportation and storage
casks, may support limits on flow and quench fluid temperature. The reviewer should coordinate
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this review with Section 15 (Accident Analysis review), Section 5 (Structural review), and
Section 3 (Operation Systems review). Further technical guidance for reviewing cask unloading
analyses is provided in NUREG-1536, Chapter 5, Section V.1.

6.5.1.3 Pool Systems

The ISFSI or MRS facility may employ a wet transfer system or fuel storage pool. The reviewer
should confirm that the pool system satisfies the requirements of 72.122(h)(2). In addition, the
NRC accepts ISFSI and MRS pool and pool confinement facilities that comply with the criteria
for such facilities in 10 CFR 50 and implementing NRC guidance. 10 CFR 50, Appendix A,
“General Design Criteria for Nuclear Power Plants,” criteria especially applicable to an ISFSI or
MRS pool cooling system include, in part, General Design Criteria (GDC) 2, 4, 5, 61 and 63 for a
DHR system to transfer heat from SSCs important to safety to an ultimate heat sink, GDC 61 on
fuel assembly storage, handling, radioactivity control, and GDC 63 on monitoring of fuel
assembly and stored waste.

These GDC provide criteria so that pool systems have the capability to transfer heat loads from
safety-related SSCs to a heat sink under normal, off-normal, and accident conditions. The GDC
also provide criteria for suitable redundancy of components so that safety functions can be
performed assuming a single active failure of a component coincident with the loss of all offsite
power, and the capability to isolate components, systems, or piping, if required, so that the
system safety function will not be compromised.

The reviewer should identify the pool water temperatures used as limits for normal, off-normal,
and accident-level conditions. The possible range of boiling temperatures for the pool coolant
solution should be stated with consideration of ranges of the solution, elevation above mean sea
level, barometric pressure, and air pressure differential maintained between the pool facility and
the outside. The reviewer should confirm that limiting conditions for operation in the Technical
Specifications contain water level and temperature limits.

The NRC accepts criteria for pool cooling systems as included and/or identified in
NUREG-0800, Sections 9.1.2 and 9.1.3, for application to ISFSI and MRS pools. The review
procedures given below are for a typical system. Evaluate the spent fuel assembly pool cooling
and cleanup system and its makeup system with respect to their capability to perform the
necessary safety functions during all conditions, including normal, off-normal, and accident
conditions.

The reviewer should verify the capability of the system to transfer heat loads from safety-related
SSCs to a heat sink under both normal, off-normal, and accident conditions.

The reviewer should verify that spent fuel cooling systems have sufficient redundancy of
components so that safety functions can be performed assuming a single active failure of a
component coincident with the loss of all offsite power.

The reviewer should confirm that, for the maximum normal heat load with normal cooling
systems in operation and assuming a single active failure with a loss of all offsite power, the bulk
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temperature of the pool will be kept at or below’@€)(140°F) with maximum heat generation, at

or below 32C (90°F) for an average annual temperature, below@3110°F) for at least 95%

of the time and the liquid level in the pool should be maintained (10 CFR 72.122(4)(h)(2),
ANSI/ANS 57.2, ANSI/ANS 57.7). The associated parameters for the decay heat load of the fuel
assemblies, the temperature of the pool water, and the heatup time or rate of pool temperature
rise for the stated storage conditions, are reviewed on the basis of independent analyses or
comparative analyses of pool conditions that have been previously found acceptable.

The reviewer should confirm that the spent fuel assembly pool and cooling systems have been
designed so that in the event of failure of inlets, outlets, piping, or drains, the pool level will not

be inadvertently drained below a point above the top of the active fuel assemblies which
maintains the design dose rates due to water shielding. Pipes or external lines extending into the
pool that are equipped with siphon breakers, check valves, or other devices to prevent drainage
are acceptable as a means of implementing this requirement.

The reviewer should review the information provided in the SAR pertaining to the design bases
and criteria and the safety evaluation section to confirm that the safety function of the system for
normal operations is identified. The SAR section on the system functional performance
requirements should also be reviewed to determine that it describes the minimum system heat
transfer and system flow requirements for normal facility operation, component operational
degradation requirements (i.e., pump leakage, etc.), and describes the procedures that will be
followed to detect and correct these conditions. The reviewer, using failure modes and effects
analyses, should determine if the system is capable of sustaining the loss of any active
component and evaluate, on the basis of previously approved systems or independent
calculations, if the minimum system requirements (cooling load and flow) are met for these
failure conditions. The system piping and instrumentation diagrams (P&IDs), layout drawings,
and component descriptions are then reviewed for the following points:

. Confirm that essential portions of the system are correctly identified and are isolable from
the nonessential portions of the system.

. Review the P&IDs to verify that they clearly indicate the physical division between each
portion and indicate required classification change.

. Review system drawings to ensure that they show the means for accomplishing isolation.

. Review the system description to identify minimum performance requirements for the
isolation valves.

. Review the drawings and description to verify that adequate isolation valves separate
non-essential portions and components from the essential portions.
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6.5.1.4 Dry Transfer Systems

The reviewer should confirm that the dry transfer system ensures that under normal, off-normal,
and accident conditions that the fuel cladding temperature will not exceedCH1058 F)(See
Section 6.5.2.2).

If the fuel cladding temperature calculation is based on heatup over a limited time period, the
reviewer should verify that limiting conditions for the operations have been imposed in the
technical specifications which ensure that the temperature will remain acceptable during the
process and that normal cooling will begin before the temperature criterion is exceeded.

6.5.2 Material Temperature Limits
6.5.2.1 General Considerations

One of the most important results of the thermal evaluation is confirmation that the fuel cladding
temperature is sufficiently low to prevent cladding failure during storage. Identify the allowable
temperature levels for stored materials in the SAR for long term storage and for short term and
abnormal conditions (guidance on data required is provided in SRP Section 4.4.1). Material
temperature restrictions should factor in uncertainties in fabrication of the material and thermal
modeling of the DHR system.

The reviewer should review design features and design criteria, typically presented in Sections 1
and 3 of the SAR, for additional detail. The reviewer should examine heat loads from both
stored contents and external sources, evaluate temperature limits for each fuel assembly type,
and assess models used by the applicant for thermal analyses.

The reviewer should verify that temperature restrictions on other SSCs important to safety are
identified and justified in the application. The acceptable temperature limits for other materials
that may provide integral confinement (e.g., cask mechanical seals) of the radioactive material,
shielding, subcriticality assurance, or heat removal are dependent on the material and its
importance. The reviewer should verify that the temperature limit criteria and the basis for that
selection are proposed by the applicant. Considerations for determining temperature limits for
the material can include: (1) temperature at which the structural strength of the material is
affected and time at temperature required to cause the effect, (2) temperature at which chemical
reactions may take place (at a significant rate) that affect shielding, subcriticality assurance, or
structural integrity, (3) temperature at which the black body characteristics of the material used
for modeling may be affected, (4) allowance to provide for uncertainties in the temperatures that
may occur, (5) temperatures that may be reached in normal, off-normal, and accident-level
conditions and events, and (6) potential combinations of temperature and environment (such as
may produce significant reaction with borated water).

The acceptable temperature for the stored radioactive material may provide temperature limits for
the thermal performance of the casks or the SSCs. Other temperature limit considerations can
include temperatures where: (1) retrievability of the original material is potentially degraded, (2)
significant outgassing may occur, (3) outgassing of radioactive gases may occur, (4) chemical

NUREG-1567 6-12



SECTION 6 THERMAL

reactions may occur at a significant rate, and (5) state changes may occur for at least some of the
materials.

Elevated temperatures may be of concern due to effects on strength, heat treatment, durability,
other properties, or change of state. Reinforced concrete is addressed separately, below. Thermal
properties may be needed for materials that are analyzed for loads on SSC. Confirm that the
source of thermal property data is an acceptable reference, such as ASME B&PVC, Section I,
Material Specifications and Section lll appendices. Use of other sources may be necessary for
non-standard materials such as neutron absorbers and cask seals.

6.5.2.2 Fuel Cladding

The reviewer should verify that cladding temperatures for each fuel assembly type proposed for
storage at the facility will be below their expected damage thresholds for normal conditions of
storage. Zircalloy fuel cladding temperature limits at the beginning of dry storage are typically
below 380C (716°F) for a 5-year cooled fuel assembly and 3@Q612°F) for a 10-year cooled

fuel assembly for normal conditions and a minimum of 20 years cask storage (PNL-4835,
PNL-6189, and PNL-6364). Other temperature limit values for fuel cooled less than 5 years or
more than 10 years can be calculated using the same methodology. Temperature limits will be
lower with increased fuel assembly cooling time (or increased burnup) mainly due to lower decay
heat rates of older fuel. The previously discussed specific values of zircalloy fuel cladding
temperature limit for 5-year and 10-year cooled fuel are representative but should not be
construed as the exact acceptable values.

The temperature limits may be calculated using methodologies that are based on expected
cladding behavior during storage. The NUREG-1536 endorsement of the diffusion-controlled
cavity growth (DCCG) methodology to calculate the maximum cladding temperature limits
during dry storage is restrictive and relatively inflexible. The use of other methodologies that
account for the full range of materials behavior under the expected storage conditions, such as
the Commercial Spent Fuel Management Program (CSFM) methodology as described in PNL-
6189 and PNL-6364, are acceptable to the staff for calculation of cladding temperature limits.
Alternative methodologies may be approved by the staff if they are sufficiently justified.
However, these alternative methodologies must be validated with experimental data and
associated modeling uncertainties must be addressed.

For short term off-normal and accident conditions, the staff accepts zircalloy fuel cladding
temperatures maintained typically below 3@00)(1058F). The short term off-normal and

accident temperature of 570 (1058 F) for zircalloy-clad fuel assemblies is currently accepted
as a suitable criterion for fuel assembly transfer operations. This limit may be lowered for high
burnup fuel assembly (e.g., greater th&é8,000 MWD/MTU) due to increased internal rod
pressure from fission gas buildup. The applicant should verify that these cladding temperature
limits are below the limit for facility specific operations (e.g., fuel assembly transfer) and the
worst case credible accident.

The staff may approve the storage of fuel assemblies having burnups greater than 45,000
MWd/MTU (also designated as high burnup fuel) provided that the applicant can demonstrate
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that the cladding will be protected from degradation which could lead to gross rupture (10 CFR
72.122 (h)(1)) and that the storage system is designed to allow ready retrieval of the spent fuel
from the storage system (10 CFR 72.122(l)). If such a demonstration cannot be performed, high
burnup fuel assemblies could be enclosed by approved baskets to confine the fuel so that
degradation of the fuel during storage will not pose problems with respect to its transportation or
removal from storage. Such an enclosure would also maintain subcriticality based on optimum
moderation conditions and no potential for buckling and failure of fuel rods, grid spacers, and
end fittings under the hypothetical accident conditions.

The Standard Review Plan for Dry Cask Storage Systems (NUREG-1536) does not presently
address storage of high burnup fuel. For spent fuel having burnups less than 45,000 MWd/MTU,
there is sufficient experimental data to support the long-term and short-term temperature limits
identified above. Thus, the staff has generally accepted storage of spent fuel with burnup up to
45,000 MWdA/MTU. However, there is limited data to show that the cladding of spent fuel with
burnups greater than 45,000 MWd/MTU will remain undamaged during the licensing period.
Limited information suggests increased cladding oxidation, increased hoop stresses and changes
to fuel pellet integrity with increasing burnup up to and beyond 60,000 MWd/MTU. These
burnup dependent effects could potentially lead to failure of the cladding and dispersal of the fuel
during transfer and handling operations.

The reviewer should confirm that the applicant has provided the following information to show
that high burnup fuels will remain intact for the licensing period:

. Experimentally derived creep data (e.g., time to creep rupture, strain rate under storage
temperature and pressure conditions, etc.) and descriptions of the anticipated degradation
mechanisms. This information should ensure that creep strains are well below those that
would result in cladding damage or excessive deformation. Verify that the tests were
performed using high burnup fuel, or comparable cladding material specimens, under
conditions (i.e., temperature, stress and strain rate) that approximate those expected for
dry storage. Accelerated tests are acceptable in the event that long duration tests are
impractical. However, the effects of creep resulting from different creep and/or
deformation mechanisms, which are likely to occur over different temperature and stress
regimes, should be considered and evaluated for its effect on cladding.

. Calculations, or measurements, of the cladding hoop stress. This information will aid in
establishing both the parameters of the accelerated creep tests outlined above, and the
accuracy of the cladding life prediction. Verify that the stress calculation includes the
effects of: (1) a reduction of thickness due to cladding oxidation, (2) the initial fuel rod
backfill gas pressure, (3) the buildup of fission products in the fuel rod, and (4) the
generation of other gases (e.g., helium, etc.) due to effects caused by the irradiation of any
internal cladding coatings. Experimental data should be used and described, as
necessary, to verify any assumed values for the oxide thickness or the increase in pressure
caused by the buildup of gases.

. Estimates of the amount of hydrogen absorbed by the cladding during reactor operation
and the extent of hydride formation in the cladding. This information should ensure that
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the concentration levels associated with hydride embrittled zirconium alloys are well
below those that could significantly reduce the ductility, or overall integrity, of the
cladding.

. Information about the integrity of the fuel pellets (i.e., post-reactor operation pellet size,
estimated size and quantity of pellet fragments, etc.). This information should support
criticality analyses of potentially reconfigured fuel.

Additional guidance on fuel and fuel cladding is provided in Chapter 4 of NUREG-1536.
6.5.2.3 Special Thermal Criteria for Reinforced Concrete

The reviewer should confirm that the maximum calculated concrete temperature meets the
criteria for elevated concrete temperatures stated in ACI 349 Section A.4. The NRC also accepts
the following temperature requirements as an alternative to those given in ACI 349 Section A.4,
but only for the temperature range betweefi®§150°F) and 149C (300°F) occurring in

normal and off-normal conditions:

. If concrete temperatures of general or local areas do not excé€l(280°F) in normal
or off-normal conditions, tests to prove capability of the concrete for elevated
temperatures or reduction of concrete strength used for design are not required.

. If concrete temperatures of general or local areas excedd @D0°F) but would not
exceed 149C (300°F), no tests to prove capability for elevated temperatures and no
reduction of concrete strength are required if Type Il cement is used and aggregates, fine
and coarse, meet the following criteria:

- Satisfy ASTM C33 requirements and other requirements referenced in ACI 349
for aggregates.

- Have demonstrated a coefficient of thermal expansion (tangent in temperature
range of 22C (70°F) to 38°C (100°F)) no greater than 3.3 x f&m/cm/C (6 x
10°in./in./°F) or be one or a mixture of the following minerals: limestone,
dolomite, marble, basalt, granite, gabbro, or rhyolite.

. For a case in which off-normal temperatures exceedC9300°F) but are less than
107°C(225°F), the list of acceptable aggregates cited in the above paragraph may be
amended to include two additional minerals, quartz and sandstone; however, their use is
limited to fine aggregates only.

The NRC has not accepted alternative criteria to the temperature limitations expressed in ACI
359 for SSCs designed according to that code.
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6.5.2.4 Extreme Low Temperatures

The reviewer should verify that the site characteristics and environmental conditions for low
temperature are enveloped by the cask SAR. Extreme low temperatures may be of concern due
to the potential for embrittlement of ferritic steel and other materials that could be used for SSCs
important to safety. Thermal analysis is not required for determination of possible minimum
temperatures. The minimum temperatures are determined from site conditions.

The reviewer should confirm that the structural analysis assumes that material that will be
exposed to the outside environment may be at the ambient temperature. Extreme low
temperatures may result in the largest temperature gradients and loads in interconnected
structures due to SSCs at different temperatures and/or with different coefficients of thermal
expansion.

6.5.3 Thermal Loads and Environmental Conditions

The reviewer should examine the specification for the design basis fuel assembly decay heat
presented in Section 2 of the SAR and the corresponding sections of the cask(s) SAR(s) if the
cask has received previous NRC approval. The reviewer should ensure that this decay heat is
consistent with the specified burnup and cooling times, if included. Typically, decay heat is
calculated using the same computer codes as those used to determine radiation source terms. The
reviewer should coordinate the review of fuel assembly source terms for consistency with the
shielding review in Section 7, as appropriate. Alternatively, the decay heat from the design basis
fuel assembly may also be derived from Regulatory Guide 3.54, “Spent Fuel Heat Generation in

an Independent Spent Fuel Storage Installation.” Except for neutrino energy, all decay heat

should be considered to be deposited in the fuel.

The reviewer should confirm that, if control components or other assembly hardware (e.qg.,
shrouds) are included with the fuel assemblies, their heat loads are specified and justified.

The reviewer should review the insolation assumptions and ambient environmental temperature
in the SAR(s) for the cask(s) proposed for use at the ISFSI or MRS. Verify that the ISFSI or

MRS site characteristics and environmental conditions are bounded by the cask(s) analysis. The
ISFSI or MRS applicant should confirm this in the SAR. In general, the staff accepts insolation
considerations presented in 10 CFR Part 71 for 10 CFR Part 72 applications. Because of the
large thermal inertia of a storage cask, the insolation values listed in 10 CFR 71.71 may be
averaged over a 24-hour day assuming steady-state conditions. If a less conservative approach is
presented, the SAR must thoroughly describe and justify its use.

The reviewer should compare the MRS or ISFSI environmental data with statements in the
cask(s) SAR about assumed bounding temperatures ranges, ambient temperature conditions, and
variations of external heat sources over time. When calculating maximum thermal gradients and
temperature differences within individual components or between locations, changes in
temperature over time may need to be determined. These changes over time should consider the
thermal properties, including emissivity, solar absorption coefficients, thermal conductivity, heat
capacity, and density of specific components. The reviewer should confirm that the assumed
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temperatures and temperature variations with time are stated in the SAR for normal, off-normal,
and accident-level conditions. Evaluate the elevated ambient temperatures and enhanced heat
transfer due to off-normal and accident-level situations (e.g., vehicular, building, or forest fire) to
ensure that they are quantified and supported by analysis.

The reviewer should confirm that the conditions that may result in high temperature gradients or
pressures are identified in the SAR. The conditions may be transitory and may be controllable or
subject to limits. For cask unloading operation (see Section 6.5.1.2 on dry storage systems),
ensure that limits are provided for reflood rate and fluid temperature. For concrete, spalling due
to temperature gradients is typically considered to have minor (at most) structural significance,
but it could partially block ventilation passages, depending on the design.

6.5.4 Analytical Methods, Models, and Calculations

The reviewer should evaluate models used for thermal evaluations to ensure that they are
compatible with the analytical approach. The models should be conservative for the analysis in
which used. The models should permit analysis and quantification of the heat transfer
mechanisms. Guidance on computational methods and computer codes to model dry cask
storage systems is provided in Chapter 4 of NUREG-1536. Regulatory Guide 3.54 provides
guidance on the calculation of spent nuclear fuel decay heat.

The reviewer should ensure that models of the pool cooling system piping and heat exchange
system are based on process flow analytical models. The flow and temperatures within the pool
do not need to be modeled if the temperature limits of the stored material are significantly higher
than the boiling temperature at the depth of the material for the site. However, if the pool
includes significant restrictions to flow adjacent to the stored material, there should be an
analysis to demonstrate that boiling in an area of the pool will not occur.

The reviewer should confirm that calculations determine the highest temperatures that would be
reached by coolant in the pool under normal, off-normal, and accident conditions. Calculations
should be for steady-state and for transient conditions. The calculations should be sufficient to
demonstrate balance between heat removal and heat generation and that the most critical
situations have been analyzed.

The reviewer should ensure that the calculations provided with the SAR permit full review of the
assumptions, input, calculations, and results. The calculations should include temperatures at
sufficient points to ensure that the hottest fuel cladding and points on other SSCs important to
safety are included. The calculations should provide the most severe thermal gradients for
material subject to significant thermal stresses (typically the reinforced concrete in confinement
vessels).

The NRC has accepted thermal calculations of cask heat removal and associated temperatures by
use of the ANSYS™ (ANSYS, Inc.) and the HEATING (NUREG/CR-0200) codes with

appropriate models. Both of these are capable of general steady state and transient calculations.
The NRC does not accept two simplified, more approximate codes: SCANS (NUREG/CR-4554)
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and CASKS (NUREG/CR-6242). Chapter 4 of NUREG-1536 provides additional discussion on
the use of computer codes for thermal analysis.

The reviewer should perform confirmatory evaluations of the thermal performance of SSCs
important to safety. This should specifically include steady-state temperature distributions, local
heat balances, temperatures reached, and temperature distributions within any reinforced concrete
SSCs for the bounding ambient temperatures. The reviewer should verify that the maximum
temperatures have been calculated for all SSCs important to safety with temperature limits that
may be approached. Evaluation by the reviewer should include:

. Heat balance at the outer surface of the cask to verify that the heat from the spent fuel
assembly and insolation equal that removed by convection and radiation

. Assessment of the heat transfer coefficients used to confirm appropriateness for the
storage conditions

. Estimation of temperature of the cask inner surface (as by calculating the temperature
distribution across the cask body with simple heat balance approximations)

. Comparison of the difference between the cask inner surface temperature and the
maximum cladding temperature with that of similar confinement casks/baskets reviewed
in previous SARs

The reviewer should model and evaluate a portion of the cask or basket to ensure that the SAR
results are conservative if a more detailed confirmatory review is considered to be appropriate.
The staff may perform an extensive confirmatory evaluation if major errors are suspected or
marginal conservatism exists in the applicant’'s modeling approach.

The confirmatory evaluation by the staff may result in a requirement that the applicant perform
design-verification testing of an as-built cask system to validate the thermal analysis presented in
the SAR. The test conditions, configuration, and type and location of instrumentation used, if
any, should be adequately described.

The NRC accepts simplifying assumptions for the effects of reinforcing steel in determining the
thermal performance and temperature distributions of reinforced concrete. Use of a
homogeneous material, instead of modeling the concrete and reinforcing steel as separate
elements, is acceptable if the substitute hypothetical material has appropriately adjusted thermal
properties and the reinforcing steel is covered with concrete in accordance with the applicable
structural code. Thermal performance and/or temperature distributions for reinforced concrete
designs which have features that provide for significant thermal transfer below the concrete
surface (as by internal studs welded to an exposed steel plate) may require more detailed analysis.

NUREG-1567 6-18



SECTION 6 THERMAL

6.5.5 Protection from Fire and Explosions
6.5.5.1 General Considerations

The reviewer should ensure that the applicant performed a fire and explosives hazards analysis of
the facility and, if warranted, instituted a fire protection program (FPP). The reviewer should
verify that the following SAR specific criteria provide information and describe a basis

acceptable to the staff that may be used to meet the requirements of 10 CFR 72.122(c) and
72.122()):

. NUREG-0800 Branch Technical Position (BTP) SPLB 9.5-1 as it relates to the design
provisions given to implement the FPP

. Regulatory Guide 1.78, “Assumptions for Evaluating the Habitability of a Nuclear Power
Plant Control Room During a Postulated Hazardous Chemical Release,” as it relates to
habitable areas, such as the control room and to the use of specific fire extinguishing
agents

. NRC technical position on fire protection for fuel cycle facilities

Depending on the design, magnitude, scope and fire hazards of a proposed ISFSI, MRS,
or centralized interim storage facility, the applicant may have to institute a fire protection
program to satisfy the requirements of 72.122(c). Guidelines for a fire protection
program are provided in Section 6.6.4.

6.5.5.2 Spent Fuel Casks

The ISFSI or MRS may use NRC-approved dry storage casks approved under Subpart L of 10
CFR 72 provided, in part, that the applicant satisfies the fire requirements identified in the
Certificate of Compliance and 72.122(c).

The reviewer should verify that the fire conditions of the worst case, credible site fire do not
exceed the fire assumptions made in the fire analysis of the cask. Using the accident condition
temperatures at the MRS or ISFSI, verify that the post accident pressure of the gas in the cask
cavity is within the cask design pressure. The pressure should be determined based on the
assumption that 100% of the fuel rods have failed.

Under the conditions where any of the cask component or fuel cladding temperatures are close
(within 5%) to their limiting values during an accident or the maximum normal operating
pressure is within 10% of its design basis pressure, or any other special considerations affected
by fission gas concentrations, the applicant should analyze the potential impact of the fission gas
in the cask on the cask component and fuel cladding temperature limits and the internal cask
pressure.

The reviewer should evaluate the site-specific analysis for explosions and verify that the cask
analysis envelopes the site conditions. Impact on SSCs and the cask should be performed as part
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of the structural review. As noted in NUREG-1536, explosion-caused overpressure and reflected
pressure may be 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 a
transfer vehicle accident, the explosion hazards are typically similar to those for facilities subject
to 10 CFR Part 50 reviews. Note, this explosive overpressure is hot meant to be that from a
radiological sabotage event.

The reviewer should verify that the cask materials, such as protective coatings, are compatible
with pool or other water used in the cask cavity so as to preclude or minimize the potential for
combustible gas generation (see NRC bulletin 96-04 for background).

6.5.5.3 SSCs Important to Safety

A small amount of exterior concrete spalling may result from a fire or other high temperature
condition and/or application of fire, water or rain on heated surfaces. The small amount is not
expected to affect heat transfer or reduce shielding significantly, and therefore, does not need to
be estimated or evaluated in the SAR. Any significant spalling damage is readily detectable, and
appropriate recovery or corrective measures may be presumed. NRC accepts that concrete
temperatures may exceed the temperature criteria of ACI 349 for accidents if the temperatures
result from a fire. In that case, corrective action may be required for continued safe storage.

The reviewer should verify that fire protection for spent fuel pool cooling and waste
confinements systems important to safety, has adequate fire and explosive protection (see FPP
guidelines below).

6.5.5.4 Guidance for a Fire Protection Program

The reviewer should verify that a FPP provides assurance that a fire will not significantly
increase the risk of radioactive releases to the environment in accordance with the general design
criteria of 72.122(c). A defense-in-depth approach should achieve balance among prevention,
detection, containment, and suppression of fires. Confirm that there is a fire protection policy for
the protection of SSCs important to safety at each facility and for the procedures, equipment, and
personnel required to implement the program at the site. The FPP consists of fire detection and
extinguishing systems and equipment, administrative controls and procedures, and trained
personnel.

Portions of the review procedures of NUREG-0800 Section 9.5-1 and the guidelines of the NRC
technical position on fire protection for fuel cycle facilities may be applicable to the MRS or

ISFSI contingent on the design of the installation and associated fire hazards. Many of the
national codes and standards cited in these NRC guidance documents, in particular the codes and
standards of the National Fire Protection Association (NFPA), could be applicable to the ISFSI

or MRS facility.
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The reviewer should review the SAR to determine that the appropriate levels of management and
trained, experienced personnel are responsible for the design and implementation of the fire
protection program in accordance with NUREG-0800 Branch Technical Position (BTP) 9.5-1.

The reviewer should review the analysis in the SAR of the fire potential in important to safety
facility areas and the hazard of fires to these areas to determine that the proposed fire protection
program is able to minimize radioactive releases to the environment.

The reviewer should evaluate the FPP P&IDs and facility layout drawings to verify that facility
arrangement, buildings, and structural and compartment features which affect the methods used
for fire protection, fire cont