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CHAPTER 1: GENERAL INFORMATION

1.0 GENERAL INFORMATION

This Safety Analysis Report (SAR) for Holtec International's HI-STAR 100 packaging is a
compilation of information and analyses to support a United States Nuclear Regulatory Commission
(NRC) licensing review as a spent nuclear fuel transportation package (Docket No. 71-9261) under
requirements specified in 10CFR71 [1.0.1] and 49CFR173 [1.0.2]. This SAR supports NRC
approval and issuance of Certificate of Compliance No. 9261, issued under the provisions and
definitions in 10CFR71, Subpart D, for the design Model: HI-STAR ‘100 as an acceptable Type
B B(U)F-8§96 packagmg for transport by excluswe use shrpment (10CFR71 A47).

The HI STAR 100 packaging comphes with the requlrements of lOCFR7l fora Type B(U)F- 8596
package The HI-STAR 100 packaglng does not have a maximum normal operating pressure
(MNOP) greater than 700 kPa (100 Ib/in®). The HI-STAR 100 internal design pressure is specified in
Table 2.1.1 as 100 psig to calculate bounding stress values. Section 3.4 calculates the MNOP
(reported in Table 3.4.15) and demonstrates that the value remains below the design value specified

-in Table 2.1.1. No pressure relief device is provided on the HI-STAR 100 containment boundary, as
discussed in Subsection 1.2.1.8. Therefore, there is no pressure relief device that would allow the
release of radioactive material under the tests specified in 10CFR71.73. Analyses that demonstrate '
that the HI-STAR 100 packaging complies with the requirements of Subparts E and F of 10CFR71:
are provided in this SAR. Specific reference to each section of the SAR that is used to specifically
address compliance to I0CFR71 is provided in Table 1.0.2. Therefore, the HI-STAR 100 packaging
to transport spent nuclear fuel should be de51gnated B(U)F-8596. -

-The HI- STAR 100 %panspeﬁ—mde*—fer—rmele&r—er—&rea-hféy—eeﬁ&el Crmcalzty Safety Index (CSI) is

~ zero; as an unlimited number of- packages is subcritical under the procedures specified in

) 10CFR71 59(a) Section 6.1 provides the determination of the &aﬂspeﬁ—mdex—fer—nue%ear—eﬂ&eahw.
“eentret CSI. The Transport Index (TI) based on radiation is in excess of 10 for the HI-STAR 100

Packaging with design basis fuel contents. Therefore,. the HI- STAR 100 Packagmg must be‘

. transported by excluswe use shrpment (10CFR71 47)

The HI STAR 100- packagmg desrgn, fabr1catron assembly, and testrng shall be performed in .
, accordance with Holtec International's quality assurance program. Holtec International's quality
assurance program was originally developed to meet NRC requirements delineated in 10CFR50,
Appendrx B, and was expanded to include provisions of 10CFR71, Subpart H, and 10CFR72,
Subpart G, for structures_ systems, and components designated as important to safety. NRC approval
of Holtec International's quality assurance program is documented by the Quality Assurance
Program Approval for Radioactive material Packages (NRC Form 311), Approval Number 0784,
Docket No. 71-0784.

This SAR has been prepared in the format and content suggested in NRC Regulatory Guide 7.9
[1.0.3]. The purpose of this chapter is to provide a general description of the design features and
transport capabilities of the HI-STAR 100 packaging including its intended use. This chapter
provides a summary description of the packaging, operational features, and contents, and provides

HI-STAR SAR Proposed Rev. 13b
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reasonable assurance that the package will meet the regulations and operating objectives. Table 1.0.1
contains a listing of the terminology and notation used in preparing this SAR.

This SAR was initially prepared prior to the issuance of the draft version of NUREG-1617 [1.0.5].
To aid NRC review, additional tables and references have been added to facilitate the location of
information needed to demonstrate compliance with 10CFR71 as outlined by NUREG-1617. Table
1.0.2 provides a matrix of the 10CFR71 requirements as outlined in NUREG-1617, the format
requirements of Regulatory Guide 7.9, and reference to the applicable SAR sectlon(s) that
“address(es) each topic. :

The HI-STAR 100 System is a dual purpose system, certified under 10 CFR 71 and 10 CFR 72. The

- HI-STAR 100 Final Safety Analysis Report (FSAR) [1.0.6] supports Certificate of Compliance No. - -
1008 for HI-STAR 100 to store spent nuclear fuel atan Independent Spent Fuel Storage Installation o

A (ISFSI) facrllty under requlrements of IOCF R72, Subpart L{1.0. 4] (Docket Number 72-1008).

Within this report all figures, tables and references cited are 1dent1ﬁed by the double decimal system |

m.n.i, where m is the chapter number, n is the section number, and i is the sequential number. Thus, -
for example, Figure 1.1.1 is the ﬁrst ﬁgure in Section 1.1 of Chapter 1 (which is the next section in
- this chapter)

Rev1sxon of this document was made on a section level. Therefore, if any change occurs on a page,
the entire section was updated to the current revision. The locations of specific text changes are
indicated by revision bars in the margin of the page. Figures are controlled individually at the latest
‘SAR revision level for that partlcular figure. Sections and figures unchanged in the latest SAR
revision indicate the revision level corresponding to the last changes made in the section/figure.
Drawings are also controlled individually within the Holtec International drawing control system.
‘The revisions of drawings included in this revision of this SAR are the same as those 1ncorporated _
by reference into CoC No 9261 Amendment 346 o - '

| This revision of this SAR 1ncludes 1nformat10n pertalmng to the MPC- 32 basket However the :
MPC-32 isnot certified for transportation at thlS time. MPC-32is under review by the NRC and will
be certlﬁed in a future CoC amendment ~ ‘ : :

The HI-STAR 100 Version HB (also called HI- S TAR HB) isa shorter variation of the HI-S TAR 100
specifically designed for Humboldt Bay fuel [1.0.8]. Informatzon pertaining to the HI-STAR HB
i System is generally contained in supplements to each chapter identified by a Roman numeral “I” -
(i.e., Chapter 1 and Supplement I.1). Certain sections of the main SAR are also affected and are
appropriately modified for continuity with the “I” supplements. Unless superseded or specifically

modified by information in the “I” supplements, the information in the main SAR chapters is
applicable to the HI-STAR HB System.

Through revision 11 of this SAR, discussions were presented that described MPC designs called the
MPC-24EF, and MPC-68F. These designs contain features required to classify them as secondary
containments, which was necessary for transportation of fuel debris under an earlier version of 10
CFR 71, and were the only MPC designs allowed to be loaded with fuel debris. Recent changes to
10 CFR 71 have eliminated the need for secondary containment of fuel debris. The F-canister
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designs have been retained in this SAR; however, any requirements regarding the secondary
containment function of these canisters have been removed.

1.0.1 Engineering Change Orders

The changes authorized by the following Holtec Engineering Chahge Orders (ECOs) are reflected in
this revision of this SAR: '

MPC-68/68F: EG@-M%{,—#&—NW. i : |
MPC-24: ECO-1022-58,-59, 67-68None. | 3 - | | |
MPC-24E/24EF: WNW. | ' - '
MPC-32: BCO-4623 3432, 334345—46None. o o R
' HI-STAR overpack: ECO 102048, 50. | | |

| MPC Ericlosure Véssel.- ECO 1023-42, 1021-77, 8.

Hf—STAR 100 Assembly for Transport: E co 102_0-5 L _

Ancillary Equipment: ECO 1027-64, 5014-146, 50:14-:1 60.

HI-STAR SAR Proposed Rev. 13b
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Table_l.O.l

TERMINOLOGY AND NOTATION
ALARA is an acronym for As Low As Reasonably Achievable.
AL-STAR™ is the trademark name of the HI-STAR 100 impact limiter.
Boral is a generic term to denote an aluminum-boron carbide cermet manufactured in accordance .
with U.S. Patent No. 4027377. The 1nd1v1dual materral supplrer may use another trade name to refer
to the same product :
Boral means Boral'manufactured by kAA_R Advanc_ed Structures.
BWR is an acronym for boiling water reactor.

C.G. is an acronym for center of gravity.

Commerclal Spent Fuel or CSF refers to nuclear fuel used to produce energy in.a commercial
nuclear power plant. :

“Containment System Boundary means the enclosure formed by the overpack inner shell welded to-
a bottom plate and top ﬂange plus the bolted closure plate with dual seals and the vent and dram port

Containment System means the HI STAR 100 overpack that forms the contamment boundary of |
- the packagmg mtended to contaln the radioactive material durmg transport.

| Cooling Tlme (or post-lrradratlon cooling tlme) for a spent fuel assembly is the trme between '
‘reactor shutdown and the time the spent fuel assembly is loaded mto the MPC. -

C rltlcal C. haractertsttc means a feature of a component or assembly that is necessary for the, proper :
* safety function of the component or assembly. Critical characteristics of a material are those .|
" attributes that have been identified, in the assoczated material specification, as necessary to render :
the material’. s mtendea’ functzon : : :

Critieality Safety Index (CSI) is the dimensionless number (rounded up to the next tenth) assigned
to and placed on the label of a fissile material package, to designate the degree of control of
accumulation of packages containing fissile material during transportation.

Damaged Fuel Assembly is a fuel assembly with known or suspected cladding defects, as
determined by a review of records, greater than pinhole leaks or hairline cracks, empty fuel rod
locations that are not filled with dummy fuel rods, missing structural components such as grid
spacers, whose structural integrity has been impaired such that geometric rearrangement of fuel or

. HI-STAR SAR Proposed Rev. 13a
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gross failure of the cladding is expected based on engineering evaluations, or these that cannot he
handled by normal means. Fuel assemblies whieh that cannot be handled by normal means due to
fuel cladding damage are considered Fuel-Debris FUEL DEBRIS.

Damaged Fuel Container (or Canister) means a specially designed enclosure for damaged fuel
assemblies or fuel debris which permits gaseous and liquid media to escape while minimizing
dispersal of gross solid particulates.

Enclosure Vessel (or MPC Enclosure Vessel) means the pressure vessel defined by the cylindrical
shell, baseplate, port cover plates, lid, closure ring, and associated welds that provides confinement
for the helium gas contained within the MPC. The Enclosure Vessel (EV) and the fuel basket
: together constltute the multi-purpose canister. : o

Excluswe use means the sole use by a s1ng_le consignor of a conveyance for which all initial,
intermediate, and final loading and unloading are carried out in accordance with the direction of the
"consignor or consignee. The consignor and the carrier must ensure that loading or unloading is
performed by personnel having radiological training and resources appropriate for safe handling of
the consignment. The consignor must issue specific instructions, in writing, for maintenance of
exclusive use shipment controls, and include them with the shipping paper 1nformat10n provided to
the carrier by the consignor. : : :

‘ FSAR is an acronym for Final Safe_ty Analysis Report (lOCFR72).

.Fuel Basket means a honeycomb structural weldment with square openmgs which can aecept a fuel
-.assembly of the type for which it is designed.

'Fuel Debrls is ruptured fuel rods, severed fuel rods, loose fuel pellets or fuel assembhes with

‘known or suspected defects which cannot be handled by normal means due to fuel cladding damage 1 . ‘
including containers and structures supporting these parts. Fuel debris also mcludes certam TrOJan, AR

plant—spec1ﬁc fuel materlal contamed in Trojan F ailed Fuel Cans.

HI- STAR 100 overpack or overpack means the cask that recelves and contains the sealed multi-
purpose canisters containing spent nuclear fuel. It provides the containment boundary for radioactive
materials, gamma and neutron shielding, and a set of lifting trunnions for handhng Certain overpack
models also include optional pocket trunmons for upendmg and. downendmg

HI-STAR 100 System or HI-STAR 100 Packagmg consists of the MPC sealed W1th1n the HI-
STAR 100 overpack with impact limiters installed.

Holtite™ is the trade name for all present and future neutron shielding materials formulated under
Holtec International’s R&D program dedicated to developing shielding materials for application in
dry storage and transport systems. The Holtite development program is an ongoing experimentation
effort to identify neutron shielding materials with enhanced shielding and temperature tolerance
characteristics. Holtite-A™ is the first and only shielding material qualified under the Holtite R&D
program. As such, the terms Holtite and Holtite-A may be used interchangeably throughout this
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SAR.
Holtit_eTM-A is a trademarked Holtec International neutron shield material.

Humboldt Bay Damaged Fuel Container (or Canister) is a Holtec damaged fuel container custom-
designed for Humboldt Bay plant damaged fuel and fuel debris.

~ Impact Limiter means a set of fully-enclosed energy absorbers that are attached to the top and
bottom of the overpack during transport. The impact limiters are used to absorb kinetic energy
resulting from normal and hypothetical accident drop conditions. The HI-STAR impact ]1m1ters are
- called AL STAR. :

'Important to Safety (ITS) means a function or condition required to transport spent nuclear fuel
_safely; to prevent damage to spent nuclear fuel, and. to provide reasonable assurance that spent
nuclear fuel can be received, handled, packaged transported, and retrieved without undue risk to the

- health and safety of the public.

Intact Fuel Assembly is defined as a fuel assembly without known or suspected cladding defects
greater than pinhole leaks and hairline cracks, and which can be handled by normal means. Fuel
assemblies without fuel rods in fuel rod locations shall not be classified as Intact Fuel Assemblies
unless dummy fuel rods are used to displace an amount of water greater than or equal to that
» dlsplaced by the original fuel rod(s). .

Load-and Goisaterm used in this SAR that means the.practice of loading spent fuel into the HI- -
‘STAR 100 System packaging and placing the packaging into transportation service under 10 CFR
71, without first deploying the system at an Independent Spent Fuel Storage Installation (ISFSI)
'.under 10 CF R72.. : '

.Maxnmum Normal Operating Pressure (MNOP) means the maximum gauge pressure that would
~develop in the containment system in a period of 1 year under the heat condition specified in .
'10CFR71.71(c)(1), in the absence of ventmg, external cooling by an anc1llary system or operational
controls durlng transport : :

Maximum Reactivity means the highest possible k-effective including bias, uncertainties, and
- calculational statxstrcs evaluated for the worst- case combination of fuel basket manufacturmg
, 'tolerances '

MGDS is an acronym for Mined Geological Depository System.

MPC Fuel Basket means the honeycombed composite cell structure utilized to maintain
subcriticality of the spent nuclear fuel: The number and size of the storage cells depends on the type
of spent nuclear fuel to be transported. Each MPC fuel basket has sheathing welded to the storage
cell walls for retaining the Beral-neutron absorber. The neutron absorberBeral is a commercially- I
available thermal neutron poison material composed of boron carbide and aluminum.
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Multi-Purpose Canister (MPC) means the sealed canister consisting of a honeycombed fuel basket
for spent nuclear fuel storage, contained in a cylindrical canister shell (the MPC Enclosure Vessel).
There are different MPCs with different fuel basket geometries for storing PWR or BWR fuel. All
MPCs except the Trojan and Humboldt Bay plant MPCs have identical exterior dimensions. The
Trojan plant MPCs have the same outside diameter, but are approximately nine inches shorter than
the generic MPC design. The Humboldt Bay plant MPCs have the same outside diameter, but are
approximately 6.3 feet shorter. MPC is an acronym for multi-purpose canister. The-Many of the
- MPCs used as part of the HI-STAR 100 Packaging are identical to the MPCs authorized for use in
- the HI-STAR 100 Storage (Docket No. 72-1008) and HI-STORM 100 Storage (72-1014) [1.0.7]
- CoCs to the extent that many of the particular MPC models are authorized for use under both CoCs.

.. Neutron Absorber Material is a generic term used in this SAR to indicate any neuiron absorber
‘ Amaterzal qualzf ed for use in the HI-STAR 100 System MPCS :

* Neutron Shleldmg means Holtrte a material used in the overpack to thermahzc and capture
‘neutrons emanating from the radloactrve spent nuclear fuel.

~ Neutron Sources means specially designed inserts for fuel assemblies that produce neutrons for
startup of the reactor. The specific types of neutron sources authorized for transportation in the HI-
-STAR 100 System are d1scussed in Section 1.2.3.

' Non-fuel-Hardware, or NFH, means Burnable Poison Rod Assemblies (BPRAs); Thimble Plug
Devices (TPDs), Control Rod Assemblies (CRAs), Axial Power Shaping Rods (APSRs), Wet
" Annular Burnable Absorbers (WABAs), Rod Cluster Control Assemblies (RCCAs), Control
Element Assemblies (CEAs), water displacement guide tube plugs, orifice rod assemblies, and

. _-vrbratlon suppressor inserts. The specific types of NFH authorized for transportatlon in the HI- -

. ‘STAR 100 System are dlscussed in Sectlon 1.2 of this SAR

: Packagmg means the HI-STAR 100 System con51stmg of a smgle HI STAR 100 overpack asetof
“impact limiters, and a multi-purpose canister (MPC). It excludes all lifting devices, rigging,

- transporters, saddle blocks, welding machines, and auxrllary equipment (such as the drying and
helium backfill' system) used during fuel loadmg operattons and preparatlon for off-51te '

_ transportatlon

"Package means the HI STAR 100 System plus the hcensed radloactrve contents loaded for N
_ transport - : : '

Planar—Ave‘rage Initial Enrichment is the average of the distributed fuel rod initial enrichments
within a given axial plane of the assembly lattice.

PWR is an acronym for pressurized water reactor.
Reactivity is used synonymously with effective multiplication factor or k-effective.

SAR is an acronym for Safety Analysis Report (10CFR71).
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Single Failure Proof means that the handling system is designed so that a smgle failure will not
result in the loss of the capability of the system to safely retain the load.

'SNF is an acronym for spent nuclear fuel.
STP is Standard Temperature (298°K) and Pressure (l atm) condrtlons

_ Trans port lndex (TI) means the drmensronless number (rounded up to the next tenth) placed on the

label of a package, to designate the degree of control to be exercised by the carrier during

transportation. The transport index is determined-forfissile—material-packages—as the number
~ determined by multiplying the maximum radiation level in millisievert per hour at one meter (3.3 ft)
from the external surface of the package by 100 (equivalent to the maximum radiation level in
millirem per hour at one meter (3.3 ft))ma%h&%ﬂ&ekpelrpeses—thﬁmmber—ebtamed—as
deseﬂbed—n+-}9€-FR—7—l-59,—%4ﬁeheveHs—larger

Trojan Damaged Fuel Container (or Canister) is a_Holtec damaged fuel containercustom-
designed for. Trojan plant damaged fuel and fuel debris. Trojan plant damaged fuel and fuel debris

not loaded 1nto a TrOJan Falled Fuel Can must be loaded 1nto a Trojan Damaged Fuel Container.

Trolan Failed Fuel Can (FFC) is a non-Holtec desrgned TrOJan plant- specrﬁc damaged fuel

‘container that may be loaded with Trojan plant damaged fuel assemblies, Trojan fuel assembly metal . -

fragments (e.g.; portions of fuel rods, grid assemblies, bottom nozzles, etc.), a Trojan fuel rod .
: storage contarner a TrOJan Fuel Debrrs Process Can Capsule ‘ora TrOJan Fuel Debrls Process Can

'Tr0‘|an F alled Fuel Can Spacer isa square structural steel tube w1th a baseplate desrgned to be o
-placed inside one Trojan Failed Fuel Can to occupy any space between the top of the contents and
the top of the FFC in order to minimize movem_ent of the FFC contents during transportatron

Trojan Fuel Debris Process Can is a Trojan plant-specific canister containing fuel debris (metal
fragments) and was used to process organic media removed from the Trojan plant spent fuel pool
during cleanup operations in preparation for spent fuel pool decommissioning. Trojan Fuel Debris
Process Cans are loaded into Trojan Fuel Debris Process Can Capsules or directly into Trojan Failed
Fuel Cans.

Trojan Fuel Debris Process Can Capsule is a Trojan plant-specific canister that contains up to five
Trojan Fuel Debris Process Cans and i$ vacuumed, purged, backfilled with helium, and then seal-
welded closed.
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Undamaged fuel assemblies are fuel assemblies where all the exterior rods in the assembly are visually
inspected and shown to be intact. The interior rods of the assembly are in place; however the cladding of
these rods is of unknown condition. This definition only applies to Humboldt Bay fuel assembly array/class
6x6D and 7x7C.

ZR means any zirconium-based fuel cladding material authorized for use in a commercial nuclear
power plant reactor. Any reference to Z[rcaloy fuel cladding in this SAR applies to any zirconium-
based fuel cladding material.
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Table 1.0.2

HI-STAR 100 SAR CORRELATION WITH 10CFR71 AND REGULATORY GUIDE 7.9

RG 7.9 Section 10CFR Part 71 Section - HI-STAR SAR Section
1.1 71.31(a)(1), 71.31(a)(2), 1.0,1.1,12, 1.5

‘ 71.31(a)(3), 71.31(c), s
71.33(a)(1); 71.33(a)(3),
- | 71.35(b), 71.37, 71.59
1.2 71.31(a)(1), 71.33(a)(2), 12,1.3,1.4
71.33(a)(4), 71.33(a)(5),
. 71.33(a)(6), 71.33(b), 71.43(b)
None 71.31(2)(2), 71.35(a), 71.41(a) | 1.5

1.3 : None : Appendices 1.A, 1.B, and 1.C
21,22 1 71.31¢)1), 71.31(c), 71.33 21,22
23,24 .71.43(d) 23,24
2.5 - 7145 2.5
12.6,27 - 71.31(a)(2), 71.35(a), 26,27
P 71.41(a), 71.61,71.71,71.73 |
26 71.35(a), 71.41(a), 71.43(), 2.6
N | 71.51(a)(1), 71.55(d)(4), 71.71
127 71.35(a), 71.41(a), 71.73 2.7
| None . 71.61 2.7
1 None ] 71.85(b) 8122813
2.10 None ' 2.10°
3.1 - 71.31(a)(1), 71.31(c), Chapters 1 & 2,
o [ 71.33(a)(5), 71.33(a)(6), Sections 3.0, 3.1, 3.4, 3.6

71.33(b)(1), 71.33(b)(3),
71.33(b)(5), 71.33(b)(7),
71.33(b)(8), 71.51(c)

32,33 - 71.31(a)(1), 71.33(a)(5): Chapters 1 & 2,
- C ‘ _ ‘ K Sections 3.0, 3.1, 3.4, 3.6
| None .~ - | 71.31(a)(2), 71.35(a), 71.41(a) | 3.0,3.1,3.4,3.5,3.6
None = 71.43(g) - '3.0,3.4,3.6
34 71.43(f), 71:51(a)(1), 71.71 3.0,34,3.6
135 ' 71.73 . 3.0,3.5,3.6
3.6 ' None { N/A
141 . | 71.31(a)(1), 71.31(c), 4.0,4.1,42,43

71.33(a)(4), 71.33(a)(5),
71.33(b)(1), 71.33(b)(3),
71.33(b)(5), 71.33(b)(7),
o 71.43(c), 71.43(d), 71.43(e)
142 [ 7131@)Q), 71.35(), 42,43
B 71.41(a), 71.43(f), 71.43(h),
| 71.51(a)(1), 71.51(c)
143 71.31(a)(2), 71.35(a), 4.2,4.3
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HI-STAR 100 SAR CORRELATION WITH 10CFR71 AND REGULATORY GUIDE 7.9

Table 1.0.2 (continued)

RG 7.9 Section 10CFR Part 71 Section HI-STAR SAR Section
71.41(a), 71.51(a)(2), 71.51(c)
4.4 71.63 42,43
4.5 None -
5.1 71.31(a)(1), 71.31(c), 5.1
71.33(a)(5)
5.2 71.31(a)(1), 71.33(b)(1); 5.2
171.33(b)(2), 71.33(b)(3)
5.3 71.31(a), 71.31(b) 5.3
54 71.31(a)(2), 71.35(a), 5.1,54,55
71.41(a), 71.43(f), 71.47(b), :
71.51(a)(1), 71.51(a)(2) _ ‘
5.5 None | Appendices 5.A, 5.B, 5.C
6.1 71.31(a)(1), 71.31(¢c), - 16.1
: 71.33(a)(5), 71.35(b), 71.59(b)
6.2 71.31(a)(1), 71.33(b)X(1), 6.2
. 71.33(b)(2), 71.33(b)(3), 71.83 :
6.3 71.31(a)(2), 71.35(a), 71.41(a) { 6.3
64" 71.35, 71.43(f), 71.51(a)(1), 6.4
71.55(b), 71. 55(d) 71.55(e),
71.59
6.5 71.31(a)(2), 71. 35 6.5, Appendix 6.A
6.6 None 16.2, 6 4, Appendlces 6 B, 6. C
NEA T 71.31(c), 71.35(c), 71.43(g), ;’—4—7—1—3—7—}—771
S - | 71.47(b), 71.47(c), 71 47(d)' C -
. 1 71.87,71.89 ' S
7.2 . | 71.35(c) | F3 7.2
73 71.87(G) | 737273
- | None 71.35(c) - 747 7.0
174 None - . - :
8.1 71.31(c), 71 37(b) 71.85(a), - | 8.1
71.85(b), 71.85(c), 71 87(g),
71.93(b) '
8.2 71.31(c), 71.37(b), 71.87(b), 8.2
71.87(g), 71.93(b)

Notes:

feuee There is no HI-STAR SAR section that addresses this.
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1.1 INTRODUCTION

HI-STAR 100 (acronym for Holtec International Storage, Transport and Repository) is a spent
nuclear fuel (SNF) packaging designed to be in general compliance with the U.S. Department of
Energy’s (DOE) original design procurement specifications for multi-purpose canisters and large
transportation casks [1.1.1}, [1.1.2].

The HI-STAR 100 System consists of a sealed, metal multi-purpose canister, herein abbreviated
as the “MPC”, contained within an overpack with impact limiters. Figure 1.1.1 provides a
pictorial view of the HI-STAR 100 System. The HI-STAR 100- System is designed to
accommodate a wide variety of spent fuel assemblies in a single overpack design by utilizing
~ different MPC basket designs. The exterior dimensions of all MPCs (except the custom-designed -
‘Trojan plantand Humboldt Bay MPCs) are identical to allow the use of a single overpack design.
The Trojan plant MPCs are approximately nine inches shorter than the generic Holtec MPC
“design and have the same outer diameter. The Humboldt Bay MPCs are approximately 6.3 feet
~ shorter than the generic Holtec MPC design and have the same outer diameter. Each of the

'MPCs has -different design features- (e.g., fuel baskets) to accommodate distinct fuel
characteristics. Each MPC is identified by the maximum quantity of fuel assemblies it is capable
of receiving. The MPC-24, -24E, and -24EF each can contain a maximum of 24 PWR.
assemblies; the MPC-32 can contain up to 32 PWR assemblies; and-the MPC-68 and -68F each
can contain a maximum of 68 BWR fuel assemblies; and the MPC-HB for Humboldt Bay can
'contam up to 80 fuel assemblies. Figure 1.1.2 depicts the HI-STAR 100 with two of its major
“constituents, the MPC and the overpack, in a cutaway view. This view does not include depiction
‘of the spacer required for the Trojan version of the MPC-24E/EF design, which is shorter than
the Holtec generic MPC-24E/ER design. The spacer is required for the shorter MPC to ensure the
design characteristics of the HI-STAR 100. System (e.g., center-of-gravity, MPC lid-to-overpack.

. closure plate gap, etc.) remain bounded by the supporting analyses. See Flgure 1.1.5 for a - |

depiction of the Trojan MPC spacer. A drawmg of the Trojan MPC spacer is also included in
Section 1.4. A summary of the quahﬁcatlon of the spacer for performmg its des1gn functlon is
) prov1ded in Sectlon 2.7.1. 1 » : '

Flgure 1.12 also 1nd1cates that the overpack pocket trunnions are optlonal appurtenances

Overpack serial numbers:1020-001 through 1020-007 include the pocket trunnions, while later .

“serial number overpacks do not. The impact of this design change on vehicle tie down methods
and qualification analyses are discussed. in Section 2.5 of this SAR. The pocket trunnions are not
“part of the qualified vehicle tie-down system for the package. Figure 1.1.3 provides an ¢levation
"+ cross sectional view of an MPC, and Flgure 1.1.4 contams an elevatlon Cross sectlonal view of
the HI-STAR 100 overpack. ' - ' :

The HI-STAR 100 System is designed for both storage and transport. The HI-STAR 100
System’s multi-purpose design reduces SNF handling operations and thereby enhances
radiological protection. Once SNF is loaded and the MPC and overpack are sealed, the HI-STAR
100 System can be positioned on site for temporary or long-term storage or transported directly
off-site. The HI-STAR 100 System’s ability to both store and transport SNF eliminates
repackaging.

HI-STAR SAR Proposed Rev. 13
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1.2 PACKAGE DESCRIPTION

1.2.1 Packaging

The HI-STAR 100 System consists of an MPC designed for BWR or PWR spent nuclear fuel, an
overpack that provides the containment boundary and a set of impact limiters that provide energy
absorption capability for the normal and hypothetical accident conditions of transport. Each of
these components is described below, including information with respect to component
fabrication techniques and designed safety features. This discussion is supplemented by a set of
drawings in Section 1.4. Section 1.3 provides the HI-STAR 100 de31gn code applicability and-
details any alternatives to the ASME Code.

Before proceedmg to present detailed phy31ca1 data on HI-STAR 100, it is contextual to -
summarize the design attributes that set it apart from the prlor generation of spent fuel
transportatlon packages :

There are several features in the HI-STAR 100 System design that increase its effectiveness w1th
‘respect to the safe transport of spent nuclear fuel (SNF). Some of the pr1nc1pa1 features of the -
HI-STAR 100 System that enhance its effectlveness are:

o the honeycomb design_ of the MPC fuel basket
- e the effectiVe distribution of neutron and gamma shielding materials within the system.
| o the high heat rejection c'apability ' |

0_ V the structural robustness of the multi-shell overpack constructlon

The honeycomb design of” the MPC fuel baskets renders the basket into a multi- ﬂanged plate
weldment where all structural elements (box walls) are arrayed in two orthogonal sets of plates. .
" - -Consequently, the walls of the cells are cither completely coplanar (no offset) or orthogonal w1th. v
o each other There is completc edge -to-edge contlnulty between contlguous cells.

' Among the many beneﬁts of the honeycomb construction is the uniform distribution of thé' metal
mass over the body of the basket (in contrast to the “box and spacer disk” construction where the. -
support plates are localized mass points). Physical reasoning suggests that a uniformly
distributed mass provides a more effective shielding barrier than can be obtained from a non-
uniform (box and spacer disk) basket. In other words, the honeycomb basket is a more effective
radiation attenuation device.

The complete cell-to-cell connectivity inherent in the honeycomb basket structure provides an
uninterrupted heat transmission path, making the HI-STAR 100 MPC an effective heat rejection
device.

The multi-layer shell construction in the overpack provides a natural barrier againsti crack
propagation in the radial direction across the overpack structure. If, during a hypothetical
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accident (impact) event, a crack was initiated in one layer, the crack could not propagate to the
adjacent layer. Additionally, it is highly unlikely that a crack would initiate as the thinner layers
are more ductile than a thicker plate.

In this Safety Analysis Report the HI-STAR 100 System design is demonstrated to have
predicted responses to accident conditions that are clearly acceptable with respect to certification
requirements for post-accident containment system integrity, maintenance of subcriticality
margin, dose rates, and adequate heat rejection capability. Table 1.2.18 presents a summary of
the HI-STAR 100 System performance against these aspects of post-accident performance at two .
levels. At the first level, the integrity of the MPC boundary prevents release of radioactive
- material or helium from the MPC, and ingress of moderator. The integrity of the MPC is
demonstrated' by ‘the analysis of the response of this high quality, ASME Code, Section III,
Subsection NB-designed, pressure vessel to the accident loads while in the overpack. With this
~ demonstration of MPC integrity, the excellent performance results listed in the second column of
Table 1.2.18 constitute an acceptable basis for certification of the HI- STAR 100 System for the
safe transport of spent nuclear fuel. ‘However, no credit is taken for MPC integrity for
certlﬁcatlon of the HI- STAR 100 System for the transport of intact or. damaged fuel assembhes

The HI-STAR 100 System provides a large margin of safety. The third column in Table 1.2.18
summarizes the performance if the MPC is postulated to suffer gross failure in the post-accident
analysis. Even with this postulated failure, the performance of the HI-STAR 100 System is
acceptable for the transport of intact and damaged fuel assemblies, showing the defense-in-depth -
methodology 1ncorporated into the HI STAR 100 System '

' The contamment boundary of the HI STAR 100 System is’ shown to satlsfy the specral -
requlrements of 10CFR71 61 for irradiated nuclear fuel shlpments ‘ o

1. 2 1. 1 Gross Welgh

The gross welght of the HI STAR 100 System depends on which of the MPCs is loaded into the ‘
HI-STAR 100 overpack for shipment. Table 2.2.1 summarizes the maximum calculated
component weights for the HI-STAR 100 overpack, impact limiters, and each MPC loaded to
maximum capacity with design basis SNF. The maximum gross transport weight of the HI-
STAR 100 System is to be marked on the packaging nameplate.
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1.2.1.2 Materials of Construction, Dimensions, and Fabrication

All materials used to construct the HI-STAR 100 System are ASME Code materials, except the
neutron shield, neutron poison, optional aluminum heat conduction elements, thermal expansion
foam, seals, pressure relief devices, aluminum honeycomb, pipe couplings, and other material
classified as Not Important to Safety. The specified materials of construction along with outline
dimensions for 1mportant -to-safety items are provided in the drawmgs in Section 1.4.

The materials of construction and method of fabrication are further detailed in the subsections
that follow. Section 1.3 provides the codes applicable to the HI-STAR 100 packaging for
materials, design, fabrication, and mspectwn 1nclud1ng NRC-approved altematrves to the ASME
Code. :

12121 HLSTAR 100 Overpack

The HI- STAR 100 overpack isa heavy-walled steel cyl1ndr1cal Vessel A—smg-le—eve%paek—eles*gn
: 3 P A - The inner diameter of the overpack
is approxrmately 68- 3/4 1nches and the he1ght of the 1nternal cavity is appreximatetyusually 191-
1/8 inches, however, shorter overpacks are available to meet site-specific-requirements. Refer to
Supplement 1.1 for details of the Humboldt Bay HI-STAR HB. The overpack inner cavity is sized
to accommodate the MPCs. The outer diameter of the overpack is approximately 96 inches and
- the height is approximately 203-1/4 inches, however, shorter overpacks are available to meet
site-specific requirements. Refer to Supplement 1.1 for details of the Humboldt Bay HI-STAR HB.

Figure 1.2.1 provides a cross seet_ional elevation‘ view_ of the overpack -'containrnent boundary.
. The overpack containment boundary is formed by a steel inner shell welded at the bottom to a
bottom plate and, at the top, to a heavy top ﬂange with a bolted closure- plate Two concentric”

grooves are' machined into the closure plate for the seals: The closure plate is recessed into the

‘top flange and the bolted joint is configured to protect the closure bolts and seals in the event of a
‘drop accident. The closure plate has-test and vent. ports that are closed by a threaded port plug' :

- with a seal. The bottom- plate has a drain port.that is also closed by a threaded port plug with. a
o seal The contamment boundary forms an 1nternal cylmdr1cal cav1ty for housmg the MPC.

' jThe outer surfacé of the overpack inner shell is buttressed with intermediate shells of gamma
shielding that are installed in a manner to ensure a permanent state of contact between adjacent -
layers. Besides serving as an effective gamma shield, these layers prov1de additional strength to

-+ the overpack to resist puncture or penetration. Except in the HI-STAR HB (refer to Supplement

'1.1), Rradial channels are vertically welded to the outside surface of the outermost intermediate
shell at equal intervals around the circumference. These radial channels act as fins for improved
heat conduction to the overpack outer enclosure shell surface and as cavities for retaining and
protecting the neutron shielding. The enclosure shell is formed by welding enclosure shell panels
between each of the channels to form additional cavities. Neutron shielding material is placed
into each of the radial cavity segments formed by the radial channels, the outermost intermediate
shell, and the enclosure shell panels. The exterior flats of the radial channels and enclosure shell
panels form the overpack outer enclosure shell (Figure 1.2.2). Atop the outer enclosure shell,
pressure relief devices (e.g., rupture disks) are positioned in a recessed area. The relief devices
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relieve internal pressure that may develop as a result of the fire accident and subsequent off-
gassing of the neutron shield material. Within each radial channel, a layer of silicone sponge is
positioned to act as a thermal expansion foam to compress as the neutron shield expands in the
axial direction. Appendix 1.C provides material information on the thermal expansion foam.
Figure 1.2.2 provides a mid-plane cross section view of the overpack, depicting the inner shell,
intermediate shells, radial channels, outer enclosure shell, and neutron shield. Refer to drawings
in Supplement 1.1 for HI-STAR HB.

The exposed steel surfaces (except seal seating surfaces) of the overpack and the intermediate
shell layers are coated to prevent corrosion. Coating materials are chosen based on the expected
service conditions, considering the dual purpose certification status of the HI-STAR 100 System
under 10 CFR 72 for spent fuel storage as well as transportation. The coatings. applied to- the
overpack exposed exterior and interior surfaces are specified on the drawings in Section 1.4. The.
" material data on the coatings is provided in Appendix 1.C. The inner cavity of the overpack is

coated with a material appropriate to its high temperatures and the exterior of the overpack is
~ coated with a material appropriate for fuel pool operations and environmental exposure. The -

coating applied to the intermediate shells acts as a surface preservatlve and is not exposed to the
fuel pool or ambient environment.

Lifting trunnions are att_ached to the overpack top flange for lifting and rotating the cask body
‘between vertical and horizontal positions. The lifting trunnions are located 180° apart in the sides

~ of the top flange. On overpack serial numbers 1020-001 through 1020-007, pocket trunnions are

welded to the lower side of the overpack 180° apart to provide a pivoting axis for rotation. The

pocket trunnions are slightly off-center to ensure proper rotation direction of the overpack As

- shown in Figure 1.1.4, the trunnions do no protrude beyond the cylindrical envelope of the -

overpack outer enclosure shell. This feature reduces the potential for direct impact on a trunnion .

in the event of an overpack side impact. After fabrication of HI-STAR overpack serlal number L

1020-007, the pocket trunmons were deleted from the overpack de31gn '

1 .2_ 1 .2.2 v Multl-Purpose Canlsters

1.2. 1 .2.2.‘1 ‘General Description .

In th1s subsectlon dlscussmn of those attributes applicable to all of the MPC models is prov1ded '
Differences among the models are discussed in subsequent subsections. - Specifications for the
authorized contents of -each MPC model; 1nc1ud1ng non- fuel hardware and neutron sources are
prov1ded in Sectlon 1.2.3. ‘ :

The HI-STAR 100 MPCs are welded cylindrical structures w1th flat ends. Each MPC is an
assembly consisting of a honeycombed fuel basket, a baseplate, a canister shell, a lid with vent
and drain ports and cover plates, and a closure ring. The outer diameter of all MPCs and
cylindrical height of each generic design MPC is fixed (see discussion in Subsection 1.2.1.2.2.3
regarding Trojan plant-specific MPCs and Supplement 1.I for Humboldt Bay plant-specific
MPCs). The number of spent nuclear fuel storage locations in each of the MPCs depends on the
fuel assembly characteristics. As the generic MPCs are interchangeable, they correspondingly
. have identical exterior dimensions. The outer dimension of the MPC is nominally 68-3/8 inches
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and the length is nominally 190-1/4 inches. Figures 1.2.3-1.2.5 depict the cross sectional views
of the different MPCs. Drawings of the MPCs are provided in Section 1.4. Key system data for
the HI-STAR 100 System are outlined in Tables 1.2.2 and 1.2.3.

The generic MPC-24/24E/24EF and Trojan plant MPC-24E/EF differ in construction from the

MPC-32 and MPC-68/68F in one important aspect: the fuel cells are physically separated from

one another by a flux trap between each cell for criticality control (Figures 1.2.3 and 1.2.4). All

" MPC baskets are formed from an array of plates welded to each other, such that a honeycomb
structure 1S created that resembles a mult1 flanged, closed-section beam in its structural
characteristics.

The MPC fuel basket is positioned and supported within the MPC shell by a series of basket -
supports welded to the inside of the MPC shell. In the peripheral area created by the basket, the:
MPC shell, and the basket supports, optional aluminum heat conduction elements are installed in -
“some early production MPC-68 and MPC-68F models (see Figure 1.2.3). These heat conduction
- elements are fabricated from thin aluminum-alloy 1100 in shapes and a design that allows a snug

fit in the confined spaces and ease of installation. The heat conduction elements are along the full

length of the MPC basket, except at the drain pipe location, to create a nonstructural thermal
connection that facilitates heat transfer from the basket to the shell. In their operating condition,
the heat conduction elements conform to, and contact the MPC shell and basket walls. In SAR
Revision 10, a refined thermal analysis, described in Chapter 3, has allowed the elimination of
. these heat conductlon elements from the MPC de51gn thus giving this design feature “optional”
status. :

" Lifting lugs attached to the inside surface of the MPC canister shell serve to permit placement of -
-the empty MPC .into the overpack, and are considered non-structural, non-pressure retaining
attachments to the MPC pressure boundary. The lifting lugs also serve to axially locate the MPC =
lid prior to welding. These internal lifting lugs are not used to handle a loaded MPC, since the '
MPC. hd blocks access to the llftmg lugs '

'The top of the HI- STAR 100 MPC mcorporates a redundant closure system Figure 1.2.6
provides a sketch of the MPC closure details. The MPC lid is a circular plate (fabricated from
one piece, or two pieces - split top and bottom) that is edge-welded to the MPC shell. If the two-

... piece lid design is employed, only the top piece is analyzed as part of the enclosure vessel - - -

pressure boundary. The bottom piece acts primarily as a radiation shield and is attached to the
top piece with a non-structural, non- pressure retaining weld, as depicted on the MPC enclosure
vessel draw1_ng in Section 1.4. The MPC lid is equipped with vent and drain ports that are used
to remove moisture and gas from the MPC and backfill the MPC with a specified pressure of
inert gas (helium). The vent and drain ports are sealed closed by cover plates welded to the MPC
lid before the closure ring is installed. The closure ring is a circular ring edge-welded to the MPC
shell and MPC lid. The MPC lid provides sufficient rigidity to allow the entire MPC loaded with
SNF to be lifted by the threaded holes in the MPC lid during transfer from the storage-only HI-
STORM 100 System to the HI-STAR 100 overpack for transportation. Threaded insert plugs are
- installed to provide shielding when the threaded holes are not in use.
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All MPCs are designed to handle intact fuel assemblies, damaged fuel assemblies, and fuel
classified as fuel debris. Damaged fuel and fuel debris must be transported in damaged fuel
containers or other approved damaged/failed fuel canister. At this time, enly-BWR damaged fuel
and fuel debris from #e-Dresden Unit 1 and-HumbeldtBay-plants is certified for transportation
in the MPC-68 and the MPC-68F. Humboldt Bay damaged fuel and fuel debris will be
transported in the MPC-HB (refer to Supplement 1.1). Similarly, only PWR damaged fuel and
fuel debris from the Trojan plant is certified for transportation in the Trojan plant-specific MPC-
24E and the MPC-24EF. The definitions, and applicable specifications for all authorized
contents, including the requirements for canning certain fuel, are provided in Subsection 1.2.3.

Intact SNF can be placed directly into the MPC. Damaged SNF and fuel debris must be placed
 into a Holtec damaged fuel container or other authorized canister for transportation inside the
* MPC -and the HI-STAR 100 overpack. Figures 1.2.10 through 1.2.11 provide sketches of the
containers authorized for transportation of damaged fuel and fuel debris in the HI-STAR 100
- System. One Dresden Unit 1 Thoria rod canister, shown in Figure 1.2.11A, is also authorized for
~ transportation in HI-STAR 100. - :

tThe MPC 68 and MPC 24E enclosure vessels have been shghtly modlﬁed to further strengthen v

the lid-to-shell joint area. These fuel-debris-MPCs are given the “F” suffix (hence, MPC-68F and

' MPC-24EF)". The differences between the standard and “F-model” MPC lid-to-shell joints are

~ shown on Figure 1.2.17, and include a thickened upper shell, a larger lid-to-shell weld size, and a

_ correspondingly smaller lid diameter. The design of the rest of the enclosure Vessel 1s identical-
' between the standard MPC and the “F- model” MPC

1.2.1.2.2.2 MPC 24/24E/24EF

‘The MPC 24 is de51gned to transport up to 24 PWR intact fuel assembhes meetmg the 11m1ts _
* specified in Subsection 1.2.3. The MPC 24E is designed to transport up to 24 PWR intact and up -
to four PWR damaged fuel assemblies in damaged fuel containers. The MPC-24EF is designed
to transport up to 24 PWR intact fuel assemblies and up to four PWR damaged fuel assemblies-
or fuel assemblies classified as fuel_debns At this time, however, generic PWR damaged fuel
and fuel debris are not authorized for transportation in the MPC-24E/EF.

All MPC-24-series fuel baskets employ the flux trap design for criticality control, as shown in
the drawings in Section 1.4. The fuel basket design for the MPC-24E is an enhanced MPC-24
basket layout designed to improve the fuel storage geometry for. criticality control. The fuel
basket design of the MPC-24EF is identical to the MPC-24E. The MPC-24E/EF basket designs

' The drawing in Section 1.4 also denotes an MPC-68FF £uel—deba=is—canister design. However, the MPC-68FF is
- not authorized for use in transportation under the HI-STAR 100 10 CFR 71 CoC.
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also employ a higher '°B loading than the MPC-24, as shown in Table 1.2.3. The differences
between the MPC-24EF enclosure vessel design and the MPC-24/24E enclosure vessel are
discussed in Subsection 1.2.1.2.2.1.

121223 Trojan Plant MPC-24E/EF

The Trojan plant MPC-24E and -24EF models are designs that have been customized for that
plant’s fuel and the concrete storage cask being used at the Trojan plant Independent Spent Fuel
Storage Installation (ISFSI) (Docket 72-0017). The design features that are unique to the Trojan
plant MPCs are specifically noted on the MPC enclosure vessel and MPC-24E/EF fuel basket
drawmgs in Section 1. 4 These differences mclude

':. e a shorter MPC fuel basket and cav1ty length to match the shorter TrOJan fuel assembly
length : : :

e shorter cOmer fuel ‘storage cell lengths to accommodate the Trojan Failed Fuel Cans

e a different fuel storage cell and ﬂux trap d1mensron in the corner cells to accommodate :
"~ the Trojan Failed Fuel Cans -

e adifferent conﬁguratlon of the flow holes at the bottom of" the fuel basket (rectangular VS.
" semi- cucular) ' :

All other design features in the Trojan MPCs are identical to the generic MPC-24E/EF design.
.The HI- STAR 100 overpack desrgn has not been modlﬁed for the Trojan MPC design.

“The techmcal analyses descr1bed in this SAR were Verlﬁed in most cases to bound the TrOJan-
' 'spec1ﬁc design features. Where' necessary, Trojan plant-specific evaluatrons were performed and
are summarized in the appropriate SAR section. To accommodate the shorter Trojan plant MPC
- length in a standard-length HI-STAR 100 overpack, a spacer was designed for installation into
‘the overpack above the Trojan MPC (see Figure 1.1.5 and the drawing in Section 1.4) for
transportation in the standard-length HI-STAR 100 overpack. This spacer prevents the MPC
from moving more than the MPC was analyzed to move in the axial direction and serves to
transfer the- axial loads from the MPC lidto the overpack top closure plate within the limits of
- the supporting analyses. See Section 2.7.1.1 for additional discussion of the spacer-used with the
Trojan MPC design. Hereafter in this 'SAR, the Trojan plant-specific MPC design is only
distinguished from the generic. MPC-24E/EF des1gn when necessary to describe -unique -
~evaluations performed for those MPCs.

1.2.1.224  MPC-32
NOTE: The MPC-32 is not certified for transportation at this time.
The MPC-32 is designed to transport up 32 PWR intact fuel assemblies meeting the

specifications in Subsection 1.2.3. Damaged fuel and fuel debris are not permitted to be
transported in the MPC-32. The MPC-32 enclosure vessel design is identical to the MPC-24/24E
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enclosure vessel design as shown on the drawings in Section 1.4. The MPC-32 fuel basket does
not employ flux traps for criticality control. Credit for burnup of the fuel is taken in the
criticality analyses for accident conditions and to meet the requirements of 10 CFR 71.55(b).
Because the MPC is designed to preclude the intrusion of moderator under all normal and
credible accident conditions of transport, the moderator intrusion condition analyzed as required
by 10 CFR 71.55(b) is a non-mechanistic event for the HI-STAR 100 System.

1.2.1.2.2.5 °~ MPC-68/68F

The MPC-68 is designed to transport up to 68 BWR intact fuel assemblies and damaged fuel
assemblies meeting the specifications in Subsection 1.2.3. Zircaloy channels are permitted. At
this time, only damaged fuel from the Dresden Unit 1 and-Humbeldi-Bay-plants is authorized for
transportatlon in the MPC-68. The MPC-68F is designed to transport-only fuel and other
authorized material from the Dresden Unit 1 ead-HumbeldtBay-plants meeting the specifications
-in Subsection 1.2.3. The sole dlfference between the MPC-68 and MPC-68F fuel basket de51gn is
a reductlon in the required '°B areal density in the Besalneutron absorber. A reduction in the |
" required '°B areal ‘density of the Befalneutron absorber is possible for the MPC-68F due to
limited types of fuel and low enrichments permitted to be transported in this MPC model. The
_dlfferences between the MPC- 68F enclosure vessel design and the MPC 68 enclosure vessel are

12.1.2.2.6 Allo X

. The HI-STAR MPC ‘is constructed entirely from stainless steel alloy materials (except for the
neutron absorber and aluminum vent and drain cap seal washers in all MPCs, and the aluminum
heat conduction elements in the first several production’ units of MPC-68 and MPC-68F). No
. carbon steel parts are used in the design of the HI-STAR 100 MPC. Concerns regardmg
~ interaction of coated carbon steel materials and various MPC operatmg environments [1. 2.1] are
"~ not apphcable to the HI-STAR MPCs. All structural components in a HI- STAR MPC will be
: fabrlcated of Alloy X,a de51gnat10n that warrants further explanatlon

o Alloy X is a ﬁctmous materlal that should be acceptable as a Mmed Geologtcal Deposnory.:-
- System (MGDS) waste. package and that meets the thermophy51cal propertles set forth in this .
' -document , _ :

At this time, there is considerable uhceﬁainty' with respect te the material of construction for an.
- MPC that would be acceptable as a waste package for the ‘MGDS. Candldate matenals bemg
considered for acceptability by the DOE include:

e Type3i6
e Type 316LN
e Type 304
e Type 304LN

The DOE material selection process is primarily driven by corrosion resistance in the potential
environment of the MGDS. As the decision regarding a suitable material to meet disposal
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requirements is not imminent, this application requests approval for use of any one of the four
Alloy X materials.

For the MPC design and analysis, Alloy X (as defined in this SAR) may be one of the following
materials. Any steel part in an MPC may be fabricated from any of the acceptable Alloy X
materials listed below, except that all steel pieces comprising the MPC shell (i.e., the 1/2" thick
cylinder) must be fabricated from the same Alloy X stainless steel type: ’

Type 316

Type 316LN
" Type 304

Type 304LN

The Alloy X approach. is accomphshed by quahfymg the MPC for all mechanical, structural
neutronic, radiological, and thermal conditions using material thermophysical properties that are
- the least favorable for the entire group for the analysis in question. For example, when
calculating the rate of heat rejection to the outside environment, the value of thermal
conductivity used is the lowest for the candidate material group. Similarly, the stress analysis
calculations use the lowest value of the ASME Code allowable stress intensity for the entire
group. Stated differently, we have defined a material, which is referred to as Alloy X, whose.
thermophysical properties, from the MPC design perspective, are the least favorable of the
candidate materials group. The evaluation of the Alloy X constltuents to determme the least -
favorable properties is provided in Appendlx 1 A.

The Alloy X approach is conservatlve because no matter which material is ultimately utilized,
~ the Alloy X approach guarantees that the performance of the. MPC will exceed the analyt1ca1 o

predictions contained in thls document

1.2. 1. 3 » Impact L1m1ters _

'The HI- STAR 100 overpack is fitted W1th alummum honeycomb 1mpact hmlters termed AL-.
© STAR™, one at each end, once the overpack is positioned. and secured in the transport frame.
The impact limiters ensure the inertia loadings during the normal and hypothetical accident
‘conditions of transport are maintained below design . levels. The impact lrmlter desrgn i$
dlscussed further in Chapter 2 and drawmgs are prov1ded in Sectlon 1.4. '

: 1.2.1.4 Shleldmg

The HI-STAR 100 System is provided with shielding to minimize personnel exposure. The HI-
'STAR 100 System will be transported by exclusive use shipment to ensure the external radiation
requirements of lI0CFR71.47 are met. During transport, a personnel barrier is installed to restrict
access to the overpack to protect personnel from the HI-STAR 100 exterior surface temperature
in accordance with 10CFR71.43(g). The personnel barrier provides a stand-off equal to the
exterior radial dimension of the impact limiters. Figure 1.2.8 provides a sketch of the personnel
barrier being installed.
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The initial attenuation of gamma and neutron radiation emitted by the radioactive spent fuel is
provided by the MPC fuel basket structure built from inter-welded plates and Boral neutron
poison panels with sheathing attached to the fuel cell walls. The MPC canister shell, baseplate,
and lid provide additional thicknesses of steel to further reduce gamma radiation and, to a
smaller extent, neutron radiation at the outer MPC surfaces. No shielding credit is taken for the
aluminum heat conduction elements installed in some of the early production MPC-68 and MPC~
68F units.

The primary HI-STAR 100 shielding is located in the overpack and consists of neutron shielding
and additional layers of steel for gamma shielding. Neutron shielding is provided around the
outside circumferential surface of the overpack. Gamma shielding is provided by the overpack
inner, intermediate and enclosure shells with additional axial shielding provided by the bottom
plate and the top closure plate. During transport, the impact limiters will provide incremental
gamma shielding and provide additional distance from the radiation source at the ends of the
package. An additional circular segment of neutron shleldmg is contamed within each 1mpact
limiter to provide neutron attenuation.

1.2.1.4.1 o Neutron Absorber Materials

Both Boral and Metamic are neutron absorber materials made of B,C and Aluminum. Boral is
 used in the MPC-24/24E/24EF, MPC-68/68F, and Trojan MPC—24E/24EF Metamz( is used in
. the MPC-HB.

1.2.1_.4.1.1  Boral Neutron Absorber

Boral is a thermal neutron poison material composed of boron carbide and aluminum alloy 1100
Boron carbide is a compound having a high boron content in a physically stable and chemically - -
inert form. The boron carbide contained in Boral is a fine granulated powder that conforms to
ASTM C-750-80 nuclear grade Type III. The alumrnum alloy 1100'is a hghtwerght metal with
: hlgh tensile strength that is protected from corrosion by a highly resistant oxide film. The two

materials, boron carbide and aluminum, are chemrcally compatible and ideally. suited for long-. L

- term use in the radlatron thermal and chemical env1ronment of a nuclear reactor spent fuel -
' pool or dry cask. : - :

The documented hlstorlcal appllcatlons of Boral in environments comparable to those in spent v
fuel pools -and fuel storage casks; dates to the early 1950s. (the U.S. Atomic ‘Energy
Commission's AE-6 Water-Boiler Reactor [1.2.2]): Technical data on the material was first -
printed in 1949, when the report "Boral: A New Thermal Neutron Sh'ield" was published [1.2.3]..
In 1956, the first edition of the “Reactor Shielding Design Manual” [1.2.4], contains a section on
~ Boral and its properties.

In the research and test reactors built during the 1950s and 1960s, Boral was frequently the
material of choice for control blades, thermal-column shutters, and other items requiring very
good thermal-neutron absorption properties. It is in these reactors that Boral has seen its longest
service in environments comparable to today's applications.
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Boral found other uses in the 1960s, one of which was a neutron poison material in baskets used
in the shipment of irradiated, enriched fuel rods from Canada's Chalk River laboratories to
Savannah River. Use of Boral in shipping containers continues, with Boral serving as the poison
in many cask designs.

Boral has been licensed by the NRC for use in numerous BWR and PWR spent fuel storage
racks and has been extensively used in international nuclear installations.

Boral has been exclusively used in fuel storage applications in recent years. Its use in spent fuel
pools as the neutron absorbing material can be attrlbuted to its proven performance and several
unique characterlstrcs such as:

e The content and placement of boron carbrde provrdes a very hlgh removal cross section
for thermal neutrons.

e Boron carbide, in the form of fine particles, is homogeneously dispersed throughout the :
central layer of the Boral panels. - : o

e The boron carbide and aluminum materlals in'Boral do not degrade as a result of long- o

term exposure to radiation.

. The neutron absorblng central layer of Boral is clad with permanently bonded surfaces of
aluminum. :

e Boral is stable, strong, durable, and corrosion resistant.

Boral absorbs Vtherm.al neutrons without physical change or degradation of any sort from the.

anticipated exposure to gamma radiation and heat. The material does not.suffer loss of neutron.

_attenuatlon capabllrty when exposed to hrgh Ievels of radiation dose.

- Holtec Internatronal‘s QA Program ensures that Boral is manufactured under the control and .

- surveillance of a'Quality Assurance/Quality Control Program that conforms to the requirements .

~_of 10CFR71, Subpart H 'and 10CFR72, Subpart G. Holtec International has procured over |
200,000 panels of Boral from AAR Advanced Structures for over 20 projects. Boral has always

- been purchased with-a minimum "B loading requirement. Coupons extracted from production
runs were tested using the "wet chemistry" procedure. The actual '°B loading, out of thousands ' .
of coupons tested, has never been found to fall below the design specification. The size of this™ .

~ coupon database is sufficient to provide confidence that all future procurements will continue to
yield Boral with full compliance with the stipulated minimum loading. Furthermore, the
surveillance, coupon testing, and material tracking processes that have so effectively controlled
-the quality of Boral are expected to continue to yield Boral of similar quality in the future. .
Nevertheless, to add another layer of insurance; only 75% '°B credit of the fixed neutron

absorber is assumed in the criticality analysis.

Operating experience in nuclear plants with fuel loading of Boral equipped MPCs as well as
laboratory test data indicate that the aluminum used in the manufacture of the Boral may react
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with water, resulting in the generation of hydrogen. The numerous variables (i.c., aluminum
particle size, pool temperature, pool chemistry, etc.) that influence the extent of the hydrogen
produced make it impossible to predict the amount of hydrogen that may be generated during
MPC loading or unloading at a particular plant. Therefore, due to the variability in hydrogen
_ generation from the Boral-water reaction, the operating procedures in Chapter 7 require
monitoring for combustible gases and either exhausting or purging the space beneath the MPC
lid during loading and unloading operations when an ignition event could occur (i.e., when the
space beneath the MPC 1lid is open to the welding or cutting operation).

1.2.1.4.1.2 METAMIC®

METAMIC® is a neutron absorber material developed by the Reynolds Aluminum Company in
the mid-1990s for spent fuel reactivity control in dry and wet storage applications.
- Metallurgically, METAMIC® is a metal matrix composite (MMC) consisting of a matrix of 6061
" aluminum alloy - reinforced with Type 1 ASTM C-750 boron carbide. METAMIC® is
" characterized by extremely fine aluminum (325 mesh -or better) and boron carbide powder.
Typically, the average B4C particle size is between 10 and 15 microns. As described in the U.S.
patents held by METAMIC, Inc. 2 the high performance and reliability of METAMIC® derives
from the particle size distribution of its constituents, rendered into a metal matrix composite by
the powder metallurgy process. This yields excellent and uniform homogeneity.

The powders are carefully blended without binders or other additives that could potentially
adversely influence performance. The maximum percentage of B,C that can be dispersed in the
aluminum alloy 6061 matrix is approximately 40 wt.%, although extensive manufacturing and
 testing experience is limited to approximately 31 wt.%. The blend of powders is isostatically
. compacted znto a green bzllet under high pressure and vacuum szntered to near theoretzcal

denszty '

Accordzng to the manufacturer bzllets of any size can be produced using thzs technology. The
- billet is subsequently extruded into one of a number of product forms ranging from sheet and
. plate to angle; channel, round and square tube; and other profiles. For the METAMIC® sheets_

. used in the MPCs the extruded form is rolled down znto the requzred thzckness

ME TAMC®' has been subjected _to an extensive ariay of tests_sponsored by the Electric Power
 Research Institute (EPRI) that evaluated the functional performance of the material at elevated
. températures (up to 900°F) and radiation levels (1E+11 rads gamma). The results of the tests
documented in an EPRI report (Ref. [1.2.17]) indicate that METAMIC® maintains its physical
and neutron absorption properties with little variation in its properties from the unirradiated
state. The main conclusions provided in the above-referenced EPRI report are summarized
below:

' U.S. Patent No. 5,965,829, “Radiation Absorbing Refractory Composition”.
2 U.S. Patent No. 6,042,779, “Extrusion Fabrication Process for Dlscontmuous Carbide Particulate Metal
Matrix Composites and Super, Hypereutectic AI/Si.”
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o The metal matrix configuration produced by the powder metallurgy process with a
complete absence of open porosity in METAMIC® ensures that its density is essentially
equal to the theoretical density.

e The physical and neutronic properties of METAMIC® are essentially unaltered under
exposure to elevated temperatures (750° F - 900° F).

e No detectable change in the neutron attenuation characteristics under accelerated
corrosion test conditions has been observed.

In addition, zndependent measurements of boron carbzde particle distribution show extremely

o small particle-to-partzcle dzstance and near—perfect homogenezty

' An evaluation of the manufacturing technology underlying METAMIC® as disclosed in the
. above-referenced patents and of the extensive third-party tests carried out under the auspices of
EPRI makes METAMIC® an acceptable neutron absorber material for use in the MPCs. Holtec's
~ technical position on METAMIC® is also supported by the evaluation carried out by other
' 'organzzatzons :

Consistent with its role in reactivity control, all METAMIC® material procured for use in the
Holtec MPCs will be qualified as important-to-safety (ITS) Category A item. ITS category A
© manufactured items, as required by Holtec’s NRC-approved Quality Assurance program, must
" be produced to essentially preclude the potential of an error in the procurement of constituent
. materials and the manufacturing processes. Accordingly, material and manufacturing control
. processes must be established to eliminate the incidence of errors, and inspection steps must be
‘implemented to serve as an independent set of barriers to ensure that all critical characteristics. .
 defined for the material by the cask designer are met in the manufactured product.

All manufacturing and in-process steps in the production of METAMIC® shall be carried out
© using written procedures As required by the company’s quality. program, the: material
: manufacturer s QA program andits -implementation- shall be subject to review and ongoing
- “assessment, including audits and surveillances as set Sforth in- the applicable Holtec QA
procedures to ensure that all METAMIC® panels procured meet with the requirements
appropriate for the quality genre of the MPCs. Additional details pertaining to the qualification
and productlon tests for ME TAMIC® are summarized.in Subsectlon 9—1—5—38.] 5.5.2.

- Because of the »absence of znterconnected porosztzes, the time required to dehydrate a-
METAMIC®-equipped MPC is expected to be less compared to an MPC containing Boral.

NUREG/CR-5661 (Ref. [1.2.20]) recommends limiting poison material credit to 75% of the
minimum_mB loading because of concerns for potential “'streaming” of neutrons, and allows for

" Medium measured neighbor-to-neighbor distance is 10.08 microns according to the article,

“METAMIC Neutron Shielding”, by K. Anderson, T. Haynes, and R. Kazmier, EPRI Boraflex
Conference, November 19-20, 1998.
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greater percentage credit in criticality analysis “if comprehensive acceptance tests, capable of
verifying the presence and uniformity of the neutron absorber, are implemented”. The value of
75% is characterized in NUREG/CR-5661 as a very conservative value, based on experiments
with neutron poison containing relatively large B,C particles, such as BORAL with an average
particle size in excess of 100 microns. METAMIC®, however, has a much smaller particle size of
typically between 10 and 15 microns on average. Any streaming concerns would therefore be
drastically reduced. '

Analyses performed by Holtec International show that the streaming due to particle size is
practically non-existent in ME TAMIC®. Further, EPRI’s neutron attenuation measurements on
- 31 and 15 B,C weight percent METAMIC® showed that METAMIC® exhibits very umform ‘B
areal density. This makes .it easy to reliably establish and verify the presence and microscopic
and macroscopzc uniformity of the-'’B in the material. Therefore, 90% credit iscan be applied to
the minimum '°B areal denszty in the crttzcallty calculations, i.e. a 10% penalty iscan be applied.
This 10% penalty is considered conservative since there are no significant remaining
' uncertazntles in the '°B areal denszty In Chapter 98 the qualification and ewproduction tests for
- METAMIC® to support 90% '°B credit are specified. With 90% credit, the target weight percent
of boron carbide in MET. AMIC® is 3 1for-al-MPCs—as-summarized-inTable1-2:378, consistent
with the test coupons used in the EPRI evaluations [1.2.17]. The maximum permztted value is
33.0 wt% to allow for necessary fabrzcatton ﬂexzbzlzty

Because A/[ETAMIC® is a solid materzal there is no capzllary path through which spent fuel pool
water can penetrate METAMIC® panels and chemically react with aluminum in the interior of
the material to generate hydrogen. Any chemical reaction of the outer surfaces: of the
METAMIC® neutron absorber panels with water to produce hydrogen occurs rapidly and
. reduces to an insignificant amount in a short perzod of time. Nevertheless, combustible gas
monitoring for METAMIC® -equipped MPCs and purging or exhausting the space under the v
MPC lid during welding and cutting operations,. is required . until sufficient fi ela’ experience is
‘gained that conf rms that lzttle or no hydrogen is released by METAMIC durmg ‘these
.operatzons SR :

Mechamcal propertzes of 3 1 wt. % MET. AA/[IC® based on coupon tests of the materzal in the as-
fabricated condition and after . 48 hours . of an elevated temperature state at 900"F, are
~ summarized below ﬁom the EPRI report [1.2.17 ] : :

* Mechanical Propertzes of 3iwt.% B,C ME TAMIC

Property ' As-Fabricated © After 48 hours of 900°F
: Temperature Soak
Yield Strength (psi) 32937 £3132 28744 £3246
Ultimate Strength (psi) : 40141 +1860 34608 +1513
Elongation (%) 1.8 0.8 5.7 +3.1

The required flexural strain of the neutron absorber to ensure that it will not fracture when the
supporting basket wall flexes, due to the worst case lateral inertial loading is 0.2%, which is the
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flexural stram of the Alloy X basket panel material. The 1% minimum elongation of 31wt.% B,C
METAMIC® indicated by the above table means that a large margm of safety against cracking
exists, so there is no need to perform testing of the ME TAMIC® for mechanical properties.

EPRI’s extensive characterization effort [1.2.17], which was focused on 15 and 31 wt.% B,C
METAMIC® served as the principal basis for a recent USNRC SER for 31wt.% B,C METAMIC
for used in wet storage [1.2.18]. Additional studies on METAMIC® [1.2.19], EPRI’s and others
work provide the confidence that 31wt.% B4C METAMIC® will perform its intended function in
the MPCs. Finally to further substantiate the performance of Metamic (with maximum B,C of up
to 33%), Holtec has performed robust mdependent qualifi cation testing as documented in Holtec
Proprietary Report [1.2.21 ] .

12142 Holtite-A™ Neutron Shielding

The specification for the overpack and 1mpact limiter neutron shleld materlal is predlcated on
functional performance criteria. These criteria are: - :

. Attenuatron of neutron radiation and‘assocwted neutron capture to appropriate levels;

. Durablhty of the shielding material under normal conditions, in terms of thermal
chemical, mechanlcal and radlatlon environments; :

e Stability of the homogeneous nature of_ the shielding material matrix; :

e Stability of the shieclding material ‘in mechamcal or thermal acc1dent condltlons to the
desrred performance levels and

. Pred1ctab111ty of the manufacturmg process under adequate procedural control to yleld anv
- in- place neutron shield of desrred functlon and umforrmty ‘

Other asp_ects of a shielding materlal, such as edse -_of handling and prior nuclear industry.use, are
also' considered, within' the limitations of the main’ criteria.- Final specification of a shield
- material is a result of opt1m1z1ng the material properties with respect to the main criteria, along_
‘with the des1gn of the shield system, to achleve the desired shielding results.

- Holtite-A is-the only approved neutron sh1eld material that fulfills the aforementloned cr1ter1a
Holtite-A is a poured-in-place solid borated synthet1c neutron-absorbing polymer. Holtite-A is
specified with a nominal B4C loading of 1 weight percent for the HI-STAR 100 System.
Appendix 1.B provides the Holtite-A material properties germane to its function as a neutron
shield. Holtec has performed confirmatory qualification tests on Holtite-A under the company's
QA program.

In the following, a brief summary of the performance characteristics and properties of Holtite-A
is provided.
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Density

The nominal specific gravity of Holtite-A is 1.68 g/em® as specified -in Appendix 1.B. To
conservatively bound any potential weight loss at the design temperature and any inability to
reach the theoretical density, the density is reduced by 4% to 1.61 g/cm’. The density used for
the shielding analysis is assumed to be 1.61 g/cm’ to underestrmate the shielding capabilities of
the neutron shield.

Hydrogen

The nominal weight concentration of hydrogen. is 60% However all shielding analyses
conservatlvely assume 5.9% hydrogen by weight in the calculatlons

Boron Carblde

Boron carbide dispersed within Holtite-A in finely dispersed powder‘ form"is-.pre‘sent in 1%

(nominal) weight concentration. Holtite-A may be specified with a B4C content of up to 6.5 N

weight percent. For the HI-STAR 100 System, Holtrte A is specrﬁed w1th a nominal B4C weight
percent of 1%. . :

Design Temperature
The design temperature of Holtite-A is set at 300°F. The maximum spatial temperature -of
Holtite-A under all normal operating conditions must be demonstrated to be below this de51gn

temperature

Thermal Conduetivitv

It is evident from Figure 1.2.2 that Holtite-A is drrectly in the path of heat transmrssron from the
“inside of the overpack to its outside surface. For conservatism, however, the de51gn basis
thermal conductivity of Holtite-A- under heat rejection conditions is set equal‘to zero, except for.
HI-STAR HB. The reverse condition occurs under a postulated fire -event when the thermal -

. conduct1v1ty of Holtite-A aids in the influx of heat to the stored fuel in the fuel basket. The .

thermal conductivity of Holtlte A is conservatively set at 1 Btu/hr-ft-°F for all fire accident
analyses. SRS ‘

-The Holtlte A neutron shleldmg materlal is stable at normal de51gn temperatures over the. long, -
term and provides excellent shielding properties for neutrons.

1.2.1.4.3 Gamma Shielding Material

For gamma shielding, HI-STAR 100 utilizes carbon steel in plate stock form. Instead of utilizing
a thick forging, the gamma shield design in the HI-STAR 100 overpack borrows from the
concept of layered vessels from the field of ultra-high pressure vessel technology. The shielding
is made from successive layers of plate stock. The fabrication of the shell begins by rolling the
inner shell plate and making the longitudinal weld seam. Each layer of the intermediate shells is
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constructed from two halves. The two halves of the shell are precision sheared, beveled, and
rolled to the required radii. The two halves of the second layer are wrapped around the first
shell. Each shell half is positioned in its location and while applying pressure using a specially
engineered fixture, the halves are tack welded. The beveled edges to be joined are positioned to
make contact or have a slight gap. The second layer is made by joining the two halves using two
longitudinal welds. Successive layers are assembled in a like manner. Thus, the welding of every
successive shell provides a certain inter-layer contact (Figure 1.2.7).

A thick structural component radiation barrier is thus constructed with four key features, namely:

e The number of layers can be increased as necessary to realize the. requlred de51gn
objectwes

o The layered construction is ideal to stop propagation of ‘ﬂa‘ws.
e The thihner'plate-stock is much more ductile than heavy forgings used in other designs.

e Post-weld heat treatment is not.'required by the ASME Code, simplifying fabrication. ..

1.2.1.5 ~ Lifting and Tie-Down Devices

The HI-STAR 100 overpack is equipped with two lifting trunnions located in the top flange. The
lifting trunnions are designed in accordance with 10CFR71.45, NUREG-0612 [1.2.11], and
ANSI N14.6 [1.3.3], manufactured from a high strength alloy, and are installed in threaded :
~ openings. The lifting trunnions may be secured in position by optional locking: pads, shaped to
- make conformal contact with the curved overpack. Once the locking pad is bolted in position, the
inner dlameter is sized to restrain the trunnion from backing out. The two off-center pockets :

located near the overpack bottom plate on overpack serial numbers 1020- 001 through 1020-007 - o

 are pocket trunnions. The pocket trunnions were eliminated from the design after serial number-
-1020-007 was fabricated and are no longer considered qualified tie-down, devices. - However, the -

: pocket ‘trunnions on these overpacks may st111 be used for normal handlmg activities such as .- 3

upendmg and downendlng

The llftlng, upending, and downendmg of the HI-STAR 100 System requires the use of extemal .

handling devices. A lifting yoke is utilized when the cask is to be lifted or set in a vertical
“orientation. For those overpacks that have been fabricated with the pocket trunnions, transport
" and rotation cradles may include rotation trunnions that interface with the pocket trunnions to
provide a pivot axis. A lift yoke may be connected to the lifting trunnions and the crane hook
used for upending or downending the HI-STAR 100 System by rotating on the pocket trunnions
for these overpacks. For those overpacks fabricated without pocket trunnions, the overpack must
be transferred into the transport saddle with appropriate lift rigging. If an overpack having pocket
trunnions is secured to the transport vehicle without engaging the pocket trunnions, plugs are
required to be installed in the pocket to provide radiation shielding (see the overpack drawing in
~ Section 1.4).
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For transportation, the HI-STAR 100 System is engineered to be mounted on a transport frame
secured to the transporter bed. Figure 1.2.8 provides a sketch of the HI-STAR 100 System
secured for transport-and the drawing in Section 1.4 provides additional details. The transport
frame has a lower saddle with attachment points for belly slings around the cask body designed
to prevent excessive vertical or lateral movement of the cask during normal transportation. The
impact limiters affixed to both ends of the cask are designed to transmit the design basis axial
loads into the cradle structure. See Section 2.5 for discussion of the qualification of tie-down
“devices.

The top of the MPC lid is equipped with four threaded holes that allow lifting of the loaded
MPC. These holes allow the loaded MPC to be raised and/or lowered from the HI-STAR
"+ overpack. For users of the HI-STORM 100 Dry Storage System, MPC handling operations are
performed using a HI- TRAC transfer cask of the HI-STORM 100 System (Docket No. 72-1014).
The HI-TRAC transfer cask allows the sealed MPC loaded with spent fuel to be transferred from
the HI-STORM 100 overpack (storage-only) to the HI-STAR 100 overpack, or vice versa. The
threaded holes in the MPC lid are designed in accordance with NUREG- 0612 and ANSI N14.6
and are plugged during transportatlon to prevent radiation streamlng

1.2.1.6 Heat Dissipation

"The HI-STAR 100 System can safely transport SNF by maintaining the fuel cladding
temperature below the limits specified in Table 1.2.3 for normal and accident conditions. These

- limits have been established consistent with the guidance in NRC Interim Staff Guidance (ISG)

document No. 11, Revision 2 (Ref. [1.2.14]). The temperature of the fuel cladding is dependent
.on the decay heat and the heat dissipation capabilities of the cask. The total heat load per BWR -
:and PWR MPC is identified in Table 1.2.3. The SNF decay heat is pass1ve1y d1551pated w1thout-~.-

- any mechamcal or forced coolmg

_ The HI-STAR 100 System must meet the requirements of 10 CFR 71.43(g) for the accessible
surface temperature limit. To meet this requirement the HI-STAR- 100 System is shlpped asan

- excluswe use shlpment and mcludes an englneered personnel bamer durmg transport

_ The primary heat transfer mechamsms in the HI-STAR 100 System are conductron and surface
.radlatlon '

o The free volume of the MPCI and the'annulus-bet\Veen the external _surface of the MFC: and the

inside surface of the overpack containment boundary are filled with 99.995% pure helium gas

- during fuel loading operations. Table 1.2.3 specifies the acceptance criteria for helium fill
pressure in the MPC internal cavity. Besides providing an inert dry atmosphere for the fuel
cladding, the helium also provides conductive heat transfer across any gaps between the metal
surfaces inside the MPC and in the annulus between the MPC and overpack containment
‘boundary. Metal conduction transfers the heat throughout the MPC fuel basket, through the
MPC aluminum heat conduction elements (if installed) and shell, through the overpack inner
shell, intermediate shells, steel radial connectors and finally, to the outer neutron shield enclosure
shell. The most adverse temperature profiles and thermal gradients for the HI-STAR 100 System
with each of the MPCs are discussed in detail in Chapter 3. The thermal analysis in Chapter 3 no
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longer takes credit for the aluminum heat conduction elements and they have been designated as
optional equipment. '

1.2.1.7 Coolants
There are no coolants utilized in the HI-STAR 100 System. As discussed in Subsection 1.2.1.6
above, helium is sealed within the MPC internal cavity. The annulus between the MPC outer

surface and overpack containment boundary is also purged and filled with helium gas.

1.2.1.8 Pressure Relief Systems

No pressure relief system is provided on the HI-STAR 100 packaging containment boundary.

The sole pressure relief devices are provided in the overpack outer enclosure (Figure 1.1.4). The
overpack outer enclosure contains the neutron shield material. Normal loadings will not cause
the rupture disks to open. The rupture disks are installed to relieve internal pressure in the
neutron shield cavities caused by the fire accident. The overpack outer enclosure is not designed
as a pressure vessel. Correspondingly, the rupture disks are designed to open at relatively. low
- pressures as stated below. '

Relief Device location Set pressure, psig
| Overpack outer enclosure 30, 4?/7 5
12.1 9 ’ Sécuﬁg Seal

| .The HI STAR 100 packagmg prov1des a securlty seal that Whlle intact, provides evndence that
- the. package has not been opened by unauthorized persons. When installed, the impact limiters
cover all penetrations into the HI-STAR 100 packaging containment boundary. Therefore, the

security seal is placed to ensure that the impact limiters are not removed which thereby ensures -

' that the package has not been opened. As shown on the: HI-STAR transport assembly drawing in
Section 1.4, security seals are provided on one impact limiter attachment bolt on the top 1mpactr

~ limiter and through two adjacent bolts on the bottom impact limiter. A hole is provided in the

head of the bolt and the impact limiter. Lock wire shall be threaded through the hole and joined -
‘ w1th a security seal.

12110 Design Life

The design life of the HI-STAR 100 System is 40 years. This is accomplished by using materials
of construction with a long proven history in the nuclear industry and specifying materials
known to withstand their operating environments with little to no degradation. A maintenance
program, as specified in Chapter 8, is also implemented to ensure the HI-STAR 100 System will
exceed its design life of 40 years. The design considerations that assure the HI-STAR 100
System performs as designed throughout the service life include the following:

HI-STAR Overpack

HI-STAR SAR : ‘ Proposed Rev. 13b
REPORT HI-951251 1.2-19



e Exposure to Environmental Effects
e Material Degradation
e Maintenance and Inspection Provisions

MPC
e Corrosion
o Structural Fatigue Effects
e Maintenance of Helium Atmosphere
.o Allowable Fuel Cladding Temperatures
“e . Neutron Absorber Boron Depletion

122 Operational Features

Table 1. 2. 7 prov1des the sequence of basic operatlons necessary to load fuel and prepare the HI-
STAR 100 System for transport. More detailed guidance for transportation-related loading,
unloading, and handling operations is provided in Chapter 7 and is supported by the drawmgs in
Section 1.4. A summary of the loading and unloading operations is provided below. Figures
1.2.9 and.1.2.16 provide a p1ctor1a1 view of the loadmg and unloadmg operations, respectlvely

1221 Apphcablhtv of Operatmg Procedures for the Dual- Purpose HI-STAR 100 System

~ The: HI STAR 100 System is a dual-purpose system certlﬁed for use as a dry storage cask under
10 CFR 72 and a transportation package under 10 CFR 71. In addition, the MPC is certified for
use under 10 CFR 72 in the storage-only HI-STORM 100 System (a ventilated concrete cask
system). Therefore, it is pos51b1e that the HI-STAR 100 overpack and/or. the: MPC may be
loaded, prepared and sealed under the operating procedures for storage delineated in the HI-
»STAR 100 storage FSAR (Docket 72-1008) or the HI- STORM 100 storage FSAR (]Docket 72-
1014) or under a site specific storage license. In those cases, the operating: procedures governing
MPC and overpack preparation for storage would apply. The-MPC and HI-STAR 100 overpack

as appllcable must be confirmed to meet all requlrements of the Part 71 Certlﬁcate of
Compllance before bemg released for shlpment

For those instances Where the MPC is being loaded and shipped off-site in a HI-STAR 100
overpack under 10 CFR 71 without first being deployed at an ISFSI (known as “load-and-go”
operatlons) the operating procedures in' Chapter 7 (and summarized below) apply for preparation
" of the MPC and HI-STAR overpack. For those cases where the MPC is transferred from storage
in a HI-STORM overpack to a HI-STAR overpack for shipment, the operating procedures in
Chapter 7 (and summarized below) govern the preparation activities for the HI-STAR overpack.

Loading Operations

At the start of loading operations, the overpack is configured with the closure plate removed. The
lift yoke is used to position the overpack in the designated preparation area or setdown area for
overpack inspection and MPC insertion. The annulus is filled with plant demineralized water and
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an inflatable-annulus seal is installed. The iaflatable-seal prevents contact between spent fuel |
pool water and the MPC shell reducing the possibility of contaminating the outer surfaces of the
MPC. The MPC is then filled with spent fuel pool water or plant demineralized water-(borated-as
required—forMPE32). The overpack and MPC are lowered into the spent fuel pool for fuel
loading using the lift yoke. Pre-selected assemblies are loaded into the MPC and a visual
verification of the assembly identification is performed. '

While still underwater, a thick shielding lid (the MPC lid) is installed. The lift yoke is remotely
engaged to the overpack lifting trunnions and is used to lift the overpack close to the spent fuel
pool surface. The MPC lift bolts (securing the MPC lid to the lift yoke) are removed. As the
overpack is removed from the spent fuel pool, the lift yoke and overpack are sprayed with
demineralized water to help remove contammatlon

. The overpack is removed from the pool and placed in the des1gnated preparation area. The top
surfaces of the MPC lid and the top flange of the overpack are decontaminated. The inflatable l
annulus seal is removed, and an annulus shield is installed. The annulus shield provides
additional personnel shielding at the top of the annulus and also prevents small items from being
- dropped into the annulus (foreign material exclusion). If used, the Automated Welding System
(AWS) is installed. The MPC water level is lowered slightly and the space under the MPC lid is
purged or exhausted and monitoring is performed. The MPC lid is seal-welded using the AWS.
Liquid penetrant examinations are performed on'the root and final passes and ultrasonic
examination is also performed on the MPC lid-to-shell weld or, in place of the ultrasonic
examination, the weld may be 1nspected by multlple pass liquid penetrant examination at

approx1mately every 3/8 1nch of weld depth —"Phen—a—sm&ﬂ—ye}ume—eﬁﬁwater—ts-diﬁﬂaeed—w&h

water—t-hfeugh—the—dfa-m—hne— At the approprlate time in the sequence of act1v1t1es based onthe |
type of test performed (hydrostatlc or pneumatlc) a pressure test of the MPC enclosure vessel is
performed : -

- The Forced Hellum Dehydratlon (FHD) System is connected to the MPC and is used to remove
residual water from the MPC and reduce the level of moisture in the MPC to acceptable 1evels
This is accomplished by rec1rcu1at1ng dry, heated helium through the MPC cavity to absorb the

" 'moisture. When the helium exiting the MPC is determined to meet the required moisture limit,
the: MPC is considered sufﬁc1ently drled for. transportatlon (see Sectlon 3.4.1.1.16 for a
description of the FHD System). :

FolloWing MPC drying operations, the MPC is backfilled with a predetermined amount of
helium gas. The helium backfill ensures adequate heat transfer; and provides an inert atmosphere

for fuel claddmg mtegrlty —and—p;owdes%he—mem%s—ef—ﬁ*ﬂm%eakag%ate—tesﬂag—eﬁhe—h@@
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The MPC closure ring is then placed on the MPC, aligned, tacked in place, and seal welded,
providing redundant closure of the MPC enclosure vessel closure welds. Tack welds are visually
examined, and the root and/or final welds (depending on the number of weld passes required) are
inspected using the liquid penetrant examination technique to ensure weld integrity. The annulus
shield is removed and the remaining water in the annulus is drained. The AWS is removed. The
overpack closure plate is installed and the bolts are torqued. The overpack annulus is dried using
the vacuum drying system (VDS). :

The overpack annulus is backfilled with helium gas for heat transfer and seal testing. Concentric
metallic seals in the overpack closure plate prevent the leakage .of the helium gas from the
annulus and provide the containment boundary to the release of radioactive materials. The seals -
on the overpack vent and drain port plugs are leak tested along with the overpack closure plate
inner seal. Cover plates with metallic seals are installed over the overpack vent and drain ports to
provide redundant closure of the overpack penetrations. A port plug with a metallic seal is
installed in the overpack closure plate test port to pr0v1de fully redundant closure of all overpack -
penetrations. :

The overpack is surveyed for removable contamination and secured on the transport vehicle wi'th'.
‘impact limiters installed, the security seals are attached, -and the personnel barrler is installed.

- The HI- STAR 100 packagmg 1s then ready for transpor’t

Unloadlng Operatlons

The HI-STAR 100 System unloadmg procedures descrlbe the general actlons necessary to -
prepare the MPC for unloading, cool the stored fuel assemblies in the MPC (if necessary), ﬂood _

" the MPC cavity, remove the lid welds, unload the spent. fuel assemblies, and recover ‘the . _
- overpack and empty MPC. Special precautions are outlined to ensure personnel safety durlng the -

unloading operatlons and to prevent the risk of MPC. overpressurlzatlon and thermal shock to
A the stored spent fuel assemblies. :

After removmg the 1rnpact llmlters the overpack and MPC are posmoned in the de51gnated

preparation area. At the site's discretion, a gas sample is drawn from the overpack annulus and

analyzed. The gas sample provides an indication of MPC enclosure vessel performance. The

annulus is depressurized, the overpack closure plate is removed, and the annulus is filled with

plant demineralized water. The annulus shield is installed to protect the annulus from debris

produced from the lid removal process. Similarly, overpack top surfaces are covered with a
protective fire-retarding blanket.
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The Weld Removal System (WRS) is positioned on the MPC lid. The MPC closure ring is core
drilled over the locations of the vent and drain port cover plates. The MPC closure ring and vent
and drain port cover plates are core drilled to the extent necessary to allow access by the Remote
" Valve Operating Assemblies (RVOAs). Local ventilation is established around the vent and
drain ports. The RVOAs are connected to allow access to the MPC cavity for re- ﬂoodlng
0perat1ons

The MPC cavity gas is verified to be below an appropriate temperature (approximately 200°F) to
allow water flooding. Depending on the time since initial fuel loading and the age and burnup of-
the contained fuel, mechanical cooling of the MPC cavity gas may or may not be required to
ensure the cavity gas temperature meets the acceptance criterion: - A thermal evaluation should
" be performed to determine the MPC bulk cavity gas temperature at the time of unloading. Based
~on that thermal evaluation, if the MPC cavity gas temperature does not already meet the
acceptance limit, any appropriate means to cool the cavity gas may be. employed to reduce the

L gas temperature to the acceptance criterion. Typically, this may involve intrusive means, such as-

" recirculation cooling of the MPC cavity helium, or non-intrusive means, such as cooling of the

exterior surface of the MPC enclosure vessel with water or air. The thermal evaluation should

include an evaluation of the cooling process, if required, to determine the appropriate criteria for

the cooling process, such as fluid flow rate(s), fluid temperature(s), and the cooling duration - -

required to meet the acceptance criterion. Following fuel cool-down (if required), the MPC is

- flooded with water. The WRS is positioned for MPC lid-to-shell weld removal. The WRS is then
removed with the MPC lid left in place.

The annulus shield is removed and the inflatable-annulus seal is installed and pressurized. The
MPC lid is rigged to the lift yoke and the lift yoke is engaged to overpack lifting trunnions. The
.overpack is placed in the spent fuel pool and the MPC lid is removed. All fuel assemblies are.
returned to the spent fuel storage racks. The overpack and MPC are returned to the designated -
' preparation area. The annulus water is drained and the MPC and overpack are dlsposmoned for
~re-use or waste. :

L _1.2.3 , ’ Contents of Package

- The HI STAR 100 packaglng is classified as a Type B package under 10CFR71 As the HI- -

 STAR 100 System is designed to transport spent nuclear fuel,-the maximum activity of the
contents requires that the HI-STAR 100 packagmg be classified as Category I in accordance with
Regulatory Guide 7.11 [1.2.10]. This section delineates the authorized contents. permitted for -
. shipment in the HI-STAR 100 System, including fuel assembly types; non-fuel hardware;
neutron sources; physical parameter limits for fuel assemblies and sub-components; enrichment,
" burnup, cooling time, and decay heat limits; location requirements; and requirements for canning
the material. See Supplement I for the contents of the HI-STAR HB.

1.2.3.1 A Determination of Design Basis Fuel

The HI-STAR 100 package is designed to transport most types of fuel assemblies generated in
the commercial U.S. nuclear industry. Boiling-water reactor (BWR) fuel assemblies have been
supplied by General Electric (GE), Siemens (SPC), Exxon Nuclear, ANF, UNC, ABB
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Combustion Engineering, Allis-Chalmers (AC) and Gulf Atomic. Pressurized-water reactor
(PWR) fuel assemblies are generally supplied by Westinghouse, Babcock & Wilcox, ANF, and
ABB Combustion Engineering. ANF, Exxon, and Siemens are historically the same
manufacturing company under different ownership. Within this report, SPC is used to designate
fuel manufactured by ANF, Exxon, or Siemens. Publications such as Refs. [1.2.6], [1.2.7], and
[1.2.15] provide a comprehensive description of fuel discharged from U.S. reactors. A central
object in the design of the HI-STAR 100 System is to ensure that a majority of SNF drscharged
from the U.S. reactors can be transported in one of the MPCs.

The cell openings in the fuel basket have been sized to accommodate all BWR and PWR
assemblies listed in Refs. [1.2.6], [1.2.7], and [1.2.15], except as noted below. Similarly, the.
cavity length of the MPC has been set at a.dimension that permits transportation of most types of
"PWR fuel assemblies and BWR fuel assemblies with or w1thout fuel - channels The one
'exceptron is as follows:

e The South Texas Units 1 & 2 SNF, and CE 16x16 System 80™ SNF are too long - |
to be accommodated in the available MPC cavity length. '

“In addition to satisfying the cross sectional and length compatibility, the active fuel region of the
SNF must be enveloped in the axial direction by the neutron absorber located in the MPC fuel
basket. Alignment of the neutron absorber with the active fuel region is ensured by the use of
upper and lower fuel spacers suitably designed to support the bottom and restrain the top of the
fuel assembly. The spacers axially position the SNF assembly such that its active fuel region is

~ properly aligned with the neutron absorber in the fuel basket. Figure 1.2.15 provides a pictorial

representation of the fuel spacers positioning the fuel assembly active fuel region. Both the upper
and lower fuel spacers are designed to perform their function under normal and hypothetical
accident conditions of transport. Due to the shorter, custom MPC design for Trojan plant fuel,

~ only. lower fuel spacers are needed for certain fuel assemblies that do not contain integral control -

rod assemblies. This creates the potential for a slight misalignment between the active fuel

“region of a fuel assembly and the neutron absorber panels affixed to the cell walls of the TrOJan c

e .MPCs This condrtron is addressed in the criticality evaluations descrrbed in Chapter 6.

In summary, the geometrrc compatrbrhty of the SNF wrth the MPC desrgns does not require the -
definition of a design basis fuel assembly. This, however, is not the case for structural, -
containment, shielding, thermal-hydraulic, and criticality criteria. In fact, the same fuel type in a
category (PWR or BWR) may not control the cask design in all of the above-mentioned criteria.
To ensure that no SNF. listed in Refs. [1.2.6], [1.2.7], and [1.2.15] that is geometrically
admissible in the HI-STAR MPC is precluded from loading, it is necessary to determine the
governing fuel specification for each analysis criteria. To make the necessary determinations,
potential candidate fuel assemblies for each qualification criteria were considered. Table 1.2.8 -
lists the PWR fuel assemblies evaluated. These fuel assemblies were evaluated to define the
governing design criteria for PWR fuel. The BWR fuel assembly designs evaluated are listed in
Table 1.2.9. Tables 1.2.10 and 1.2.11 provide the fuel characteristics determined to be acceptable
for transport in the HI-STAR 100 System. Each “array/class” listed in these tables represents a
bounding set of parameters for one or more fuel assembly types. The array/classes are defined in
- SAR Section 6.2. Table 1.2.12 lists the BWR and PWR fuel assembly designs that are found to
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govern for the qualification criteria, namely reactivity, shielding, and thermal. Thermal is broken
down into three criteria, namely: 1) fuel assembly effective planar conductivity, 2) fuel basket
effective axial conductivity, and 3) MPC density and heat capacity. Substantiating results of
analyses for the governing assembly types are presented in the respective chapters dealing with
the specific qualification topic. Tables 1.2.10, 1.2.11, and 1.2:21 through 1.2.36 provide the
specific limits for all material authorized to be transported in the HI-STAR 100 System.
Additional information on the design basis fuel definition is presented in the following
subsections. :

1232 Design Payload for Intact Fuel

Intact fuel assemblies are defined as fuel assemblies without known or suspected cladding
defects greater than pinhole leaks and hairline cracks, and which can be handled by normal
means. The design payload for intact fuel to be transported in the HI-STAR 100 System is.
- provided-in Tables 1.2.10, 1.2.11, and 1.2.22 through 1.2.36. The placement of a single stainless
- steel clad fuel assembly in an MPC necessitates that all fuel assemblies (stainless steel clad or
Zircaloy clad) stored in that MPC meet the maximum heat generation requirements for stainless
steel clad fuel. " Stainless steel clad fuel assembhes are not authorized for transportation in the
MPC-68F-or MPC-32. :

Fuel assemblies without fuel rods in fuel rod locations cannot be classified as intact fuel unless
dummy fuel rods, which occupy a volume equal to or greater than the original fuel rods, replace
the missing rods prior to loading. Any intact fuel assembly that falls within the geometric,
thermal, and nuclear limits established for the design basw intact fuel assembly can be safely
: transported in the HI- STAR 100 System.

- . Some TrOJan 'fuel assemblies not loaded into DFCs or FFCs show conditions of minor
impairments on some grid straps [1.2.16]. These conditions, as determined by visual inspection
. -of the assemblies, consist of small pbrtlons of grid straps that are missing or bent. The worst

- condition is the exposure of a single fuel rod on the periphery of one grid strap. These conditions.

* - do not meet the definition of damaged fuel'in the CoC, since the impairment is minor, no grid .

* spacers are missing, and the overall structural integrity of the assembly is not affected Such- f

" assemblies are therefore classified- as mtact assemblles '

The fuel character1st1cs spec1ﬁed in Tables 1. 2 10, 1.2. 11 and 1.2.21 have been evaluated in th1s
SAR and are acceptable for transport in the HI-STAR 100 System :

1.2.3_.3 ~ Design Payload for Damaged Fuel and Fuel Debrls ‘

Damaged fuel and fuel debris are defined in Table 1.0.1. The only PWR damaged fuel and fuel
debris authorized for transportation in the HI-STAR 100 System is that from the Trojan plant.
The only BWR damaged fuel and fuel debris authorized for transportation in the HI-STAR 100
System is that from the Dresden Unit 1 and Humboldt Bay plants.

Damaged fuel may only be transported in the MPC-24E, MPC-24EF, MPC-68, or MPC-68F as
shown in Tables 1.2.23 through 1.2.26. Fuel debris may only be transported in the MPC-24EF
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and the MPC-68F as shown in Tables 1.2.24 and 1.2.26. Damaged fuel and fuel debris must be
transported in stainless steel Holtec damaged fuel containers (DFCs) or other approved stainless
steel damaged/failed fuel canister in the HI-STAR 100 System. The list of approved
damaged/failed fuel canisters and associated SAR figures are provided below:

e Holtec-designed Dresden Unit 1 and-HumbeldtBay-Damaged Fuel Container (Figure
1.2.10)

e Sierra Nuclear-designed Trojan Failed Fuel Can (Figure 1.2.10A) containing Trojan
damaged fuel, fuel debris, or Trojan Fuel debris process cans; or containing Trojan Fuel
Debris Process Can Capsules (Figure 1.2. IOC) which themselves contain Trojan Fuel

" Debrls Process Cans (Flgure 1.2. IOB) : :

. Holtec-designed Damaged Fuel Container for'Trojan plan fuel (Figure 1.2.10D) '

~ e Dresden Unit 1’s TN Damaged Fuel Container (Figure 1.2.11)
. ‘Dresden Unit 1’s Thoria Rod Canistér (Figure 1.2.11A).
. Holtec-designed Humboldt Bay Damaged Fuel Container (refer to Supplement 1.1)

12, 331  BWR Damaged Fuel and Fuel Debris

Dresden Unit 1 (UOz fuel rods and MOX fuel rods) aﬂé—Humbe{d-t—Bay—fuel arrays (Assembly
Classes 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A) are authorized for transportation as ‘damaged fuel
in the MPC-68 and damaged fuel or fuel debris in the MPC 68F No other BWR damaged fuel
~or fuel debrls is authorized for transportatxon : :

_The limits for. transportlng Dresden Unit 1 aﬂdr-H—umbe%dt—Bay—damaged fuel and fuel debrls are.
. givenin Table 1.2.23 and 1.2.24. The placement of a single damaged fuel assembly in an MPC- '
68 or MPC-68F, or a smgle fuel debris damaged fuel container in an MPC-68F necessitates that
~ all fuel assemblies (intact, damaged, or debris) placed in that MPC meet the maximum heat
generation requlrements spec1fied in Tables 1.2.23 and 1.2.24. : o

The. fuel characterlstlcs specified in Tables 1.2.11, 1.2.23 and 1.2.24 for Dresden Umt 1 and
HumbeldtBay-fuel arrays have been evaluated in this SAR and are acceptable for transport as
damaged fuel or fuel debris in the HI-STAR 100 System. Because of the long cooling time, small
size, and low weight of spent fuel assemblies qualified as damaged fuel or fuel debris, the DFC
and its contents are bounded by the structural, thermal, and shielding analyses performed for the
. intact BWR design basis fuel. Separate criticality analysis of the boundmg fuel assembly for the
damaged fuel and fuel debns has been performed in Chapter 6.
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The fuel characteristics specified in Table 1.2.11 for the Dresden Unit 1 and-HumbeldtBay-fuel
arrays (Assembly Classes 6x6A, 6x6B, 6x6C, 7x7A, and 8x8A) have been evaluated in this SAR
and are acceptable for transport as damaged fuel or fuel debris in the HI-STAR 100 System after
being placed in a damaged fuel container.

Refer to Supplement 1.1 for information regarding Humboldt Bay damaged fuel and fuel debris.

12332 PWR Damaged Fuel and Fuel Debris

The PWR damaged fuel and fuel debrls authonzed for transportat1on in the HI- STAR 100
System is limited to that from the Trojan plant.. The limits for transporting Trojan plant damaged '

fuel and fuel debris in the Trojan MPC-24E/EF are given in Tables 1.2.10, 1.2.25 and 1.2.26. All

Trojan plant damaged fuel, and fuel debris listed below is authorized for transportatlon in the HI-

STAR 100 System [1.2.12]:
e Damaged fuel assemblies in Trojan failed fuel cans
e - Damaged fuel assemblies in Holtec’s Trojan plant PWR damaged fuel container .

e Fuel assemblies classiﬁed as fuel debris in Trojan failed fuel"cans

~ & Trojan fuel assemblles classrﬁed as fuel debrls in Holtec s TrOJan damaged fuel

container

B e Fuel debris cons'lstlng of loose fuel pellets, fuel pellet fragments, and fuel assembly

metal fragments (portions of fuel rods, pomons of grld assembhes bottom nozzles etc.) -

in TI‘Q]aIl failed fuel cans

e ’TrOJan fuel debrls process cans loaded into Tr0_|an fuel debns process can capsules and
‘then into Trojan failed fuel cans. The fuel debris process cans contain fuel debris (metal

fragments) and were used to process organic media removed from the Trojan spent fuel -

pool during cleanup operations in preparation for decommissioning the pool. The fuel
debris process cans have metallic filters in the can bottom and lid that allowed removal

of water and organic media using high temperature steam, while retaining the solid
residue from the processed media and fuel debris inside the process can'. Up to five
process cans can be loaded into a process can capsule, which is vacuumed, purged,
backfilled with helium, and seal-welded closed to provide a sealed containment for the
fuel debris.

' The Trojan Fuel Debris Process Cans were used in the spent fuel pool cleanup effort conducted as part of plant

decommissioning. This project is complete and not associated with certification of Trojan fuel debris for
transportation in the HI-STAR 100 System under 10 CFR 71.
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One Trojan Failed Fuel Can is not completely filled with fuel debris. Therefore, a stainless steel
failed fuel can spacer is installed in this FFC to minimize movement of the fuel debris during
normal transportation and hypothetical accident conditions. The spacer is a long, square tube
with a baseplate that rests atop the fuel debris inside the Trojan FFC. A drawing of the Trojan
failed fuel can spacer is provided in Section 1.4. A summary of the structural analysis of the
FFC spacer is provided in Section 2.6.1.3.1.3.

1.2.34 Structural Payload Parameters

The main physical parameters of an SNF assembly applicable to the structural evaluation are the
fuel assembly length, envelope (cross sectional dimensions), and weight. These parameters,

- which define the mechanical and structural design, are listed in Tables 1.2.22 through 1.2.27 for
the various MPC models. The centers of gravity reported in Chapter 2 are based on the
maximum fuel assembly weight. Upper and-lower fuel spacers (as appropriate) maintain the axial
position of the fuel assembly within the MPC basket and, therefore, the location of the center of -
gravity.  The upper and lower spacers are designed to withstand normal and accident conditions
of transport. An axial clearance of approximately 2 inches is provided to account for the -
irradiation and thermal growth of the fuel assemblies. The suggested upper and lower fuel spacer
lengths are listed in Tables 1.2.16 and 1.2.17. Due to the custom design of the Trojan MPCs,
only lower fuel spacers are required with Trojan plant fuel assemblies not containing non-fuel
hardware or neutron sources. In order to qualify for transport in the HI-STAR 100 MPC, the SNF
must satisfy the physwal parameters listed in Tables 1.2. 21 through 1.2.36, as applicable.

1.2.3.5 T hermal Pavload Parameters

" The pr1nc1pa1 thermal de51gn parameter for the fuel is the peak fuel cladding temperature, which
-is a function of the maximum heat generation rate per assembly and the decay heat removal
~ capabilities of the HI- 'STAR 100 System. The maximum heat generation rate per assembly for
the design basis fuel assembly is based on the fuel assembly type with the lowest thermal
_performance characteristics. - The parameters that define this decdy heat design basis fuel are
listed in Table 1.2.12. The governing thermal parameters to ensure that the range of SNF
discussed previously are bounded by the thermal analysis discussed in detail and specified in’
Chapter 3. By utilizingthese bounding thermal parameters, the calculated peak fuel rod cladding -
temperatures are conservatlve for the actual spent fuel assemblies, which are apt to have a higher -
- thermal conduct1v1ty : '

-The peak fuel cIaddlng temperature 11m1t for normal condltlons of transport is 400°C (752 F)

which is consistent with the guidance in ISG-11, Revision 2 [1.2.14]. Tables 1.2.21 through

1.2.27 provide the maximum heat generation for all fuel assemblies authorized for transportation
in the HI-STAR 100 System. The basis for these limits is discussed in Chapter 3.

Finally, the axial variation in the heat emission rate in the design basis fuel is defined based on
the axial burnup distribution. For this purpose, the data provided in Refs. [1.2.8], [1.2.9], and

[1.2.12] are utilized and summarized in Table 1.2.15 and Figures 1.2.13, 1.2.13A, and 1.2.14, for
reference. These distributions are representative of fuel assemblies with the design burnup levels
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considered. These distributions are used for analysis only, and do not provide a criteria for fuel
assembly acceptability for transport in the HI-STAR 100 System.

1.2.3.6 Radiological Payload Parameters

The principal radiological design criteria are the 10CFR71.47 and 10CFR71.51 radiation dose
rate and release requirements for the HI-STAR 100 System. The radiation dose rate is directly
affected by the gamma and neutron source terms of the SNF assembly.

The gamma and neutron sources are separate and are affected differently by enrichment, burnup,
and cool time. It is recognized that, at a given burnup, the radiological source terms increase
monotonically as the initial enrichment is reduced. The shielding design basis fuel assembly is,
therefore, evaluated for different combinations of maximum burnup, minimum cooling time, and
minimum enrichment. The sh1eld1ng de51gn bas1s 1ntact fuel assembly thus. bounds all other
intact fuel assemblies.

The design basis dose rates can be met by a variety of burnup levels, cooling times, and
minimum enrichments. Tables 1.2.21 through 1.2.36 include the burnup and cooling time values
that meet the radiological dose rate requirements for all authorized contents to be transported in
- each MPC model. The allowable maximum burnup, minimum cooling time, and minimum
enrichment limits were chesen strictly based on the dose rate requirements. All allowable
burnup, cooling time, and minimum enrlchment combinations result in calculated dose rates less
© than the regulatory dose rate limits. ' : ‘

Table 1.2.15 and Fxgures 1.2.13, 1.2:13A, and 1. 2 14 prov1de the axial distribution for the
-radiological source term for PWR and BWR fuel assemblies, and. for Trojan plant- spec1ﬁc fuel,

' ‘. based on the actual burnup distribution. The axial burnup distributions-are representative of fuel _
assemblies with the design basis burnup levels. considered. These - distributions are used for =~

analysis only, and do not provide criteria for fuel assembly acceptab1hty for transport in the HI-
- STAR 100 System ‘ - : S

1Thor1a rods placed in Dresden Unit 1 Thoria Rod Canisters meeting the requirements of Table -

1.2.21 and Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source have
. -been qualified for transport. Up to one Dresden Unit 1 Thoria Rod Canister plus any combination-
of damaged fuel assemblies in damaged fuel containers and intact fuel, up to a total of 68 may be -
transported. :

l..2'.3.7A ' Criticalit\} Payload Paramet_ers

As discussed earlier, the MPC-68/68F and MPC-32 feature a basket without flux traps. In these
fuel baskets, there is one panel of neutron absorber between adjacent fuel assemblies. The MPC-
24/24E/24EF employs a construction wherein two neighboring fuel assemblies are separated by
two panels of neutron absorber with a water gap between them (flux trap construction). The
MPC-24 flux trap basket can accept a much higher enrichment fuel than a non-flux trap basket
without taking credit for fuel assembly burnup in the criticality analysis. The maximum initial
55U enrichment for PWR and BWR fuel authorized for transport is specified by fuel array/class
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in Tables 1.2.10 and 1.2.11, respectively. Trojan plant fuel is limited to a lower maximum initial
enrichment of 3.7 wt.% *°U compared to other fuel in its array/class, based on the specific
analysis performed for the custom-designed Trojan MPCs containing only Trojan plant fuel.

%MMB%MW&%W%MM%MQ%
MPRC-24E/EE_MPC-32_and-MPC-68 Boral-""B-areal-density-is-specified-at-a-minimum-Joading
o£0-0372 slem QW%%MWMWWW
0-01 glem™ | |

The mznzmum "B areal a’enszty in the neutron absorber panels for each MPC model is shown in
Table 1.2.3. Values for MPC-HB are found in Supplement 1.1.

For all MPCs, the B loadmg areal dens1ty used for analysxs is conservatlvely establlshed below
the minimum values shown in Tablel.2.3. For Boral, the value used in the analysis is at 75% of
the minimum '°B areal density, while for METAMIC, itis 90% of the minimum value can be used
to demonstrate that the reactivity under the most adverse accumulation of. tolerances and biases i is
less than 0.95. The reduction in OB areal density credit-meets NUREG-1617 [1.0.5], which
requires up to a 25% reduction in "B areal density credit. A large body of sampling data
accumulated by Holtec from thousands of manufactured Boral panels indicates the average 1B
areal densities to be approximately 15% greater than the specnﬁed mlmmum

Credlt for burnup of the fuel in accordance with the intent of the guxdance in- Interlm Staff
Guidance Document 8 (ISG-8) [1.2.13], is taken in the criticality analysis to allow the
transportation of certain PWR fuel assemblies in MPC-32. Burnup credit is a required input to
qualify PWR fuel for transportation in the MPC-32, considering the 1n1eakage of moderator (i.c.,
* unborated water) under accident conditions. This hypothetlcal event is non-credible given the_

double barrier design engineered into the HI-STAR 100 System with the fully welded MPC .+

“enclosure vessel (designed for 60 g’s) surrounded by the sealed overpack which is. designed for

“deep submersion under water (greater than 650 feet submersmn) without breach. The details of - ,.
the burnup credit analyses are provided in ‘Chapter 6, including detalled discussion of how the S
" recommendations of ISG-8 were 1mplemented Exceptlons to some of the recommendatlons in" -

ISG-8 were necessary (e.g., partial credit for fission products) in order to develop burnup versus : )
enrichment curves that can be practlcally 1mp1emented at the plants." These exceptlons are
described in Chapter 6. ‘

1.2-.3.8 ' ' Non-Fuel Hardware and Neutron Sources

BWR fuel is pérmitted to be stored with or without Zircaloy. channels.” Control ‘blades and
stainless steel channels are not authorized for transportation in the HI-STAR 100 System.
Dresden Unit 1 (D-1) neutron sources are authorized for transportation a shown in Tables 1.2.23
and 1.2.24. The D-1 neutron sources are single, long rods containing Sb-Be source material that
fits into a water rod location in a D-1 fuel assembly. '

Except for Trojan plant fuel, no PWR non-fuel hardware or neutron sources are authorized for
transportation in the HI-STAR 100 System. For Trojan plant fuel only, the following non-fuel
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hardware and neutron sources are permitted for transportation in specific quant1t1es as shown in
Tables 1.2.25 and 1.2.26:

¢ Rod Cluster Control Assemblies (RCCAs) with cladding made of Type 304 stainless steel
and Ag-In-Cd neutron absorber material.

¢ Burnable Poison Rod Assemblies (BPRAs) with cladding made of Type 304 stainless
steel and boros1llcate glass tube neutron poison material. :

o Thimble Plug Devices made of Type 304 stainless steel.

o Neutron source assemblies with cladding made of Type 304 stainless steel - two (2)
californium primary source assemblies and four (4) antimony-beryllium secondary source
assembhes

These devices are designed with thin rods of varying length and materials as discussed above, -
that fit into the fuel assembly guide tubes within the fuel rod lattice. The upper fittings for each
device can vary to accommodate the handling tool (grapple) design. During reactor operation,

- the positions of the RCCAs are controlled by the operator using the control rod drive system,
while the BPRAs, TPDs, and neutron sources stay - fully inserted.

A complete list of the authorlzed non-fuel hardware and neutron sources, including appropriate

limits on the characteristics of this material, is provided in Tables 1.2.23 through 1.2.36, as -

applicable. -

1.2.3.9 -Summary of Authorized Contents

The criticality safety 1ndex for the HI-STAR 100 Package is zero. A fuel assembly is acceptable
for transport ina HI STAR 100 System if it fulﬁlls the following criteria. '

a.' : It sat1sf1es the physical parameter characteristlcs hsted in Tables 1.2. 10 or 1. 2 11, as
' applicable i ' ’
b, It satisfies the cooling time, decay heat burnup, enrlchment and other limits spemﬁed e

Tables 1.2. 21 through 1.2.36, as apphcable
c. .Deleted. :
d. Deleted.

A damaged fuel assembly shall be transported in a damaged fuel container or other authorized
damaged/failed fuel canister, and shall meet the characteristics specified in Tables 1.2.23 through
1.2.26 for transport in the MPC-68, MPC-68F, MPC-24E, or MPC-24EF. Fuel classified as fuel
debris shall be placed in a damaged fuel container or other authorized damaged/failed fuel
canister and shall meet the characteristics specified in Tables 1.2.24 or 1.2.26 for transport in the
MPC-68F or MPC-24EF.
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Stainless steel clad fuel assemblies shall meet the characteristics specified in Tables 1.2.22
through 1.2.33 for transport in the MPC-24, MPC-24E, MPC-24EF, or MPC-68.

MOX BWR fuel assemblies shall meet the requirements of Tables 1.2.23 or 1.2.24 for intact and
damaged fuel/fuel debris.

Thoria rods placed in Dresden Unit 1 Thoria Rod Canisters meeting the requirements of Table

1.2.21 and Dresden Unit 1 fuel assemblies with one Antimony-Beryllium neutron source have

been qualified for transport. Up to one Dresden Unit 1 Thoria Rod Canister plus any combination

of damaged fuel assemblies in damaged fuel containers and mtact fuel, up to a total of 68 may be

transported

- Dresden Unit 1 fuel assemblies w1th one Antimony- Beryllium neutron source are authorized for
: loading in the MPC-68 or MPC-68F.

: Table 1.2.2 'summarizes the key system data for the HI- STAR 100 System Table 1.2.3
. summarizes the key parameters and limits for the HI-STAR 100 MPCs. Tables 1.2.10, 1.2.11,
and 1.2.21 through 1.2.367 and other tables referenced from these tables provide. the limiting
conditions for all material to be transported in the HI-STAR 100 System. Refer to Supplement
1. Ifor HI-STAR HB. : -
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Table 1.2.1

TABLE INTENTIONALLY DELETED
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Table 1.2.2

SUMMARY OF KEY SYSTEM DATA FOR HI-STAR 100

PARAMETER VALUE (Nominal)

Types of MPCs in 67 4 for PWR

this SAR ‘ ' 2 for BWR

MPC capacity MPC-24 Up to 24 intact ZR or stainless steel clad PWR

fuel assemblies

MPC-24E Up to 24 intact ZR or stainless steel clad PWR
| fuel assemblies. Up to four (4) Trojan plant fuel
assemblies classified as damaged fuel, eachina |
| Trojan Failed Fuel Can or a Holtec damaged
| fuel container, and the complement intact fuel
-assemblles -

MPC-24EF ~ Up to 24 intact ZR or stainless steel clad PWR

| fuel assemblies. Up to four (4) Trojan plant fuel
assemblies classified as damaged fuel or fuel
debris, each in a Trojan Failed Fuel Can or a
Holtec damaged fuel container; or other Trojan

| fuel debris stored in Trojan Process Cans either

| placed directly into a Trojan Failed Fuel Can or
placed inside Trojan Process Can Capsules and
- then in Trojan Failed Fuel Cans; and the -
complement intact fuel assemblies.

MPC-3§ SR 'vUp to 32 intact ZR clad PWR fuel assemblies.'

‘MPC-68 . -Up to 68 intact ZR or stainless steel clad BWR
' ' ‘ +{ fuel assemblies or damaged ZR clad fuel

" | assemblies* in damaged fuel containers w1th1n
| an MPC 68 R

MPC-68F - . | Up to 4 damaged fuel containers with ZR clad
o BWR fuel debris* and the complement intact or
damaged* ZR clad BWR fuel assembhes
within an MPC-68F.

*Only damaged fuel and fuel debris from
Dresden Unit 1 er-Humbeldt-Bay-is authorized
for transportation in the MPC-68 and MPC-
68F.

" - excluding MPC-HB. See Supplement I.
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Table 1.2. 3

KEY PARAMETERS FOR HI-STAR 100 MULTI-PURPOSE CANISTERS

PARAMETER

PWR

BWR

Unloaded MPC weight (Ib)

See Table 2.2.1

See Table 2.2.1

Minimum Boral neutron absorber

0.0267 (MPC-24)

0.0372 (MPC-68)

- (accident conditions)

"B loading (g/cm?) 0.0372 (MPC-24E/EF) 0.01 (MPC-68F)
' 0.0372 (MPC-32)
Minimum Metamic neutron absorber » N/A ’ N/A
"B loading (g/cm’)
Pre-disposal service life (years) R 40 : - 40
Design temperature, max./min. (°F)  725“"‘”/-40°"‘r - 725°t/40°M
Design Internal pressure (psig) ’ ‘ o
Normal Conditions 100 100
Off-normal Conditions 100 100
- Accident Conditions 200 - 200
| Total heat load, max. (kW) 20.0 18.5
| Maximum permiséible peak fuel 752° 752°
cladding temperature (°F) (norr_nal condmons) (normal conditions)
' ' 1058° ' 1058° .

(accident conditions)

MPC internal environment -
.| Helium filled- (p51g)

>0and <44.8 p51gTTT ata

1 reference temperature of 70°F

>0 and <44.8 psig'" ata
reference temperature of 70° F

1 MPC external env1ronment/overpack S

internal environment

. >10and<14-

Helium filled initial pressure (p51g, at g > 10 and'g 14 -

STP) . = o

‘Maximum permissible reactivity ' ' S -
“including all uncertainty and biases " '<.Q'95 R <0.95
End closure(s) Welded ‘Welded

Fuel handling ",'Openjng' compatibleWith .. | Opening compatible with
I standard grapples - .| standard grapples
Heat dissipation P 'Passive‘ ; Passive

temperatures for all. components is provided in Table 2.1.2

Maximum normal condition design temperature for the MPC fuel basket. A complete listing of design

1 Temperature based on minimum ambient temperature (10CFR71.71(c)(2)) and no fuel decay heat load.

"' This value represents the nominal backfill value used in the thermal analysis, plus 2 psig operating tolerance.
Based on the MPC pressure results in Table 3.4.15 and the pressure limits specified in Table 2.1.1, there is
sufficient analysis margin to accommodate this operating tolerance.
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Tables 1.2.4 through 1.2.6 -

INTENTIONALLY DELETED
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Table 1.2.7

HI-STAR 100 LOADING OPERATIONS DESCRIPTION

Site-specific handling and operating procedures w1ll be prepared reviewed, and approved
by each owner/user.

1 Overpack and MPC lowered into the fuel pool w1thout closure plate and MPC
hd
2 Fuel assemblies transferred to the MPC fuel. basket
3 | MPClidlowered onto the MPC
4 | Overpack/MPC assembly moved to the decon pit and MPC 11d welded in place
| examined, and pressure tested;-and-lealtested _
5 MPC dewatered, dried, backfilled with helium, and the vent/drain port cover |
‘ plates and closure ring welded :
6 Overpack drained and’ external surfaces decontaminated
1 7 OVerpackseals and closure plate installed and bolts pre-tensioned »
8 Overpack cavity dried, backfilled with helium, and helium leak tested . |
HI-STAR 100 System transferred to transport bay |
o 10- HI-STAR 100 placed onto transport saddles tied down, impact limiters and
- personnel barrier installed; and package surveyed for release for transport
-
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Table 1.2.8

PWR FUEL ASSEMBLIES EVALUATED TO DETERMINE DESIGN BASIS SNF

Assembly. Array
Class Type
B&W 15x15 All
B&W 17x17 All
CE 14x14 1 an
CE 16x16 All except
‘ System 80™

WE 14x14 All
WE 15x15 AlL
WE 17x17 All
St. Lucie - All
Ft. Calhoun All

| (Stainless Steel :

| Clad)
San Onofre 1 - IPNIE
(Stainless Steel - ,

| Clad, except MOX):

| Indian Point 1

| an
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Table 1.2.9

BWR FUEL ASSEMBLIES EVALUATED TO DETERMINE DESIGN BASIS SNF

.} Assembly Class Array Type
GE BWR/2-3 All 7x7 All 8x8 All All 10x10
' : 1 9x9
GE BWR/4-6 All7x7 | All 8x8 All | All10x10
| Humboldt Bay All6x6 | All 7x7
S - (Zircaloy
‘Clad)
Dresden-1 All6x6 | All 8x8
LaCrosse _ All
- (Stainless Steel Clad)
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' PWR FUEL ASSEMB

Table 1.2.10

' HI.STARSAR
- 'REPORT HI-951251

1.2-40

LY CHARACTERISTICS (Note 1)
-Fuel Assembly" - 14x14A 14x14B 14x14C 14x14D 14x14E
Array/Class :
- | Clad Material
| Mote2y ZR ZR ZR SS SSZR
S 'Design Initial U . '
| (kgassy.) Qote 3 < 407. - <407 <425 <400 <206
TInitial Enrichment <46(24) | <46(4) | <464 | <4.0(4)
| (MPC-24, 24E, and . , <5.0
24FF) <5.0 . <50 <50 <50
| wt % 200) (24E/24EF) | (24E/24EF) | (24E/24EF) | (24E/24EF)
Initial Enrichment.
| MPC32)
S Porive N/A N/A N/A N/A N/A
“(Note 5)
| No. of Fuel Rod 179 179 176 180 173
Locations ‘ .
Fuel Clad O.D. (in.) > 0.400 >0.417 >0.440 >0.422 >0.3415
Fuel Clad LD. (in.) <0.3514 <0.3734 <0.3880 | <0.3890 <0.3175
| Fuel Pellet Dia. (in.) <03444 | <03659 | <0.3805 <0.3835 <0.3130
Fuel Rod Pitch (in.) <0556 | <0556 <0.580 <0.556 Note 6
| Active Fuel Length (in.) | <150 <150 <150 <144 <102
" | No. of Guide and/or ’ 5
.| Instrument Tubes 17 17 (Note 4) 16 0
Guide/Instrument Tube |, >0.017 >0.038 >0.0145 N/A
| Thickness (in.) :
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Table 1.2.10 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly

15x15A 15x15B 15x15C 15x15D 15x15E 15x15F
Array/Class

Clad Material

(Note 2) ZR ZR ZR | % ZR - ZR ZR

Design Initial U : ,
(kg/assy.) (Note <464 <464 "< 464 <475 <475 <475
3) , . , _ .

Initial
‘Enrichment
(MPC-24, 24E, .
and 24EF

(wt % 2°U)

54’.1(;4)"-. }514.»1‘(24)' <4124 | <4104 | <41(29) <4104 |

<45 | <as . <45 <45 | <45 <45
(24E/24EF) | (24E/24EF) | (24E/24EF) | (24E/24EF) | (24E/24EF) | (24E/24EF)

Initial

Enrichment - . i . o .

(MPC-32) N/A 1 - NA N/A- <50 <5.0 <50

(WL % 25y S L . L~ T :
(Note 5)

No. of ‘Fuel Rod

. 204 | 204 204 208 208 208
Locations ‘ - B S :

Fuel Clad O.D.

(in) >0418 | 20420 | >0417 20430 | >0428 | >0428

Fuel Clad [.D.

(in)  <0.3660 .- 50‘.3'?36 | <0.3640 50.380_0 | <03790 | <0.3820

 Fuel Péllet Dia..

(in) 5'0.35'801" ©<03671 | <03570 | <03735 | <0.3707. <0.3742

Fuel Rod Pitch

e <0550 | <0563 | <0563 | <0568 | <0568 | <0568 .

Active Fuel

Longth (in) SIS0 sIso | s1s0 SIS0 <150 :.‘..5.150:__

‘No. of Guide — o ' , o -
and/or ' 20,21 o2l e 1T T T 17
Instrument Tubes o o o .

‘Guide/Instrument _ co o . . . ‘
Tube Thickness >0.0165 >0.015 >0.0165 | >0.0150 >0.0140 >0.0140
(in.)
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Table 1.2.10 (continued)

" PWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 15x15G 15x15H 16x16A 17x17A 17x17B 17x17C
Array/Class . v
Clad Material ‘ L ,
(Note 2) SS . ZR ZR ZR ZR ZR
Design Initial U , :
(ce/asy.y (Note 3) <420 <475 <443 <467 <467 <474
Initial Enrichment : _ ' -1 £40(29)
(MPC-24, 24, and <4.0 (24) < 3.8 ‘(24) 5 4..6 (24) <40 (24). = 4.0 (24)
(2;{55) sy, <45 <42 <50 | <4d | = /‘;':EF) <44
°. - (24E/24EF) (24E/24EF) (24E/24EF) (24E/24EF) (Note 7) (24E/24EF)
Initial Enrichment ' _ _
(MPC-32) 0
(Wt % 235U) N/A <5.0 N/A » <5.0 <5.0 <5.0
(Note 5)
Ho- of Fuel Rod 204 208 236 264 264 264
.ocations - )
Fuel Clad O.D. (in.) >0.422 >0414 >0.382 :2 0.360 >0.372 >0.377
Fuel Clad L.D. (in.) <0.3890 <0.3700 < 0.3320 <0.3150 <0.3310 <0.3330 |
1" Fuel Pellet Dia. (in.) <0.3825 -<0.3622 <0.3255 ._<"0.3088. <0.3232 <0.3252
Fuel Rod Pitch (in.) >0.563 >0.568 >0506 | >049 | >049 | =o0s502 |
gzt)iv.e FuelLength | = 144 | <150 <150 | <150 | <150 <150
No. of Guide and/or o 1 5 : P
Instrument Tubes - 21 17 .. (Note 4) - . g .25 - 25 25
: Guide/Instfument o L ' : . X ‘ : o » ‘
Tube Thickness (in,) 2\0.0145 . ‘_ > 0.0_140 > 0.04‘00 > 9.016 . _.2_0._014 > 0.020
HI-STAR SAR Proposed Rev. 13b
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Table 1.2.10 (continued)
PWR FUEL ASSEMBLY CHARACTERISTICS

Notes:

1. All dimensions are design nominal values. Maximum and minimum dimensions are
- specified to bound variations in design nominal values among fuel assemblies within a
given array/class.

2. ZR de51gnates any zirconium-based fuel cladding material authorized for use in a
commerc1al power reactor.

3. De51gn initial uranium weight is the nomlnal uranium welght spe01ﬁed for each assembly
‘ by the fuel manufacturer or reactor user. For each PWR fuel assembly, the total uranium
weight limit specified in this table may be increased-up to 2.0 percent for. (omparlson
with users’ fuel records to account for manufacturer’ s tolerances
4. Each guide tube replaces four fuel rods.
5. Minimum assembly_ average burnup is required per Table 1.2.34.
6. "Thlrs fuel assembly array/elass includes only the Indian Point Unit 1 fuel assembly This .
. fuel assembly has two pitches in different sectors of the assembly These pltches are

0.441 inches and O 453 1nches

7. Trojan plant- specific fuel is governed by the, hmlts spemﬁed for array/class 17x17B and

will be transported in the custom-designed TrOJan MPC-24E/EF canisters. The Trojan o

MPC-24E/EF design is authorized to transport only TrOJan plant fuel W1th a maximum |
K 1n1t1al ennchment of 3 7 wt. % 25 U ' : '

HI-STAR SAR Proposed Rev. 13b
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Table 1.2.11
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

REPORT HI-951251

1.2-44

Fuel Assembly 6x6A 6x6B 6x6C 7x7A 7x7B 8x8A

Array/Class

Clad Material

(Note 2) ZR ZR ZR ZR ZR ZR

Design Initial U '

(kg/assy.) (Note 3) <110 <110 <110 <100 . <195 <120

‘Maximum Planar- < 2.7 for the

Average Initial UO; rods. See

Enrichment (wt % 235_U) : =27 Note 4 for =27 =27 =42 =27

' : MOX rods.

Initial Maximum Rod ' o

Enrichment (wt % 235U) <40 < 4‘.0 <4.0 <355 <50 .5 4.0

No. of Fuel Rod - | 35 0r36 (up to : .

Locations 35. or 36 9 MOX rods) 36 49 49 63 or64 .

Fuel Clad O.D. (in.) >0.5550 - >0.5625 >0.5630 | >04860 | >0.5630 | >0.4120

Fuel Clad 1.D. (in.) , <0.5105 ‘ <0.4945 < 0.499b <04204 | < 0.49_90 <0.3620
| Fuel Pellet Dia. (in.) - © <0.4980 <0.4820 <0.48380 | <04110 | <04910 | <0.3580

‘Fuel Rod Pitch (in.) <0.710 <0.710 <0.740 <0631 | <0.738 <0.523

Active Fuel Length (in.) <120 <120 <715 <80 <150 <120

‘No. of Watet Rods ' o . . o o

(Note 11) l.orO 1}(V>r0 | 0 -0 0 lor0

z)i\;a;er- R_Od Thlcknesg 50 >0 CUA N/A .. ‘N/A >0

Chaﬂnel‘fl‘hiqkneés,(in.) __‘_ - <0.060 <0.060 <0060 | <0060 | <0120 20,100
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Table 1.2.11 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly 8x8B 8x8C 8x8D 8x8E 8x8F 9x9A
Array/Class
reri
Clad Material ZR ZR ZR - ZR ZR ZR
(Note 2)
Design Initial U
(kg/assy) (Note 3) <185 . < 1185 . <185 ' < FSS <185 <177
Maximum Planar-Average ) . o .
Initial Enrichment (wt % <42 <4.2 <4.2 ) <4.2 <4.0 <4.2
B3y B _ » : L
Initial Maximum Rod . '
Enrichment (wt % 2°U)’ £3.0 ' 55'()} 55'9- - 250 <5.0 <5.0
: No..' of.FpeI.Rod Locations 63 or 64 62 ‘ 60 or 61 59 64 74/66
o 030 . . . . . (Note 5)
Fuel Clad 0.D. (in.) " >0.4840 >0.4830 >04830 | >04930 | >04576 > 0.4400
Fuel Clad LD. (in) - < 04295 1<04250 | <04230 <04250 | <03996 | <0.3840
Fuel Pellet Dia. (in.) ’ <0.4195 <0.4160 <0.4140 <0.4160 <0.3913 <0.3760
Fuel Rod Pitch (in) <0642 | <0641 <0640 | <0640 <0.609 <0.566
v g]‘:s)"%’“ Active Fuel Length <150 <150 - <150 <150 <150 <150
No. of Water Rods S . 1-4 . NA
(Note 11): Lor0 2 . (Note 7) S (Note 12) 2
" | Water Rod Thickness (in.) | 20034 >0.00 © | >0.00 >0.034 '>0.0315 >0.00
Channel Thickness (in.) | <o0a20 <0120 | <0120 <0100 | < 0‘.'0557 <0120
]
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, Table 1.2.11 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

Fuel Assembly . 9x9E 9x9 F

Array/Class ) 99 B 29 C 99D (Note 13) (Note 13) 99 G
Cad Material ZR  |..ZR ZR ZR ZR ZR
(Note 2)

Design Initial U ’

(kg/assy.) (Note 3) =177 177 <17 <177 < ]7>7 <177

‘Maximum Planar- : .

Average Initial <42 - <42 <42 <4.0 <40 <42
Enrichment (wt % 2°U) ' :
Initial Maximum Rod

Enrichment (wt % 2°U) <50 <50 <50 <50 <50 <50
No. of Fuel Rod 72 80 9 | e | e 72
Locations T . .

‘Fuel Clad O.D. (in.) >04330 | >04230 >0.4240 >04170 >0.4430 >0.4240
Fuel Cd LD. (i) | =<03810 | <03640 | <03640 | <0.3640 <0380 | <0.3640
Fuel Pellet Dia. (in.) .<0.3740 <03565 | <0.3565 <0.3530 <0.3745 <0.3565
Fuel Rod Pitch (in.) - <0.572 <0.572 <0.572 .<0.572 <0.572 - <0.572
Design Active Fuel C<1s0 - | <150 <150 | <150 <150 | <150
Length (in.) ) k . g
No. of Water Rods ‘ S I 1 PR : 5 . 5 1

(Note 11) : (Note 6 . , (Note 6)
Xla;er Rod Thickness 2000 | 20020 200300 | 200120 | =00120 | 20.0320
Channel Thickness (in) | <0.120 <0.100 <0.100 <0120 | <0120 .<0.120
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Table 1.2.11 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS (Note 1)

REPORT HI-951251

1.2-47

Fuel Assembly 10x10 A 10x10 B 10x10 C 10x10 D 10x10 E
Array/Class
Clad Material .
(Note 2 ZR ZR ZR SS SS
Design Initial U
(kalay.) (Note 3) <186 <186 <186 <125 <125
Maximum Planar- - _
Average Initial <42 <43 <42 <40 <4.0-
Enrichment - A :
(wt% Uy - i
Initial Maximum Rod o : C o ' N
Enrichment (wt % *°U) ' . =50 =50 . =5.0 . 5.5'0_ <590
| No. of Fuel Rod - 92/78 " 91/83 " ~ .
Locations™ A (Note 8) - (Note 9) . 9% 100 9
Fuel Clad O.D: (in.) >0.4040 >0.3957 >0.3780 > 0.3960 >0.3940
| Fuel Clad LD. (in.) - <03520 | <0.3480 <0.3294 <0.3560 <03500
Fuel Pellet Dia. (in) <0.3455 1203420 | <03224 | <03500 <0.3430
Fuel Rod Pitch (in.) 1<0.510 <0510 | <0488 - <0.565 <0557
Design Active Fuel . : - ' ‘
Do s 1_50 <150 .‘5;150 <83 <83
No. of Water Rods - ' 5 ) ' 1 5 0 4
(Note 11)- (Note 6). (Note 10) :
zi\;a;er Rod Thickness >0030 | >000 | >0031 NA > 0,022
Channel Thickness (in): | <0120 . | <0.120. <0055 | <0080 | <0080
HI-STAR SAR Proposed Rev. 13b




Table 1.2.11 (continued)
BWR FUEL ASSEMBLY CHARACTERISTICS

NOTES:

1.

All dimensions are design nominal values. Maximum and minimum dimensions are
specified to bound variations in de51gn nominal values among fuel assemblies within a
given array/class.

2. ZR designates any zirconium-based fuel cladding ‘material authorized for use in a
commercial power reactor.

3. ,Design initial uranium weight is the nominal uranium weight specified for each assembly
by the fuel manufacturer or reactor user. For each BWR fuel assembly, the total uranium
weight limit specified in this table may be ‘increased up to 1.5 percent for comparison
with users’ fuel records to account for manufacturer tolerances

4. < 0.635 wt. % 2°U and < 1.578 wt. % total fissile plutonlum (*°Pu and 24‘Pu) (wt. % of
total fuel weight, 1e , UO; plus Pqu)

5. This assembly class contains 74 total rods; 66 full length rods and 8 partial length rods.

6. Squ‘are, replacing nine fuel rods.

7. Varlable

8. This. assembly contains 92 total fuel rods 78 full length rods and 14 partial length rods

‘9. Thls assembly class contains 91 total fuel rods 83 full length rods and 8 partial length ,
: rods. : ’ |
10.. One dlamond shaped water rod replacmg the four center fuel rods and four rectangular
: water rods dividing the assembly into four quadrants '
11.  These rods may also be sealed at both ends and contain ZR material in lieu of water
12. ThlS assembly is known as “QUAD+ A {3 has four rectangular water cross segments
' dividing the assembly into four quadrants

13. For the SPC 9x9-5 fuel assembly, each fuel rod must meet either the 9x9E or the 9x9F set

~of limits or clad O.D., clad L.D., and pellet diameter.

HI-STAR SAR - ' ' . Proposed Rev. 13b .
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Table 1.2.12

DESIGN BASIS FUEL ASSEMBLY FOR EACH DESIGN CRITERION

Criterion MPC-68/68F MPC-24/24E/24EF/32
Reactivity SPC 9x9-5 K B&W 15x15
(Array/Class 9x9E/F) | (Array/Class 15x15F)
Shielding (Source ‘ GE 7x7 B&W 15x15
Term) I
| Fuel Assembly , ‘ : R o o
| Effective Planar GE119x9 ‘| - WI17x170FA
Thermal Conductivity L a
Fuel Basket Effective _ o :
Axial Thermal GE 7x7 -~ "W 14x14 OFA
Conductivity o ] S
MPC Density and heat Dresden 6x6 | - W 14x14 OFA -
Capacity: _ 1K S
HI-STAR SAR Proposed Rev. 13b
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Tables 1.2.13 and 1.2.14

INTENTIONALY DELETED
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Table 1.2.15

NORMALIZED DISTRIBUTION BASED ON BURNUP PROFILE

GENERIC FUEL DISTRIBUTION'

Axial Distance From .
Bottom of Active Fuel PWR Fuel Normalized BWR Fuel Normalized
Interval | (% of Active Fuel Length) Distribution Distribution
1 0%to 4-1/6% - : . 0.5485 ‘ 0.2200
2 4-1/6% to 8-1/3% ' 0.8477 , 0.7600 -
30 | 813%1016-23% ) 10770 10350
4 . 1623%1033-13% 1.1050 - 11675
5 1 33-1/3% to 50% ' .- 10980 1.1950 -
6 1 50%1t0 66-2/3% : 1.0790 ‘ . 11625
7 . 66-2/3% 10 83-1/3% ’ 1.0501 1.0725
8 C o 83-1/3% 10 91-2/3% 09604 © 0.8650
9 91-2/3% to 95-5/6% ©07338 0.6200
10 : 95-5/6% to 100% R 0.4670 : 0.2200
' TROJAN PLANT FUEL DISTRIBUTION'
Axial Distance From Bottom of
‘ Active Fuel :
Interval - (% of Active Fuel Length) Normalized Distribution .
1 ' 0% to 5% 1 059
R S%t0 10% ' : 0.89
RE T C10%t015% e
A L 1S%t020% | SR V)
5 o 20%t025% - 109
6 v 25% to 45% ' . o 1.10
7 1 45% to 70% ' - 1.09
8 | C0%tw75% | 17
o | 75%twse% I 105
10 80% to 85% ' 1.02
1 ’ 85% to 90% 0.96
12 90% to 95 % 0.82
13 95% to 100% 0.56
1 References [1.2.8] and [1.2.9]
1 Reference [1.2.12]
HI-STAR SAR Proposed Rev. 13b

REPORT HI-951251 1.2-51



Table 1.2.16

SUGGESTED PWR UPPER AND LOWER FUEL SPACER LENGTHS (Note 1)

Fuel Assembly . | Assembly | Location Max. Upper Lower
Type Length of Active | Active Fuel Fuel
w/o NFH' | Fuel from | Fuel Spacer | Spacer
(in.) Bottom Length | Length | Length
(in.) 1 Gny . | Gn) (in.)
CE 14x14 157. | 4l 137 9.5 10
CEléxté | 1768 | 47 | 150 o | o
BWISx15 | 1657 | 84 - | 1418 | 67 4.1
W 17x17 OFA 159.8 - 37 | 144 | 82 8.5
W17x17S 159.8 37 144 8.2 85 -
W 17x17VSH 600 | 37 144 79 | 85
wisxis | 1598 | 37 | 144 | 82 8.5
W 4x148 | 1598 37 | ws2 | 92 | 75
W 14x14 OFA 1598 | 37 | 144 | 82 | 85
* | Ft. Calhoun- 146 | 66 128 | 1025 20.25
St.Lucie2 | 1582 52 | 1367 | 1025 805
C|Bawisxisss | 1370 | 3873 | 1205 | 1925 | 1925
wisasss | 1371 |37 | 122 | 1925 | 1925 |
wiaxiass - | w171 | 37 | o120 | 1925 | 1925
IndianPoint1 | 1372 | 17705 | 1o1s | 1875 | 200

‘Notes: "1. These fuel spacer lengths are not applicable to Trojan plant fuel. Trojan plant fuel spacer -
lengths are determined uniquely for the custom-designed Trojan MPC-24E/EF, as
necessary, based on the presence of non-fuel hardware. They are sized to maintain the
active fuel within the envelope of the neutron absorber affixed to the cell walls and allow
for an approximate 2-inch gap between the fuel and the MPC lid. See Chapter 6 for
discussion of potential misalignments between the active fuel and the neutron absorber.

t NFH is an abbreviation for non-fuel hardware, including control components. Fuel assemblies with control

components may require shorter fuel spacers.

HI-STAR SAR Proposed Rev. 13b
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Table 1.2.17

SUGGESTED BWR UPPER AND LOWER FUEL SPACER LENGTHS (Note 1)

Location of
Active Fuel Max. Active | Upper Fuel Lower Fuel
Fuel Assembly | Assembly from Bottom | Fuel Length | Spacer Spacer
Type Length (in.) | (in.) (in.) Length (in.) Length (in.)
GE/2-3 171.2 7.3 150 48 0o
GE/.4-6 _ 176.2 7.3 150 0 0
vD'resden 1 134.4 112 - 110 18 - 28.0
| Humboldt-Bay 95 8 79 405 - 405
Dresden 1 _ .' _ _ '
Damaged Fuel 142.11 1.2 110 17. 16,9
: dr.Fuel}Debris C :
‘Damaged Fuel - 1055t 8 79 3525 3525
Euel- Debsi . . ,
|LaCrosse - | 1025 105 83 37. 375

~ Notes:. 1.Each user shall specify the fuel spacer lengths based on their fuel length and allowing
. ' an approximate 2-inch gap between the fuel and the MPC lid. See Chapter 6 for
discussion of potential_ misalignments between the active fuel and the neutron
absorber. - S ’

t Fuel length includes the damaged fuel container.

HI-STAR SAR
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‘Table 1.2.18

SUMMARY OF HI-STAR 100 SYSTEM POST-ACCIDENT PERF ORMANCE

Aspect of Post-Accident Performance

"Results with Demonstrated Integrity of MPC
Enclosure Vessel

Results with Postulated Gross Failure of MPC
Enclosure Vessel

Containment Boundary Integrity

E iFhe—MPC—ene}esufeavessel—is%ek—tested-teé-Q*}O#
' em’/s-(helium)-The overpack contamment boundary is

standard air leak tested to 4.3x10°® atm cm*/s (helium).

‘Beth-boundariesy areis shown to withstand all

hypothetical accident conditions. Therefore, there will
be no detectable release of radioactive materials.

The overpack containment boundary is leak
tested to 4.3x10° atm cm®/s (helium). The

- overpack containment boundary is shown to

withstand all hypothetical accident conditions.
Therefore, the overpack containment boundary
meets-the accident condition leakage rates.

Maintenance of Subcritical Margms .
(Maximum Keg) - '

" [ The MPC enclosure vessel is seal welded and there is

10 breach of the MPC. The bolted closure overpack -

| ‘containment boundary has been shown to prevent water

: 'unmerswn Therefore, the maxxmum reactivity of the '
, .fuel ina dry MPC is. less than 0.5.

The bolted closure overpack containmerit
boundary has been shown to prevent water
immersion. Therefore, the maximum reactivity of
the fuel in a dry MPC is less than 0.5. Assuming

| the MPC is fully flooded with water, the reactivity
"is shown fo be below the regulatory requirement

of 0.95 including uncertainties and bias.

Adequate Shielding

‘The MPC enclosure vessel boundary has no effect on
| the dose rates of the HI-STAR 100 System.

Failure of the MPC enclosure vessel to maintain a
release boundary has no effect on the dose rates of
the HI-STAR 100 System.

Adequate Heat Rejection (Peak Fuel
Claddmg Temperature) -

The MPC enclosure vessel maintains the helium and

_' the peak fuel cladding temperature is-demonstrated to
remain below 800°F in the post -fire hypothetical

accldent condmon

| Assuming the MPC internal helium fill pressure is

released into the overpack containment, the
pressure within the small annulus would rise to

“equalize with the MPC internal pressure. There

would be a corresponding slight pressure decrease
in'the MPC enclosure vessel. The comparatively
small volume of the annulus and pressure
differential results in the slight pressure change.
This will have a negligibly small effect on the
peak fuel cladding temperature.

The overpack containment boundary is
demonstrated to withstand all hypothetical
accident conditions. Therefore, there is no
credible mechanism for the release of the helium.

HI-STAR SAR
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Tables 1.2.19 and 1.2.20

INTENTIONALLY DELETED
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Table 1.2.21

DESIGN CHARACTERISTICS FOR THORIA RODS IN D-1 THORIA ROD CANISTERS

PARAMETER MPC-68 or MPC-68F
Cladding Type ' - ZR
Composition - , 98.2 wt.% ThO,, 1.8 wt.% UO;
with an enrichment of 93.5 wt. %
235U : '
Number of Rods Per Thorla <18
| Canister »
Decay Heat Per Thoria Canister - <115 watts -
Post-Irradiation Fuel Cooling 1" Cooling time > 18 years and .
Time and Average Bumup Per -~ average burnup < 16,000
Thoria Canister ' - MWD/MTIHM
| Initial Heavy Metal Weight <27 kg/canister
Fuel Cladding O.D. »  >0.412 inches
Fuel Cladding LD. | <0.362 inches
Fuel Pellet O._D. : ' | <0.358 inches
A_ctive Fuel Length _ <111 inches ‘
E Cani_stér Weight _ . <550 Ibs., including Thorla Rods
' Canister Material. R o Type 304 SS
HI-STAR SAR ' Proposed Rev. 13b
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Table 1.2.22

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-24

| Cladding Type

PARAMETER VALUE
Fuel Type Uranium oxide, PWR intact fuel assemblies
' meeting the limits in Table 1.2.10 for the
applicable array/class
ZR or Stainless Steel (SS) as specified in -

‘Table 1.2.10 for the applicable array/class

Maximum Init_ial Enrichment

As spemﬁed in Table 1. 2 10 for the
applicable array/class

Post-irradiation Coohng Time, Average
Burnup, and Minimum Initial
Enrichment per Assembly

ZR clad: As specified in Table 1.2.28 or
’ Table 1.2.29, as applicable

SS clad: As s;ﬁeciﬁéd in Table 1.2.30

Decay Heat Per Assembly ZR clad: <833 Watts

o ' SS clad: < 488 Watts
Fuel Assembly Length - ' <176.8 in. (nominal design)
‘Fuel Aséembly Width <8.54in. (nommal de51gn)
Fuel A-ssémBly Weight - < 1 ,680 Ibs

| Other Limitations =~

) Quantlty is limited to up.to 24 PWR
intact fuel assemblies.

. Non fuel hardware and neutron
sources not permitted.

®  Damaged fuel assemblies and fuel |
* debris not permitted.

. Trojan plant fuel not permitted. -

HI-STAR SAR
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Table 1.2.23

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-68

REPORT HI-951251

1.2-58

PARAMETER VALUE (Note 1)

Fuel Type(s) Uranium oxide, Uranium oxide, Mixed Oxide Mixed Oxide
BWR intact fuel BWR damaged MOX) BWR | (MOX) BWR
assemblies fuel assemblies intact fuel damaged fuel
‘meeting the limits | meeting the limits | assemblies assemblies meeting
in Table 1.2.11 .. | in Table 1.2.11 for | meeting the the limits in Table
for the applicable | array/class 6x6A, limits in Table | 1.2.11 for _

| array/class, with 6x6C, 7X7A, or 1.2.11 for | array/class 6x6B,

or without 8x8A, withor =~ - | array/class with or without _

Zircaloy channels | without Zircaloy 6x6B, with or | Zircaloy channels,
channels, placed in | without placed in Damaged
Damaged Fuel Zircaloy Fuel Containers
Containers(DFCs) | channels 1 (DFCs)

| Cladding Type ZR or Stainless
v Steel (SS) as

specified in Table '

1.2.11 for the ZR ZR . ZR

applicable

_array/class

| Maximum Initial As specified in- As specified in As specified in | As specified in
Planar-Average and | Table 1.2.11 for | Table 1.2.11 for Table 1.2.11 | Table 1.2.11 for
Rod Enrichment ‘the applicable “the applicable for array/class | array/class 6x6B

' array/class array/class = | 6x6B :
Post-irradi . ZR clad:  As Cooling time'> 18 | Cooling time > | Cooling time >18
ost-irradiation g . .

'_Coolin'g'Time, specified in Tab]e ‘| years, average 18 years, years, average
Average Burnup _1.2.3‘1 except as burnup < 30,000 average burnup < 30,000
and Minimum In,i tial provided in Notesf : MWD/MTU, gnd ‘ burnup < MWD./MTIHM, :
Enrichment per "] 2and3 minimum initial 30,000 ?n.d.mm‘m'lum_
Assernbly 1 o enrlchrzrgsent >1.458 | MWD/MTIH initial enr;ch;;r;ent

- SSclad: Note4- | wt. % “"U.- M, and >1.8 wt. % ~°U.
. : ' ' minimum : ‘
initial
enrichment >
1.8 wt. % *°U.
ZR clad:

K:g:glg;at Per <272 Watts
(Note 5) <115 Watts <115 Watts <115 Watts
SS clad:
< 83 Watts
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Table 1.2.23 (cont’d)

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-68

PARAMETER VALUE (Note 1)
Fuel Assembl o <176.2in. <135.0in. [ £135.0in. <135.0in.
Length ' y (nominal design) (nominal design) (nominal design) (nominal design)
Fuel Assembl <5.851n. <4.70 in. (nomlnal <4.70 in. <4.70 in.
1| Width . Yo (nominal design) design) (nominal design) (nominal design)
Fuel Assombl <700 lbs <550 Ibs, <400 Ibs, - <550 Ibs,
Weioht y (including (including channels | (including (including
g . channels) and DFC) channels) channels and
' - o ' _ 'DFC)
- . o Up to 68 BWR. Up to 68 BWR Up to 68 BWR | Up to 68 BWR
' Qoantlty per MPC intact fuel damaged and/or intact fuel damaged and/or
assemblies - intact fuel assemblies intact fuel
assemblies assemblies
Other Limitations *  Quantity is limited to up to one (1) Dresden Unit 1 thoria rod canister
o meeting the specifications listed in Table 1.2.21 plus any combination of
Dresden Unit 1 erHumbeldtBay-damaged fuel assemblies in DFCs and |
intact fuel assemblies up to a total of 68.
. Stainless steel channels are not permitted.
*  Fuel debris is not permitted. ‘
= Dresden Unit 1 fuel assemblies with one antimonY—beryllium neutron
source are permitted. The antnmony-berylhum néutron source materlal shall
" be in a water rod location. - :

o Note»s:

1. A fuel assembly must meet the requlrements of any one column and the other limitations to be -
: authorized for transportation. :

2. Array/class 6x6A, 6x6C, 7x7A and 8x8A fuel assemblies shall have a cooling time > 18 years, an
- ‘average burnup < 30,000 MWD/MTU, and a minimum initial enrichment > 1.458 wt. % *°U.

3. Array/class 8x8F fuel assemblies shall have a cooling time > 10 years, an average burnup < 27,500
MWD/MTU, and a minimum initial enrichment > 2.4 wt. ‘V o 2°U.

4.  SS-clad fuel assemblies shall have a cooling time > 16 years, an average burnup < 22,500
MWD/MTU, and a minimum initial enrichment > 3.5 wt. % 3.

5. Array/class 8x8F fuel assemblies shall have a deoay heat < 183.5 Watts.
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Table 1.2.24

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-68F

PARAMETER VALUE (Notes 1 and 2)
Fuel Type(s) Uranium oxide, | Uranium oxide, Mixed Oxide Mixed Oxide
: BWR intact fuel | BWR damaged - (MOX) BWR [ (MOX) BWR
‘assemblies fuel assemblies or | intact fuel damaged fuel
| meeting the limits | fuel debris assemblies ~assemblies or fuel
- in Table 1.2.11 meeting the limits | meeting the debris meeting the
for array/class in Table 1.2.11 limits in Table | limits in Table
6x6A, 6x6C, for array/class 1.2.11 for 1.2:11 for _
7x7A, or 8x8A, 6X6A, 6x6C, . array/class _ | array/class 6x6B,
| with or without TxTA, or 8x8A, 6x6B, with or with or without
Zircaloy channels | with or without without | Zircaloy channels,
A Zircaloy channels, | Zircaloy . placed in Damaged
placed in channels Fuel Containers
Damaged Fuel (DFCs))
Containers(DFCs)
Cladding Type ZR - ZR - ZR ZR
Maximum Initial | As specifiedin | Asspecifiedin | As specified in | As specified in
Planar-Average and - | Table 1.2.11 for Table 1.2.11 for Table 1.2.11 Table 1.2.11 for
Rod Enrichment | the applicable the applicable - | for array/class | array/class 6x6B
‘ . ' | array/class array/class 6x6B ;
Post-irradiation Cooling time >'18 | Cooling time > 18 | Cooling time > | Cooling time >.18
ost-irradiation , e o _ :
Cooling Time. years, average years, average - - |. 18 years, | years, average »
v A{/erage Burn’up and -burnup < 30,000 = | burnup <30,000: | average .- burnup <730,000. .
M Iniga] | MWDMTU,and | MWDMTU, and | bumups | MWDIMTIHM,
Enrichment per | : _rnu?lmum,mltlal : ~minimum m_mal -30,000 . ?n'd' minimum .
Assembl enrichment > enrichment > MWD/MTIH | initial enrichment
d | 1.458 wt. % 25U, | 1.458 wt. % 2°U. | M, and > 1.8 wt. % U,
- i : T minimum ' .
initial
enrichment >
1.8 wt. % **°U.
Decay Heat Per <115 Watts <115 Watts <115 Watts <115 Watts
Assembly
HI-STAR SAR. Proposed Rev. 13b
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Table 1.2.24 (cont’d)

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-68F

PARAMETER VALUE (Note 1)

Fuel Assembly <135.01n. <135.0in. <135.01n. <135.0in,
Length (nominal design) | (nominal design) | (nominal design) | (nominal design)
Fuel Assembly <4.70 in. < 4.70 in. <4.70 in. <4.70 in.

Width (nominal design) | (nominal design) | (nominal design) | (nominal design)
Fuel Assembly <400 Ibs (5 23008 | <400 Ibs (5 3501bs.
Weight (including u g - - (including inciuding

channels) channéls and - chénnels) channels and
DFC) DEC) -

Other Limitations

-Quantlty is limited to up to four (4) DFCs containing Dresden Unit 1 e

HumbeldtBay-uranium oxide or MOX fuel debris. The remaining fuel

_ storage locations may be filled with array/class 6x6A, 6x6B, 6x6C,
. 7x7A, and 8x8A fuel assemblies of the following type, as applicable:

- uranium oxide BWR intact fuel assemblies

-MOX BWR intact fuel assembhes .

- uranium oxide BWR damaged fuel assembhes in DFCs
- MOX BWR damaged fuel assemblles in DFCs

- up-to one (1) Dresden Unit 1 thoria rod canister meetmg the

. specifications hsted in Table 1.2.21

Stamless steel channels are not perrmtted

Dresden Unit 1 fuel assemblles with one antnnony-bery]llum neutron '
source are permltted The antlmony berylhum neutron source materral |

NOteS‘ o

shall be in'a water rod locatlon

“ 1. A fuel assembly must meet the requlrements of any one, column and the other lrmrtatlons to be

- authorized for transportatlon

2. Only fuel from Dresden Umt 1 and-H&mbeld—t—Bay-plaﬂt—are is perrmtted for transportatlon 1n the

MPC-68F.
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Table 1.2.25

LIMITS FOR M‘ATERIAL‘;FO BE TRANSPORTED IN MPC-24E

PARAMETER

VALUE (Note 1)

Fuel Type

Uranium oxide PWR intact
fuel assemblies meeting the
limits in Table 1.2.10 for the
applicable array/class

Trojan plant damaged fuel
meeting the limits in Table
1.2.10 for array/class 17x17B,
placed in a Holtec Damaged
Fuel Container (DFC) '
de51gned for Trojan plan fuel
or a Trojan Failed Fuel Can
(FFC)

Cladding Type

ZR or Stainless Steel (SS)
assemblies as specified in
Table 1.2.10 for the
applicable array/class

O

Maximum Initial Enrichment

As specified in Table 1.2:10
for the applicable array/class

3.7 wt. % U

Post-irradiation Cooling Time,
Average Burnup, and Minimum
Initial Enrichment per- Assembly
(except Trojan plant fuel and non-
fuel hardware)

ZR:clad: As specified in’
Table 1.2 28 or 1.2.29, as
appllcable

SS clad: As specified in

Table 1.2.30

- Not appl-icab]le

Post-irradiation Cooling Time,
Average Burnup, and Minimum

Tro;an plant fuel

 As specified in Table 1.2.35
Initial Enrichment per Assembly for | ° Spectietin fable 5.2

As specified in Table 1.2.35 -

Post-irradiation Cooling Time and

Burnup for Trojan plant Non-fuel ~ As specified in Table 1.2.36 o ‘Not applicable
‘| Hardware and Neutron Sources ‘ : -

Decay Heat Per Assembly (exéept ZR clad: < 833 Watts ‘ "

for Trojan plant fuel) Not applicable

' ‘ SS clad: < 488 Watts

Deqay heat per Assembly for <725 Watts <725 Watts

Trojan plant fuel
HI-STAR SAR Proposed Rev. 13b
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Table 1.2.25 (cont’d)

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-24E

PARAMETER VALUE (Note 1)

<176.8 in. <169.3in.
Fuel Assembly Length (nominal design) (nominal design)
v e <8.54in. <843 in.
Fuel Assembly Width (nominal design) (nominal design) '
- . . <1680 lbs <16801bs -
Fuel Assembly Weight (including non-fuel - (mcludmg DFC or Falled
hardware) "~ .| Fuel Can)

*  Quantity per MPC: up to 24 PWR intact fuel
assemblies. For Trojan plant fuel only, up to four (4)
" damaged fuel assemblies may be stored in fuel
storage locations 3, 6, 19, and/or 22. The remaining _
- fuel storage locations may be filled with Trojan plant .
intact fuel assemblies. 1
» ' Trojan plant fuel must be transported in the custom-
designed Trojan MPCs with the MPC spacer installed
(see Figure 1.1.5). Fuel from other plants is not
- permitted to be transported in the Trojan MPCs. .
~»  Except for Trojan plant fuel, the fuel assemblies shall
not contain non-fuel hardware. Trojan intact fuel
assemblies containing non-fuel hardware may be
transported in any fuel storage location.
= - Trojan plant damaged fuel assemblies must be
transported in a Holtec DFC for Tro_|an plant fuel or
~~aTrojan plant FFC. :
= One (1) Trojan plant Sb-Be and/or two 2) Cf neutron;
_sources, each in a Tro_lan plant intact fuel assembly
- may be transported in any one MPC. Each neutron
source may be transported in any. fuel storage
location.
~®  Fuel debris is not authorlzed for transportation in the
- MPC-24E.
= Trojan plant non-fuel hardware and neutron sources
" may not be transported in the same fuel storage
location with damaged fuel assemblies. '

Other Limitations

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be
authorized for transportation.
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Table 1.2.26

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-24EF

PARAMETER VALUE (Note 1)
Fuel Type Uranium oxide PWR Trojan plant Trojan plant Fuel
intact fuel assemblies damaged fuel Debris Process Can
meeting the limits in ~ | meeting the limits in | Capsules and/or Trojan
Table 1.2.10 for the Table 1.2.10 for plant fuel assemblies
applicable array/class array/class 17x17B, | classified as fuel debris,
' ' placed in a Holtec for which the original :
Damaged Fuel- fuel assemblies meet.
Container : the applicable criteria
(DFC)designed for in Table 1.2.10 for
Trojan plant fuel or | array/class 17x17B,
a Trojan Failed Fuel | placed in a Holtec
Can (FFC) Damaged Fuel
Container (DFC)
designed for Trojan
plant fuel or a Trojan
Failed Fuel Can (FFC)
Cladding Type ZR or Stainless Steel

(SS) assemblies as , v

specified in Table ZR - ZR
1.2.10 for the - ' :

applicable array/class

As specified in Table
1.2.10 for the
~applicable array/class

Maximum Initial Enrichment

<37 wt. % U C <37 wt. % PU

ZR clad: As specified
‘in Table 1.2 28 or
1.2.29, as applicable

Post-irradiation Cooling
Time, Average Burnup, and
Minimum Initial Enrichment
per Assembly (except Trojan
plant fuel and non-fuel
hardware)

_ : Not applicable ’ _ Not applicable
SS clad: As specified : : : o
in Table 1.2.30

Post-irradiation Cooling
Time, Average Burnup, and
Minimum Initial Enrichment
per Assembly for Trojan
plant fuel

As specified in Table
1.2.35

As specified in Table
1.2.35

As specified in
Table 1.2.35
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Table 1.2.26 (cont’d)

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-24EF

PARAMETER

VALUE (Note 1)

Post-irradiation Cooling Time

REPORT HI-951251

1.2-65

and Burnup for Trojan plant As specified in Table | As specified in Table | As specified in Table
Non-fuel Hardware and 1.2.36 - 1.2.36° 1.2.36
Neutron Sources . :
Decay Heat Per Assembly | ZR clad: < 833 Watts ‘ N 1_.‘ bl N licab]
: ;s int fuel)’ : ot applicable ot applicable
; (except for Trojan plaqt fue.l). SS clad: < 488 Watts ~ yotapp _ | pp
Decay heat per Assembly. for <725 Watts <725 Watts <725 Watts
Trojan plant fuel v . A »
el T <1768 in. _ <169.3in. - <169.3 in.
Fuel Assembly Length (nominal design) . (nominal design) (nominal design).
. | <854in. <8.43in. <8.43in.
Fuel As_s_embly Wldﬂ_l ' (nominal design) . (nominal-design) (nominal design)
o R <1680 Ibs < 1680 lbs <1680 Ibs -
Fuel Assembl}' Weight (including non-fuel (including DFC or | (including DFC or
hardware( Failed Fuel Can) . Failed Fuel Can)
HI-STAR SAR Proposed Rev. 13b




Table 1.2.26 (cont’d)

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-24EF

Other Limitations

Quantity per MPC: Up to 24 PWR intact
fuel assemblies. For Trojan plant fuel
only, up to four (4) damaged fuel
assemblies, fuel assemblies classified as
fuel debris, and/or Trojan Fuel Debris
Process Can Capsules may be stored in
fuel storage-locationsB, 6, 19, and/or 22.
The remaining fuel storage locations may

~ be filled with Trojan plant 1ntact fuel

assemblies.

Trojan plant fuel must be transported in
the custom-designed Trojan MPCs with
the MPC spacer installed (see Figure =
1.1.5). Fuel from other plants is not
permitted to be transported in the Trojan
MPCs. ’

Except for Trojan plant fuel the fuel
assemblies shall not contain non-fuel
hardware or neutron sources. Trojan
intact fuel assemblies containing non-fuel

- hardware may be transported in any fuel

storage location.

Trojan plant damaged fuel assemblies,
fuel assemblies classified as fuel debris,
and Fuel Debris Process Can Capsules

must be transported in a Trojan Failed

Fuel Can or a Holtec DFC for Trojan
plant fuel.’ '

_One (1) Trojan plant Sb Be and/or two e

(2) Cf neutron sources, each in'a TrOJan
plant intact fuel assembly may be
transported in any one MPC. Each
neutron source may be transported in any:

- fuel storage location.

Notes:

1. A fuel assembly must meet the requirements of any one column and the other limitations to be

authorized for transportation.
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Table 1.2.27

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-32 (Note 1)

-PARAMETER VALUE
Fuel Type | - Uranium oxide, PWR intact fuel assemblies
meeting the limits in Table 1.2.10 for
array/classes 15x15D, E, F, and H and
| _ 17x17A, B, and C :
Cladding Type R o ~ ZR
‘Maximum Initial Enrichment . | As specified in Table 1.2. 10
Post-irradiation Cooiing Time, Average _ .As specified in Table 1 2 32 or Table 1.2. 33
Burnup, and Minimum Initial Enrlchment as applicable
per Assembly ' )
‘Decay Heat Per Assembly S <625 Watts
Minimum Burnup per Assembly ) ._ As specified in Table 1.2.34 for the apphcable
- ' array/class v
Fuel'Assembly Length . . 1<176.8in. (nonﬁnal design) -
Fuel Assembly Width = < 8.54 in. (nominal design) -
Fuel Assembly Weight - . s16800bs |
Other __Limitations S - o ) 1 -"_ Q'uantity‘is limited to up td 32 ‘PWR'
B R ; intact fuel assemblies in the above-
'spemﬁed array/classes only.
©. = Non- fuel hardware and neutron
- sources not permitted. -
. Damaged fuel assemblles and fuel
. debris not perm1tted
. Trq_]an plant fuel not pe_rrnitted. ’
NOTES:

1. The MPC-32 is not authorized for transportation in the HI-STAR 100 System at this time.
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Table 1.2.28

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM ENRICHMENT
LIMITS FOR TRANSPORTATION IN MPC-24/24E/24EF; PWR FUEL WITH ZR
CLADDING AND WITH NON-ZIRCALOY IN-CORE GRID SPACERS

ASSEMBLY POST- ,
IRRADIATION ASSEMBLY BURNUP _ Egﬁgrﬁ;§T
COOLING TIME (MWD/MTU) | T
(wt. % 2°U)
(years) A
>9 < 24,500 >23
>11 1 <29,500 L >26
>13 <34,500 - >29
>15 <39,500 >332
>18 <44,500 >34
HI-STAR SAR
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Table 1.2.29

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM ENRICHMENT
LIMITS FOR TRANSPORTATION IN MPC-24/24E/24EF;PWR FUEL WITH ZR
CLADDING AND WITH ZIRCALOY IN-CORE GRID SPACERS

ASSEMBLY POST- .
IRRADIATION ASSEMBLY BURNUP e
COOLING TIME (MWD/MTU) JHME
‘ (wt. % *5U)
(years) -

>6 <24,500 >23

>7 <29,500 >26

>9 - <34,500 ->29

> 11 <39,500 >32

> 14 < 44,500 >34
HI-STAR SAR Proposed Rev. 13b
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Table 1.2.30

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM ENRICHMENT
LIMITS FOR TRANSPORTATION IN MPC-24/24E/24EF; PWR FUEL WITH
' STAINLESS STEEL CLADDING

ASSEMBLY POST-
IRRADIATION ASSEMBLY BURNUP Eﬁllsg(lgllylll\l?II}:]lY\'IT
COOLING TIME | (MWD/MTU) o, 235
ME - (wt. % 250)
(years) . . S _
>19 - <30,000 . >3.1
>24 R <40,000 ' >3.1
i HI-STAR SAR Proposed Rev. 13b
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Table 1.2.31

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM ENRICHMENT
LIMITS FOR TRANSPORTATION IN MPC-68

ASSEMBLY POST- ,
IRRADIATION ASSEMBLY BURNUP Egﬁggﬁﬁ&
COOLING TIME (MWD/MTU) < s
(wt. % 2°0)
(years) .
- >5 <10,000 207
>7 <20,000 >1.35
>8 - <24,500 >2.1
29 29,500 >24
>11 - < 34,500 >2.6
>14 <39,500 >29
>19 < 44,500 ) >3.0
HI-STAR SAR Proposed Rev. 13b
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Table 1.2.32

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM ENRICHMENT
LIMITS FOR TRANSPORTATION IN.MPC-32; PWR FUEL WITH ZR CLADDING
AND WITH NON-ZIRCALOY IN-CORE GRID SPACERS (Note 1)

ASSEMBLY POST- ]
" IRRADIATION ASSEMBLY BURNUP Eﬁg&“ﬁ%‘&
COOLING TIME (MWD/MTU) M
' (wt. % 25U)
. (years)
>12 < 24,500 >23
>14 <29.500 >26
>16 < 34,500 >2.9
- >19 - <39,500 >32
T >20 < 42,500 >3.4
NOTES:

1. MPC-32 is not authorized for transportation at this time.
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Table 1.2.33

FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM ENRICHMENT
LIMITS FOR TRANSPORTATION IN MPC-32; PWR FUEL WITH ZR CLADDING
AND WITH ZIRCALOY IN-CORE GRID SPACERS (Note 1)

ASSEMBLY POST- _ '
IRRADIATION ASSEMBLY BURNUP Egﬁgrﬁl}gT
COOLING TIME (MWD/MTU) 23571y |
_ : (wt. % 2°U)
(years) o
>8 24,500 >2.3
>9 29,500 >26
>12 . '<34,500 >29
14 <39,500 >32
- >19 < 44,500 >3.4
NOTES:

1. MPC-32 is not authorized for transpdrtation at this time.
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Table 1.2.34

FUEL ASSEMBLY MINIMUM BURNUP REQUIREMENTS FOR TRANSPORTATION IN
MPC-32 (Note 1) ~

MINIMUM BURNUP (B) AS A FUNCTION

FUEL ASSEMBLY ARRAY/CLASS OF INITIAL ENRICHMENT (E) (Note 2)
, : ' (GWD/MTU)
_ :15x15D, E,F,and H Later ’
1 17x15A,B;and C -

Later

Notes:
- 1. MPC-32 is not authorized for transportation at this time.

2. E =Initial enrichment from the fuel vendor’s data shectb,Ai.e., for 4.05wt. %, E = 4‘.05..
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Table 1.2.35

TROJAN PLANT FUEL ASSEMBLY COOLING, AVERAGE BURNUP, AND MINIMUM
ENRICHMENT LIMITS (Note 1) '

Post-irradiation Cooling Assembly Burnup Assembly Minimum
Time (MWD/MTU) Enrichment
(years) - (wt. % 2°U)
>16- B < 42,000 >3.09
>16 o <37,500 1 >26
>16 1<30,000 | >2.1
Notés:' '

- 1. Each fuel assembly must only meet one set of limits (i.e., one row). .
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TROJAN PLANT NON-FUEL HA

Table 1.2.36

RDWARE AND NEUTRON SOURCE COOLING AND

BURNUP LIMITS
Type Of Hardware or Burnup Post-irradiation Cooling
Neutron Source (MWD/MTU) Time
(years) -
BPRAs. < 15,998 - >24
TPDs <118,674 >11
RCCAs < 125515 >9
Cf neutron source < 15,998 > 24
- Sb-Be neutron source with 4 '
source rods, 16 burnable :
. poison rods, and 4 thimble < 45,361 219
plug rods
“Sb-Be neutron source with 4 .
source rods and 20 thimble < 88,547 >9
plug rods -
MPRC-Type Min—B-10-areal - -Neominab\Weight Percent-of BsC-and
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Figure Withheld Under 10 CFR 2.390

FIGURE 1.2.10; HOL TEC DAMAGED FUEL CONTAINER FOR
DRESDEN UNIT-1 SNF



1.3 DESIGN CODE APPLICABILITY

The ASME Boiler and Pressure Vessel Code (ASME Code), 1995 Edition with Addenda through
1997 [1.3.1], is the governing code for the construction of the HI-STAR 100 System, as clarified
in Table 1.3.2. The ASME Code is applied to each component consistent with the function of the
component. Table 1.3.3 lists each structure, system and component (SSC) of the HI-STAR 100
System that are labeled Important to Safety (ITS), along with its function and governing Code.

Some components perform multiple functions and in those cases, the most restrictive Code is
applied. In accordance with NUREG/CR-6407, "Classification of Transportation Packaging and
Dry Spent Fuel Storage System Components" [1.3.2] and according to importance to safety,
-components of the HI-STAR 100 System are classified as A, B, C, or NITS (not important to -

" safety) in Table 1.3.3. Table 1.3.3 may not include all NITS items associated with the HI- STAR *

: 100 Package

- Table 1.3.1 liststhe applicable ASME Code section and paragraphvvfor material procurement,
- design, fabrication and inspection of the components of the HI-STAR 100 System that are

B governed by the ASME Code. The ASME Code section listed in the de51gn column is the section

. used to deﬁne allowable stresses for structural analyses

~ Table 13 2 hsts the alternatrves to the ASME Code for the HI'STAR 100 System and the

o Justrﬁcatlon for those altematrves

- The MPC 1s c[assrﬁed as 1mportant to safety The MPC structural components 1nclude the
internal fuel basket and the enclosure vessel. The fuel basket is designed and fabricated as a core
* support structure, in accordance with the applicable requirements of Section III, Subsection NG

B -of the' ASME Code, with certain NRC-approved alternatives, as discussed in Table 1.3.2. The

enclosure vessel is desrgned and fabricated as a Class 1 component pressure vessel in accordance
*with"Section 111, Subsection NB of the ASME Code, with certain NRC- approved alternatives, as
+- discussed in Table 1.3.2. The principal exceptions are the MPC lid, vent and drain cover plates, -

. and closure ring welds to the MPC lid and shell; as discussed in Table 1.3.2: In addition; the
. threaded holes in the MPC lid are designed in accordance w1th the requlrements of ANSI'N14.6
- 3 3] for crmcal llfts to facilitate vertical MPC transfer

. The MPC closure welds are partlal penetration welds that are structurally qualified by analysis,
- as presented-in Chapter 2. The MPC closure ring welds are mspected by performing a liquid
i penetrant examination .of the root pass (if more than one weld pass is required) and final weld

~surface, in accordance with the requrrements contained in Section 8.1. The MPC lid weld may be

' “examined by either volumetric or multi-layer liquid penetrant examination. If volumetric

examination is used, it shall be the ultrasonic method and shall include a liquid penetrant
examination of the root and final weld layers. If multi-layer liquid penetrant examination is used
alone, at a minimum, it must include the root and final weld layers and each approximately 3/8
inch of weld to detect critical weld flaws. The integrity of the MPC lid weld is further verified by
performing a pressure test (hydrostatic or pneumatic) and-a-helium-teak-test-in accordance with |
the requirements contained in Section 8.1.

HI-STAR SAR Proposed Rev. 13
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The structural analysis of the MPC, in conjunction with the redundant closures and
nondestructive examination, and pressure testing, and—heliumleak—testing—performed during
MPC fabrication and MPC closure, provides assurance of canister closure integrity in lieu of the
specific weld joint requirements of the ASME Code, Section III, Subsection NB.

The HI-STAR overpack is classified as important to safety. The HI-STAR overpack top flange,
closure plate, inner shell, and bottom plate are designed and fabricated in accordance with the
requirements of ASME Code, Section III, Subsection NB, to the maximum extent practical (see
Table 1.3.2). The remainder of the HI-STAR overpack steel structure is designed and fabricated
in accordance with the requirements of ASME Code, Section III, Subsection NF, to the
maximum extent practical (see Table 1.3.2). ‘ '

HI-STAR SAR Proposed Rev. 13
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Table 1.3.1

| HI-STAR 100 ASME BOILER AND PRESSURE VESSEL CODE APPLICABILITY

NG-2000 for core
support structures
(NG-1121)

NG-3200 for core
support structures

support structures

(NG-1121)

HI-STAR 100 Material
Component Procurement Design . Fabrication Inspection
“Overpack 222222 gi and Section III, Section III, Section III,
containment Subsection’ NB Subsection NB, Subsection NB, | Subsection NB,
boundary ’ NB-3200 NB-4000 . NB-5000 and
_ NB-2000 . : B
: - Section V
_ OVerpackv v Section II; and Section III, . Section 111, Section'III,
 intermediate Section 111, ' Subsection NF, Subsection NF, - Subsection NF,
shells, radial Subsection NF .| NF-3300 NF-4000 ' NF-5360 and
channels, outer - ) : Section V
enclosure _ : :
_ MPC helium gzzzgﬁgi and Section III, Section III, Section III,
rétention Subsection,'NB Subsection NB, Subs_ectmn NB, Subsection NB,
boundary - ’ NB-3200 NB-4000 NB-5000 and
B NB-2000 _ :
S . - Section V
. Section II; and o ; .
MPC fuel basket . Section I Section III, - Section III, Section II1,
; Sifnslg:tibtl’ NG. Subsection NG, SubseptionNG, o Subsection NG,
’ -NG-3300 and NG-4000 for core - | NG-5000 and

Section V for core
support structures

REPORT HI-951251

1.3-3

(NG-1121) (NG-1121)
Lifting Trunnions | SectionI;and | ANSIN14.6 Section IIL, | ANst146
L ' | Section III, : Subsection NF, - | See Chapter 8
Subsection NF, NF-4000 C o
_ NF-2000 - - o
MPC Basket - . | Section II,and | SectionHI, | SectionIII,: Section I, -
Supports (Angled | Section III, Subsection NG, Subsection NG, Subsection NG, .
- | Plates) " | Subsection NG, .| NG-3300 and NG-4000 for | NG-5000 and
S NG-2000 for NG-3200 for internal structures | Section V for
internal structures- | internal structures | (NG-1122) internal structures
(NG-1122) ' - (NG-1122) ' : (NG-1122)
Damaged Fuel Section 11, and Section II1, Section III, Section III,
Container Section III, Subsection NG, Subsection NG, Subsection NG,
Subsection NG, NG-3300 and NG-4000 NG-5000 and
NG-2000 NG-3200 Section V
HI-STAR SAR Proposed Rev. 13




Table 1 3 2

LIST OF ASME CODE ALTERNATIVES F OR HI STAR l()() SYSTEM

Component

Reference ASME -

Code Section/Article ’

'Co_de Réquirement

Alternativ_e, Justification & Compensatory
' - - Measures

MPC, MPC basket

assembly, and HI- -

STAR overpack
steel structure.

Subsection NCA

" | General Requlrements Requires preparatlon
-of a Design Specification, Design Report,

" Overpressure Protection Report,
“Certification of Construction Report, Data
.Report, and other administrative controls for
“an ASME Code stamped vessel.

stamped  vessels,

Because the MPC .and overpack are not ASME Code
none' of . the specifications, reports,
certificates, or other general requirements specified by NCA
are required: In lieu of a Design Specification and Design
Report, the HI-STAR SAR includes the design criteria,

service conditions, and load combinations for the design and

operation of the HI-STAR 100 System as well as the results
of the stress analyses to demonstrate that applicable Code

_ stress limits are met. Additionally, the fabricator is not

required to have an ASME-certified QA program. All

. important-to-safety activities are governed by the NRC-

approved Holtec QA program.

Because the cask components are not certified to the Code,
the terms “Certificate Holder” and “Inspector” are not
germane to the manufacturing of NRC-certified cask
components. To eliminate ambiguity, the responsibilities
assigned to the Certificate Holder in the various articles of

“Subsections NB, NG, and NF of the Code, as applicable,

shall be interpreted to apply to the NRC Certificate of
Compliance (CoC) holder (and by extension, to the
component fabricator) if the requirement must be fulfilled.
The Code term “Inspector” means the QA/QC personnel of
the CoC "holder and its vendors assigned to oversee and
inspect the manufacturing process. '

MPC

NB-1100 .

Statement of requirements for Code
stamping of components.:

- MPC vessel is designed and will be fabricated in accordance

with ASME Code, Section III, Subsection NB to the
maximum practical extent, but Code stamping is not
required.

MPC

NB-2000

| Requires materials to be supplied by ASME-
"approved material supplier.

Materials will be supplied by Holtec appfoved suppliers with
Certified Material Test Reports (CMTRs) in accordance with
NB-2000 requirements.

HI-STAR SAR
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) Tab_le 1.3.2 (continued)

LIST OF ASME CODE ALTERNATIVES FOR HI-STAR 100 SYSTEM

. Code Requirement '

Altei;native, Justification & Compensatory
Measures

| NB-1132.2(d) requires that the first

connecting weld of a nonpressure-retaining

| structural attachment to a component shall be .
o __con31dered part of the component unless the -
.| weld is more than 2t from the pressure-

retaining portion of the component, where t.
is the nominal thickness of the pressure--

etalmng materxal

NB- 1132 2(e) requlres that the first

connecting weld of a welded nonstructural

‘|-attachment to a component shall conform to
| NB-4430 if the connecting weld is within 2t
from the pressure- retammg portmn of the
‘component. :

The MPC basket supports (nonpressure-retaining structural

‘attachments) and 'lift Tugs (nonstructural attachments used

exclusively for lifting an empty MPC) are welded to the

.inside of the pressure-retaining MPC shell, but are not
_designed in accordance with Subsection NB. The basket

supports and associated attachment welds are designed to
satisfy the stress limits of Subsection NG and the lift lugs
and associated attachment welds are designed to satisfy the

| stress limits of Subsection NF, as a minimum. These

attachments and their welds are shown by analysis to meet
the respective stress limits for their service conditions.

Likewise, non-structural items, such as shield plugs, spacers,

etc. if used, can be attached to pressure-retaining parts in the
same manner. )

Component Reference ASME |
Code Section/Article
MPC basket NB-1130
supports and lift lugs
MPC, MPC basket | NB-3100 .
assembly, and HI- NG-3100 © .
STAR overpack NF-3100 .. - .
steel structure. -

Provides requirements for determining

design loading conditions, such as pressure,

temperature and mechamcal loads.

Thése requirements are not applicable. The HI-STAR SAR,
serving as the Design Specification, establishes the service
conditions and load combinations for the storage system.

. HI-STAR SAR
REPORT HI-951251
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Table 1.3.2 (continued)

" LIST OF ASME CODE ALTERNATIVES FOR HI-STAR 100 SYSTEM

Component

Reference ASME
Code Section/Article

Code Requirement

Alternative, Justification & Compensatory
Measures

MPC

NB-3350

NB-3352.3 requires, for Category C joints,
that the minimum dimensioris of the welds
and throat thickness shall be as shown in

Figure NB-4243-1.

The MPC shell-to-baseplate weld joint design (designated
Category C) may not include a reinforcing fillet weld or a
bevel in the MPC baseplate, which makes it different than
any of the representative configurations depicted in Figure
NB-4243-1. The transverse thickness of this weld is equal to
the thickness of the adjoining shell (1/2 inch). The weld is
designed as a full penetration weld that receives VT and RT
or UT, as well as final surface PT examinations. Because the
MPC shell design thickness is considerably larger than the
minimum thickness required by the Code, a reinforcing fillet
weld that would intrude into the MPC cavity space is not
included. Not including this fillet weld provides for a higher

. "quality radiographic examination .of the full penetration
| weld. ~

'From the standpoint of stress analysis, the fillet weld serves

to reduce the local bending stress (secondary stress)
produced by the gross structural discontinuity defined by the

.| flat plate/shell junction. In the MPC design, the shell and

baseplate thicknesses are well beyond that required to meet
their respective membrane stress intensity limits.

MPC, MPC basket -
assembly, and HI-
STAR overpack
steel structure

NB-4120 .
NG-4120 -
NF-4120. -.

| NB-4121.2, NG-4121.2, and NF-4121:2

provide requirements for repetition of tensile

‘or impact tests for material subjected to heat
-treatment during fabrication or installation.

Tn-shop operations of short duration that apply heat to a
component, such as plasma cutting of plate stock, welding,
machining, coating, and pouring of Holtite are not, unless
explicitly stated by the Code, defined as heat treatment
operations.

For the steel parts in the HI-STAR 100 System components,

| the duration for which a part exceeds the off-normal

temperature limit shall be limited to 24 hours in a particular

manufacturing process (such as the Holtite pouring process).

HI-STAR SAR
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Table 1 3. 2 (contmued)

-LIST OF ASME CODE ALTERNATIVES FOR HI- STAR 100 SYSTEM .

_ Code Requirement

Alternative, Justification & Compensatory
Measures

' Requifes certain forming tolerances to be

met for cylindrical, conical, or spherlcal
shells ofa vcsscl

The cylindricity measurements on the rolled shells are not
specifically recorded in the shop travelers, as would be the
case for a Code-stamped pressure vessel. Rather, the
requirements on inter-component clearances (such as the
MPC-to-overpack) are guaranteed through fixture-controlled
manufacturing. The fabrication specification and shop
procedures ensure that all dimensional design objectives,
including inter-component annular clearances are satisfied.
The dimensions required to be met in fabrication are chosen
to meet the functional requirements of the dry storage
components. Thus, although the post-forming Code
cylindricity requirements are not evaluated for compliance
directly, they are indirectly satisfied (actually exceeded) in
the final manufactured components.

Full penetration welds required for Category

C Joints (flat head to main shell per NB-
33523) .

MPC lid and closure ring are not full penetration welds.
They are welded independently to provide a redundant seal.
Additionally, a weld efficiency factor of 0.45 has been
applied to the analyses of these welds.

Radiographic (RT) or ultrasonic (UT)

‘| examination required.

Only UT or multi-layer liquid penetrant (PT) examination is
permitted. If PT alone is used, at a minimum, it will include
the root and final weld layers and each approximately 3/8

"inch of weld depth..

. _Ré&idgrabhic (RT) or’ultrasoﬁic uTm) -
|- examination required.

"|“Root (if more than one weld pass is required) and final liquid

penetrant examination to be performed in accordance with

NB-5245. theM-PGvem—aﬁd-dfa-m—eever—pkﬁe—welds-afe
leak-tested—The.closure ring provides independent redundant

closure for vent and drain cover plates.

Component Reference ASME
Code Section/Article |-
MPC and HI-STAR | NB-4220
overpack steel | NF-4220
structure
MPC Lid and NB-4243
Closure Ring Welds
MPC Lid-to-Shell NB-5230
Weld ‘
MPC Closure Ring, | NB-5230.
Vent and Drain
Cover Plate Welds
HI-STAR SAR
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Table 1.3.2 (continued) -

LIST OF ASME CODE ALTERNATIVES FOR HI-STAR 100 SYSTEM

_Component

Reference ASME

Code Scction/Articlé .

Code Requireﬁient

Altétnétive, Justification & Compensatory
Measures

MPC Enclosure
Vessel and Lid

NB-6111

All completed pressure retammg systems
shall be pressure tested.

' The MPC vessel is seal welded in the field following fuel

assembly-loading. The MPC vessel shall then be pressure
tested as defined in Chapter 8. Accessibility for leakage

-inspections precludes a Code compliant pressure test. All

MPC vessel welds (except closure ring and vent/drain cover
plate) are inspected by volumetric examination, except that
the MPC lid-to-shell weld shall be verified by volumetric or
multi-layer PT examination. If PT alone is used, at a
minimum, it must include the root and final layers and each
approximately 3/8 inch of weld depth. For either UT or PT,
the maximum und_etectablefﬂaw size must be demonstrated
to be less than the critical flaw size. The critical flaw size .
must be determined in accordance with ASME Section X1
methods. The critical flaw size shall not cause the primary
stress limits of NB-3000 to be exceeded. The inspection
results, including relevant findings (indications) shall be
made a permanent part of the user’s records by video,
photographic, or other means which provide an equivalent
retrievable record of weld integrity. The video or
photographic records should be taken during the final
interpretation period described in ASME Section V, Article
6, T-676. The vent/drain cover plate welds are confirmed by
helivm-leakage-testing-and liquid penetrant examination and
the closure ring weld is confirmed by liquid penetrant
examination. The inspection of the weld must be performed
by qualified personnel and shall meet the acceptance
requirements of ASME Code Section HI, NB-5350 for PT or
NB-5332 for UT.

MPC Enclosure
Vessel

NB-7000

| Vessels are required to have overpressure
protectlon

No overpressure protection is provided. The function of
MPC vessel is-as a helium retention boundary. MPC vessel
is designed to withstand maximum internal pressurc
considering 100%fuel rod failure and maximum accident
temperatures.
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Table 1. 3 2 (contmued)

- LISTOF ASME CODE ALTERNATIVES FOR HI- STAR 100 SYSTEM

Component Reference ASME Code Requirement Alternative, Justification & Compensatory
Code Section/Article | ' : ' Measures
MPC Enclosure NB-8000 States requirements for nameplates, stamping | HI-STAR 100 Systeni to be marked and identified in
Vessel ‘ and reports per NCA-8000. accordance with 10CFR71 and 10CFR72 requirements.
1 ' : - Code stamping is not required. QA data package to be in
_accordance with Holtec approved QA program.
Overpack NB-1100 Statement of requirements for Code Overpack containment boundary is designed, and will be
Containment |. stamping of components. fabricated in accordance with ASME Code, Section III,
Boundary I ' Subsection NB to the maximum practical extent, but Code
, _ _ N stamping is not required.
Overpack NB-2000 v Req'uires materials to be supplied by ASME- Materials will be supplied by Holtec approved suppliers with
Containment : approved material supplier. " CMTRs per NB-2000.
Boundary . S -
Overpack NB-7000 Vessels are reqmred to have overpressure No overpressure protectioﬁ is provided. Function of
Containment . protection. : overpack vessel is as a radionuclide containment boundary
Boundary under normal and hypothetical accident conditions.
Overpack vessel is designed to withstand maximum internal
pressure and maximum accident temperatures.
Overpack NB-8000 - States requirements for nameplates, stampmg HI-STAR 100 System to be marked and identified in
Containment and reports per NCA-8000. accordance with 10CFR71 and 10CFR72 requirements.
Boundary : Code stamping is not required. QA data'package to be in
_ ‘ accordance with Holtec's approved QA program.

MPC Basket NG-2000 Requires materials to be supplied by ASME- Materials will be supplied by Holtec approved supplier with
Assembly .approved material supplier. CMTRs in accordance with NG-2000 requirements.
HI-STAR SAR Proposed Rev. 13
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Table 1 3. 2 (contmued)

LIST OF ASME CODE ALTERNATIVES F OR HI STAR 100 SYSTEM

Component

Reference ASME -
Code Sectlon/Artlcle

- Code R’equirement

Alternatlve, Justification & Compensatory
Measures

MPC Basket Assembly -

NG- 4420

NG-4427(a) allows a fillet weld in any single

continuous weld to be less than the specified fillet

| weld dimension by not'more than 1/16 inch,
provided that the total undersize portion of the
~weld does not exceed 10 percent of the length of

the weld. Individual undersize weld pomons shall
not exceed 2 1nches in length.

Modify the Code requirement (intended for core support structures)
with the following text prepared to accord with the geometry and
stress analysis imperatives for the fuel basket: For the longitudinal
MPC basket fillet welds, the following criteria apply: 1) The

1 specified fillet weld throat dimension must be maintained over at

least 92 percent of the total weld length. All regions of undersized
weld must be less than 3 inches long and separated from each other
by at least 9 inches. 2) Areas of undercuts and porosity beyond that
allowed by the applicable ASME Code shall not exceed 1/2 inch in
weld length. The total length of undercut and porosity over any -
foot length shall not exceed 2 inches. 3) The total weld length in
which items (1) and (2) apply shall not exceed a total of 10 percent
of the overall weld length. The limited access of the MPC basket
panel longitudinal fillet welds makes it difficult- to perform

- effective repairs of these welds and creates the potential for causing

additional damage to the basket assembly (e.g., to the neutron
absorber and its sheathing) if repairs are attempted. The acceptance
criteria provided in the foregoing have been established to comport
with the objectives of the basket design and preserve the margins
demonstrated in the supporting stress analysis.

From the structural standpoint, the weld acceptance criteria are
established to ensure that any departure from the ideal, continuous

- fillet weld seam would not alter the primary bending stresses on

which the design of the fuel baskets is predicated. Stated
differently, the permitted weld discontinuities are limited in size to
ensure that they remain classifiable as local stress elevators (“peak
stress”, F, in the ASME Code for which specific stress intensity
limits do not apply).

MPC Basket
Assembly

NG-8000

States requirements for nameplates, stamping

-| and reports per NCA-8000.

The HI-STAR 100 System will be marked and identified in
accordance with 10CFR71 and 10CFR72 requirements. No
Code stamping is required. The MPC basket data package
will be in conformance with Holtec's QA program.

Overpack
Intermediate Shells

NF-2000

chu’iresmaterials to be supplied by ASME-
approved material supplier.

Materials will be supplied By Holtec approved supplier with
CMTRs in accordance with NF-2000 requirements.
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Table 1.3.2 (continued)

LIST OF ASME CODE ALTERNATIVES F OR HI- STAR 100 SYSTEM

Component

Reference 'ASME

Code Secti'on/Articl"e_ﬁ . o

'Co'de Ré_quirem_ent '

Alternatlve, Justlﬁcatlon & Compensatory
: "Measures

Overpack
Containment
Boundary

NB-2330

Defines the methods for determining the

Tnpr for impact testing of materials.

' Txpr shall be deﬁned in accordance with Regulatory Guides

7.11 and 7.12 for the containment boundary components.

Overpack
Containment
Boundary

NF-3320
NF-4720

| NF-3324.6 and NF-4720 provide

requirements for bolting.

‘| These Code requirements are applicable to linear structures

wherein bolted joints carry axial, shear, as well as rotational
(torsional) loads. The overpack bolted connections in the

structural load path are ‘qualified by design based on the

design loadings defined in the SAR. Bolted joints in these
components see no shear or torsional loads under normal
storage conditions. Larger clearances between bolts and
holes may be recessary to ensure shear interfaces located
elsewhere in the structure engage prior to the bolts
experiencing. shear loadings (Wthh occur only during side

| impact scenarios).

Bolted joints that are subject to shear loads in accident
conditions are qualified by appropriate stress analysis.
Larger bolt-to-hole clearances help ensure more efficient
operations in making these bolted connections, thereby

minimizing time spent by operations personnel in a radiation

area, Additionally, larger bolt-to-hole clearances allow
interchangeability of the hds from one particular fabricated

_cask to another.
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Table 1.3.2 (continued)

LIST OF ASME CODE ALTERNATIVES FOR HI-STAR 100 SYSTEM.

Component

Reference ASME

Code Sec_'t'ioh/Article

| Code;Requirement

Alternative, Justification & Compensatory
Measures

MPC-68

Serial #1021-023,
036, 037 Closure -
Rings

NB-2531

Requires UT inspection of plate.

The sole deviation of the 3/8” thick austenitic stainless steel
material used for the MPC closure ring is the omission of a
straight beam UT inspection as required by NB-2531. The
ASME Code required straight beam inspection for vessels
because the predominant indication in plates is laminations.
Straight beam inspection cannot detect indications
perpendicular to the surface of the plate. With respect to

| maintaining confinement, an indication perpendicular to the
‘| surface of the plate is the most critical. Laminations in the

plate parallel to the surface of the plate cannot cause leakage

| through the plate. Therefore; the straight beam UT inspection

does not add any value for detecting a defect in the thin closure
ring with respect to its confinement function.
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Tab]e 1.3.3

QVERPACK 02

MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

Codes/Standards

. : — . Contact
Primary Component @ | Safety Class o oplicable to | Material | Strength (ksi) Special Surface Matl.
Function : , - : : : , Finish/Coating e s s s

: component) : (if dissimilar)
Containment Inner Shell , Paint inside surface with
: . ' Thermaline 450 (Note 5).
: ASME Section III; | SA203-E or |
A : Subsection NB SA350-LF3 Table 2.3.4 . External eurface to be NA
coated with a surface
preservative.
Containment Bottom Plate : “ASME Section I1I; Paint inside surface with
L A Subscction NB | SA3SO-LE3 | Table2.3.4 1 1y aline 450 (Note 5). NA
Containment Top Flange : . Paint inside surface with
C A ASME Section I1I; Thermaline 450. Paint
A' ' Subsection NB SA350-LE3 .Table 2'3’4, outside surface with NA
: : : S Carboline 890 (Note 5).
Containment Closure Plate o _ : .| Paint inside surface with
' o ASME Section II1; _ . " | Thermaline 450. Paint
5 A Subsection NB SA350-LF3 Table 234 | uiside surface with NA
_ . . Carboline 890 (Note 5).
Containment Closure Plate Bolts | ' ASME Section I1I; SB637-  |. : N
L A Subsection NB_| - No7718 | Table23.5 NA NA
Containment Port Plug. LA *Non-code . - SA193-B8 " [. Notrequired - NA NA
Containment Port Plug Seal 1 LA Non-code Alloy X750 Not required NA . NA
Containment Closure Plate Seal A Non-code Alloy X_750 ‘Not required NA NA
Containment Port Cover Seal B . ’Non-code “Alloy X750 | Not required NA NA
Notes: 1) There are no known residuals on finished component surfaces.

2) All weldmg processes used in welding the components shall be qualtﬁed in accordance with the 1equ1rements of ASME Section IX. All welds shall
be made using welders quallﬁed in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and the
applicable Subsection of ASME Section I11. For parts beyond the purview of ASME Section- III compllance with Section IX and Section II of the
Code shall be observed to the extent prdctlcablc : .

3) Component nomenclature taken from drawings in Chapter 1.

4) A,B and C denote important to safety classifications as described in NUREG/CR-6407 NITS stands for Not Important To Safety.

5) Thermaline 450 and Carboline 890 were the product names at the.time of initial licensing: Chemically identical products with different names are
permitted. For example, Carbolme 890 was re-named Carboguard 890 in 2000, with no change to the coating material and is , therefore, acceptable
for use where Carboline 890 1s spemﬁed
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TABLE 1.33 (cbntihued)

MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

OVERPACK "2

Codes/Standards

. : P . . ' Contact
‘ Prlm&{ry Component @ SafetzﬁClgss . (as applicable to Material Strength (ksi) _ S;‘)e'cxal Surtta ce " Matl.
Function . : . Finish/Coating e de s s
component) (if dissimilar)
Shielding Intermediate Shells. - Internal surfaces to be
’ . ‘coated with a silicone
: encapsulant (Dow-
o - ‘ Corning SYLGARD 567
B ASME SC.CtIOIl 1r; SA516-70 " Table 2.3.2 or equ1va.]ent)‘ for surface NA
R Subsection NF _ preservation, except for
' HI-STAR HB. Exposed
areas of fifth intermediate
shell to be painted with
Carboline 890 (Note 5).
Shielding Neutron Shield B Non-code Holtite-A Not required ‘ NA Hoitite/CS
Shielding Plugs for Drilled NITS ° Non-code SA193-B7 | Not required NA NA
Shielding R?movable Shear | ASME Section 11r: SA203-E - Table23.4 Pgmt extern_gl surface
Ring B o Carbon % with Carboline 890 (Note NA
_ Subsection NF Not required :
. A Steel 5).
Shielding Docket Trmmion Plog | ¢ = Non-code SA240-304 | Notrequired | NA NA
Heat Transfer Radial Channels (not | o ASM‘E Section III: : -~ | Paint outside surface with
| used on the HI-STAR - - B g ’ SAS515-70. Table 2.3.3 Carboline 890 (Note 5). NA
HB) : _ Subsection NF . ; .

Notes: 1) There are no known residuals on finished component surfaces. -
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All welds shall -
be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and the
applicable Subsection of ASME Section III. For pans beyond the puw1ew of ASME Section III, compllance with Section X and Section II of the
Code shall be observed to the extent practlcable U . .
3) Component nomenclature taken from drawmgs in Chapter 1.
4) A,B and C denote important to safety classifications as described i in NUREG/CR-6407 NITS stands for Not Important To Safety.
5) Thermaline 450 and Carboline 890 were the. product names at the time of initial llcensmg Chemically identical products with different names are
permitted. For example, Carboline 890 was’ re-named Carboguard 890 in 2000, with no change to the coatmg material and is , therefore, acceptable
for use where Carboline 890 is spe01ﬁed .
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TABLE 1.3.3 (continued)

' MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

'OVERPACK ?

Primar .Safety Class Codes/Standards Special Surface” Contact
Y Component @ W ‘(as.applicable to Material | Strength (ksi) pec o Matl.
Function o : : : Finish/Coating : P
, component) (if dissimilar)
Rotation Pivot and { Pocket Trunnion - o ‘ SA705-630
Shielding o o 17-4 PH o :
- B - " "Non-Code or Table 2.3.5 NA NA
o ' SA564-630
. 17-4 PH
Structural Lifting Trunnion . ' -SB637-
Integtity 18 A ANSIN14.6 NOT718 Table 2.3.5 NA NA
Structural Relief Device C Non-code "Commercial | Not required NA Brass-C/S
Integrity : -
Structural Relief Device Plate SA 516 , :
Integrity C . " ‘Non-code Grade 70 or | Not required NA NA
: - ' A569
Structural Removable Shear c Non-code SA193-B7 | Not required NA NA
Integrity Ring Bolt : L S
Structural Thermal Expansion ‘ Silicone " | - o Silicone with
Integrity Foam NITS Non-code F Not required NA CS, brass, and
: oam : !
: Holtite
Structural Closure Bolt Washer _ _ ASTM
Integrity V NITS Non-code A564,17-7 | Not required ‘NA NA
' a PH ' :
Structural Enclosure Shell - ASME Section I1I; Paint outside surface with
Integrity Panels ' B Subsection NF SAS15-70 Tablg 2.33 Carboline 890 (Note 5). NA
Notes: 1) There are no known residuals on ﬁmshed component surfaces.

2) All welding processes used in welding the components shall be qualified in accordance with the requlrements of ASME Section IX. All welds shall

be made using welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and the
applicable Subsection of ASME Section I11.For parts beyond the purv1ew of ASME Section III, compliance with Section IX and Section II of the

Code shall be observed to the extent practicable.

3) Component nomenclature taken from drawings in Chapter 1.

4) A,B and C denote important to safety classifications as described in NUREG/CR-6407. NITS stands for Not Important To Safety.

5) Thermaline 450 and Carboline 890 were the product names at the time of initial licensing. Chemically identical products with different names are
permitted. For example, Carboline 890 was re-named Carboguard 890 in 2000, with no change to the coatmg material and is , therefore, acceptable
for use where Carboline 890 is spec1ﬁed
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TABLE 1.3.3 (contmued)

MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

OVERPACK a2
. ’ - ) Codes/Standards ‘ R _ . . Contact
Prlmztry Component ® Sa_fetx)Clasvsv (as applicable to Material | Strength (ksi) Sl? e?lal Surf.ace Matl.
Function . ) . . : , o - Finish/Coating e de s s
component) . : (if dissimilar)

Structural Enclosure Shell : "~ | ASME Section I1I; { ., ' ’ - | Paint outside surface with
Integrity Return B | Subsection NF SAS15-70 Table 2.3.3 Carboline 890 (Note 5). NA
Structural Port Cover B ~ .| ASME Section III; | SA203E or Table 2.3 4 -| Paint outside surface with NA
Integrity : Subsection NF SA350-LF3 - Carboline 890 (Note 5).
Structural Port Cover Bolt. c " Non-code SA193-B7 | Not required NA NA
Integrity . : - . :
Operations Trunnion Locking s : o

Pad and End Cap C Non-code . SA193-B7 Not required NA NA

Bolt ' o '
Operations Lifting Trunnion End , ’ o SA516-70or [ - Paint exposed surfaces

Cap ' C Non-code SA515Gr. | Table2.3.2 | with Carboline 890 (Note NA

: 70 5).

Operations Lifting Trunnion - . ' : Paint exposed surfaces

Locking Pad C Non-code SA516-70 Table 2.3.2 with Carboline 890 (Note NA

' o - 5).

Operations Nameplate NITS _ Non-code . S/S Not required NA NA
Notes: 1) There are no known resxduals on ﬁmshed component surfaces.

2) All weldlng processes used in weldmg the components shall.be qualifi fed in accordance with the requirements of ASME Section IX. All welds shall
be made using welders’ qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section II and the
applicable Subsection of ASME Section I11. For parts beyond the purview of ASME Section III, compliance with Section IX and Section II of the

Code shall be observed to the extent practicable.

3) Component nomenclature taken from drawings in Chapter 1.
4) AB and C denote important to safety classifications as described in NUREG/CR-6407. NITS stands for Not Important To Safety.

5) Thermaline 450 and Carboline 890 were the.product names at the time of initial licensing. Chemically identical products with different names are
permitted. For example, Carboline 890 was re-named Carboguard 890 in 2000, with no change to the coating material and is therefore acceptable
for use where Carboline 890 is specrﬁed
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* MATERIALS AND.COMPONENTS OF THE HI-STAR 100 SYSTEM

- Table 1.3.3 (cont’d)

MpC ¢
e Codés/Standards ' I |
: ' Safety - . > I Special Surface | Contact Matl.
. . 3) y . . P
Primary Function Compongnt Class (as applicable to Material Strength (ksi) ' Finish/Coating (if dissimilar)
v component) .
Helium Retention Shell . : . o ’ ‘
Secondary : A Agﬁ%ﬁ;?{g;&g}g L Alloy X ® | See Appendix 1.A NA NA
Helium Retention Baseplate v . . o
(Secondary | A Agﬁ’éiig‘:l’fggl’ AlloyX | See Appendix 1.A NA NA
Helium Retention | Lid (One-piece design and : R o » .
(Secondary . top portion of optional two- A Agﬁiﬁ;ﬁf}zgl’ Alloy X See Appendix 1.A NA NA
Contantaent) piece design) : - :
Helium Retention | Closure Ring S ' . v
(Secondary ' a | ASMESection I | AlioyX | See Appendix 1.A NA NA
Helium Retention Port Cover Plates ) . 1 _
(Secondary A -Agi’iei’fii‘:’g};“’ AlloyX . | See Appendix 1.A NA NA
Criticality Control | Basket Cell Plates o ASME Section II;
' "~ . | Subsection NG; .
- A core support Alloy X - | See Appendix 1.A NA NA
' structures : - '
(NG-1121)
Criticality Control | Boral A " Non-code NA NA NA Aluminum/SS
Shielding prain and Vent Shield c Non-code AlloyX | See Appendix 1.A NA NA
Shielding Plugs for Drilled Holes NITS " Non-code ~Alloy X See Apben dix LA NA NA
Notes: - 1) There are no known residuals on finished componerit surfaces.

2) All welding processes used in welding the components shall be quahﬁed in accordance with the requirements of ASME Section IX. All welds shall be made using
welders qualified in accordance with- ASME Section IX. Weld material shall meet the requirements of ASME Section II and the applicable Subsection of ASME-
Section III. For parts beyond the purview of ASME Section III, compliance w1th Section [X and Section II of the Code shall be observed to the extent

practicable.

3) Component nomenclature taken from Bill of Materials in Chapter 1.
4) A,B and C denote important to safety classifications as described in NUREG/CR-6407. NITS stands for Not Importam To Safety

5)For details on Alloy X material, see Appendlx LA,

HI-STAR SAR

REPORT HI-951251

1.3-17

Proposed Rev. 13




" MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

"TABLE 1.3.3 (continued)

- MpC
' o Codes/Standards . . . :
. . - 3 Safety S . . Special Surface | Contact Matl.
Primary Function Component Class (as applicable to Material Sprength (ksi) Finish/Coating (if dissimilar)
component)
Shielding Bottom portion of optional ‘ N ‘ .. ‘
two-piece MPC lid design B No_n-code » Alloy X See Appendix 1.A NA NA
Heat Transfer Optional Heat’ Conductron IR I . L ' Sandblast
) . o - T . .}. Aluminum;. _ . .
Elements - B - .- Non-code . - NA Specified Aluminum/SS
o E . - Alloy 1100 : Surfaces )
Structural Integrity | Upper Fuel Spacer Column’ |- . - ASME Section IlT; | S
o - | & | .SubsectionNG . N
_ B -, (only for stress Arloy X-. See .Appendlx. LA NA NA
: analysis) : ' T
Structural Integrity | Sheathing A " Non-code Alloy X See Appendix 1.A" | Aluminun/SS NA
Structural Integrity | Shims o | NITS __Non-code ~Alloy X See Appendix 1.A NA i NA
Structural Integrity | Basket Supports (Angled ‘ASME Section I11; : R '
Plates) . Subsection NG; S ‘
A internal structures Alloy X Se_e Appe_rrdrx 1.A NA NA
(NG-1122) | ‘
Structural Form ‘Basket Supports (Flat I o .
Plates) A NITS Non-code Alloy X See Appendlx LA . NA NA
Structural Integrity | Upper Fuel Spacer Bolt 'NITS _ "No'n -co de | A193-B8 1 Per ASNiIIE Secrrorl NA NA
Structural Integrlty }I;Il;;p:r Fuel Spacer _End : B Nolr-oode Alloy X . ' See Appendix 1. A NA NA

Notes:

1) There are no known re51duals on finished component surfaces.

2) All welding processes used in welding the components shall be qualified in accordance wrth the requirements of ASME Sectlon IX. All welds shall be made using
welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section IT and the applicable Subsection of ASME
Section 11 For parts beyond the purview of ASME Sectlon 11, compliance with Section IX and Section II of the. Code shall be observed to the extent

practicable.

3) Component nomenclature taken from Bill of Materrals in Chapter 1. .
4) A,B and C denote important to safety classifications as described in NUREG/CR-6407 NITS stands for Not Important To Safety
5)For details on Alloy X materlal see Appendrx 1 A. ‘ .
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) o ‘ , - TABLE 1.3.3 (continued)

MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

MPC (-
Codes/Standards
. - . Safety . . . Special Surface | Contact Matl.
® ¢
Primary Function Componept Class @ (as applicable to Material Strength (ksi) Finish/Coating (if dissimilar)
, component) .
Structural Integrity | Lower Fuel Spacer Column » ASME Section 111 '
B Subsection NG S/s | See Appendix 1.A NA NA
(only for stress
analysis)
Structural Integrity i;lc;\:;er Fuel Spacer End B : Non-code Alloy X See Appendix 1.A NA NA
Structural Integrity | Vent Shield Block Spacer . (O Non-code Alloy X See Appendix 1.A NA NA
Structural Integrity | Trojan MPC Spacer B Non—co de 304 S/S Per ASN;IIE Section NA NA
Structural Integrity | Trojan Falled Fuel Can B ASME SectionIII, | 304 or Per ASME Section NA NA
’ Spacer Subsection NF 304LN S/S _ 11
Operations Vent and Dram Tube C R Non-code . | S/S Per ASME Secpon ~ Thread area NA
- R : - : I : surface hardened
Operations Vent & Dram Cap C : . " Non-code S/S Per ASN?[E Sgctlon NA NA
Operations Vent & Draln Cap Seal NITS - - _ :
Washer » : o Non-code Aluminum . NA NA Aluminum/SS
Operations - Vent & Drain Cap Seal NITS - Non-co de Alufn inum NA NA NA
_ Washer Bolt i . .
Operations Reducer NITS - Non-code Alloy X See Appendix 1.A NA NA
Operations Drain Line - NITS - Non-code Alloy X See Appendix 1.A NA - NA

Notes: 1) There are no known residuals on finished component surfaces.
2) All welding processes used in welding the components shall be qualified in‘accordance with the requirements of ASME Section IX. All welds shall be made usmg
welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section IT and the applicable Subsection of ASME
.. Section IiI. For parts beyoiid the pur'new of ASME Section LL, compliance mth Section IX and Section II of the Code shall be cbserved to the extent
practicable.
3) Component nomenclature taken from Bill of Matenals in Chapter 1., )
4) A,B and C denote important to safety classifications-as described in NUREG/CR-6407 NITS stands for Not Important To Safety.
5) For details on Alloy X material, see Appendix 1 A
HI-STAR SAR
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. TABLE 1.3.3 (continued)

MATERIALS AND COMPONENTS OF THE HI-STAR 100 SYSTEM

mpc ¢
: 3 o Codes/Standards \
. : ' Safet . L . . Special Surf: Contact Matl
. &) . Y. | Special Surface ontact Matl.
Primary Function Componeqt o Class @ (as app_llcable to Material Strength (ksi) | Finish/Coating (if dissimilar)
. _ - component) :
Operations Damaged Fuel Container | C . | ASME Section IlI; | Primarily |- .
o | SubsectionNG | 3048/5 | SccAppendix LA NA NA
Operations Trojan Failed Fuel Can o ASME -Se'ctlon III.; 304 S/S Per ASME Section NA NA
. ] Subsection NG I
Operations Drain Line Guide Tube NITS | Non-code SIS NA NA NA

Notes: 1) There are no known residuals on ﬁmshed component surfaces
2) All welding processes used in welding the components shall be qualified in accordance with the requirements of ASME Section IX. All'welds shall be made using

welders qualified in accordance with ASME Section IX. Weld material shall meet the requirements of ASME Section I and. the applicable Subsection of ASME
ion I11. For parts beyond the purvxew of ASME Section I, compliance with Secﬂon IX and Section IT.of the Code shall be observed to the extent

Secti

practicable.
3) Component nomenclature taken from Blll of Matenals in Chapter 1. ) )
4) A.B and C denote important to safety classifications as described in NUREG/CR- 6407 NITS stands for Not Important To Safety. .
: .

5) For details on Alloy X materlal see Appendlx 1. A
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1.4  DRAWINGS

The following drawings provide sufficient detail to describe the HI-STAR 100 packaging. Refer to
Supplement 1.1 for drawings related to the HI-STAR HB.

The classification of all components important to safety in accordance with Regulatory Guide 7.10
and NUREG/CR-6407 is provided in Table 1.3.3. Operational information, such as bolt torque and
pressure-relief specifications are provided in Chapters 7 and 8. The maximum weight of the package
and the maximum weight of the contents is provided in Table 2.2.1.

The following HI-STAR 100 System design drawings are provided in this section.

- Drawing

Number /Sheet Description ‘_ - » Rev.
_L1censmg Drawing for HI STAR 100 Overpack .
3913 v Assembly _ 79
3923 - : Licensing Drawing for MPC Enclosure Vessel 16
3925 ' Licensing Drawing for MPC- 24E/EF Fuel Basket 5
Assembly -
' | Licensing Drawing for MPC-24 Fuel Basket
3926 5
e Assembly .
o Licensing Drawing for MPC 32 Fuel Basket
3927 6
- : Assembly :
v '392 g Licensing Drawing for MPC 68/68F/68FF Fuel - 5" '
1 , _ Basket Assembly ‘ L T
' 5014-C1765 Sht 1/7t HI-STAR 100 Impact Limiter - o 24
5014-C1765 Sht 2/7' | HI-STAR 100 Bottom Impact Limiter " 23 |
'5014-C1765 Sht 3/7' | HI-STAR 100 Top Impact Limiter =~ - - | 44
5014-C1765 Sht 4/7" - | HI-STAR 100 Top Impact Limiter o 24
5014-C1765 Sht 5/7' | HI-STAR 100 Top Impact Limiter Detail of Item ' +2 '
S - #6 :
"1 5014-C1765 Sht 6/7" . | HI-STAR 100 Impact Limiter Honeycomb ‘ 13
’ - Details o A =
5014-C1765 Sht 7/7" . | HI-STAR 100 Bottom' Impact Limiter ' 81 .
3930 : HI-STAR 100 Assembly For Transport 12
4111 Licensing Drawing for Trojan MPC Spacer Ring 0
4119 Licensing Drawing for Holtec Damaged Fuel 1
Container for Trojan Plant Fuel

¥ These drawing titles include the term “CoC No. 9261, Appendix B.” Rather than appending the drawings directly
to the CoC, they are incorporated into the CoC by reference. The “Appendix B” will be removed from each drawing
as part of its next normal revision.
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Drawing ..
Number/Sheet Description Rev.
4122 Licensing Drawing for Trojan FFC Spacer
PFFC-001 Failed Fuel Can Assembly
PFFC-002 Failed Fuel Can Shell and Lid Assembly
HI-STAR SAR Proposed Rev. 13b
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1.5 Compliance with 10CFR71

The HI-STAR 100 packaging complies with the requirements of 10CFR71 fora Type B(U)F-8596 |
package. Analyses which demonstrate that the HI-STAR 100 packaging complies with the
requirements of Subparts E and F of I0CFR71 are provided in this SAR. Specific reference to each
section of the SAR that is used to specifically address compliance is provided in Table 1.0.2. The
HI-STAR 100 packaging complies-with the general standards for all packages, I0CFR71.43, as
demonstrated in Section 2.4. Under the tests specified in 10CFR71.71 (normal conditions of
transport) the HI-STAR 100 packaging is demonstrated to sustain no degradation in its safety
function allowing the HI-STAR 100 packaging to meet the requirements of 10CFR71, Paragraphs
-71.45,71.51, and 71.55. Under the tests specified in 10CFR71.73 (hypothetical accident conditions)
‘and 10CFR71.61 (special requirement for irradiated nuclear fuel shipments), the degradation
‘sustained by the HI-STAR 100 packaging is shown not to cause the HI-STAR 100 packaging to -
- exceed the requirements of 10CFR71, Paragraphs 71.51, 71.55, and 71.63(). v |

The HI-STAR 100 packaging meets the structural, thermal, containment, shielding and criticality
requirements of 10CFR71, as described in Chapters 2 through 6. The operational procedures and
- acceptance tests and maintenance program provided in Chapters 7 and 8 ensure compliance with the
requirements of 10CFR71. :

The following is a summary of the information provrded in Chapter 1 that is drrectly applicable to
verrfymg complrance with 10CFR71 -

e The HI-STAR 100 packagmg has been described in sufficient detail to provide an adequate
- basis for its _evaluatron

e Drawings provided in Section 1.4 contain information that provides an adequate basis for
evaluation of the HI-STAR 100 packaging against the 10CFR71 requirements. Each drawing
is identified, consistent with the text of the SAR, and contains keys or annotation to explaln
and clarrfy information on the drawmg

e Sectlon 1.0 mcludes areference to the NRC- approved Holtec International quality assurance
program for the HI-STAR 100 packagmg ' :

. Sectlon 1.3 1dent1ﬁes the appllcable codes and standards for the HI-STAR 100 packaglng |
- design, fabrlcatlon assembly, and testlng

e The HI STAR 100 packaging meets the general requirements of 10CFR71.43(a) and
10CFR71.43(b), as demonstrated by the drawings provided in Section 1.4 and the discussion
provided in Subsection 1.2.1.9, respectively.

e The drawings provided in Section 1.4 provide a detailed packaging description that can be
evaluated for compliance with 10CFR71 for each technical discipline.
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. Ahy restrictions on the use of the HI-STAR 100 packaging are specified in Subsection 1.2.3
and Chapter 7.
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SUPPLEMENT 1.1
GENERAL DESCRIPTION OF THE HI-STAR 100 SYSTEM FOR HUMBOLDT BAY

1.1.0 GENERAL INFORMATION

The HI-STAR 100 System has been expanded to include options specific for use at PG&E'’s
Humboldt Bay (HB) plant for dry storage and future transportation of spent nuclear fuel
(SNF)[1.0.8]. HB fuel assemblies are considerably shorter in length than the typical BWR fuel
assemblies. As a result, the HI-STAR 100 system now includes an overpack assembly and MPC
~ for use at HB; the HI-STAR 100 Version HB (also called HI-STAR HB) and the MPC-HB. Note
that the HB fuel has a cooling time of more than 25 years and relatively low burnup. The heat
load and nuclear source terms of this fuel are therefore substantially lower than the design basis
fuel described in the main part of this chapter. Consequently, peak cladding temperatures and
dose rates are below the regulatory limits with a substantial margin. Nevertheless, all major
- dimensions and features, such as diameter, wall thickness, flange design, top and bottom
thicknesses, are maintained identical to the standard design. Therefore, from a structural
perspective, the HI-STAR HB will be even more robust than the standard overpack, due to its
shorter length. Information pertaining to the HI-STAR HB System is generally contained in the
“I” supplements to each chapter of this SAR. Certain sections of the main SAR are also affected
and are appropriately modified for continuity with the “I” supplements. Unless superseded or
specifically modified by information in the “I” supplements, the mformatzon in the main SAR is
applicable to the HI-STAR System for use at HB.

: 171.1 INTRODUCTION

The HI- S TAR 1 00 System as deployed at Humboldt Bay will consist of a HI- STAR HB overpack
- an MPC-HB that includes a fuel basket assembly and enclosure vessel specific to HB, and

impact lzmzters The HB speczf ic components are described below and key parameters for HI- | -

.. STAR HB. aré presented in Table 1.1.1. Section 1.1.3 provides the HI- STAR HB design code
o applzcabzltty and details any alternatives to the ASME Code if dzﬁ"erent than. HI STAR 1 00 All
_ dzscusszon is supplemented by aset of drawzngs in Section 1.1. 4. S

71.1.2" K PACKA.GEDESCRIPTION .
1121 . Packaging.
LI2.1.1 = ° Gross Weight

Table 2.1.2.1 summarizes the maximum calculated weights for the HI-STAR HB overpack, impact
limiters, and each MPC loaded to maximum capacity with design basis SNF. Table 2.1.2.1 also
provides the location of the center of gravity of the fully loaded package.
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1.12.1.2 Materials of Construction, Dimensions, and Fabrication

- Humboldt Bay specific materials of construction along with outline dimensions for important-to
safety items are provided in the drawings in Section 1.1.4.

1.1.2.1.2.1 HI-STAR HB QOverpack

The HI-STAR HB overpack is a heavy-walled, steel cylindrical vessel identical to the standard
HI-STAR, except that the outer and inner heights are approximately 128 and 115 inches,
respectively. . Unlike the HI-STAR 100, the HI-STAR HB overpack does not contain radial
channels vertically welded to the outside surface of the outermost intermediate shell. '

112122 ~  MPC-HB

MPC-HB is similar to the MPC-68F except it is approximately 114 inches high. Key parameters
of the MPC-HB are given in Table '1.1.2. The MPC-HB' is designed to transport up- 1o 80
Humboldt Bay BWR spent nuclear fuel assemblies meeting the specifications in Table 1.1.4.
Damaged SNF and fuel debris must be placed into a Holtec damaged fuel container or other
authorized canister for transportation inside the MPC-HB and the HI-STAR HB overpack..
Figure 1.1.1 provides a sketch of the container authorzzed for transportatzon of damaged fuel and
Sfuel debris in the HI-STAR HB System

1.1.2.2 Operattonal F eatu_resr
The sequence of basic operations. necessarjt to load fuel and prepare the .HI STAR HB system for |
transport is identical to that of HI- STAR 1 00 T he suppornng drawzngs for HB can be found in
Sectzon 1 I 4. : . , :

1123 Contents ofPack;ge':'-

- This section delineates the authorlzed contents permltted for sthment in the HI STAR HB
* System, including fuel assembly types ‘non-fuel hardware; neutron sources; physical parameter
limits for fuel assemblies and sub- components enrtchment burnup cooling time, and decay heat
limits; locatlon requirements; ana’ requtrements for canning the material, as appltcable

1 .1;2.3.-] ' Determination of Deszgn Baszs Fuel

The HI-STAR HB package is designed to transport Humboldt Bay fuel assemblies. The HB fuel
assembly designs evaluated are listed in Table 1.1.3. Table 1.1.4 provides the fuel characteristics
determined to be acceptable for transport in the HI-STAR HB System. Each “array/class” listed
in this table represents a bounding set of parameters for one or more fuel assembly types. The
array/classes are defined for HB in Section 6.1.2. Table 1.1.5 lists the fuel assembly designs that
are found to govern for the qualification criteria. Tables 1.1.4 and 1.1.7 provide the specific
limits for all material authorized to be transported in the HI-STAR HB System.
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1.12.3.2 Design Pavload for Intact and/or Undamaged Fuel

The fuel characteristics specified in Table 1.1.4 have been evaluated in this SAR and are
acceptable for transport in the HI-STAR HB System. Holtec considers that almost all of the
Humboldt Bay fuel assemblies not classified as damaged are intact, however the inspection
records of the Humboldt Bay fuel assemblies precludes classifying the assemblies as intact fuel
since the interior rods of the assembly are in an unknown condition. This fuel is therefore
classified as undamaged and can still perform all fuel specific and system related functions, even
-with possible breaches or defects. Except where specifically noted, throughout this document
references to Humboldt Bay fuel as intact or undamaged are equivalent.

1.12.3.3 Design Payload for Damaged Fuel and F ael Debris

Limits for transporting HB damaged fuel and fuel a'ebris are given in Table 1.I. | 7. Damaged HB
fuel and fuel debris must be transported in the Holtec des:gned Humboldt Bay Damaged Fuel
Container (DF' C) as shown in Figure 1.1.1.

1-.1.2.3.4‘ o Structural Payload Parameters

The main physical parameters of an SNF assembly applicable to the structural evaluation are
the fuel assembly length, envelope (cross sectional dimensions), and weight. In order to qualify
for transport in the HI-STAR HB MPC, the SNF must satisfy the physical parameters listed in
Table 1.1.7. The center of gravity for HB, reported in Chapler 2.1, is based on the maximum fuel
assembly -weight. Upper fuel spacers. (as appropriate) - in the form of welded I-beams,
approxzmately 4 inches high, maintain the axial position of the fuel assembly within the MPC
basket and, therefore, the location of the center of gravity.. The upper spacers are designed to -
withstand normal and accident conditions of transport. An-axial clearance of approximately 2
- mches is provzded to account for the zrradlatzon and thermal growth of the Suel assemblzes »

1.].2.3.5 1 Thermal Pavload Parameters

' Table 1.1.7 provzdes the maximum heat generatlon for all Sfuel assemblzes authorzzed for
transportatzon in the HI- ST AR HB System. L : -

1.1.‘2.3.6 . Rad_iolo,qical Payload Parameters

The design basis dose rates are met by the burnup level, cooling time, and minimum enrichment
presented in Table 1.1.6 for HI-STAR HB.

11237 Criticality Pavioad Parameters

The neutron absorber’s minimum '°B areal density loading for MPC-HB is specified in
Table 1.1.2.
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11238 | Non-Fuel Hardwafe and Neutron Sources

None.

11239 Summary of Authorized Contents

Table 1.1.1 summarizes the key system data for the HI-STAR HB. Table 1.1.2 summarizes the key
parameters and limits for the MPC-HB. Tables 1.1.4 and 1.1.7 and other tables referenced from
these tables provide the limiting conditions for all material to be transported in the HI-STAR HB.

1.13 DESIGN CODE APPLICABILfT Y

o Design code applicability for the HI-STAR HB is identical to HI-STAR 100 as presented in
Section 1.3, except that the internal surfaces of the intermediate shells will not be coated with a .
silicone encapsulant due to.its lower heat loads. ’ ’

1.1.4 DRAWINGS

Drawing .. _
" Number/Sheet Description Rev.
" Licensing Drawing for HI-STAR HB Overpack :
4082 v 3
: Assembly - _ , -
Licensing Drawing for MPC HB Enclosure _'
4102 : - 1
Vessel : v
' | Licensing Drawing for MPC HB Fuel Basket o
4103 ~ - 5
Assembly . -.
4113 " | Licensing Drawing for Damaged Fuel Container | 1
115 COMPLIANCE WITH 10CFR71
Same as in Section 1.5.
116 REFERENCES
Same as in Section 1.6.
HI-STAR SAR : Proposed Rev. 13b
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Table 1.1.1

SUMAMRY OF KEY SYSTEM DATA FOR HI-STAR HB

PARAMETER VALUE (Nominal)
Types of MPCs in ] ' MPC HB
this Supplement .
MPC capacity MPC HB - Up to 80 intact and/or undamaged ZR

: Humboldt Bay fuel assemblies.
- Up to 28 Damaged Fuel Assemblies/Fuel
Debris in DFCs located in the peripheral
basket cells, remaining cells loaded with intact
and/or undamaged ZR Humboldt Bay fuel
assemblies; or, ’
- Up to 40 Damaged Fuel Assemblies/Fuel
" | Debris in DFCs arranged in a checkerboard
pattern-with 40 intact and/or undamaged ZR .
Humboldt Bay fuel assemblies

HI-STAR SAR | | ‘ Proposed Rev. 13b
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 Table 112
KEY PARAMETERS FOR MPC-HB

' PARAMETER VALUE (Nominal)
Unloaded MPC weight (Ib) See Table 2.1.2.1
Fixed neutron absorber (Metamic) '’B 0.01
loading density (g/cm’) ‘
Pre-disposal service life (vears) 40
Design temperature, max. /min. (°F) 725°/-4¢°
Design Internal pressure (psig)
Nornﬁal Conditions 100
Off-normal Conditions 100
Accident Conditions 200
Total heat load, max. (kW) 2
Maximum permissible peak fuel 752
cladding temperature (°F) (Normal conditions)
1058 '

(Aécia’ent conditions).

MPC ihternal environment
Helium filled (psig)

>0and <488 psigat a
reference temperature of 70°F

MPC external environment/overpack
internal environment

Helium filled initial pressure (psig, at VZ 10 and 51 14
STP) : : :
Maximum permissible reactivity <0.95
‘including all uncertainty and biases T
End closure(s) ' Welded

HI-STAR SAR :
REPORT HI-951251 116
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Table 1.1.3

HUMBOLDT BAY FUEL ASSEMBLIES EVALUATED TO DETERMINE DESIGN BASIS SNF

Assembly. Class

Array Type

All 7x7

Humboldt Bay All 6x6

. Table1.14

'HUMBOLDT BA Y FUEL ASSEMBLY CHARACTERISTICS :
a 'Fuel'A&Sembly o ‘
Array/Class 0x6D 7x7C
Clad Material ' ZR ZR
D.esign'Initia.I U :
(kg/assy.) =78 <78
" | Initial Maximum Rod ' <40 .
Enrichment ‘ _N.t o <4.055
wi.% U (see Note | o
: MaXimum planar- : : :
average initial B <26 <26
-| enrichment (wt. %_23_5U) '
‘ No._ofFuelRod 36 49
»L_ocanons_ L : E
| Fuel Clad 0.D. (in) | 205585 | 04860 |
Fuel Clad 1D (in) | <0.5050 | <0426~ |
Fuel Pellet Dia. (in) | <0.4880 "| <04110
| Fuel Rod Pitch (in) | <0740 | <0631 -
Active Fuel Lengthi (in.) | <80 <80
No. of Water Rods . 0 0
Channel Thickness (in.) <0.060 <0.060
Note 1:  Two 6x6D assemblies contain one high power test rod with an initial enrichment
of 5.5%.
HI-STAR SAR Proposed Rev. 13b
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Table 1.1.5

DESIGN BASIS FUEL ASSEMBLY FOR EACH DESIGN CRITERION

Criterion MPC-HB
Reactivity "~ 6x6D and 7x7C
Shielding (Source Term) 6x6D
Fuel Assembly Effective Planar ' 770
Thermal Conductivity *
Fuel Basket Effective Axial . : 6x6D
Thermal Conductivity . ‘ -
Table 1. L6 ‘
H UMBOLDT BAY FUEL ASSE]\/[BLY COOLING, A VERAGE BURNUP, AND MINIMUM.
’ ENRICHMENT LIMITS
Post-irradiation Cooling . | | Assembly Burnup Assembly Minimum
Time : (MWD/MTU) . Enrichment
(years) = L : - w %P0
>29 e <23000 | >209
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Table 1.1.7

LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-HB

PARAMETER VALUE (Note 1)

Fuel Type (Note 2) Uranium oxide, HB BWR Uranium oxide, HB BWR
intact and/or undamaged fuel | damaged fuel assemblies
assemblies meeting the limits | or fuel debris meeting the
in Table 1.1.4 for the limits in Table 1.1.4 for
applicable array/class, with | array/class 6x6D or 7x7C
or without Zircaloy channels | with or without Zircaloy

' : channels, placed in HB
" Damaged Fuel Containers
(DFCs) ’
Cladding Type ZR - _ |ZrR _
Maximum Initial Enrichment | As specified in Table 1.14 for | As specified in Table 1.1.4
_the applicable array/class for the applicable ‘
, A array/class
Post-irradiation Cooling As specified in T able 1.1.6. | As specified in Table 1.1.6.

Time, Average Burnup, and
Minimum Initial Enrichment
per Assembly

Decay Heat Per Assembly

< 50 Watts -

Fuel debris up to a
maximum of one equivalent
fuel assembly is allowed
(Note 4) . '

| Fuel Assembly Length

< 96.91 in. (nominal design)

< 96.91 in. (nomznal

| design) -

. Fuel Assembly Width _

< 4.70 in. (nominal.'design) N

<470 in. (nommal deszgn):

| Fuel Assembly Weight

<4001bs

K( mcludzng channels)

<400 lbs, (including
channels and DFC)(Note 3)

Quantity per MPC

_assemblies

" Up to 80 HB BWR intact ‘

and/or undamaged fuel

- | basket with 52 intact
“and/or undamaged

Up to 28 DFCs loaded in
the peripheral cells of the

assemblies in the
remainder (figure 6.1.3) or
Up to 40 DFCs with 40
intact and/or undamaged .
assemblies loaded in a
checkerboard pattern
(figure 6.1.4)

Other Limitations

Stainless steel channels are not permitted.

HI-STAR SAR
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Table 1 1.7 (cont.)
LIMITS FOR MATERIAL TO BE TRANSPORTED IN MPC-HB

Notes:
1. A fuel assembly must meet the requirements of any one column and the other
‘ limitations to be authorized for transportation.
2. Fuel assemblies with channels may be stored in any fuel cell location. .
3. The total quantity of damaged fuel permitted in a single DAMAGED FUEL CONTAINER is
limited to the equivalent weight and special nuclear material quantity of one intact or '
) undamaged assembly. _ . ‘
4. - Fuel debris in the form of loose debris consisting of zirconium clad pellets, stainless
- steel clad pellets, unclad pellets or rod segments up to a maximum of one equivalent
fuel assembly is allowed. A maximum of 1.5 kg of stainless steel clad lS allowed per cask.
HI-STAR SAR Proposed Rev. 13b
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Figure Withheld Under 10 CFR 2.390

FIGURE 1.1.1; HOLTEC DAMAGED FUEL CONTAINER
FOR HUMBOLDT BAY SNF IN MPC-HB
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2.1 STRUCTURAL DESIGN

2.1.1 Discussion

The HI-STAR 100 System (also designated as the HI-STAR 100 Package) consists of three principal
components: the multi-purpose canister (MPC), the overpack assembly, and a set of impact limiters.
The overpack confines the MPC and provides the containment boundary for transport conditions.
The MPC is a hermetically sealed, welded structure of cylindrical profile with flat ends and an
internal honeycomb fuel basket for SNF. A complete description of the HI-STAR MPC is provided
in Section 1.2.1.2.2 wherein its design and fabrication details are presented with the aid of figures. A
discussion of the HI-STAR 100 overpack is presented in Subsection 1.2.1.2.1. Drawmgs for the HI-
STAR 100 System are provided in Section 1.4. In this section, the discussion is directed to
characterizmg and establishing the structural features of the MPC and the transport overpack

The design of the HI-STAR 100 MPC seeks to attain’ three Ob_]eCtIVCS that are central to its
: functional adequacy, namely;

o Ability to Dissipate Heat: The thermal energy produced by the spent fuel must be
transported to the outside surface of the MPC such that the prescribed temperature limits for
the fuel cladding and the fuel basket metal walls are not exceeded. :

e Ability to Withstand Large Impact Loads: The MPC with its payload of huclear fuel must be

' sufficiently robust to withstand large impact loads associated with the hypothetical accident

. conditions during transportation of the system. Furthermore, the strength of the MPC must
be sufficiently 1sotrop1c to assure structural qualiﬁcation under a wide variety of drop
orientations. L E :

o Restraint of Free End Expansron The membrane and bendmg stresses produced by restraint -
of free end expansion of the fuel basket are conservatively categorized as primary stresses.

- In view of the concentration of heat generation in the fuel basket it lS necessary to-ensure .

- that structural constraints to 1ts extemal expansmn do not ex1st o

Where the ﬁrst two criteria call for extensive inter cell connections 'the laSt criterion requires the
- opposite. The de51gn of the HI-STAR 100 MPC seeks to realize all of the above three criteria in an
optlmal manner. :

As the description presented in Chapter 1 1nd1cates the MPC enclosure vessel isa spent nuclear fuel
(SNF) pressure vessel designed to meet ASME Code, Section III, Subsection NB stress limits. The.
enveloping canister shell, the MPC baseplate, and the closure lid system form a complete closed
pressure vessel referred to as the "enclosure vessel". This enclosure vessel serves as the helium
retention boundary when the HI-STAR 100 is within the purview of 10CFR71. Within this
cylindrical vessel is an integrally welded assemblage of cells of square cross sectional openings,
referred to herein as the "fuel basket". The fuel basket is analyzed under the provisions of Subsection
NG of Section III of the ASME Code. There are different multi-purpose canisters that are exactly
alike in their external dimensions. The essential difference between the MPCs lies in the fuel
baskets. Each<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>