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A.l1  GENERAL INFORMATION

Appendix A to the NUHOMS® EOS Updated Final Safety Analysis Report (UFSAR)
addresses the Important to Safety aspects of adding the NUHOMS® MATRIX
(HSM-MX) to the NUHOMS® EOS System described in the UFSAR. The HSM-MX
is added to the UFSAR as an alternative to the EOS horizontal storage module (EOS-
HSM). The primary reason for adding HSM-MX is to reduce the footprint of the
current EOS-HSM, which will allow for greater storage capability on an independent
spent fuel storage installation (ISFSI) pad than that currently available.

The HSM-MX is a two-tiered staggered, high-density horizontal storage module
(HSM), which contains compartments to accommodate dry shielded canisters (DSCs)
with various diameters and lengths (See Figure A.1-7 and Figure A.1-8). The HSM-
MX provides an independent, passive system with heat removal capacity sufficient to
ensure that peak cladding temperatures during long-term storage of spent fuel
assemblies remain below acceptable limits to ensure fuel cladding integrity.

The format of this appendix has been prepared in compliance with the information and
methods defined in Revision 1 to U.S. Nuclear Regulatory Commission (NRC)
NUREG-1536 [A.1-2]. The analyses presented in this appendix demonstrate that the
HSM-MX System meets all the requirements of 10 CFR Part 72 [A.1-1].

Note: References to sections or chapters within this appendix are identified with a
prefix A (e.g., Section A.2.3, Appendix A.2.3, Chapter A.2, or Appendix A.2).
References to sections or chapters of the UFSAR outside of this Appendix (i.e., main
body of the UFSAR) are identified with the applicable UFSAR section or chapter
number (e.g., Section 2.3 or Chapter 2).

Where the term “HSM” is used without distinction, this term shall be use applies to
both the EOS-HSM and HSM-MX.
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A.l.1 Introduction

This appendix adds the HSM-MX to the NUHOMS® EOS System. Only those
features that are being revised or added to the NUHOMS® EOS System are addressed
and evaluated in this appendix. Sections of this appendix that are not affected by the
addition of the HSM-MX are indicated in this appendix with “No Change.” The
various DSCs and transfer cask (TC) in the NUHOMS® EOS System remain generally
unchanged.

The HSM-MX is a staggered, two-tiered reinforced monolithic structure, consisting of
massive reinforced concrete compartments that increase resistance to earthquakes and
offer significant self-shielding. The HSM-MX is capable of withstanding all normal
condition loads, as well as the off-normal condition loads created by earthquakes,
tornadoes, flooding, and other natural phenomena hazards. The DSCs are axially
restrained to prevent movement during seismic events.

The system is equipped with special design features for enhanced shielding and heat
rejection capabilities.

The HSM-MXs are arranged in arrays and fully expandable to permit modular
expansion in support of operating power plants. The HSM-MX can be arranged in
either a single-row or back-to-back arrangement. The thick concrete monolith of the
HSM-MX provides substantial neutron and gamma shielding.
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A.l12.1

Al1.2 General Description and Operational Features
of the NUHOMS® MATRIX

NUHOMS® MATRIX CHARACTERISTICS

The NUHOMS® MATRIX provides a staggered two-tiered self-contained modular
structure for storage of spent fuel canistered in an EOS-37PTH or EOS-89BTH DSC.
The HSM-MX is constructed from reinforced concrete and structural steel. Contact
doses for the HSM-MX are designed to be as low as reasonably achievable (ALARA).
The key design parameters of the HSM-MX are listed in Table A.1-1.

In lieu of a separate roof and separate shield walls, those features are integral to the
monolith in the HSM-MX.

The HSM-MXs provide an independent, passive system with substantial structural
capacity to ensure the safe dry storage of spent fuel assemblies (SFAs). To this end,
the HSM-MXs are designed to ensure that normal transfer operations and postulated
accidents or natural phenomena do not impair the DSC or pose a hazard to the public
or plant personnel. Postulated accidents and natural phenomena affecting the
HSM-MX are described in detail in Chapter A.12.

The HSM-MX provides a means of removing spent fuel decay heat by a combination
of radiation, conduction, and convection. Ambient air enters the HSM-MX through
ventilation inlet openings located on the lower tier of the HSM-MX, circulates around
the DSC and the heat shields, then exits through the outlets of the HSM-MX. The
HSM-MX is designed to remove up to 50.0 kW of decay heat from the bounding
EOS-37PTH DSC, when loaded in an HSM-MX lower compartment.

Decay heat 1s rejected from the DSC to the HSM-MX air space by convection and
then removed from the HSM-MX by natural circulation airflow. Heat is also radiated
from the DSC surface to the heat shields and HSM-MX walls and roof, where the
natural convection airflow and conduction through the walls and roof aid in the
removal of the decay heat. The passive cooling system for the HSM-MX is designed
to preserve fuel cladding integrity by maintaining SFA peak cladding temperatures
below acceptable limits during long-term storage. The outlet vent covers installed on
the top of the HSM-MX are designed to mitigate the effect of sustained winds.

Configurations of systems to be stored in the HSM-MX are determined based on heat
load, basket type, etc. These configurations are detailed in Table 1-2.

The HSM-MXs are installed on a load-bearing foundation, which consists of a
reinforced concrete basemat on a subgrade suitable to support the loads. The
HSM-MXs are not tied to the basemat.

Dimensions of the HSM-MX components described in the text and provided in figures
and tables of this UFSAR are, in general, nominal dimensions for general system
description purposes. Actual design dimensions are contained in the drawings in
Section A.1.3.
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A.1.2.2 TRANSFER EQUIPMENT

Transfer Trailer:

The EOS DSC will be transferred to the HSM-MX using the same transfer trailer and
ram as the transfer equipment transferring the EOS DSC to the EOS-HSM. Thus,
there is no change from Section 1.2.2.

Cask Support Skid:

A universal support skid will be used for the transfer of the NUHOMS®™ EOS DSC to
the HSM-MX and is shown in Figure A.1-9. The key design features from the EOS
cask support skid are the same as those described in Section 1.2.2; however, in
addition, the universal support skid also allows for a NUHOMS® MATRIX loading
crane (MX-LC) to capture the skid with a grappling mechanism to raise and lower the
TC/DSC for insertion into the HSM-MX.

Ram:

The EOS DSC will be transferred to the HSM-MX using the same ram as the transfer
equipment transferring the EOS DSC to the EOS-HSM. Thus, there is no change from
Section 1.2.2.

NUHOMS® MATRIX Loading Crane:

The MX-LC is the device used as part of the NUHOMS® transfer equipment, designed
and built to assist in loading the DSC into the HSM-MX. The MX-LC is a Part 72
[A.1-1] important-to-safety (ITS)-related piece of transfer equipment. The MX-LC is
designed, fabricated, installed, tested, inspected, and qualified in accordance with
ASME NOG-1 [A.1-4], as a Type 1 gantry crane. In addition, the MX-LC is
engineered to be “single-failure-proof” per NUREG-0612 [A.1-5]. The MX-LC is
considered ITS as it supports the loaded TC/DSC during the DSC’s insertion and
extraction both into and out of the HSM-MX, respectively, thus providing both a
structural and retrieval function.

NUHOMS® MATRIX Retractable Roller Ty ray:

The NUHOMS® MATRIX retractable roller tray (MX-RRT) is part of the NUHOMS®
transfer equipment and is a device used to support the DSC during transfer operations.
There are two MX-RRT beams inserted into opposing channels below the DSC
opening on the HSM-MX. Each of the MX-RRT beams are removed upon completion
of the loading operation.
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A123

A.1.2.3.1

The MX-RRT is designed in accordance with ASME B30.1 [A.1-6] as a combination
power-operated jack with industrial rollers. Structural acceptance criteria of the MX-
RRT are in accordance with ASME NOG-1 [A.1-4]. In addition, the MX-RRT is
engineered as “single-failure-proof” per NUREG-0612 [A.1-5]. The MX-RRT
function is twofold, first to accept the DSC during its insertion, and second, to lower
the DSC onto its permanent pillow blocks within the HSM-MX. The MX-RRT is a
Part 72 ITS-related piece of transfer equipment. The MX-RRT is considered ITS
since it supports the DSC during its insertion and extraction both into and out of the
HSM-MX, respectively, thus providing both a structural and retrieval function.

MX-RRT Handling Device

The MX-RRT handling device (RHD) is part of the NUHOMS® Transfer Equipment
and is a device used to allow insertion and extraction of the MX-RRT and the
HSM-MX shield door shielding blocks. This is a NITS piece of equipment since it
does not provide a safety function feature for the HSM-MX.

OPERATIONAL FEATURES

This section provides a discussion of the sequence of operations involving the
HSM-MX components.

Spent Fuel Assembly Loading Operations

For the HSM-MX, there is no change from the primary operations listed in Steps 1 to
16 in Section 1.2.3.1. After those steps, the following operations occur, which replace
Steps 17 to 20 in Section 1.2.3.1:

17. Move loaded TC to ISFSI

18. Position and align TC/HSM-MX
19. Insert DSC into HSM-MX

20. Close HSM-MX

These operations from Steps 17 to 20 are described in the following paragraphs. The
descriptions are intended to be generic and are described in greater detail in Chapter
A.9. Plant-specific requirements may affect these operations and are to be addressed
by the licensee.

Move Loaded Transfer Cask to ISFSI:

The transfer trailer is moved to the ISFSI along a predetermined route on a prepared
road surface. Upon entering the ISFSI, the cask is positioned in front of the HSM-MX
loading crane.
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Position and alien TC/HSM-MX:

The trailer is moved inside the HSM-MX loading crane, and the crane grappling
mechanism captures the TC along with the skid.

The HSM-MX loading crane travels laterally and vertically to position the TC in front
of its storage compartment in the open HSM-MX with MX-RRTs installed.

Insert DSC into HSM-MX:

After final alignment of the TC, HSM-MX, and ram, the DSC is slid onto the
MX-RRT beams inside the HSM-MX by the ram. The DSC is then lowered into place
onto the front and rear DSC supports.

Close HSM-MX:

Install HSM-MX door.
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A.13 Drawings

MXO01-5000-SAR NUHOMS® HSM-MX HORIZONTAL STORAGE MODULE —
MATRIX Main Assembly (17 Sheets)
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A.1l4 NUHOMS® EOS System Contents

No change to Section 1.4.
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A.l.5 Qualification of TN Americas, LLC (Applicant)

The prime contractor for design and procurement of the NUHOMS® MATRIX is TN
Americas, LLC (TN). TN will subcontract the fabrication, testing, onsite construction,
and quality assurance (QA) services, as necessary, to qualified firms on a project-
specific basis, in accordance with TN’s QA Program requirements.

The design activities for the SAR were performed by TN and subcontractors, in
accordance with TN QA Program requirements. TN is responsible for the design and
analysis of the HSM-MX and the associated transfer equipment.
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A.l1.6 Quality Assurance

TN Americas LLC’s QA Program has been established in accordance with the
requirements of 10 CFR Part 72, Subpart G [A.1-1]. The QA Program applies to the
design, purchase, fabrication, handling, shipping, storing, cleaning, assembly,
inspection, testing, operation, maintenance, repair, and modification of the
NUHOMS® MATRIX and components identified as ITS and “safety-related.” These
components and systems are defined in Chapter A.2.

The complete description and specific commitments of the TN Americas LLC QA
program are contained in the TN Americas LLC QA Program Description Manual
[A.1-3]. This manual has been approved by the NRC for performing 10 CFR Part 72-
related activities.
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A.l-1

A.1-2

A.1-3

A.1-4

A.1-5

A.1-6
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A.1.8.1

A.1.8 Supplemental Data

GENERIC STORAGE ARRAYS

The DSC containing the SFAs is transferred to, and stored in, compartments of the
HSM-MX. Multiple compartments are grouped together to form a staggered,
two-tiered monolithic structure known as the HSM-MX. Multiple compartments are
grouped together to form arrays whose size is determined to meet plant-specific needs.
The HSM-MX is arranged within the ISFSI site on a concrete basemat(s) with the
entire area enclosed by a security fence. Modules may be placed in a single-row array
or in a back-to-back array for site dose and footprint optimization. Like the EOS-
HSM, the decay heat within the HSM-MX DSC compartment is primarily removed by
internal natural circulation flow though the inlet/outlet vents and conduction through
the HSM-MX walls.

Figure A.1-1 and Figure A.1-2 show typical HSM-MX expansion layouts at ISFSIs
that are capable of modular expansion to any capacity.

The expansion option shown in Figure A.1-1 allows the array to be expanded with a
construction joint splitting the upper compartment at the end of the array. A minimum
of five compartments are required in a monolith. End shield walls shall be installed at
this location in the interim period between expansions; the shield walls will be
removed to allow for expansion of the array. Two empty compartments (one upper
and one lower), in addition to the partial empty compartment, are required at the end
of an array during the interim period before expansion. At the end of the array, the
end wall will be the same thickness as the wall at the beginning of the first array, and
all compartments may be filled.

Figure A.1-2 shows the expansion joint used at ~100 feet into the array. This joint
addresses the thermal growth due to cyclic temperatures in ambient conditions. When
an array is expanded at the expansion joint, two empty compartments (one top and one
bottom) are required at the end of the interim array prior to expansion. When the
expansion joint is used, and construction continues past the expansion joint, the
construction joint configuration can be used to further expand the array, or the array
can terminate with an end wall the same thickness as the wall at the beginning of the
first array. If using the construction joint configuration, the same requirements
described above for the construction joint apply.

These are typical layouts only and do not represent limitations in number of modules,
number of rows, and orientation of modules in rows. Back-to-back module
configurations require expansion in sets of pairs. Expansion can be accomplished, as
necessary, by the licensee, provided the criteria of 10 CFR 72.104, 10 CFR 72.106 and
Chapter 14 are met. The parameters of interest in planning the installation layout are
the configuration of the HSM-MX array and an area in front of each HSM-MX to
provide adequate space for loading operations. Illustrations of typical HSM-MX
ISFSI layouts are provided in Figure A.1-4 through Figure A.1-6.
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Table A.1-1
Key Design Parameters of the NUHOMS® MATRIX Components
Horizontal Storage Module (HSM-MX):

23’-1” single array
Overall length

41°-4” back-to-back array
Overall width 36’-6”
Overall height (two-tiers without vent 27°-1 3/8”
covers)
Total weight not including DSC (kips) 2,450 (single array)
(max. concrete density of 160 pcf.) 4,125 (double array)
Materials of construction Reinforced concrete and structural steel
Heat removal Conduction, convection, and radiation

Note: Dimensions are based on a single monolith of five compartments (see Figure A.1-2).
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Figure A.1-1
NUHOMS® MATRIX Construction Joint Expansion
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NUHOMS® MATRIX Expansion Joint

Figure
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Figure A.1-3
Not Used
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Figure A.1-4
ISFSI Layout Drawing for Single Array
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Figure A.1-5
ISFSI Layout Drawing for a Double Array
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Figure A.1-6
ISFSI Layout Drawing for a Combined Single and Double Array
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Figure A.1-7
NUHOMS® MATRIX System Components and Structures
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Figure A.1-8
NUHOMS® MATRIX System Components and Structures
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Figure A.1-9
NUHOMS® MATRIX System Components, Structures, and Transfer
Equipment
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A.2  PRINCIPAL DESIGN CRITERIA

This section provides the principal design criteria for the NUHOMS® MATRIX
(HSM-MX) described in Chapter A.1. Section A.2.1 identifies the structures, systems,
and components (SSCs) important-to-safety (ITS) for the HSM-MX design. Section
A.2.2 presents a general description of the spent fuel to be stored. Section A.2.3
provides the design criteria for environmental conditions and natural phenomena.
Section A.2.4 discusses safety protection systems.
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A2.1.1

A2.1.2

A213

A21.4

A2.14.1

A2.1 SSCs Important to Safety

Table 2-1 provides a list of major NUHOMS® EOS System independent spent fuel
storage installation (ISFSI) components and their classification. In addition,

Table A.2-1 provides a list of the major NUHOMS® MATRIX (HSM-MX)
components and their classification. Components are classified in accordance with the
criteria of 10 CFR Part 72. Structures, systems, and components (SSCs) classified as
important-to-safety (ITS) are defined in 10 CFR 72.3 as the features of the ISFSI
whose function is:

e To maintain the conditions required to store spent fuel safely.

e To prevent damage to the spent fuel container during handling and storage.

e To provide reasonable assurance that spent fuel can be received, handled,
packaged, stored, and retrieved without undue risk to the health and safety of the
public.

These criteria are applied to the HSM-MX components in determining their
classification in the paragraphs that follow.

Dry Shielded Canisters

No Change to Section 2.1.1
HSM-MX

The HSM-MX is considered ITS since it provides physical protection and shielding
for the dry shielded canister (DSC) during storage. The reinforced concrete HSM-MX
is designed in accordance with American Concrete Institute (ACI) 349-06 [A.2-3] and
constructed to ACI-318-08 [A.2-4]. The level of testing, inspection, and
documentation provided during construction and maintenance is in accordance with
the quality assurance requirements as defined in 10 CFR Part 72 [A.2-6], Subpart G
and as described in Chapter 14. Thermal instrumentation for monitoring HSM-MX
concrete temperatures is considered “not important-to-safety” (NITS).

ISFSI Basemat and Approach Slabs

The independent spent fuel storage installation (ISFSI) basemat and approach slabs
and buildings for indoor storage are considered NITS and are designed, constructed,
maintained, and tested as commercial-grade items.

Licensees are required to perform an assessment to confirm that the license seismic
criteria described in Section A.2.3.4 are met.

Transfer Equipment

Transfer Cask and Yoke

No change to Section 2.1.4.1.

Page A.2-2
Appendix A is newly added in Revision 3 by Amendment 1.



NUHOMS" EOS System Updated Final Safety Analysis Report Rev. 3, 06/20

A.2.1.4.2 Other Transfer Equipment

A215

The NUHOMS® EOS HSM-MX transfer equipment (i.e., ram, skid, transfer trailer,
MATRIX loading crane (MX-LC), MATRIX retractable rolling tray (MX-RRT) and
MX-RRT handling device (RHD)) are necessary for the successful loading of the
DSCs into the HSM-MX.

MX-LC

The NUHOMS®™ MX-LC is the device used as part of the NUHOMS"® transfer
equipment, designed and built to assist in loading the DSC into the HSM-MX. The
MX-LC is a Part 72 [A.2-6] ITS-related piece of transfer equipment. The MX-LC is
designed, fabricated, installed, tested, inspected, and qualified in accordance with
ASME NOG-1 [A.2-7], as a Type I gantry crane. In addition, the MX-LC is
engineered as “single-failure-proof” per NUREG-0612 [A.2-9]. The MX-LC is
considered ITS since it supports the loaded TC/DSC during the DSC’s insertion and
extraction both into and out of the HSM-MX, respectively, thus providing both a
structural and retrieval function.

MX-RRT

The MX-RRT is part of the NUHOMS® transfer equipment and is a device used to
support the DSC, during transfer operations. There are two MX-RRT beams inserted
into opposing channels below the DSC opening on the HSM-MX. Each of the
MX-RRT beams are removed upon completion of the loading operation and replaced
with the HSM-MX shield door shielding blocks. The MX-RRT is designed in
accordance with ASME B30.1 [A.2-15] as a combination power-operated jack with
industrial rollers. Structural acceptance criteria of the MX-RRT is in accordance with
ASME NOG-1 [A.2-7]. In addition, the MX-RRT is engineered as “single-failure-
proof” per NUREG-0612 [A.2-9]. The MX-RRT function is twofold, one to accept
the DSC during its insertion and second, to lower the DSC onto its permanent pillow
blocks within the HSM-MX. The MX-RRT is a Part 72 ITS-related piece of transfer
equipment. The MX-RRT is considered ITS as it supports the DSC during its
insertion and extraction both into and out of the HSM-MX, respectively, thus
providing both a structural and retrieval function.

MX-RRT Handling Device

The MX-RRT handling device is part of the NUHOMS® Transfer Equipment and is a
device used to allow insertion and extraction of the MX-RRT and the HSM-MX shield
door shielding blocks. This is a NITS piece of equipment since it does not provide a
safety function feature for the HSM-MX.

Auxiliary Equipment

No change to Section 2.1.5.
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A22 Spent Fuel To Be Stored

Spent fuel that is allowed for storage in the HSM-MX is described in Section 2.2.
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A23 Design Criteria for Environmental Conditions and Natural Phenomena

The HSM-MX ITS SSCs described in Section A.2.1 are designed consistent with the
10 CFR Part 72 [A.2-6] §122(b) requirement for protection against environmental
conditions and natural phenomena. The criterion used in the design of the NUHOMS®
EOS System ensures that exposure to credible site hazards does not impair their safety
functions.

A.2.3.1 Tornado Wind and Tornado Missiles for HSM-MX

The HSM-MX and MX-LC are designed to safely withstand 10 CFR 72.122 (b)(2)
tornado missiles. The tornado characteristics, as specified in NRC Regulatory Guide
(RG) 1.76, Revision 1 [A.2-8], are used to qualify the HSM-MX and MX-LC. The
missiles spectrum of NUREG-0800, Revision 3, Section 3.5.1.4 [A.2-10] with missile
velocity for Region I is used to qualify the HSM-MX and MX-LC.

Extreme wind effects are much less severe than the specified design basis tornado
(DBT) wind forces. The design basis extreme wind for the HSM-MX is calculated per
[A.2-10].

However, since the MX-LC is specified per ASME NOG-1 [A.2-7] loading
conditions, the design basis wind for the MX-LC is calculated per Region IV of
[A.2-12]. Nonetheless, congruent with the HSM-MX, the design basis extreme wind
(i.e., tornado wind) for the MX-LC is calculated per Region I of [A.2-10].

A.2.3.1.1 Tornado Wind Design Parameters

No change to Section 2.3.1.1.

A.2.3.1.2 Determination of Forces on Structures

No change to Section 2.3.1.2.

A.2.3.1.3 Tornado Missiles

No change to Section 2.3.1.3.

A.2.3.2 Tornado Wind and Tornado Missiles for EOS-TC

No change to Section 2.3.2.

A.2.3.2.1 Tornado Wind Design Parameters

No change to Section 2.3.2.1.

A.2.3.2.2 Tornado Missiles

No change to Section 2.3.2.2.
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A233

A234

Water Level (Flood) Design

HSM-MX inlet vents are blocked when the depth of flooding is greater than 0.25 m
(10 in.) for the lower compartment, and 2.29 m (7 ft-6 in.), for the upper
compartments, above the level of the ISFSI basemat. The DSC in the lower and upper
compartments are wetted when flooding exceeds a depth of 1.3 m (4 ft-2 in.), and 4.4
m (14 t-5 in.), respectively, above ISFSI basemat. Greater flood heights result in
submersion of the DSC and blockage of the HSM-MX outlet vents.

The DSC and HSM-MX are conservatively designed for an enveloping design basis
flood. The flood is postulated to result from natural phenomena such as tsunamis and
seiches, as specified by 10 CFR 72.122(b) [A.2-6]. A bounding assumption of a
15-meter (50-foot) flood height and water velocity of 4.6 m/sec (15 fps) is used for the
flood evaluation. The HSM-MX is evaluated for the effects of the 4.6 m/sec (15 fps)
water current impinging upon the side of the submerged HSM-MX. The DSC is
subjected to an external pressure equivalent to a 15-meter (50-foot) head of water.
These evaluations are presented in Section A.12.3.5. The effects of water reflection
on DSC criticality safety are addressed in Chapter 7. Due to its short-term, infrequent
use, the onsite EOS transfer cask (EOS-TC) is not explicitly evaluated for flood
effects. Independent spent fuel storage installation procedures should ensure that the
EOS-TC is not used for DSC transfer during flood conditions.

The plant-specific design basis flood (if the possibility for flooding exists at a
particular ISFSI site) should be evaluated by the licensee and shown to be enveloped
by the flooding conditions used for this generic evaluation of the HSM-MX.

Seismic Design

The seismic design criteria for the HSM-MX are based on the NRC RG 1.60 [A.2-13]
response spectra anchored at a zero period acceleration (ZPA) of 0.85g in the
horizontal direction and 0.80g in the vertical direction and enhanced frequency content
above 9 Hz. The horizontal and vertical components of the design response spectra
corresponding to a maximum horizontal ground acceleration of 1.0g are shown in
Figure A.2-1. The seismic structural evaluations consider both stability evaluation and
stress qualification of the HSM-MX. The stability criteria for seismic loading are
based on the stability response of a five-compartment construction joint option of the
HSM-MX module without the side shield walls attached.

The HSM-MX has no anchorage to the concrete basemat. The stability analyses
consider the effects of sliding and rocking motions, and determine the maximum
possible sliding of the HSM-MX. The HSM-MX will neither slide nor overturn at
design ZPA of 0.48g in the horizontal direction and 0.32g in the vertical direction.
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A235

A23.6

A23.7

The licensee shall determine if, based on ISFSI-specific site investigations, a
soil-structure interaction (SSI) analyses ought to be performed to assess potential site-
specific amplifications. The SSI evaluations are based on ISFSI site-specific
parameters (free-field accelerations, strain-dependent soil properties, HSM-MX array
configurations, etc.). The SSI response spectra at the base of the HSM-MXs are to be
bounded by the HSM-MX design basis seismic criteria response spectra, i.e., the RG
1.60 response spectra shape, with enhanced spectral accelerations above 9 Hz, and
anchored at 0.85g horizontal and 0.80g vertical directions. The licensee shall reconcile
spectral accelerations from the SSI analysis response spectra that exceed the seismic
criteria spectra (if any); 5% damped response spectra may be used in making these
determinations.

Since the DSC can be considered to act as a large diameter pipe for the purpose of
evaluating seismic effects, the “Equipment and Large Diameter Piping System”
category in NRC RG 1.61 [A.2-16], Table 1 is applicable. Therefore, a damping value
of 3% of critical damping for the design bases safe shutdown earthquake is used.
Similarly, from the same RG table, a damping value of 7% of critical damping is used
for the reinforced concrete structural components of the HSM-MX.

The seismic criteria for the MX-LC are based on Figures 1 and 2 of NRC Regulatory
Guide 1.60 [A.2-13], with enhanced spectral accelerations above 9 Hz, and anchored
at 0.85g zero period acceleration (ZPA) in the horizontal direction and 0.80g ZPA in
the vertical direction. The seismic structural calculations consider both a stability
evaluation and stress qualification of the MX-LC for seismic loading criteria. The
stability evaluations address the MX-LC rails and use of any shims under the MX-LC
rails due to unevenness in the basemat and approach slab foundation.

The seismic criteria for the MX-RRTs is based on Figures 1 and 2 of NRC Regulatory
Guide 1.60 [A.2-13], with enhanced spectral accelerations above 9 Hz, and anchored
at 0.85g ZPA in the horizontal direction and 0.80g ZPA in the vertical direction. As
required, the seismic structural calculations shall consider both a stability evaluation
and stress qualification for the seismic loading criteria.

Snow and Ice Loading

No change to Section 2.3.5.
Tsunami

No change to Section 2.3.6.
Lightning

A lightning strike will not cause a significant thermal effect on the HSM-MX, MX-
LC, MX-RRT, or stored DSC. The effects on the HSM-MX resulting from a lightning
strike are discussed in Section 12.3.7.
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A24 Safety Protection Systems

A.24.1 General
No change to Section 2.4.1.
A.2.4.2  Structural

A.2.4.2.1 EOS-DSC Design Criteria

No change to Section 2.4.2.1.

A.2.4.2.2 HSM-MX Design Criteria

The principal design criteria for the HSM-MX, both the concrete and steel structures,
are presented in Table 2-7.

The reinforced concrete HSM-MX is designed to meet the requirements of ACI 349-
06 [A.2-3]. The ultimate strength method of analysis is utilized with the appropriate
strength reduction factors as described in Appendix A.3.9.4. The load combinations
specified in Section 6.17.3.1 of American National Standards Institute (ANSI)
57.9-1984 [A.2-20] are used for combining normal operating, off-normal, and accident
loads for the HSM-MX. All seven load combinations specified are considered and the
governing combinations are selected for detailed design and analysis. The resulting
HSM-MX load combinations and the appropriate load factors are presented in
Appendix A.3.9.4. The effects of duty cycle on the HSM-MX are considered and
found to have negligible effect on the design.

A.2.4.2.3 EOS-TC Design Criteria

No change to Section 2.4.2.3.
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A2424

A2425

A243

MX-LC Design Criteria

The MX-LC is designed in accordance with the applicable portions of ASME NOG-1
[A.2-7], as a Type 1 gantry style crane. The MX-LC is engineered to provide high
integrity handling (HIH) of the load, defined as a lifting/handling operation, wherein
the risk of an uncontrolled lowering of the heavy load is considered non-credible.
Demonstration of HIH of the MX-LC occurs when designed for “single-failure-proof™
lifting operations per NUREG-0612 [A.2-9], maintaining the supported loads in a safe
configuration during design basis events (e.g., seismic). Therefore, design
requirements from ASME NOG-1 for Type 1 loading equipment are specified with an
additional single failure proof handling capability. MX-LC single-failure-proof
handling capability is achieved by ensuring that the applicable design factor is 200%
of that required by ASME NOG-1 (i.e., NUREG-0612 application). Alternatively,
other load carrying members may be designed with redundant devices to meet the
single failure proof handling capability. Therefore, MX-LC HIH may be achieved by
having either MX-LC subcomponent SSCs that comply with ASME NOG-1 stress
limits plus the 200% NUREG-0612 design factor or with other MX -LC
subcomponent SSCs having redundant safety basis protection features.

MX-RRT Design Criteria

Congruent with the MX-LC, the MX-RRT is engineered to provide HIH of the load.
Demonstration of HIH of the MX-RRT occurs when designed for “single-failure-
proof” lifting operations per NUREG-0612 [A.2-9], maintaining the supported loads
in a safe configuration during design basis events (e.g., seismic). Therefore,
applicable design acceptance criteria are provided by ASME NOG-1 [A.2-7], plus an
additional single-failure-proof handling capability. MX-RRT single failure proof
handling capability is achieved by ensuring that the design factor is 200% of that from
ASME NOG-1 (i.e., NUREG-0612 application). In lieu of the 200% requirement, it is
acceptable to have other load carrying members designed with redundant devices to
meet the single failure proof handling. Therefore, MX-RRT HIH may be achieved by
having either MX-RRT subcomponent SSCs that comply with ASME NOG-1 stress
limits plus the 200% NUREG-0612 design factor or with other MX-RRT
subcomponent SSCs having redundant safety-basis protection features.

Thermal

The NUHOMS® MATRIX relies on natural convection through the air space in the
HSM-MX to cool the DSC. This passive convective ventilation system is driven by
the pressure difference due to the stack effect (AP;) provided by the height difference
between the bottom of the DSC and the HSM-MX air outlet. This pressure difference
is greater than the flow pressure drop (APy) at the design air inlet and outlet
temperatures. The details of the ventilation system design are provided in Chapter
A4
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A244

A.2.45

A2.4.6

Thermal analysis is based on fuel assemblies with decay heat up to 50.0 kW per DSC
for the EOS-37PTH and up to 34.4 kW per DSC for the EOS-89BTH. Zoning is used
to accommodate high per assembly heat loads. The heat load zoning configurations
for the DSCs are shown in Figure 1A through Figure 11 and Figure 2 of the Technical
Specifications [A.2-18] for 37PTH and 89BTH DSC, respectively. Among the
various HLZCs presented in Figure 1 for EOS-37PTH DSC, only HLZC # 7 through 9
presented in Figure 1G through Figure 11 are applicable for storage in HSM-MX.
Similarly for the EOS-89BTH, among the various HLZCs presented in Figure 2 for
EOS-89BTH DSC, only HLZC # 3 is permitted for storage in the HSM-MX.

The thermal analyses for storage are performed for the environmental conditions listed
in Table A.2-2. The remainder of the environment conditions are provided in Table 2-
9.

Peak clad temperature of the fuel at the beginning of the long-term storage does not
exceed 400 °C for normal conditions of storage, and for short-term operations,
including DSC drying and backfilling. Fuel cladding temperature shall be maintained
below 570 °C (1058 °F) for accident conditions involving fire or off-normal storage
conditions.

For onsite transfer in the EOS-TC, air circulation may be used, as a recovery action, to
facilitate transfer operations in the EOS-37PTH DSC as described in the Technical
Specifications [A.2-18].

Shielding/Confinement/Radiation Protection

The HSM-MX provides the bulk of the radiation shielding for the DSCs. The HSM-
MX designs can be arranged in either a single-row or a back-to-back arrangement.
The nominal thickness of the HSM-MX roof is 50 inches for biological shielding.
Additionally, the front wall has a minimum thickness of 39 inches. Sufficient
shielding is provided by thick concrete side walls between HSM-MXs in an array to
minimize doses in adjacent HSM-MXs during loading and retrieval operations.
Section A.11.3 provides a summary of the offsite dose calculations for representative
arrays of design basis HSM-MXs providing assurance that the limits in 10 CFR
72.104 and 10 CFR 72.106(b) are not exceeded.

There are no radioactive releases of effluents during normal and off-normal storage
operations. Also, there are no credible accidents that cause significant releases of
radioactive effluents from the DSC. Therefore, there are no off-gas or monitoring
systems required for the HSM-MX.

Criticality
No change to Section 2.4.5.

Material Selection

No change to Section 2.4.6.
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A24.7

A248

A249

Operating Procedures

The sequence of operations are outlined for the HSM-MX in Chapter A.9 for loading
of fuel, closure of the DSC, transfer to the ISFSI using the TC, insertion into the
HSM-MX, monitoring operations, and retrieval and unloading. Throughout Chapter
A.9, CAUTION statements are provided at the step where special notice is needed to
maintain as low as reasonably achievable (ALARA), protect the contents of the DSC,
protect the public and/or ITS components of the HSM-MX.

Acceptance Tests and Maintenance

Chapter A.10 specifies the acceptance testing and maintenance program for ITS
components of the HSM-MX.

Decommissioning

The exact decommissioning plan for the ISFSI will be dependent on the U.S.
Department of Energy’s fuel transportation system capability and requirements for a
specific plant. Because of the minimal contamination of the outer surface of the DSC,
no contamination is expected on the internal passages of the HSM-MX. It is
anticipated that the prefabricated HSM-MXs can be dismantled and disposed of using
commercial demolition and disposal techniques.
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Table A.2-1
HSM-MX System Major Components and Safety Classification

Component 10 CFR Part 72 Classification®
Horizontal Storage Module (HSM-MX)

Reinforced Concrete ITS

Thermal Instrumentation (if used) NITS
Transfer Equipment

MX-LC ITS

MX-RRT ITS

Universal Support Skid ITS

Notes:

1. SSCsITS are defined in 10 CFR 72.3 as those features of the ISFSI whose function is (1) to maintain the
conditions required to store spent fuel safely, (2) to prevent damage to the spent fuel container during handling
and storage, or (3) to provide reasonable assurance that spent fuel can be received, handled, packaged, stored,
and retrieved without undue risk to the health and safety of the public.
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Table A.2-2
Thermal Conditions for HSM-MX System Analyses

Operating EOS-37PTH/EOS-89BTH DSC Minimum Ambient | Maximum Ambient
Conditions Location Temperature Temperature
Normal HSM-MX -20 °F 100 °F
Off-Normal HSM-MX -40 °F 117 °F
Accident HSM-MX" n/a 117 °F
Notes:

1. 10% rod rupture is considered for this blocked vent accident condition for DSC internal pressure calculation.
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A3  STRUCTURAL EVALUATION

This chapter and its appendices describe the structural evaluation for the NUHOMS®
MATRIX (HSM-MX), described in Appendix A.1, under normal and off-normal
conditions, accident conditions, and natural phenomena events. Structural evaluations
are provided for the important-to-safety components (ITS), which are the EOS-37PTH
DSC, the EOS-89BTH DSC, and the HSM-MX monolith. The analyses in Chapter 3
of the EOS-TCs envelop the HSM-MX system and are therefore not provided in this
chapter.
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A3.1.1

A3.1.1.1

A3.1 Structural Design

The HSM-MX is a staggered horizontal storage version of the NUHOMS® EOS
System, which provides environmental protection and radiological shielding for the
DSCs. The HSM-MX is designed to accommodate EOS-37PTH DSC and 89BTH
DSC configurations. The HSM-MX provides heat rejection from the spent fuel decay
heat. Sections in this section of the Appendix that do not have an effect on the
evaluations presented in Chapter 3 of the Updated Final Safety Analysis Report
(UFSAR) include a statement that there is no change. In addition, a complete
evaluation of the HSM-MX has been performed and is summarized in this section and
appendices, which are ITS in accordance with 10 CFR Part72 [A.3-1].

Design Criteria

EOS-37PTH DSC/EOS-89BTH DSC Design Criteria

No change to Section 3.1.1.1.

A.3.1.1.1.1 Stress Criteria

No change to Section 3.1.1.1.1.

A.3.1.1.1.2 Stability Criteria

A3.1.1.2

A3.1.13

No change to Section 3.1.1.1.2.

HSM-MX Design Criteria

The HSM-MX concrete and steel components are designed to the requirements of
American Concrete Institute (ACI) 349-06 [A.3-2] and the American Institute of Steel
Construction (AISC) Manual of Steel Construction [A.3-3], respectively, meeting the
load combinations in accordance with the requirements of ANSI 57.9 [A.3-4]. The
load combination and design criteria for concrete components are described in
Appendix A.3.9.4.

EOS-TC Design Criteria

No change to Section 3.1.1.3.
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A32 Weight and Centers of Gravity

Table A.3-1 summarizes the weights of the HSM-MX. The dead weights of the
components are determined based on the nominal dimensions.
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A33 Mechanical Properties of Materials

A.33.1 EOS-37PTH DSC/EOS-89BTH DSC

No change to Section 3.3.1.
A3.3.2 HSM-MX

The material properties for the HSM-MX are summarized in Chapter A.8.
A3.33 EOS-TC

No change to Section 3.3.3.
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A34 General Standards for NUHOMS® MATRIX System

A.3.4.1 Chemical and Galvanic Reaction

No change to Section 3.4.1 for the EOS System. Chemical and galvanic reactions for
the HSM-MX System are presented in Chapter A.8.

A.3.4.2 Positive Closure

No change to Section 3.4.2.

A.3.4.3 Lifting Devices

No change to Section 3.4.3.
A3.4.4 Heat

A.3.4.4.1 Summary of Pressures and Temperatures

Temperatures and pressures for the HSM-MX are described in Chapter A.4. The
thermal evaluations for storage and transfer conditions are performed in Chapter A.4
for normal, off-normal, and accident conditions. The internal pressure evaluation is
performed in Chapter A.4, Section A.4.5.

Maximum temperatures for the various components of the HSM-MX, loaded with an
EOS-37PTH DSC or an EOS-89BTH DSC under normal, off-normal and accident
conditions are summarized in Chapter A.4, Section A.4.5 for all the applicable heat
zone loading configurations provided in Appendix A, Technical Specification [A.3-5].

These temperatures are used for the structural evaluations documented in Appendices
A.3.9.1 and A.3.9.4. Stress allowables for the components are a function of
component temperature. The temperatures used to perform the structural analyses are
based on actual calculated temperatures or conservatively selected higher
temperatures.

A.3.4.4.2 Differential Thermal Expansion

No change to Section 3.4.4.2.

A.3.4.4.2.1 Minimum Gaps within the Interlocking Slots

No change to Section 3.4.4.2.1.

A.3.4.4.2.2 Axial Gaps between the Basket Assembly Plates

No change to Section 3.4.4.2.2.

A.3.4.4.2.3 Radial Gap between the Basket Assembly and the DSC Shell

No change to Section 3.4.4.2.3.
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A.3.4.4.2.4 Axial Gaps between Fuel Assemblies and the DSC Cavity

No change to Section 3.4.4.2.4.

A.3.4.4.2.5 Axial Gap between the Basket Assembly and the DSC Cavity

No change to Section 3.4.4.2.5.

A.3.4.4.2.6 Axial Gap between the Transition Rails and the DSC Cavity

No change to Section 3.4.4.2.6.

A.3.4.4.2.7 Axial Gap between the TC125/TC135 Cavity and the DSC Shell

No change to Section 3.4.4.2.7.

A.3.4.4.2.8 Axial Gap between the Rear DSC support, Axial Retainer and the HSM-MX cavity

A gap of 0.5 inch is provided between the rear DSC Support and the HSM-MX to
accommodate any thermal growth. This section verifies that there is no interference
when the rear DSC support increases from room temperature to accident temperature.

The maximum temperature of the rear DSC support is assumed to be 350°F. A mean
thermal expansion coefficient of 7.0x 107 in/in/°F for 350°F is used. The thermal
growth of the rear DSC support is determined as:

AL=LcoiaxaxAT
AL=21.5%x7.0x10"°%(350—70)=0.042 in.

The maximum thermal growth between the rear DSC Support and the HSM-MX is
0.042 inch and is less than the initial 0.5-inch gap.

Therefore, there is sufficient clearance for free thermal expansion between the rear
DSC supports and HSM-MX.

A gap is provided between the axial retainer and DSC to accommodate any thermal
growth. Shims are used to adjust the gap to be 0.1875 inch initially. The bounding
thermal expansion temperature ranges from the normal operating temperature to the
blocked vent accident temperature. The largest average temperature difference for the
DSC is 396 °F - 293 °F = 103 °F. The axial retainer is conservatively assumed to
experience the same temperature difference. The average HSM concrete temperature
difference is 207 °F - 152 °F = 55 °F. Conservatively, a higher temperature difference
of 105 °F is applied to the DSC and axial retainer, and a lower temperature difference
of 50 °F is applied to the HSM concrete. Thermal expansion coefficients of 7.5 x 10-6
in/in/°F and 10.1 x 10-6 in/in/°F for 350 °F are used for the Axial Retainer and the
DSC, respectively. The instantaneous coefficients of thermal expansion are used here
as the initial temperatures are above 70 °F. A thermal expansion coefficient of 5.5 x
10-6 in/in/°F 1s used for the HSM concrete. The growth of the HSM is subtracted from
the growth of the DSC and axial retainer as it increases the gap.
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AL = Lpgc X apsc X ATpsc + Lag X aggr X ATpgr — Lysy X @ysy X ATysy

AL =199.5 x 10.1 X 1076 x (105) + 36.5 X 7.5 X 1076 x (105) — (199.5 +
36.5) X 5.5 X 1076 x (50) = 0.175 in

The maximum thermal growth between the axial retainer and DSC is 0.175 inch and is
less than a 0.1875-inch gap.

A3.45 Cold

No change to Section 3.4.5.
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A3.5 Fuel Rods General Standards for NUHOMS® MATRIX System

No change to Section 3.5.
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A3.6.1

A3.6.2

A3.6 Normal Conditions of Storage and Transfer

This section presents the structural analysis of the EOS-37PTH DSC/ EOS-89BTH
DSCs, the HSM-MX and the EOS-TC subjected to normal conditions of storage and

transfer. The analyses performed evaluate the components for the design criteria
described in Section A.3.1.1.

Numerical analyses have been performed for the normal and accident conditions. In
general, numerical analyses have been performed for the regulatory events. The
analyses are summarized in this section.

The detailed structural analyses of the HSM-MX are included in Appendices A.3.9.1
through A.3.9.7.

EOS-37PTH DSC/89BTH DSC

Details of the structural analysis of the DSC shell assemblies are provided in
Appendix A.3.9.1, while the structural analysis for basket assemblies are provided in
Appendix 3.9.2. There are no changes to the analysis described for the DSC shell
except that the DSC shell is analyzed for dead weight and seismic load combinations,
which are affected when the DSC is loaded into the HSM-MX and are provided in
Appendix A.3.9.1. The design or loading conditions for the basket remain the same
when loaded into the DSC shell and, therefore, results for the basket from Appendix
3.9.2 remain the same and are applicable.

HSM-MX

The HSM-MX design is able to accommodate different DSC lengths. For the
structural evaluation, the HSM-MX with the longest DSC bounds all sizes. The

following table shows how the bounding loads are used for structural evaluation of the
HSM-MX.

Component Weight (kips) Thermal Heat Load
EOS-37PTH DSC
(Loaded Weight) 134 S0 kW
EOS-89BTH DSC
(Loaded Weight) 120 436 kW
50 kW for lower
Bounding HSM-MX 4125 compartment and 41.8
(Double Array) ’ kW for upper
compartment M
Notes:

1. The thermal loading condition of the HSM-MX is based on the most conservative
thermal loading configuration.

2. For stability evaluation, several different combinations of DSC and HSM bounding
weights are considered.
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Detailed geometry descriptions, material properties, loadings, and structural evaluation
for the HSM-MX are presented in Appendix A.3.9.4.

A3.63 EOS-TC

No change to Section 3.6.3.
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A3.7 Off-Normal and Hypothetical Accident Conditions of Storage and Transfer

A3.7.1

A3.7.2

A3.73

This section presents the structural analyses of the EOS-37PTH DSC, EOS-89BTH
DSC and the HSM-MX subjected to off-normal and hypothetical accident conditions.

These analyses are summarized in this section, and described in detail in Appendices
A.3.9.1 through A.3.9.7.

EOS-37PTH DSC/89BTH DSC

Detailed geometry descriptions, material properties, loadings, and structural evaluation
for the affected loads combinations of the DSC are presented in Appendix A.3.9.1.
The design and loading conditions for the basket remain the same when loaded into
the DSC shell and, therefore, results for the basket from Appendix 3.9.2 remain the
same and are applicable.

HSM-MX

Detailed geometry descriptions, material properties, loadings, and structural evaluation
for the HSM-MX are presented in Appendix A.3.9.4.

EOS-TC

No change to Section 3.7.3.
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A3-1

A3-2

A3-3

A.3-4

A3-5

A3.8 References

Title 10, Code of Federal Regulations, Part 72, “Licensing Requirements for the Storage
of Spent Fuel in the Independent Spent Fuel Storage Installation,” U.S. Nuclear
Regulatory Commission.

ACI 349-06, “Code Requirements for Nuclear Safety Related Concrete Structures,”
American Concrete Institute, November 2006.

American Institute of Steel Construction, “AISC Manual of Steel Construction,” 13th
Edition or 14™ Edition.

ANSI/ANS 57.9-1984, “Design Criteria for an Independent Spent Fuel Storage
Installation (Dry Storage Type),” American National Standards Institute.

CoC 1042 Appendix A, NUHOMS® EOS System Generic Technical Specifications,
Amendment 1.
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Summary of HSM-MX Weight and Center of Gravity

Table A.3-1

Component Description
Total Weight (kips)
Single Array 2,448
Double Array 4,125
Empty HSM-MX - - - R
Center of Gravity from Bottom in Vertical Direction (inches)
Single Array 176.42
Double Array 178.79
Maximum Weight (kips)
Single Array 3,048
HSM-MX Loaded with | Double Array 5,325
EOS-37PTH DSC Center of Gravity from Bottom in Vertical Direction (inches)
Single Array 168.68
Double Array 169.39
Maximum Weight (kips)
Single Array 3,053
HSM-MX Loaded with | Double Array 5,335
EOS-89BTH DSC Center of Gravity from Bottom in Vertical Direction (inches)
Single Array 168.63
Double Array 169.33

Notes:

1. The weight and center of gravity values listed in the table are corresponding to the maximum concrete density

of 160 pcf.

2. The weight values are for the HSM-MX having three lower compartments and two upper compartments.
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A.39.1 DSCSHELL STRUCTURAL ANALYSIS

The purpose of this appendix is to present the structural evaluation of the shell
assembly of the EOS-37PTH dry shielded canister (DSC) and the EOS-89BTH DSC
under all applicable normal, off-normal and accident loading conditions during storage
in the NUHOMS® MATRIX (HSM-MX).

The DSC shell is evaluated in Chapter 3.9.1 for all loads and load combinations. Only
dead weight, and seismic load combinations affect the DSC when stored in the HSM-
MX. Therefore, results from Chapter 3.9.1 are applicable to this chapter except for
dead weight and seismic load combinations.

A.3.9.1.1 General Description

No change to Section 3.9.1.1.

A.3.9.1.2 DSC Shell Assembly Stress Analysis

No change to Section 3.9.1.2.

A.3.9.1.2.1 Material Properties

No change to Section 3.9.1.2.1.

A.3.9.1.2.2 DSC Shell Stress Criteria

No change to Section 3.9.1.2.2.

A.3.9.1.2.3 Finite Element Model Description

No change to Section 3.9.1.2.3 except that ANSYS version 17.1 [A.3.9.1-1] is used for
the analysis in this appendix.

A.3.9.1.2.4 Mesh Sensitivity

No change to Section 3.9.1.2.4.

A.3.9.1.2.5 Post-Processing

No change to Section 3.9.1.2.5.

A.3.9.1.2.6 Stress Categorization Sensitivity Studies

No change to Section 3.9.1.2.6.

A.3.9.1.2.7 Load Cases for DSC Shell Stress Analysis

No change to Section 3.9.1.2.7, except the dead weight load as described in
A.3.9.1.2.7.1 and the seismic loads as described in A.3.9.1.2.7.6.
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A.3.9.1.2.7.1 Dead Weight

The dead weight is analyzed for the following basic configurations:
e  When the DSC is vertical in the EOS-TC135 (No change to Section 3.9.1.2.7.1),

e  When the DSC is horizontal in the EOS-TC135 (No change to Section
3.9.1.2.7.1),

e  When the DSC is horizontal in the HSM-MX.

The model for the HSM-MX differs from EOS-HSM in boundary conditions
representing the DSC supports. The DSC supports and axial retainers are shown in
Figure A.3.9.1-1.

Horizontal Position in HSM-MX

When stored in the HSM-MX, the DSC shell is supported by the front and rear DSC
supports. The inertial loads of the DSC internals are accounted for by applying an
equivalent pressure onto the inner surface of the DSC shell. The magnitude of the
pressure is determined based on the payload of 105 kips.

The interfaces between the DSC and the HSM-MX DSC supports, axial retainer and
rear stop plate are modeled through node-to-node contact elements (CONTA178).
The nodes representing the HSM-MX supports are constrained in all Degrees of
Freedom (DOF). Similarly, the stop plate and axial retainer are also constrained in all
degrees of freedom.

Figure A.3.9.1-2 and Figure A.3.9.1-3 show the pressure load and boundary conditions
applied to the Finite Element Model (FEM).

Gaps for the contact elements are set to zero, placing the DSC and the HSM-MX DSC
supports in initial contact.

A.3.9.1.2.7.2 Fabrication Pressure and Leak Testing
No change to Section 3.9.1.2.7.2.
A.3.9.1.2.7.3 Internal and External Pressure
No change to Section 3.9.1.2.7.3.
A.3.9.1.2.7.4 HSM-MX Loading/Unloading

No change to Section 3.9.1.2.7.4 except that the loads applied by the ram are balanced
by the friction between the DSC shell and the EOS-TC and or MX-RRT support.

A.3.9.1.2.7.5 Transfer/Handling Load

No change to Section 3.9.1.2.7.5.
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A.3.9.1.2.7.6 Seismic Load during Storage

The model described in Section A.3.9.1.2.7.1 for dead weight in HSM-MX is used and
updated to reflect the effect of the vertical 0.8g load, transverse 1.7g load, axial
(longitudinal) 1.7g load, and the internal pressure load of 20 psig.

Two elastic-plastic runs are performed for this load:

1. 0.8gvertical + 1.7g transverse + 1.7g axial with the weight of DSC internals
modeled by equivalent pressure application on TSP with addition of internal
pressure of 20 psig.

2. 0.8gvertical + 1.7g transverse + 1.7g axial with the weight of DSC internals
modeled by equivalent pressure application on IBCP with addition of internal
pressure of 20 psig.

The compound effect of dead weight, 0.8g vertical and 1.7g transverse, is modeled by
multiplying the pressure from the dead weight case by a conservative factor of 4.

Seismic axial forces away from the HSM-MX door (load case 1 above) are resisted by
the rear plates located at the ends of the DSC rear supports. The OTCP is recessed
from the edge of the DSC shell, thus, the rear plate bears against the bottom edge of
the DSC shell. The nodes of the top end of DSC shell, which come into contact with
the rear stop plate, are restrained in the axial direction.

Seismic axial forces toward the HSM-MX door (load case 2 above) are resisted by the
front axial retainers. The retainer is a steel bar located horizontally through the HSM-
MX door. The retainer bears against the OBCP. The nodes of the OBCP, which bear
against the area of the axial retainer bar, are restrained in the axial direction.

Figure A.3.9.1-4 shows the pressure load applied to the DSC while supported by the
HSM-MX DSC supports.

The DSC shell and the OBCP experience compressive bearing stress in the vicinity of
the axial retainer and rear plate. The bearing stresses experienced by the DSC shell
and OBCP need not be evaluated for Service Level D loads.

A.3.9.1.2.7.7 Cask Drop
No change to Section 3.9.1.2.7.7.
A.3.9.1.2.7.8 Thermal Loads

Thermal analysis is performed to support the new HLZCs 4, 5, 6, 7, 8 and 9 as
discussed in Technical Specification [A.3.9.1-2] (See Figure 1D through Figure 11).
For thermal stress analysis, temperature profiles and maximum component
temperatures are based on thermal analysis of the EOS-37PTH DSC for transfer
conditions. For transfer operations, HLZC 4 bounds HLZC 5, 6, 7, 8 and 9. The new
HLZC 4 DSC maximum temperature is 480 °F (Chapter 4, Figure 4.9.6-4) which is
below the temperatures of 484 °F (Chapter 4, Figure 4-32) for transfer operation.
Therefore, new HZLC temperatures are bounded by the original thermal stress
analysis. Therefore, no change to Section 3.9.1.2.7.8.
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A.3.9.1.2.8 Load Combinations

A39.13

A39.14

A39.15

A39.1.6

No change to Section 3.9.1.2.8, except the dead weight and seismic load combinations
described in Section A.3.9.1.2.7. Table A.3.9.1-1 provides the load combinations
described in Section 3.9.1.2.8, in this chapter for information purpose. Only load
combinations 9 and 10 affecting the DSC stored in HSM-MX on the front and rear
DSC supports are analyzed.

DSC Shell Buckling Evaluation

No change to Section 3.9.1.3.

DSC Fatigue Analysis

No change to Section 3.9.1.4.

DSC Weld Flaw Size Evaluation

No change to Section 3.9.1.5.
Conclusions

The EOS DSC shell assembly has been analyzed for normal, off-normal, and accident
load conditions using three dimensional finite element analyses. The load
combinations provided in Section A.3.9.1.2.8 are used in the analysis of the EOS
DSC. Analyses are performed only for the dead weight and seismic load
combinations (9 and 10), which affect the DSC when stored in the HSM-MX. Stress
intensities in different components of the DSC shell assembly, compared with ASME
code stress intensity allowables and the resulting stress ratios, are summarized in
Table A.3.9.1-2. The stress ratio is calculated by dividing the maximum stress
intensity by the stress intensity allowable value, with the stress ratio required to be less
than 1.

The DSC weld stresses are summarized in Table A.3.9.1-3. The maximum weld stress
ratio is 0.87 and occurs at the DSC shell to ITCP weld for Load Combination 9. The
maximum radial weld stress is summarized in Table A.3.9.1-4. The maximum radial
stress between the DSC and OTCP is 4.22 ksi. Therefore, the flaw size evaluation
from Section 3.9.1.5 still remains valid.

Table A.3.9.1-5 summarizes the stress results for the controlling load combination.
The maximum component stress ratio remains the same as in the original analysis and
is equal to 0.92 in the grapple ring support. The second maximum component stress
ratio is equal to 0.87 and occurs in the confinement boundary area of the DSC shell
during load combination 9 (storage condition in the HSM-MX, dead weight normal
conditions).
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The structural integrity of the DSC shell, including closure welds, is maintained since
the maximum stress ratio is less than 1. Therefore, it is concluded that the EOS DSC
is structurally adequate under all anticipated load conditions for service during the
transfer and storage in the HSM-MX.

A.3.9.1.7 References

A.3.9.1-1 ANSYS Computer Code and User’s Manual, Release 14.0, Release 14.0.3 and
Release 17.1

A.3.9.1-2 CoC 1042 Appendix A, NUHOMS® EOS System Generic Technical Specifications,
Amendment 1.
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Table A.3.9.1-1
EOS-37PTH/EOS-89BTH DSC Shell Assembly Loads and Load
Combinations
(2 Sheets)
. Load
Loading Type .DSC . Load f(?r Load Combination Service Combination
Orientation Analysis Level No
Dead weight .
(DW) 1g down (axial)
Blowdown/ 20 psig internal DW+ Normal
Pressure Test Vertical " pressure Pressure+ Normal A 1
)
Normal vertical Thermal
Thermal orientation
thermal
Dead weight
(DW) 1g down
Thermal-Off Off-Normal —Hot DW + H +
Normal Hot (117°F) Pressure+ Thermal 5
Thermal—Off Off-Normal Cold (117 °F)
Normal Cold Horizontal” (40 °F) A
Internal Pressure- 20 osi DW +H+ 3
Off Normal psig Pressure+ Thermal
dling i (-40 °F)
Handling in H=t lgaxialt 1 g
transfer cask .
() trans.£1 g vertical
Dead weight 1o down
(DW) 8 DW+ Ram (135
Ram Loads 135 kips (push)®®, Pk1ps 1ns$;t1£)n)+ | 4
ush/pull 80 kips (pull)® ressure 1 herma
ipt pl ) Horizontal® ps (pull A/B?”
nternal pressure- . (9) DW -+ Ram (80
20 psig am (
Off-Normal kips, retrieval) + >
Thermal—Off Thermal —Off Pressure + Thermal
Normal Normal®
DS&? weight 1g down
(DW) DW + Ram (135
Ram Loads (pull) | Horizontal® 135 kips® kips retrieval) + D 6
Pressure
Internal pressure- . 9)
Off-Normal 20 psig
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Table A.3.9.1-1
EOS-37PTH/EOS-89BTH DSC Shell Assembly Loads and Load
Combinations
(2 Sheets)
. Load
Loading Type .DSC . Load f(?r Load Combination Service Combination
Orientation Analysis Level No
Dead Weight
(DW) 1g down
" " 7A
gtt“ggirg g:lssure- Horizontal®! 20 psig?” DW + Pressure+ 65 D
Vertical® inch Accident Drop
Accident
Side/corner 65 inch drop 7B
drop""”
Dead Weight 1g down .
(DW) . DW + Accident
Int " Horizontal Pressure D 8
nternal pressure- - (3)(9)(10)
Accident 130 psig
Dead Weight
(DW) 1g down
Internal Pressure- | Horizontal 20 osi DW + Pressure+ A 9
Off-Normal an psig Thermal
Thermal-Off Thermal-Off
Normal Normal
Dead Weight
(DW) 1g down
Internal Pressure- Horizontal 20 psi DW + Pressure+
Off-Normal an psig - rTessu D 10
Seismic (S)
S=+1.7g(axial)
Seismic (S) +1.7g(transverse
+0.8g(vertical)'®

Test Pressure at 23 psie internal 23 psig (15x1.5=23
fabricator—23 Vertical psig psig) internal Test 11

 5(12) pressure
psig pressure
External pressure | Horizontal See Note ¥ D 12

Notes

1. DSC in Transfer cask in vertical orientation. Only inner top cover is installed.

2. Use bounding thermal case for normal operations of transfer cask in vertical orientation.

3. DSC in Transfer Cask; Transfer Cask is in horizontal orientation. In case of End drop, the orientation is vertical
supported by IBS in case of Bottom End drop and TSP in case of Top End drop.

4. Not used.

5. The push loads are applied at the canister bottom surface within the grapple ring support.

6. The pull loads are applied at the inner surface of the grapple ring.

Page A.3.9.1-7
Appendix A is newly added in Revision 3 by Amendment 1.




NUHOMS" EOS System Updated Final Safety Analysis Report Rev. 3, 06/20

10.
11.
12.

13.
14.

15.

16.
17.

Level B evaluations may take credit for 10% increase in allowable per NB-3223(a). Level B is used for the case
with internal pressure. Level A is used for the case without internal pressure.

Use controlling thermal off-normal case.

Load combination results to bound cases with and without internal pressure. Use bounding pressure of HSM
blocked vent accident or transfer cask accident fire conditions.

Use bounding pressure of HSM blocked vent accident or transfer cask accident fire conditions.
DSC in HSM supported on the DSC supports.

Conservatively use 23 psig as the test pressure; test configuration is circular shell and inner bottom welded to
shell; a top end lid with al55 kips clamping force may be used to seal the test assembly.

Not Used.

The maximum accident condition external pressure before DSC collapse/buckling is to be determined from the
analysis.

These handling loads in conjunction with Level A limits bounds case of transfer cask in fuel building under
seismic loads (Level D accident condition).

Unless lower g loads can be justified based on frequency analysis of HSM loaded with bounding DSC.

The top end drop and bottom end drop are not credible events under 10 CFR Part 72, therefore these drop
analyzes are not required. However, consideration of end drops (for 10 CFR Part 71 conditions) and the 65”
side drop to conservatively envelope the effects of a corner drop.
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Table A.3.9.1-2
DSC Results - Load Combinations
(2 Sheets)
Load . Stress Category [Kksi]
A Service
Combination Loads Components P..(or P..(or
Level Pm Pm+Ph PL m m
Number Py)+P,+Q P)+Pp+Q+P,

Stress Intensity 6.77 12.11 18.07 27.90 45.44

DSC Shell Allowable Stress 17.50 | 26.25 26.25 52.50 52.50

(Confinement)

Stress Ratio 0.39 0.46 0.69 0.53 0.87

DSC Shell Stress Intensity 4.99 6.87 7.46 11.61 31.00

(Non- Allowable Stress | 17.50 | 26.25 26.25 52.50 52.50

Confinement) Stress Ratio 029 | 026 | 028 0.22 0.59

Stress Intensity 1.81 7.01 2.99 8.46 15.08

OTCP Allowable Stress 17.50 | 26.25 26.25 52.50 52.50

9 A DW-+IP Stress Ratio 0.10 0.27 0.11 0.16 0.29
(20psi) Stress Intensity 1.96 7.12 3.62 10.96 17.30

ITCP Allowable Stress | 17.50 | 26.25 26.25 52.50 52.50

Stress Ratio 0.11 0.27 0.14 0.21 0.33

Stress Intensity 1.10 2.71 1.91 5.61 20.15

OBCP Allowable Stress 17.50 | 26.25 26.25 52.50 52.50

Stress Ratio 0.06 0.10 0.07 0.11 0.38

Stress Intensity 2.87 4.72 5.23 8.20 24.42

IBCP Allowable Stress | 17.50 | 26.25 26.25 52.50 52.50

Stress Ratio 0.16 0.18 0.20 0.16 0.47
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Table A.3.9.1-2
DSC Results - Load Combinations
(2 Sheets)
Load . Stress Category|ksi]
.. Service
Combination Level Loads Components
Number eve Pu PutPy Py
Stress Intensity 22.10 29.10 34.00
DSC Shell 011 wable Stress 4438 57.06 57.06
(Confinement)
Stress Ratio 0.50 0.51 0.60
DSC Shell Stress Intensity 20.10 22.60 20.30
(Non- Allowable Stress 44.38 57.06 57.06
Confinement) Stress Ratio 0.45 0.40 0.36
Stress Intensity 7.13 13.00 14.30
OTCP Allowable Stress 44.38 57.06 57.06
DW+ Stress Ratio 0.16 0.23 0.25
10 D Seismic+ -
IP(20psi) Stress Intensity 5.53 11.20 9.27
ITCP Allowable Stress 44,38 57.06 57.06
Stress Ratio 0.12 0.20 0.16
Stress Intensity 19.80 26.70 5.60
OBCP Allowable Stress 44,38 57.06 57.06
Stress Ratio 0.45 0.47 0.10
Stress Intensity 11.10 16.10 18.60
IBCP Allowable Stress 44.38 57.06 57.06
Stress Ratio 0.25 0.28 0.33
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Table A.3.9.1-3
DSC Weld Stress Results- Load Combinations

Lo.ad . Service Weld Stress Stres§ Allowable Stress
Combination Level Loads Components Categor Intensity Stress [ksi] Ratio
Number P gory [ksi]
Py 16.50 232 0.71
DSC-ITCP
P +Py+Q+P, 40.19 46.3 0.87
) P, 11.57 232 0.50
9 A DWHIP (20psi) DSC-OTCP
P +Py+Q+P, 30.24 46.3 0.65
P, 5.46 23.2 0.24
DSC-OBCP
P +Py+Q+P, 25.77 46.3 0.56
DSC-ITCP P. 25.0 46.9 0.53
DW+
10 D Seismic + DSC-OTCP P. 38.8 46.9 0.83
IP (20psi)
DSC-OBCP P. 17.30 46.9 0.37
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Table A.3.9.1-4

DSC-OTCP Maximum Radial Weld Stress (Sy) Results- Load Combinations

Load . .
Combination Service Level Loads Maximum R?dlal Stress
[Kksi]
Number
9 A DWHIP (20psi) 0.14
DW+Seismic
10 D +IP(20psi) 4.22
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Table A.3.9.1-5
Controlling DSC Load Combination Results Summary

Controlling Load Combination . Max.
Service
Components / Welds L. Stress
Number Description Level Ratio
DSC Shell Containment 9 DW + IP + Thermal A 0.87
DSC Shell Non 5 DW + Ram Retrieval+ IP + A/B 085
Containment Thermal
OTCP 8 DW + Accident P D 0.45
ITCP 8 DW + Accident P D 0.45
OBCP 5 DW + Ram Retrieval + IP + A/B 078
Thermal
IBCP 4 DW + Ram Insert + IP + A/B 0.47
Thermal
DW + Ram Retrieval + IP +
Grapple Support 5 Thermal A/B 0.92
. DW + Ram Retrieval + IP +
Grapple Ring 5 Thermal A/B 0.81
DW + IP + max (HS _TOP,
OTCP-DSC Shell Weld 10 HS BOT) D 0.83
ITCP-DSC Shell Weld 9 DW + 1P A 0.87
OBCP-DSC Shell Weld 5 DW +Ram Retrieval +IP+ |\ | 75
Thermal

Note: (V) See Table A.3.9.1-1 for the load combination description.
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Front retainer

Front DSC Support

Rear DSC Supports

Rear stop plate

Figure A.3.9.1-1
DSC Supports and Axial Retainers
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MATRIX HSM, DSC Evaluation

Figure A.3.9.1-2
DSC Dead Weight Equivalent Pressure

ANSYS Release 17.1
Build 17.1

PLOT NO. 1
ELEMENTS
PowerGraphics
EFACET=1

MAT NUM
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YV =—.745557
v

*DIST=106.05
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Z-BUFFER
EDGE
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DSC front support I DSC rear support

and rear stop

Figure A.3.9.1-3
DSC Boundary Conditions in HSM-MX
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ANSYS Release 17.1

Build 17.1
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MATRIX HSM, DSC Evaluation

Figure A.3.9.1-4
Internals Seismic Equivalent Pressures with Internal Pressure, Load Case 2
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A3.9.2 EOS-37PTH AND EOS-89BTH BASKET STRUCTURAL ANALYSIS

There is no change to the EOS-37PTH and EOS-89BTH Basket Structural evaluation
documented in Sections 3.9.2 due to the addition of the NUHOMS® MATRIX.
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A.3.93 NUHOMS" EOS SYSTEM ACCIDENT DROP EVALUATION

There is no change to the EOS-37PTH DSC and EOS-89BTH DSC within the
EOS-TC108 for drop evaluation documented in Sections 3.9.3 due to the addition of
the NUHOMS® MATRIX.
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A3.9.4.1

A3942

A3943

A.3.94 HSM-MX STRUCTURAL ANALYSIS

The purpose of this appendix is to present the structural evaluation of the NUHOMS®
MATRIX (HSM-MX) due to all applied loads during storage and transfer operations.

General Description

General description and operational features for the HSM-MX is provided in
Appendix A.1. The HSM-MX is a freestanding, staggered reinforced concrete
structure, designed to provide environmental protection and radiological shielding for
the EOS-37PTH/EOS-89BTH DSC. The drawings of the HSM-MX, showing
different components and overall dimensions, are provided in Appendix A.1.3

The HSM-MX is one of the three main components of the NUHOMS® MATRIX
System. The system consists of the dual purpose (Transportation/Storage) EOS-
37PTH/EOS-89BTH DSC, the HSM-MX, and the onsite transfer cask (EOS-TC) with
associated ancillary equipment.

The HSM-MX overpack system comprises the MATRIX Horizontal Storage Modules,
the MATRIX retractable roller tray (MX-RRT), the MATRIX loading crane (MX-LC)
and associated trailer interface for storing dry shielded canisters (DSCs).

The HSM-MX is a staggered, two-tiered, high density, high-heat rejection, storage
overpack that provides a self-contained modular structure for storage of DSCs. The
HSM-MX is constructed from reinforced concrete and structural steel. The thick
concrete roof and walls of the HSM-MX provide substantial neutron and gamma
shielding. The monolithic structure increases resistance to earthquakes and offers
significant self-shielding. The MX-RRT delivers the DSC from the transfer cask to
the HSM-MX and places it on the front and rear DSC supports.

The HSM-MX can be arranged in both single-row or back-to-back row arrays.

For thermal protection of the HSM-MX concrete, stainless steel heat shields are
installed inside the HSM-MX. The primary function of the heat shields is to limit the
temperature of the surrounding concrete walls. The heat shields guide the cooling
airflow through the HSM-MX.

Material Properties

The material properties used in the analysis and design of the HSM-MX and its
components are discussed in detail in Chapter 8 and Appendix A.8.

Design Criteria

No change to Section 3.9.4.3.
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A3944

A3.9.4.5

A3.9.4.6

Load Cases

A summary of the design loads for HSM-MX concrete component evaluation is
similar to Table 3.9.4-4 except the definition of normal handling (R,) and off-normal
handling (R,) loads, and is provided in Table A.3.9.4-4 for information only. This
table also presents the applicable codes and standards for specific load.

Load Combination

The load combinations used in the structural analysis of the HSM-MX structure
comply with the requirements of 10 CFR 72.122 [A.3.9.4-1] and ANSI 57.9-84
[A.3.9.4-8] and are provided in Table A.3.9.4-5.

Finite Element Models

The structural analysis of HSM-MX storage modules arranged in a back-to-back row
array provides a conservative estimate of the response of the HSM-MX under the
postulated static and dynamic loads for any HSM-MX array configurations. The
frame and shear wall action of the HSM-MX concrete components are considered to
be the primary load carrying mechanism of the structural system. The analytical model
is evaluated for normal operating, off-normal, and postulated accident loads acting on
the HSM-MX.

A single Finite Element Model (FEM) is developed for the HSM-MX storage arranged
in a back-to-back row array, where each row consists of three lower compartments and
two upper compartments. This is a configuration with the minimum number of storage
modules that an HSM-MX array can have. A back-to-back row array, instead of a
single row array, is considered because the back wall shared by two rows is only 30
inch whereas, for a single row array, the thickness of the rear shield wall at the
modules back end is 44 inch. Moreover, an array with additional storage modules
would have a greater natural frequency in the transverse direction (that is, the direction
of array expansion), resulting in a lower seismic loads. Therefore, the model based on
a back-to-back row array with each row consisting of three lower compartments and
two upper compartments provides a conservative estimate of the response of the
HSM-MX structural elements under various static and dynamic loads.

The analysis results from ANSYS are post-processed using CivilFEM® [A.3.9.4-18]
software. CivilFEM® defines the shell elements at the mid-planes of the walls and
slabs that are represented by the 3D solid elements in the ANSYS model. Forces and
moments on the shell elements that are equivalent to the displacement results on solid
elements are computed by Civil[FEM®. Then the results of the shell forces and
moments are utilized to determine reinforcement areas.
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A.3.9.4.6.1 Finite Element Model to Evaluate HSM-MX Concrete Components for Mechanical
Loads

A three-dimensional (3D) finite element model (FEM) of the HSM-MX, including all
the concrete components, is developed in the computer program ANSYS [A.3.9.4-14].
The eight-node brick element (ANSYS element type SOLID185) is used to model the
concrete structure. Each node of the eight-node brick element has three translational
degrees of freedom. A global element dimension of 4-inch is used in the model. As
demonstrated in A.3.9.4.6, the model can accurately simulate the frame and shear wall
action of the HSM-MX concrete components, which are the primary load-resisting
mechanisms. The mass of the DSC is evenly distributed over the four supports using
lumped mass elements (ANSYS element type MASS21). The mass of the door is
included as lumped mass elements placed around the recessed door opening at the five
embedment locations of the door. The mass of the vent cover is also included as
lumped mass elements at the vent cover support locations on the roof. A plot of the
CAD model and ANSYS FEM of the HSM-MX back-to-back array are shown in
Figure A.3.9.4-1 and Figure A.3.9.4-2, respectively. The coordinate system for the
model is shown in Figure A.3.9.4-2, where the origin is located at the bottom left
corner on the front.

The model is assumed to neither uplift due to dead weight nor slide due to friction
with the ISFSI pad. Therefore, the model is restrained vertically at all nodes on the
bottom of the model, and also restrained laterally and axially at all nodes on the
bottom of the model to prevent rigid body movement.

A.3.9.4.6.2 Finite Element Model of the HSM-MX Concrete Structure for Thermal Stress
Analysis

Thermal stress analyses of the HSM-MX were performed using a 3D FEM, which
includes only the concrete components developed in Section A.3.9.4.6.1. The
connections of the door to the HSM-MX concrete structure are designed so that free
thermal growth is permitted in these members when the HSM-MX is subjected to
thermal loads. Because of their free thermal growth, the doors do not induce thermal
stresses in the concrete components of the HSM-MX. Therefore, the analytical model
of the HSM-MX for thermal stress analysis of the concrete components does not
include doors. The ANSYS models with temperature profile, which are used to
perform thermal stress analysis of the concrete components for normal thermal hot and
blocked vent accident thermal conditions, are shown in Figure A.3.9.4-3 and

Figure A.3.9.4-4, respectively.

For thermal stress analysis, the FEM has Z-degrees of freedom restrained along the
bottom front edge of the module (Z=0 and Y=0 in the ANSYS model), X-degrees of
freedom restrained along the bottom left side edge of the module (X=0 and Y =0 in
the ANSYS model), and Y-degrees of freedom restrained at the base of the module
(Y=0 in the ANSYS model).
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A.3.9.4.6.3 Finite Element Model for Structural Analysis of Heat Shield Panels and supporting

A3.9.4.7

brackets for the heat shields

The primary function of the heat shields is to limit the temperature of the surrounding
concrete walls to acceptable values. The stainless steel heat shields are evaluated for
their ability to sustain structural integrity after being subjected to two loads: a
combination of 1g dead load due to its own weight, and a seismic load that is
dependent upon its natural frequency as well as the in-structure response spectra
(ISRS) at the supports.

The FEMs of the HSM-MX (single and back-to-back double) arrays developed in
Section A.3.9.4.6.1 are used for the modal time-history analysis using ANSYS. In
order to determine the appropriate seismic loading for the heat shields, ISRS are
determined for the locations of the various heat shield attachments. The ISRS are
determined by performing modal time history analysis of the entire HSM-MX
structures. ANSYS is used to determine the natural vibration frequencies of the
coupled panel-stud system. Shell elements (ANSYS element type SHELL63) are used
to model the heat shield panels and support brackets and beam elements (ANSYS
element type BEAM4) are used for the studs. The analytical models of the coupled
lower side heat shield (LSHS) and Studs, and coupled lower top heat shield (LTHS)
and studs are shown in Figure A.3.9.4-6. Similar models were used for the upper
bottom heat shields (UBHS), upper side heat shield (USHS), and upper top heat shield
(UTHS).

Normal Operation Structural Analysis

This section describes the design basis normal operation events for the HSM-MX
components and presents analyses that demonstrate the adequacy of the design safety
features of the HSM-MX. The normal operating loads for which the HSM-MX
components are designed include dead load, live load, normal handling loads, normal
thermal loads, and wind load. The ANSYS FEM described in Section A.3.9.4.6.1 is
used to evaluate concrete forces and moments due to these normal loads. The
methodology used to evaluate the effects of these normal loads is addressed in the
following paragraphs.

A.3.9.4.7.1 HSM-MX Dead Load (DL) Analysis

Dead loads are applied to the analytical model by application of 1g acceleration in the
vertical direction where g is the gravitational acceleration (386.4 in/sec’). The 5%
variation of dead load as indicated in ANSI/ANS 57.9 is not used because the heaviest
design weight is used for analysis.

A.3.9.4.7.2 HSM-MX Live load (LL) Analysis

Live load analysis is performed by applying 200 psf pressure on the roof. The DSC
weight is also applied on the DSC supports as a live load.
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A.3.9.4.7.3 HSM-MX Normal Operational Handling Load (R,) Analysis

Normal operation assumes the canister is sliding over the MX-RRT due to a hydraulic
ram force of up to 135,000 lbs (insertion) and 80,000 lbs (extraction) applied at the
grapple ring and resisted by an axial load of 70,000 Ib (insertion) and 40,000 Ib
(extraction) developing at each side of the MX-RRT supports. Here the total resisting
axial load of 140,000 lbs is greater than the hydraulic ram force of 135,000 Ibs. Only
the insertion load is applied in the ANSYS FEM, since the extraction load is bounded
by the insertion load. In addition, the DSC weight is applied to the MX-RRT support
locations on both sides (4 points).

A.3.9.4.7.4 HSM-MX Normal Operating Thermal (T,) Stress Analysis

The normal operating thermal (T,) loads on the HSM-MX include the effect of design
basis heat load of up to 50 kW generated by the DSC, plus the effect of normal
ambient temperature. To evaluate the effects of normal thermal loads on the
HSM-MX, heat transfer analyses for a range of normal ambient temperatures (-20 °F
and 100 °F) are performed with a DSC heat load of 50 kW. The normal thermal cold
condition (-20 °F) is bounded by the off-normal thermal cold condition (-40 °F).
Therefore, the off-normal thermal cold condition is used in place of the normal
thermal cold condition. The ambient condition that causes the maximum temperature
and maximum gradients in the concrete components is used in the analysis. The
normal thermal hot condition is the governing case for this load case. The HSM-MX
thermal stress analysis was performed using thermal profiles and maximum
temperatures that bound those reported in Section A.4.5. The ANSYS FEM described
in Section A.3.9.4.6.2 is used for the normal thermal load analysis.

A.3.9.4.7.5 HSM-MX Design Basis Wind Load (W) Analysis

A3.9.438

The DSCs inside the HSM-MX are not affected by wind load. The concrete structure
forces and moments due to the design basis wind load (W) are bounded by the result
of tornado generated wind load discussed in Section A.3.9.4.9.1. Therefore, no
separate analysis is performed for this case.

Off-Normal Operation Structural Analysis

This section describes the design basis off-normal events for the HSM-MX
components and presents analyses that demonstrate the adequacy of the design safety
features of the HSM-MX.

The off-normal operating loads for which the HSM-MX components are designed
include off-normal handling load and off-normal thermal load.
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A.3.9.438.

For an operating NUHOMS® MATRIX System, off-normal events could occur during
fuel loading, TC handling, canister transfer, trailer towing, and other operational
events. Two credible off-normal events bound the range of off-normal conditions for
the HSM-MX. The limiting off-normal events as defined above are defined as a
jammed DSC during loading or unloading from the HSM-MX and the extreme
ambient temperatures of -40 °F (winter) and +117 °F (summer). These events bound
the range of expected off-normal structural loads and off-normal temperatures acting
on the HSM-MX. The ANSYS FEM described in Section A.3.9.4.6.1 is used to
evaluate concrete forces and moments due to these loads.

1 HSM-MX Off-Normal Handling L oads (R,) Analysis

This load case assumes that the EOS-TC is not accurately aligned with respect to the
HSM-MX resulting in binding of the DSC during a transfer operation causing the
hydraulic pressure in the ram to increase. The ram force is limited to a maximum load
of 135,000 1bs during insertion, as well as during retrieval. Therefore, for the DSC,
the off-normal jammed canister load (R,) is defined as an axial load of 135,000 Ibs on
one side of MX-RRT supports. In addition, the DSC weight is applied to MX-RRT
support locations of the loaded MX-RRT rail (2 points).

A.3.9.4.8.2 HSM-MX Off-Normal Thermal Loads Analysis

A39409

This load case is the same as the normal thermal load, but with an ambient
temperature range from -40 °F to 117 °F. The temperature distributions for the
extreme ambient conditions are considered for the concrete component evaluation.
The concrete forces and moments due to this load case are bounded by the results of
the accident blocked vent condition discussed in Section A.3.9.4.9.4. Therefore, no
separate analysis is performed for this case.

Accident Condition Structural Analysis

The design basis accident events specified by ANSI/ANS 57.9-1984, and other
credible accidents postulated to affect the normal safe operation of the HSM-MX are
addressed in this section.

Each accident condition is analyzed to demonstrate that the requirements of 10 CFR
72.122 are met and that adequate safety margins exist for the HSM-MX design. The
resulting accident condition stresses, forces and moments in the HSM-MX
components are evaluated and compared with the applicable code limits. The
postulated accident conditions addressed in this section include:

Tornado winds and tornado generated missiles (W, Wp,)
Design basis earthquake (E)

Design basis flood (FL)

Blocked Vent Accident Thermal (T,)

The ANSYS FEM described in Section A.3.9.4.6.1 is used to evaluate concrete forces
and moments due to these loads.
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A.3.9.4.9.1 Tornado Winds/Tornado Missile Load (W;, Wy,,) Analysis

The most severe tornado generated wind and missile loads selected for analysis are
specified by U.S. NRC (NRC) Regulatory Guide 1.76 [A.3.9.4-4] and NUREG-0800
[A.3.9.4-5]. The extreme design basis wind loads are less severe than tornado
generated wind loads and, therefore, do not need to be addressed.

The tornado wind intensities used for the HSM-MX analysis are obtained from NRC
Regulatory Guide 1.76, Rev. 0 [A.3.9.4-4], which bound the design basis
requirements. Region I intensities are utilized since they result in the most severe
loading parameters. For this region, the maximum wind speed is 360 mph, the
rotational speed is 290 mph, and the maximum translational speed is 70 mph. The
radius of the maximum rotational speed is 150 ft, the pressure drop across the tornado
is 3 psi and the rate of pressure drop is 2 psi per second [A.3.9.4-4].

The maximum wind speed used of 360 mph provides substantial conservatism relative
to the maximum wind speed of 230 mph prescribed in current regulatory guidance in
NRC Regulatory Guide 1.76 Revision 1 [A.3.9.4-17]. For the purposes of the
structural evaluation as described in Appendix A.3, as well as the accident evaluation
as described in Appendix A.12 the design basis tornado (DBT) refers to the bounding
criteria from Regulatory Guide 1.76, Rev. 0 used in the analysis.

Tornado loads are generated for three separate loading phenomena:

e Pressure or suction forces created by drag as air impinges and flows past the
HSM-MX. These pressure or suction forces are due to tornado-generated wind
with maximum wind speed of 360 mph.

e Pressure or suction forces created by drag due to tornado-generated pressure drop
or differential pressure load of 3 psi.

e Impact, penetration and spalling forces created by tornado-generated missiles
impinging on the HSM-MX.

The determination of impact forces created by tornado missiles for the HSM-MX is
consistent with that presented in Section 2.3.1.2. The four types of missiles listed
below envelope the missile spectrum of NUREG-0800, Revision 2, Section 3.5.1.4
[A.3.9.4-5]. These missiles also bound the design basis missile spectrum of NRC
Regulatory Guide 1.76, Revision 1 [A.3.9.4-17] and NUREG 0800, Revision 3,
Section 3.5.1.4 [A.3.9.4-6]. Evaluation of the effects of small diameter spherical
missiles (artillery) is not required because there are no openings in the HSM-MX
leading directly to the DSC through which such missiles could pass.

1. Utility wooden pole, 13.5" diameter, 35’ long, Weight = 1124 Ibs, Impact velocity
=180 fps.

2. Armor piercing artillery shell 8” diameter, Weight = 276 lbs, Impact velocity =
185 fps.

3. Steel pipe, 12.75" diameter, Schedule 40, 15 ft long, Weight = 750 Ibs, Impact
velocity = 154 fps.
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4. Automobile traveling through the air not more than 25 ft above the ground and
having contact area of 20 sq. ft, Weight = 4000 Ibs, Impact Horizontal Velocity =
195 fps.

Stability and stress analyses are performed to determine the response of the HSM-MX
to tornado wind pressure loads. The stability analyses are discussed in detail in
Appendix A.3.9.7. The stress analyses are performed using the ANSYS FEM of the
HSM-MX to determine design forces and moments. These conservative analyses
envelope the effects of wind pressures on the HSM-MX in other array configurations.
Thus, the requirements of 10 CFR 72.122 are met.

The HSM-MX is qualified for maximum design basis tornado (DBT) generated design
wind loads of 238 psf and 167 psf on the windward and leeward HSM-MX walls (See
Table A.3.9.4-1 and Table A.3.9.4-2), respectively, and a pressure drop of 3 psi.

An HSM-MX array is protected by end side walls, shield walls, or an adjacent module.
For an HSM-MX array, the module on the windward end of the array has either an end
side wall or an end shield wall to protect the module from tornado missile impacts.
The end walls are also subjected to the 238 pstf windward pressure load. The 167 psf
suction load is applicable to the end side wall on the opposite end module in the array.
A suction of 355 psfis also applied to the roof of each HSM-MX in the array.

For the stress analyses, the DBT wind pressures are applied to the HSM-MX as
uniformly distributed loads. The bending moments and shear forces at critical
locations in the HSM-MX concrete components are calculated by performing an
analysis using the ANSYS analytical model of the HSM-MX as described in Section
A.3.9.4.6. The wind and tornado loads are identified as load combination C2 and C5
as provided in Table A.3.9.4-5. The demand to capacity ratios in terms of
reinforcement areas for the bounding load combinations are presented in

Table A.3.9.4-6 for each of the HSM-MX components.

Conservatively, the design basis extreme wind pressure loads are assumed to be equal
to those calculated for the DBT (based on 360 mph wind speed) in the formulation of
HSM-MX load combination results.

In addition, the adequacy of the HSM-MX to resist tornado missile loads is checked
using the modified National Defense Research Committee (NDRC) empirical
formulae [A.3.9.4-10] for local damage evaluation, and response chart solution
method [A.3.9.4-13] for global response. These evaluations are described in
Section A.3.9.4.10.5.
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A.3.9.4.9.2 Earthquake (Seismic) Load (E) Analysis

The design basis seismic load used for analysis of the HSM-MX components is as
discussed in Section A.2.3.4. Based on NRC Regulatory Guide 1.61 [A.3.9.4-3], a
damping value of 4% is used for seismic analysis of steel structural components and a
damping value of 7% is used for seismic analysis of concrete components of the
HSM-MX. An evaluation of the frequency content of the loaded HSM-MX is
performed to determine the amplified accelerations associated with the design basis
seismic response spectra for the HSM-MX. The results of the frequency analysis of
the HSM-MX structure (which includes a simplified model of the DSC) yield a lowest
frequency of 23.94 Hz in the transverse direction and 24.08 Hz in the longitudinal
direction. The lowest vertical frequency exceeds 45 Hz; therefore, the spectral
acceleration is not amplified in the vertical direction. Thus, based on the enhanced
Regulatory Guide 1.60 response spectra amplifications, the corresponding seismic
accelerations used for the design of the HSM-MX are 1.33g and 1.33g in the
transverse and longitudinal directions, respectively, and 0.800g in the vertical
direction. The resulting amplified accelerations are given in Table A.3.9.4-3.

An equivalent static analysis of the HSM-MX is performed using the ANSYS FEM
described in Section A.3.9.4.6.1 by applying the amplified seismic accelerations load.
The dominant frequencies are lower for the double row array in the X and Y
directions, whereas the single row array has a lower frequency in the Z direction.
Therefore, the spectral accelerations to be used in seismic analysis are taken from the
double row array model for the X and Y directions, and from the single row array
model for the Z direction.

The responses for each orthogonal direction are combined using the square root of the
sum of the squares (SRSS) method. The resulting moments and forces due to the
combined seismic load are included in the HSM-MX load combination results.

For sites having a higher zero period acceleration than analyzed, the reinforcement
requirement may need to be reviewed, and additional rebar may be added for such
sites.

The stability evaluation of the HSM-MX due to seismic load is discussed in Appendix
A3.9.7.

Seismic analysis of the HSM-MX heat shields consists of a modal time-history
analysis of the HSM-MX using the seismic acceleration load corresponding to the
ISRS with £15% peak-broadening and the frequency response of each type of heat
shield. The ground motion time histories used in the modal time-history analysis of
the HSM-MX are based on four earthquakes,

Hector Mine,
Chi-Chi,

Denali,
Mianzhuqingping.
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The time histories are compatible with the enhanced NRC Regulatory Guide 1.60
[A.3.9.4-2] response spectra. The acceleration, velocity, and displacement time
histories and corresponding spectra in the two horizontal and vertical directions, all
with 1.0g zero period acceleration (ZPA), are shown for the ground motion based on
the Hector Mine earthquake in Figure A.3.9.4-7 through Figure A.3.9.4-12 for
information only. The time histories are scaled down in the modal time-history
analyses because their response spectra are anchored at 1.0g ZPA whereas the seismic
criteria for the HSM-MX are based on 0.85g ZPA in the horizontal directions and
0.80g ZPA in the vertical direction. The envelops of the ISRS of heat shield support
nodes due to the four ground motions are shown in Figure A.3.9.4-13 through
Figure A.3.9.4-15 for lower top heat shield (LTHS) only.

A.3.9.4.9.3 Flood Load (FL) Analysis

Since the source of flooding is site specific, the exact source, or quantity of flood
water, should be established by the licensee. However, for this generic evaluation of
the HSM-MX, bounding flooding conditions are specified that envelope those that are
postulated for most plant sites. As described in Section 2.3.3, the design basis
flooding load is specified as a 50-foot static head of water and a maximum flow
velocity of 15 feet per second. Each licensee should confirm that this represents a
bounding design basis for their specific ISFSI site.

Since the HSM-MX is open to the atmosphere, static differential pressure due to
flooding is not a design load.

The maximum drag pressure, D, acting on the HSM-MX due to a 15 fps flood water
velocity is calculated as follows:

D = SoPwV® [A.3.9.4-15]
2g

Where:

vV = 15 fps, Flood water velocity

Cp = 2.0, Drag coefficient for flat plate

Py = 62.4 Ib/ft’, Flood water density

g = 32.2 ft/sec’, Acceleration due to gravity

D = Drag pressure (psf)

The resulting flood induced drag pressure is: D = 436 psf.

The following flood load cases are considered to account for different flow direction:

e (ase 1: Flood water flowing longitudinally from the front row to the back row of
the module or vice versa.
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e Case 2: Flood water flowing transversely from the right side wall to the left side
wall of the module or vice versa.

The ANSYS FEM described in Section A.3.9.4.6.1 is used for the structural
evaluation. The results for the flood load case are obtained by enveloping results from
the above load cases.

The stability evaluation of the HSM-MX due to flood load is discussed in Appendix
A3.9.7.

A.3.9.4.9.4 Accident Blocked Vent Thermal (T,) Stress Analysis

The postulated accident thermal event occurs due to blockage of the air inlet and outlet
vents under off-normal ambient temperatures range from -40 °F to 117 °F. The HSM-
MX thermal stress analysis was performed using the thermal profiles and maximum
temperatures reported in Section A.4.5.

The ANSYS FEM described in Section A.3.9.4.6.2 is used for the structural analysis
for the accident blocked vent condition.

A.394.10 Structural Evaluation

The load categories associated with normal operating conditions, off-normal
conditions and postulated accident conditions are described previously. The load
combination results and design strengths of HSM-MX components are presented in
this section.

A.3.9.4.10.1 HSM-MX Concrete Components

To determine the required strength (internal axial forces, shear forces, and bending
moments) for each HSM-MX concrete component, linear elastic finite element
analyses are performed for the normal, off-normal, and accident loads using the
analytical models described in Sections A.3.9.4.6.1 and A.3.9.4.6.2 for mechanical
and thermal loads, respectively.

The concrete design loads are multiplied by load factors and combined to simulate the
most adverse load conditions. The load combinations listed in Table A.3.9.4-5 are
used to evaluate the concrete components. The demand to capacity ratios (in terms of
reinforcement areas) for the bounding load combinations are presented in

Table A.3.9.4-6 for each HSM-MX component. The reinforcement directions are
shown in Figure A.3.9.4-5. The thermal stresses of HSM-MX concrete components
used in the load combination results are based on thermal results that bound those
reported in Section A .4.5.
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The required longitudinal reinforcement areas for the critical sections of concrete are
calculated in accordance with the requirements of ANSI 57.9 [A.3.9.4-8] and ACI
349-06 [A.3.9.4-9], including the strength reduction factors defined in ACI 349-06,
Section 9.3. The longitudinal reinforcement areas provided for the HSM-MX concrete
components exceed the required reinforcement areas as shown in Table A.3.9.4-6.

A.3.94.10.2 HSM-MX Shield Door

The shield door is free to grow in the radial direction when subjected to thermal loads.
Therefore, there are no stresses in the door due to thermal growth. The dead weight,
differential pressure, flood and seismic loads cause insignificant stresses in the door
compared to stresses due to missile impact load. Therefore, the door is evaluated only
for the missile impact load.

The minimum thickness of a concrete component to prevent perforation and scabbing
are 18.5 inches and 27.7 inches, respectively. Thus, the 28-inch thick door is adequate
to protect from local damage due to missile impact. The computed maximum ductility
ratio for the door is less than 2, which satisfies the ductility requirement if compared
against the allowable ductility ratio of 10 as per ACI 349-06 [A.3.9.4-9]. Therefore,
the concrete door meets the ductility requirement and is adequate to protect from the
global effect of missile impact.

A.3.9.4.10.3 HSM-MX Heat Shield

The heat shield panels are connected by bolts and threaded studs to the support
brackets and surrounding concrete walls. The HSM-MX heat shield consists of
different variations such as lower cavity side heat shield (LSHS), lower cavity top heat
shield (LTHS), upper cavity bottom heat shield (UBHS), upper cavity side heat shield
(USHS) and upper cavity top heat shield (UTHS).

The heat shield panels consists of 12 gauge 0.1054-inch thick stainless steel.

The maximum interaction ratio for the combined axial and bending stress for all bolts
1s 0.98, which is less than 1.0, in the UBHS and maximum bending stress in the panel
is 30.0 ksi, which is less than the allowable stress of 32.2 ksi.

The maximum temperature used in the stress analysis of the heat shields bounds the
maximum temperatures reported in Section A.4.5. Expansion due to off-normal and
accident condition for all heat shields will not be restrained by the supporting
elements.
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A.3.94.104 HSM-MX DSC Axial Retainer

The DSC axial retainer consists of a 3.5 in x 3.5 in solid steel square rod. The axial
retainer slides horizontally through the HSM-MX door and stops the forward motion
of the DSC towards the door. The anchor plate of the axial retainer (2 7% in. thick, in
the middle and 2 in. thick near the edge 6 in. x 15 in. plate), which is bolted to the
door, supports the axial motion of the retainer and transfers the DSC seismic load to
the door. The motion towards the back wall is controlled by the rear stop plate.

The calculated compressive strength of the axial retainer rod is 280.3 kips which is
greater than the equivalent force of 270.5 kips, due to seismic load. The maximum
seismically induced shear load in the anchor plate is 135.3 kips. The allowable shear
strength of the anchor plate is 498.6 kips. The bounding seismically induced moment
in the anchor plate is 507.2 in-kips. The allowable flexural strength of the anchor
plate at that location is 714.0 in-kips. Hence, the DSC axial retainer design is
adequate to perform its intended function.

A.3.9.4.10.5 Evaluation of Concrete Components for Missile Loading

Missile impact effects are assessed in terms of local damage and overall structural
response. Local damage that occurs in the immediate vicinity of the impact area is
assessed in terms of penetration, perforation, spalling and scabbing. Evaluation of
local effects is essential to ensure that protected items (the DSC and fuel) would not be
damaged by a missile perforating a protective barrier, or by secondary missiles such as
scabbing particles. Evaluation of overall structural response is essential to ensure that
protected items are not damaged or functionally impaired by deformation or collapse
of the impacted structure.

The tornado-generated missiles are conservatively assumed to strike normal to the
surface with the long axis of the missile parallel to the line of flight to maximize the
local effects. Plastic deformation to absorb the energy input by the tornado-generated
missile load is desirable and acceptable, provided that the overall integrity of the
structure is not impaired. Due to complex physical process associated with missile
impact effects, the HSM-MX structure is primarily evaluated conservatively by
application of empirical formulae.

A.3.9.4.10.5.1 Local Damage Evaluation

Local missile impact effects consist of (a) missile penetration into the target, (b)
missile perforation through the target, and (c¢) spalling and scabbing of the target. This
also includes punching shear in the region of the target. Per F.7.2.3 of ACI 349-06
[A.3.9.4-9], if the concrete thickness is at least 20% greater than that required to
prevent perforation, the punching shear requirement of the code need not be checked.

The following enveloping missiles are considered for local damage:

e  Utility wooden pole
e  Armor piercing artillery shell
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e 12-inch diameter schedule 40 steel pipe

Large deformable missiles such as automobiles are incapable of producing significant
local damage. Concrete thickness satisfying the global structural response
requirements including punching shear is considered to preclude unacceptable local
damage. Therefore, the local effects from an automobile are evaluated using punching
shear criteria of ACI 349-06 [A.3.9.4-9]

The following empirical formulae are used to determine the local damage effects on
reinforced concrete target:

A. Modified NDRC formulas for penetration depth [A.3.9.4-10]:

1.8
x= 4KNWd[ Yo j , for x/d <2.0
1000 d

1.8
x= KNW( Yo J +d ,forx/d>2.0
1000 d

Where,

x = Missile penetration depth, inches

K= concrete penetrability factor = —

V7

N = projectile shape factor
= (.72 flat nosed
= 0.84 blunt nosed
= 1.0 bullet nosed (spherical end)
= 1.14 very sharp nose

W = weight of missile, Ib
v, = striking velocity of missile, fps

d = effective projectile diameter, inches.
for a solid cylinder, d = diameter of projectile and
for a non-solid cylinder, d = (4AC/TE)1/2

A= projectile impact area, in’
B. Modified NDRC formula for perforation thickness [A.3.9.4-10]:

2
-€=3J9(f}—0718[f) for x/d < 1.35
d d d

-§=132+124(§j,ﬁnl35§x@§135
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Where,

e = perforation thickness, in.

In order to provide an adequate margin of safety the design thickness t4=1.2¢
[A.3.9.4-9]

C. Modified NDRC formula for scabbing thickness [A.3.9.4-10]:

2
S _7091 (fj ~5.06 (fj . for x/d < 0.65
d d d

§=2.12+1.36 GJ for 0.65 <x/d<11.75

Where,

s = scabbing thickness, in.

In order to provide an adequate margin of safety the design thickness tqg = 1.2s
[A.3.9.4-9]

The concrete targets of the HSM-MX that may be subjected to local damage due to
missile impact are:

24-inch thick roof panel

44-inch thick roof side wall

39-inch thick (minimum) front wall

36-inch thick end shield wall

36-inch thick end shield wall with 11-inch thick (minimum) side wall (upper
compartment)

44-inch thick end wall (lower compartment)

e  82-inch thick end wall (upper compartment)

e  44-inch thick rear wall (for the case of single row array)

The minimum thickness of concrete target components listed above is 36 inches and
24 inches for horizontal and vertical missiles impacts, respectively. So, the required
perforation thickness and required scabbing thickness are compared against 36 inches
and 24 inches for horizontal and vertical missiles impacts, respectively, to ensure the
adequacy of design.
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Local Impact Effects of Utility Wooden Pole Missile

Per section 6.4.1.2.5 of [A.3.9.4-10], utility wooden pole missiles do not have
sufficient strength to penetrate a concrete target and that the scabbing thickness
required for wood missiles is substantially less than that required for a steel missile
with the same mass and velocity. Practically, wooden pole missiles do not appear to
be capable of causing local damage to the 12-inch or thicker walls (also see Section
2.1.1 0of [A.3.9.4-13]). Since none of the concrete targets are less than 12 inches thick,
the postulated wood missiles do not cause any local damage to the HSM-MX concrete
component.

Local Impact Effects of Armor Piercing Artillery Shell Missile

The penetration depth for this missile is calculated using the NDRC Formula as given
in Section A.3.9.4.10.5.1 (a) and the parameters used in the formula are as listed
below:

d = 8.0 in. effective diameter of missile

W =276 lb weight of missile

Vo = 185 fps striking velocity of missile

. = 5000 psi concrete compressive strength

K = 180/v/5000 = 2.55 concrete penetrability factor

N = 0.84 projectile shape factor (blunt nosed)

Penetration depth, x = 4.6 in. for x/d (= 0.58) <2.0
Perforation thickness, e = 12.9 in. for x/d (= 0.58) < 1.35
Required perforation thickness = 1.2*12.9 = 15.5 in. <36 in.
Scabbing thickness, s = 23.1 in. for x/d (= 0.58) < 0.65
Required scabbing thickness = 1.2%23.1 = 27.7 in. <36 in.

Similarly, for vertical impact:
Required perforation thickness = 11.2 in. <24 in
Required scabbing thickness = 22.7 in. <24 in

Therefore, penetration and perforation of the concrete components of the HSM-MX do
not occur due to this missile impact.

Local Impact Effects of 12-Inch Diameter Schedule 40 Steel Pipe Missile

The penetration depth for this missile is calculated using the NDRC Formula as given
in Section A.3.9.4.10.5.1 and the parameters used in the formula are as listed below:

¢ = 12.75 in. outer diameter of 12-inch dia. schedule 40 steel pipe.

Ac = 15.74 in® missile impact area (cross sectional area of steel)
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d = (4*15.74/7)"? = 4.5 in. effective diameter of missile

W =750 1b weight of missile

Vo = 154 fps striking velocity of missile

. = 5000 psi concrete compressive strength

K = 180/4/5000 = 2.55 concrete penetrability factor

N = 0.72 projectile shape factor (flat nosed)

Penetration depth, x = 7.6 in. for x/d (= 1.69) < 2.0

Perforation thickness, e = 15.4 in. for 1.35 <x/d (=1.69) <13.5
Required perforation thickness = 1.2*15.4 = 18.5 in. < 36 in.
Scabbing thickness, s = 19.9 in. for 0.65 <x/d (=1.69) < 11.75
Required scabbing thickness =1 .2*19.9 =23.9 in. <36 in.

Similarly, for vertical impact:
Required perforation thickness = 14.8 in. <24 in
Required scabbing thickness = 20 in. < 24 in

Therefore, penetration and perforation of the concrete components of the HSM-MX do
not occur due to this missile impact.

A.3.9.4.10.5.2 Global Structural Response

When a missile strikes a structure, large forces develop at the missile-structure
interface, which decelerate the missile and accelerate the structure. The response of
the structure depends on the dynamic properties of the structure and the time
dependent nature of the applied loading (interface force-time function). The force-
time function is, in turn, dependent on the type of impact (elastic or plastic) and the
nature and extent of local damage.

In an elastic impact, the missile and the structure deform elastically, remain in contact
for a short period of time (duration of impact), and subsequently disengage due to the
action of elastic interface restoring forces.

In a plastic impact, the missile or the structure (or both) may sustain permanent
deformation or damage (local damage). Elastic restoring forces are small, and the
missile and the structure tend to remain in contact after impact. Plastic impact is much
more common than elastic impact, which is rarely encountered. Test data have
indicated that the impact from all postulated tornado-generated missiles can be
characterized as a plastic impact.
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If the interface forcing function can be defined or conservatively idealized, the
structure can be modeled mathematically, and conventional analytical or numerical
techniques can be used to predict structural response. If the interface forcing function
cannot be defined, the same mathematical model of the structure can be used to
determine structural response by application of conservation of momentum and energy
balance techniques with due consideration for type of impact (elastic or plastic).

In either case, in lieu of a more rigorous analysis, a conservative estimate of structural
response can be obtained by first determining the response of the impacted structural
element, and then applying its reaction forces to the structure. The predicted structural
response enables assessment of structural design adequacy in terms of strain energy
capacity, deformation limits, stability and structural integrity.

The overall structural response of each component as a whole (global response) is
determined by single degree of freedom analysis using response charts solution
method of [A.3.9.4-13].

The following enveloping missiles are considered for global structural response:

Utility wooden pole

Armor piercing artillery shell

12-inch diameter schedule 40 steel pipe
Automobile missile

The peak interface force and impact duration for each missile are calculated as
follows:

A. Utility Wooden Pole Missile

For wooden missile, the interface forcing function is a rectangular pulse having a
force magnitude of F and duration t;, per Section 2.3.1 of [A.3.9.4-13]

F =PA
t; = My, v./F
Where,

F = interface force (Ib)

P = interface pressure (psi) = 2500 psi for wood missiles [A.3.9.4-13]
A = cross sectional area of the missile (in”) =7 * 13.5%/4 = 143.1 in’
t; = impact duration (sec)

Wi = weight of missile (Ib) = 1124 b

M, = missile mass (Ib-sec’/ft) = Wy/g = 1124 1b /32.2 ft/sec’ = 34.9 1b-
2
sec”/ft

Ve = change in velocity during impact (conservatively = v) (fps) = 180 fps
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Therefore,
F =358 kip and t; = 0.0175 sec

For the missile with vertical velocity, F is the same and t; =0.0117 sec

Armor Piercing Artillery Shell

For solid steel missile, the concrete is a soft target per section 6.4.2 of
[A.3.9.4-10] with a penetration depth of 4.6 in. The interface forcing function is a
rectangular pulse per Section 6.4.2.1.1 of [A.3.9.4-10].

F = WnV(*/2gX
t; =2X/Vy
Where,
F = interface force (Ib)
t; = impact duration (sec)
Wi, = missile weight (Ib) =276 1b
V), = initial velocity of the missile (fps) = 185 fps
X = penetration depth = 4.6 in.

Therefore,

F =383 kip and t; = 0.00414 sec

For the missile with vertical velocity,

C.

F =170 kip and t; =0.00622 sec
12-Inch Diameter Schedule 40 Steel Pipe

For steel pipe missile, the interface forcing function is a triangular pulse per
Section 2.3.2 of [A.3.9.4-13].

t; = 400M,, /PA
F = 2Mpnvs)/t;

Where,
F = peak interface force (Ib)
P = collapse stress of pipe (psi) = 60000 psi
A = cross sectional metal area of the missile (in?) = 15.74 in’

t; = impact duration (sec)
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Wi, = weight of missile (Ib) = 750 1b

M, = missile mass (Ib-sec’/ft) = Wy/g = 750 b /32.2 ft/sec® = 23.29 Ib-
2
sec”/ft

vs = striking velocity of missile = 154 fps
Therefore,
F =728 kip and t; = 0.00986 sec

For the missile with vertical velocity Fpea = 485 kip
D. Automobile Missile

For automobile missile, the interface forcing function per 2.3.3 of [A.3.9.4-13] is
as follows:

Fy=0.625 v, W sin(20t) 0<t<0.0785 sec
F,=0 t>0.0785 sec

Where,
F = force as a function of time (Ib)
W = weight of automobile (Ib) = 4000 Ib

v = change in velocity during impact (conservatively = vy) (fps) = 195 fps
Therefore,
F =488 kip and t; = 0.0785 sec
For the missile with vertical velocity, Fpeax =325 kip

The lower compartment module left sidewall, top left sidewall, right shield wall, front
wall, rear wall, roof and roof sidewall of the HSM-MX are evaluated for global
response, since these components may interface with missile loading. The lower
compartment module left side wall, upper compartment module left side wall and rear
wall are idealized as a simply supported plate. The roof is idealized as a plate clamped
to three sides and free at the other side adjacent to vent opening. The roof sidewall is
idealized as a plate clamped to three sides and free at the other side facing the top.
The yield resistance and fundamental period of vibration of concrete components are
then determined based on the assumed idealized boundary condition using the
equations given in Section 4.4 of [A.3.9.4-13]. For the right shield wall and front
wall, ANSYS finite element models are used to determine the yield resistance and
fundamental period of vibration. The calculated value of yield resistance, Ry, and
fundamental period of vibration, T,, for different concrete components are tabulated
below.
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Component R, (kip) T, (sec)
Lower Compartment 1659 0.0048
Module Left Side Wall
Upper Compartment Module 3255 0.0025
Left Side Wall
Right Shield Wall 359.5 0.016
Front Wall 961.1 0.0079
Rear Wall 1659 0.0030
Roof 453.8 0.0040
Roof Side Wall <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>