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REMOVE INSERT NEW
EXISTING
Page Number Page Number
1.0-7 1.0-7
1.1-3 1.1-3
1.1-4 1.1-4
1.2-1 1.2-1
1.2-11 1.2-11
N/A 1.2-13a
1.2-14 1.2-14
N/A 1.2-14a
1.2-15 1.2-15
1.2-16 1.2-16
N/A 1.2-16a
1.2-17 1.2-17
N/A 1.2-17a
1.2-18 1.2-18
1.2-19 1.2-19
1.2-20 1.2-20
1.2-21 1.2-21
1.2-22 1.2-22
1.2-23 1.2-23
1.2-24 1.2-24
N/A 1.2-25
2-xx1i 2-xxii
2-xxvi 2-xxvi
2-xxvii 2-xxvii
2.1.1-1 2.1.1-1
2.6.5.0-1 2.6.5.0-1
2.6.7.1-2 2.6.7.1-2
2.6.7.1-4 2.6.7.14
2.6.7.1-8 2.6.7.1-8
2.6.7.4-13 2.6.7.4-13
2.6.13.4-2 2.6.13.4-2
2.6.14-27 2.6.14-27
2.6.14-28 2.6.14-28
2.6.14-29 2.6.14-29
2.6.16-4 2.6.16-4
2.6.16-5 2.6.16-5
2.7.4.0-1 2.7.4.0-1
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2.7.5-1 ' 2.7.5-1
2.7.6-1 2.7.6-1
2.7.9-12 2.7.9-12
2.7.9-13 2.7.9-13
2.7.9-14 2.7.9-14
2.7.9-15 2.7.9-15
2.7.9-16 2.7.9-16
2.7.9-17 2.7.9-17
2.7.9-18 2.7.9-18
2.7.9-19 2.7.9-19
2.7.9-20 2.7.9-20
2.7.9-21 2.7.9-21
2.7.9-34 2.7.9-34
2.7.9-35 2.7.9-35
2.7.9-42 2.7.9-42
2.7.10-4 2.7.10-4
2.7.10-5 2.7.10-5
2.7.10-6 2.7.10-6
2.7.10-7 2.7.10-7
2.7.10-8 2.7.10-8
2.10.5-7 2.10.5-7
2.10.5-8 2.10.5-8
2.10.5-9 2.10.5-9
2.10.5-16 2.10.5-16
2.10.5-17 o 2.10.5-17
2.10.5-20 2.10.5-20
2.10.5-21 2.10.5-21
2.10.5-22 2.10.5-22
3.1-1 3.1-1
- 3.1-5 3.1-5
3.2.19 3.2.19
3.3-3 3.3-3
3.4-10 3.4-10
N/A 3.4-10a
3.4-15 3.4-15
N/A 3.4-15a
N/A 3.4-15b
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Page Number Page Number
3.4-17 3.4-17
3.4-18 3.4-18
3.4-19 3.4-19
3.4-23 3.4-23
3.4-28 3.4-28
N/A 3.4-57a
3.5-1 3.5-1
3.5-2 3.5-2
3.5-3 3.5-3
3.5-6 3.5-6
3.5-7 3.5-7
3.5-9 3.5-9
3.5-10 3.5-10
3.5-11 3.5-11
3.5-12 3.5-12
3.5-13 3.5-13
N/A 3.5-14
4-i 4-i
N/A 4ii
4.1-1 4.1-1
4.1-2 4.1-2
4.1-3 4.1-3
4.1-4 4.1-4
4.2-1 4.2-1
42-2 4.2-2
4.2-3 42-3
4.2-4 42-4
4.2-5 4.2-5
4.2-6 4.2-6
4.2-7 ' 4.2-7
42-8 4.2-8
429 4.2-9
4.2-10 42-10
4.2-11 4.2-11
4.2-12 42-12
4.2-13 N/A
42-14 N/A
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EXISTING
Page Number Page Number
4.2-15 N/A
4.3-1 4.3-1
4.3-2 4.3-2
4.3-3 4.3-3
4.3-4 4.3-4
4.3-5 4.3-5
N/A 4.5-24
N/A 4.5-25
N/A 4.5-26
N/A 4.5-27
N/A 4.5-28
N/A : 4.5-29
N/A 4.5-30
N/A 4.5-31
N/A 4.5-32
N/A 4.5-33
5.0-1 5.0-1
N/A 5.0-1a
5.1-2 5.1-2
N/A 5.1-2a
5.1-19 5.1-19
5.1-22 5.1-22
5.1-23 5.1-23
5.4-4 '5.4-4
6.1-1 6.1-1
6.1-2 6.1-2
N/A 6.1-2a -
6.4-1 6.4-1
6.4-2 6.4-2
N/A ] . 6.4-2a
6.4-4 6.4-4
6.4-5 6.4-5
6.6-45 6.6-45
6.6-46 6.6-46
6.6-47 ~ 6.6-47
6.6-48 6.6-48
6.6-49 6.6-49 -
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Page Number Page Number
6.6-50 6.6-50
6.6-51 6.6-51
6.6-52 6.6-52
6.6-53 6.6-53
6.6-54 6.6-54
6.6-55 6.6-55
6.6-56 6.6-56
6.6-57 6.6-57
6.6-58 6.6-58
6.6-59 6.6-59
6.6-60 6.6-60
6.6-61 6.6-61
6.6-62 6.6-62
6.6-63 6.6-63
6.6-64 6.6-64
6.6-65 6.6-65
6.6-66 6.6-66
6.6-67 6.6-67
6.6-68 6.6-68
6.6-69 6.6-69
6.6-70 6.6-70
6.6-71 6.6-71
6.6-72 6.6-72
6.6-73 6.6-73
6.6-74 6.6-74
6.6-75 6.6-75
6.6-76 6.6-76
6.6-77 6.6-77
6.6-78 6.6-78
6.6-79 6.6-79
6.6-80 6.6-80
6.6-81 6.6-81
6.6-82 6.6-82
6.6-83 6.6-83
6.6-34 6.6-84
6.6-85 6.6-85
6.6-86 6.6-86
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6.6-87 6.6-87
6.6-88 6.6-88
6.6-89 6.6-89
6.6-90 6.6-90
6.6-91 6.6-91
6.6-92 6.6-92
6.6-93 6.6-93
6.6-94 6.6-94
6.6-95 6.6-95
6.6-96 6.6-96
6.6-97 6.6-97
6.6-98 6.6-98
6.6-99 6.6-99
6.6-100 6.6-100
6.6-101 6.6-101
6.6-102 6.6-102
6.6-103 6.6-103
6.6-104 6.6-104
6.6-105 N/A
6.6-106 N/A
6.6-107 N/A
6.6-108 N/A
6.6-109 N/A
6.6-110 N/A
6.6-111 , N/A
6.6-112 N/A
6.6-113 N/A
6.6-114 N/A
6.6-115 N/A
6.6-116 N/A
6.6-117 N/A
6.6-118 N/A
6.6-119 N/A
6.6-120 N/A
6.6-121 N/A
6.6-122 N/A
6.6-123 N/A
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EXISTING
Page Number Page Number
6.6-124 N/A
6.6-125 N/A
6.6-126 N/A
6.6-127 N/A
6.6-128 N/A
6.6-129 N/A
6.6-130 N/A
6.6-131 N/A
6.6-132 N/A
6.6-133 N/A
6.6-134 N/A
6.6-135 N/A
6.6-136 N/A
6.6-137 N/A
6.6-138 N/A
6.6-139 N/A
6.6-140 N/A
6.6-141 N/A
6.6-142 N/A
6.6-143 N/A
6.6-144 N/A
6.6-145 N/A
6.6-146 N/A
6.6-147 N/A
6.6-148 N/A
6.6-149 N/A
6.6-150 N/A
6.6-151 N/A
6.6-152 N/A
7-iii 7-iii
7.0-3 7.0-3
7.1-9 7.1-9
7.1-10 7.1-10
7.3-5 7.3-5
7.3-6 7.3-6
N/A 7.7-1
N/A 7.7-2
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REMOVE INSERT NEW
EXISTING
Page Number Page Number

N/A 7.7-3

N/A 7.7-4

N/A 7.7-5

8.1-17 8.1-17

8.1-18 8.1-18

9.0-8 9.0-8

9.0-9 9.0-9

N/A 9.0-13

REMOVE REV. # INSERT NEW REV. #
EXISTING
Drawing Number Drawing Number

455-870 0 455-870 1
455-871 ] 455-871 1
455-872 0 455-872 1
455-873 0 455-873 1
455-887 0 455-887 1
455-888 0 455-888 1
455-892 0 455-892 1
455-893 0 455-893 1
455-895 0 . 455-895 1
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10 GENERAL INFORMATION

[NAT Tniernafional Tnc. (NAC) has designed a Storable Transport Cask (NAC-STC) for spent
nuclear fuel. The NAC-STC [s licensed by the United States Nuclear Regulatory Commission
(U.S. NRC) for the transport of spent nuclear fuel. This Safety Analysis Report (SAR) addresses
the ability of the NAC-STC to satisfy the U.S. NRC ransportation requirements for spent fuelf’
Either_directly Toaded in the cask. (uncanistered) or in a, canster, and Greater Than Class |C
f@‘fﬁfﬁ)wasteunacz’lmster,i as prescribed in 10 CFR 71. This chapter of the NAC-STC SAR
presents a general introduction to the cask and a detailed description of its design features. The
terminology used throughout this report is summarized in Table 1.0-1.

Fhe NAC-STC sy be shippéd by rail, barge, or heavy-haul vehicle. [5NACSTC i assipned:

B Transport Index of 20 based on the shie ding evaluation presenied in Sechon 5.1.4. AS Shown:

I Chiapter 6, the Transport Index based on nuclear CrtiCALy. Satety 1S Zero, Simce on infmits.
humber of packages with optimim mModeralion rermaim SAbCHTIcal,

The NAC-STC has been designed to satisfy the international requirements of IAEA Safety Series
No. 6, in addition to U. S. requirements prescribed in 10 CFR 71.

1.0-1
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Table 1.0-1 Terminology

Cask Model NAC-STC

NAC-STC Cask This packaging consists of a spent-fuel storable transport cask body
with dual closure lids andlenergy-absorbing impact limiters.

Packaging The assembly of components necessary to ensure compliance with
the packaging requirements of 10 CFR 71. Within this report, the
packaging is denoted as the NAC-STC.

Package The packaging with its radioactive contents (payload), as presented
for transport (10 CFR 71.4). Within this report, the package is
denoted as the NAC-STC, the NAC-STC cask or, simply, the cask.

Payload Twenty-six (26) pressurized water reactor (PWR) fuel assemblies ﬁ
the“d“irectly loadedffu l(:(uncamstere@conﬁguranon‘ormp' ', - ih

GTCC Waste contamers in tﬁe camsferea conﬁgurahonﬁ

Containment System The components of the packaging intended to retain the radioactive
material during transport.

Cask Body

- Multiwall Body Construction of the cask body, which consists of concentric layers of
the inner shell, gamma shielding, outer shell and neutron shielding
materials.

- Neutron Shield Consists of the stainless steel shell, gussets, and end plates; copper-

stainless steel (Cu/SS) fins; and the solid NS4FR neutron shielding
material.

1.0-2
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Table 1.0-1  Terminology (continued)

Transport Impact
Limiters (Upper
and Lower)

Ereater Than Class

Wankee Class Fuel

i Sa e SO

Reconfigured Fuel
Assembly

Impact limiters designed for use exclusively during transport of the
NAC-STC. They protect the cask by limiting impact loads during the

1-foot free drop (normal conditions of transport) and the 30-foot free
drop (hypothetical accldent conditions).

[radiafed and strface contaminated mefal; usually stainless steel;
Pvhose disposal is controlled. JER61 due 10 ﬂlgpmenw of

by 10

Fery TongTived isotopes; inclading N -9
vaste resu fsﬁ‘rom’reactqr;decogimxsmonmg}

1.. \‘ i ND h:

Fuel thatmcludes United Nuclear Typs A and 1ype B Combustion;
Engineering Type A and Type B, Fxxon-ANF Type A and TypeB,;
g’CStlIgghouseTypeAml Type Band- fuel 'cages thatare:
bound by the above Tuel types.

A component having the same exiernal dimension as & standard

’Yank Class fuel assembly that ‘ensures. geometry control and

ggpqgﬁgl_gggl:fg_el a_ssemlgly..can contama m,axxmmnof 64 <full\length f

1.0-7
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The body of the NAC-STC is a smooth right-circular cylinder of multiwall construction that
consists of stainless steel inner and outer shells separated by lead gamma radiation shielding,
which is poured in place. The center section of the inner shell is fabricated from Type 304
stainless steel. Et each end, inner shell rings, which are fabricated from Type XM-19 stainless
steel, provide the transition to the bottom inner and top forgings. The outer shell is also
fabricated from Type 304 stainless steel. The inner and outer shells are welded to the Type 304
stainless steel top forging, which is a ring that is machined to mate with the inner and outer lids.
The inner and outer shells are also welded to the Type 304 stainless steel bottom inner and outer
forgings, respectively. The cask bottom consists of the two forgings and a plate with neutron
shield material sandwiched between the bottom inner forging and the bottom plate. Neutron
shield material is also placed in an annulus that surrounds the cask outer shell along the length of
the cask cavity. The neutron shielding material is a solid synthetic polymer (NS4FR) developed
by BISCO Products, Inc.. The neutron shield annulus is enclosed by a Type 304 stainless steel
shell and by end plates that are welded to the outer shell. Two relief valves are provided in the
bottom of the neutron shield annulus to aid the operator by minimizing recovery efforts
associated with a severe thermal accident condition (fire). Neutron shielding is also provided on
the top of the cask by a layer of NS4FR enclosed in the inner lid.

Redundant lifting capability for the NAC-STC is provided by four lifting trunnions welded to the
top forging at 90-degree intervals. Rotation trunnion recesses are located on the outer shell near
the bottom of the cask to permit the NAC-STC to be rotated to the horizontal position and to
provide longitudinal tiedown restraint in the aft direction. A Type 304 stainless steel shear ring is
provided at the top end of the radial neutron shield to supply longitudinal restraint when the cask
is positioned horizontally for transport in the front support structure.

For fuel assemblies loaded directly into ‘the NAC C-STC,’a stainless steel basket locates and
supports the 26 PWR fuel assemblies in the cask cavity. The basket design utilizes a series of
high-strength stainless steel support disks to support the fuel assemblies in stainless steel tubes;
which. include BORAL neutron poison sheets (0.01 g/cm?* B! minimum). Aluminum heat
transfer disks are provided to enhance the thermal performance of the package. The heaf fransfer
disks are also supported by the stainless steel basket.

For the” caniistered Configuratio fG&fé”’"aIUminum 5 neyeomh Spacers, placed GuE dhoe e
Eanlsterandongbelof’"vlocateth
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aluminum honeycomb is enclosed “in" an' 6061~T6; aluminum . alloy, shell.aThe canister shell,
bottom and welded Shield andstructural lids are fabricated from stainless steel. The canister
contains a stainless steel basket that locates and supports 1ip-to 36 Yankee Clasy fuel assemblies.
The canister may contain one. or. more, reconfigired fiel. assemblies 25 shown i Figure 12507
The reconfighired fhel assembly is designed (0 Contamn; 6p 10|64 Yankee, Class THel Tods, OF,

portions thereol, which are classified s failed, 26d 13 maintain the geomeric poSINOns oF tha]

TS total Hismber of fall length Tods that6an b8 placed in 1he recontpured Tuel SSsembly 1 [ess]
than that in°a'standard Yankee Class fuel assembly (64 Tods Versus 256 Tods): Consequently; the]
effects of a:reconfighired” fuiel assembly placed 1 4 canister (6.6 Cribicality, weight, thermall
output, source term) are significantly less; thani the effects’of a design basts (StAndATd) Yankes;
Class fuel assembly.;

The externial dimensions, and the top end fitting; of the recontigured fuel assembly,are, the sama,

as those of a standard Yarikse Class Fiel assemnbly, allowinig 675 be handlod i e Shiri Way 5 5
standard assembly.

The basket for the camsteredconﬁguratlon is similar in design to that used for directly loaded

transportable storage camster

Impact limiters consisting of a combination of redwood and balsa wood encased’in’’
stainless steel are provided to limit the g-loads acting on the cask during a‘drop acmdent load
condition. The g-loads acting on the cask are limited by the crush strength of the redwood and
balsa wood contained in the impact limiters.

The NAC-STC provides a testable containment for the fuel under both normal transport and
hypothetical accident conditions. Any number of NAC-STCs may be shipped at one time, each
cask on its own railcar. The NAC-STC may also be shipped in any number on board ships,
barges, or special heavy-haul vehicles.

1.1-4
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This section presents a basic description of the NAC-STC and the contents that may be
transported. An operational schematic of the cask is presented in [Figuré 1:2%1. Detailed
dimensional drawings are provided in Section 1.3.2. The design characteristics of the NAC-STC
are summarized in Table 1.2-1.

1.2.1 Packaging
1.2.1.1 Gross Weight

LT TR T T

mum gross transport weight of the NAC-STC spent-fuel shipping cask is calculated to

be 249,700 pounds for-directly:loaded fuel: This weight is calculated based on a fuel assembly
weight of 1,525 pounds. When the NAC-STC is loaded on its railcar, the gross weight of the
railcar (including cask, impact limiters, supports and personnel barrier) will satisfy the
requirements of the Associafion of: :American'Ra roads. A summary of the calculated component

B B

weights, which are detailed in Table 2.2.0-1, is given below:

Loaded Fuel

Component Weight (pounds) ight. (pounc : )-
Cask Body 175,970 195,970 175, S70;
Basket 16,350 L -
Impact Limiters 17,730 17,730 [17,730
Fuel or GTCC Waste 39,650 80,600 12,340
Canister = 14,600 14,600°

Canister Basket - 9530 26,471

Spacers = B60 860
Total (calculated) 249,700 249250 247,971 .
Analysis Weight 250,000 250,000 250:000°

1.2.1.2 Material of Construction. Dimensions and Fabrication

The NAC-STC body is of cylindrical, multiwall construction. The materials of construction of
the structural components of the cask body are Type 304, Type XM-19, and Type 17-4 PH

1.2-1
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inner and outer shells. Poured-in-place Chemical Lead fills the annulus between the inner and
outer shells and serves as the primary gamma radiation shield. The top forging, which is a ring
that forms the upper end of the cask, is welded to the inner and outer shells. The SA-336 Type
304 stainless steel inner lid is recessed in and bolted to the top forging. The SA-705, Type 630,
H1150, 17-4 PH stainless steel outer lid is bolted into the end of the top forging. The vent and
drain ports are recessed into the inner lid¥and are each protected by an SA-240, Type 304
stainless steel port coverplate. The interlid port and the pressure port are recessed in the top
forging and are protected by SA-705, Type 630, 17-4 PH stainless steel port covers. At the lower
end of the cask, the inner and outer shells are welded to the cask bottom, which consists of two
forgings and a plate-a cup-shaped bottom inner forging that is the lower end of the cask cavity, a
ring-shaped bottom outer forging that forms the exterior of the cask bottom and connects the
outer shell to the bottom inner forging, and a bottom plate that is the bottom end of the cask.
Neutron radiation shielding is provided by NS4FR, a poured-in-place solid synthetic neutron-
absorbing polymer, which surrounds the outer shell along the cavity region and is enclosed by a
shell and end plates that are welded to the outer shell. A layer of NS4FR is enclosed in the inner
lid and in the cask bottom to provide neutron shielding at the ends of the cask during cask
loading operations. Twenty-four explosively bonded copper and Type 304 stainless steel fins are
located in the radial neutron shield to enhance the heat rejection capability of the NAC-STC and
to support the neutron shield shell and end plates. The cask is passively cooled.

In the event of an accident during transport, where impact force(s) may be applied to the cask,
the NAC-STC is protected by energy-absorbing impact limiters that consist of redwood and balsa
wood enclosed in a stainless steel shell. The cup-shaped impact limiters fit over each end of the
cask and dissipate kinetic energy by crushing the wood at known force values, limiting the g-
loads acting on the cask during an impact load condition.

The NAC-STC is provided with four lifting trunnions on the outside of the top forging at 90-
degree intervals. The lifting trunnions are fabricated from SA-705, Type 630, 17-4 PH stainless
steel. Only two diametrically opposite trunnions are required to lift the NAC-STC. Two
additional lifting trunnions are provided for those facilities that require redundant lifting. Two
rotation trunnion recesses are located on the outer shell near the bottom of the cask.

1.2-2
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[Ehe transporiable” m%cmr ‘consists:of four. ’?f) pnncxpal components ‘I'hese -8re; thc
Eanister; canister basket, shield: st T

[ircular shell closed atone end. bya‘j omplate, 1he. ate 1s 1.0-inch. thick"
Ftainlcss sicel. /The shell s constructed of 378-mch tolled Type - ML stamless "steel piaie T‘Ee5
Edges ot the rolled plates are Jomed with Tull perictration welds, 1he bo :
I shell'also using a full pe n'weld. The canister shellis. cons!mctea maccordance vmh
mechon III Subsectxon NB ,Thetmsme and«outs:de dlameter of the ‘canister are. 69 39

T o the -shellusing a. parhal penetratlon
WT ;:iTE’é“?EIe d 1id contains the dram and. ‘Bll *penetraﬁons “and provides gamma radiahion
protection to- operators for the draining, drying and inering OpPeratons. :attendant to 'sealing the
Eanister. After the shield Tid is'welded in place, the shield 1id weld is leak tested 3 an:accordance

With ANSI N 145 o ensure thiat the required Ieakiightness is Achieved)

: Mmé?m”%ymitm -3()111 d o the cani:

o g 2w, s5puen

The structural 1id s a 3-inch-thick Type 304L Stainless Steel plate. 11is attached 1o the canistar
shell vmth a' partial penetration weld. Both'the shield lid and structiral 1id welds are mspected in,
accordance with ASME Sectiol Artlclg\ﬁ:;{exnoyabiféfiffung Tixtures installed in the structural

lid are used to lift the loaded caniSter.

12,1:2.8.1 . Canister Fiie] Basket

The canister. fuel basket is used 10 position up to 36 Yankee Class fael ;assemblies within the

~.

- Ccanister and to maintain. geometry control of the ‘fuel ‘during .all of.ihe -transport (and storage)

condltlons The canister fuel basket is similar in design fo the ditecily loaded fuel basket. It
differs pr

differs primarily in its principal dimensions.”As shown in:1able 1.0-0, there are Minor ‘weight
variations between Yankee Class fuel assembfy {types. Fuel assembly types may be mixed within'
the canister basket, provided ‘that the contents ‘weight Jimit of 30,600 pounds s not exceeded. -
Aixing fuel’ types within the weight limit can result in.a basker, ‘contaming 35 fuel assemblies,’
&vhereas loading 2 basket with only Westinghouse fuel Would Tesultin the basket containing 34

pssemblies.
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The fuel basket design is a right-circular cylinder with square fuel tubes laterally supported by a
series of support disks, which are retained by split spacers on tie rods at eight locations. The split
spacers are installed to provide 2 solid load path in compression between the support disks. The
support disks are 0.5-inch-thick, 68.98-inch-diameter 17-4 PH stainless steel disks spaced 3.91

the bottom end disk (bottom weldment) are fabricated from Type 304 stainless steel. They are
geometically similarto the suppert disks and are 0:5-inch thick. The te rods have a 1-1/Sinch
diameter and are fabricated from Type 304 siainless stee, The split spacers are 2.5 inches in
diameter by 1.492 inches long, with an additional 2.0 inch diameter by 0.463 long extension, and
are also fabricated from Type 304 stainless steel. The fuel tubes are fabricated from Type 304
stainless steel and provide support for encased BORAL sheet welded onto each of the four
external sides. The BORAL provides criticality control in the basket. No_ structural credit is
assumed for the stainless steel tubes as a contributor to the total structural strength of the basket
and support of the fuel assemblies.

The canistered fuel basket accommodates fuel assemblies in an aligned configuration in 7.8-inch
inside dimension square fuel tubes, which have composite 0.141-inch thick walls. The fuel tubes
are supported in the basket assembly between the top and bottom weldment plates. The hole in
the top weldment is 7.78 inches square. The hole in the bottom weldment is 6.0 inches square.
The top of the fuel tube has a flange surface which extends to 8.65 inches square. The basket
design traps the fuel tube between the top and bottom weldments preventing axial movement of
the fuel tube. The minimum width of the support disk webs between the fuel tubes is 0.75 inches.

Fourteen (14) Type 6061-T6 aluminum alloy heat transfer disks, 0.5-inches thick and 68.7 inches
in diameter, are supported by the tie rods and split spacers, which also support and locate the
stainless steel support disks. These aluminum disks are located at the center of the axial spacing
between the stainless steel support disks and are sized to preclude contact with the cask inner
shell and basket tie rods as a result of differential thermal expansion.

The canistered fuel basket has been designed to facilitate filling with water and subsequent
draining. A 1.0-inch-diameter rounded notch is located at the bottom of each fuel tube, ensuring
that there will be free flow between the inner tube regions and the disk regions. In addition,
water will also flow between the disks in the gap between each of the tubes. Each of the disks
has three (3) 1.25-inch-diameter holes to facilitate water flow between disks. Also, to facilitate
flow to the drain line, the bottom plate is positioned by supports 1.5 inches above the bottom of
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the cask. These desigh fatures have been provided o ensure tha ’the:r(efi‘sya free flow of water in

12.1282  Canister GTCC Waste Basket

ThecamsterGTCC wastebasketposmonsand supportsupto24YankeeClass GTCC Waste

C?ntm.ner,s

The GTCC waste basket is a right-circular cylinder with square tubes Taterally supportéd by a
series of 8 support disks. The support disks are 1.0 inch thick, 68.98 inches di ameter,Type 304
stainless steel disks that are spaced 15.60 inches center-to-center. ‘The support disks are open in
the center region to accommodate the twenty-four '8.20-inch ‘square” fubes. The tubes are
supported ful length by 2.5-inch thick support walls all around th canteF Tegion: The support
disks are retained in position by welding to the support walls of the basket. The basket
accommodates GTCC waste containers in an aligned configuration in 7.82-inch square inside
dimension Type 304 stainless steel tubes, which have 0.25-inch-thick walls.

1.2.1.2.8.3 Canister Transport Spacers

The fuel or GTCC waste canister is located in the NAC-STC cavity by two (2) aluminum
honeycomb spacers. One spacer is installed below the canister and one above. The aluminum
honeycomb is an engineered material having well-defined load-bearing and crush characteristics
established by design and fabrication. The two'(2) spacers have different lengths and are not
interchangeable. The aluminum honeycomb is encased within a thin 6061-T6 aluminum alloy
skin that precludes the entry of incidental water, contamination and foreign materials into the
honeycomb structure. The spacers support the canister in all of the normal operations, but may
deform during hypothetical accident events.

The bottom spacer is nominally 14 inéhes high and 69.0 inches in diameter. The top spacer is 28

inches high and 70.6 inches in diameter. Removable lifting lugs are used to install and remove
the spacers.
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assembly that suppurtsﬂie : d the
tubes are stainless steell The. spentfﬁ"ei rod? are confined in 1he ySed with]
end plugs’ ‘The shell'is closed with top and bottom end ﬁttmgs. Thefube end"i na.n i e shelll
end fittings; have drilled Foles  to'permit draining; drying and helium backi )

1.2-13a



NAC-STC SAR , April 1997
Docket No. 71-9235 ' Revision 9A

1.2.1.3 Heat Dissigatiop

The NAC-STC design pasis decay heat dissipation capability is 22 1 kllowatts for directly-loaded

‘ “GTCC waste. 'The directly” loaded%asket aocommodates 26 PWR fuel assemblies
thh a maximum decay heat load of 0.85 kilowatts per assembly. [[he ‘canistered fuel basket.

mmodates up 10 36 assemblies, depending on assembly ¢ pe. The maximum canistered fuel|
ESsembly decay heat 10ad 1s 0,347 KiIOWatls per assembly Tor.a Canister of 36, assemblies and.

368 idlowatis per assembly for A canister.of 34 asserblics. The canistered Tuel baskermay.
EIso"contain"ong ‘or more reconfigired Tuel assemblics with 4 maximmim heal 1oador0; T2 kW
er-assembly. The use of aluminum peat transfer‘disks in the basket, and the use of 24
explosively bonded copper/stainless steel fins extending through the NS4FR solid neutron shield,
aid in the heat transfer capability of the NAC-STC. The heat dissipation features of the
NAC-STC are entirely passive. No active or support cooling mechanisms are required during
transport. A detailed discussion of the thermal characteristics of the NAC-STC is provided in

Chapter 3.

1.2.1.4 Coolants

There are no coolants utilized within the NAC-STC. An inert helium gas atmosphere is used to
backfill the cask cavity during transport.

1.2.1.5 Shielding

A 3.7-inch thickness of Chemical Lead and a 4.4-inch total thickness of stainless steel are
maintained between the cask contents and the exterior radial surface of the NAC-STC for the
attenuation of gamma radiation. Additional radial shielding is provided to reduce the gamma
radiation contribution above the radial neutron shield by a 0.87-inch stainless steel ring attached
to the top weldment. A thickness of 5.5 inches of solid, borated neutron shielding material
(NS4FR), which extends beyond the full length of the active fuel region, is provided for radial
neutron shielding. The inner and outer lids provide a total thickness of 12.25 inches of stainless
steel on the top end of the cask to attenuate gamma fadigtion from the fuel and assembly
hardware. A 2.0-inchfthick disk of solid, borated NS4FR is provided in the inner lid for neutron
shielding on the top end of the cask. When transporting canistered Tuel, the canister shield and.
structural lids “provide  an_ additional tofal Thickness <ot eight ‘inches of 'stainless” steel for:
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provides an.

additional 0,62 inch of sfainless steel shielding, i the fop, radial direc

1.2-14a

‘\/



NAC-STC SAR April 1997
Docket No. 71-9235 _ Revision 9A

cask provides 11.65 inches of stainless steel gamma radiation shielding material and 2.0 inches
of solid, borated NS4FR neutron shielding material. [[he bottom of the canister. provides:an-
Edditional “one "inch of stainless stecl shiclding it the BoHom waal ditcohon of he ok A
detailed description of the NAC-STC shielding design, as well as the shielding analysis, is
provided in Chapter 5.

1.2.1.6 Protrusions

There are no outer protrusions on the NAC-STC other than the four external lifting trunnions that
are welded to the top forging near the upper end of the cask. The lifting trunnions are within the
envelope protected by the impact limiters. The inner lid and all of the port covers are recessed
into the cask body and do not protrude above the cask surface. The outer lid forms a smooth
surface with its recessed bolts. Refer to the license drawings in Section 1.3.2 for more detail.

1.2.2 Operational Features

unloaded, and handled at a nuclear facility. The configuration and surface finish of the cask
exterior surfaces have been designed to facilitate and minimize cask decontamination efforts. The
inner and outer lids of the cask, and the port covers are all one-piece components designed to
reduce handling times and to maintain personnel dose rates as low as reasonably achievable
(ALARA). Quick-disconnect fitfings are provided in the vent and drain ports, the inner lid
interseal test port and in the interlid port for improved handling operations. All operational
features are shown on the license drawings provided in Section 1.3.2. An operational schematic
for the NAC-STC is shown in Figure 1.2-1. Operating procedures are provided in Chapter 7, for-
both canistered and directly loaded {uncanistered) fuel Sperations;

s 1.2.3 Contents of Packaging

Shipments in the NAC-STC shall not exceed the following limits:
1. The maximum contents weight of the NAC-STC shall not exceed 56,000 pounds.

2. The limits specified in Table 1.2-2 for the fiesign basis fuelf shall not be exceeded.
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- prcresosngron

aded fuel, and 125 kilowatts for canistered fuel;

4i The'fotal'weight of the Tuel assemblies. in. the  canistered conliguration. SHAll not exceed:
30,600 pounds,

51  [The totalweight of the GTCC waste i the canistered configuration Shall ot exceed 12,340}
poumnds]
32 Any number of NAC-STCs may be shipped at one time on a railcar, a ship, a barge, or a

heavy-haul vehicle.

7. Radiation levels shall not exceed the requirements of 10 CFR 71.47, 10 CFR 71.51, and
IAEA Safety Series No. 6, paragraph 469.

8.  Surface contamination levels shall not exceed the requirements of 10 CFR 71.87(i)(1) and
IAEA Safety Series No. 6, paragraph 408.

1.2.3.1 Design Basis Spent Fuel

fuel assemblies may be dlrectl m ided ‘into
(uncanistered) or sealed in a transportable:storage camste:: (camstered) 'IThe desxgl basxs fuel
assemblies for the uncanistered configuration are the:Westinghouse 17 %17, x:15 PWR.fuel;
assemblies. These assemblies: bound smaller ‘arra .« Westinghouse, and” smnlaf;; 3abcock &
Wilcox, and Combustion Engineering PWR fuel assemblies.. The NAC-STC ¢an transport 26
directly loaded PWR fuel -assemblies. . Ini the canisteted. confighration}: thez NAC-STC car:

T CHsS

transport up to 36 Yankee Class fuel assemblies, or tip 16, 24 Containets of Greater Tha
(GTCC) waste.

TR POy i
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Figure 1.2-1 Operational Schematic for the NAC-STC
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Table 1.2-1 D&sign Ch:

acteristics of the NAC-STC

Design Characteristic Dimension' Material
Cask Overall Length 193.0
(without impact limiters)

Cask Maximum Cross-Section Diameter

- Across Corners pon
- Across Flats 98.20
Cask Cavity Length 165.0
Cask Cavity Diameter 71.0

Cask Capacity

fDirectly Loaded

# Cénistered Fiiel

t Canistered GTCC Waste

Cask Cavity Atmosphere
- Backfill Gas - Helium
- Backfill Pressure . 1.0 atm. abs.

Cask Interlid Region
- Backfill Gas - Helium
- Backfill Pressure 1.0 atm. abs.

Cask Interseal Region
- Backfill Gas - Helium

- Backfill Pressure 1.0 atm. abs.

! Dimensions in inches unless otherwise noted.
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Table 1.2-1
Design Characteristic Dimension? Material
Inner Shell - Thickness 1.5 Type 304 Stainless
Steel
Inner Shell Ring Type XM-19 Stainless
Steel
- Shell Region Thickness 1.5
- Transition Region 20
Thickness
Gamma Shield - Thickness Chemical Lead
£ Shell Region Thickness E30
FTransifion Regiori
Thickness
Outer Shell - Thickness 2.65 Type 304 Stainless
Steel
Top Forging - Radial Thickness 7.85 Type 304 Stainless
at cavity diameter Steel
Bottom Thickness (Total) 13.65
- Bottom Inner Forging 6.20 Type 304 Stainless
Steel
- Bottom Outer Forging 39 Type 304 Stainless
(Radial at bottom Steel
neutron shield)
- Bottom Plate 5.45 Type 304 Stainless
Steel
- Neutron Shielding 2.00 NS4FR, Solid
Material Synthetic Polymer

2 Dimensions in inches unless otherwise noted.
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Table 1.2-1  DesignCharcteristios of the NACTSTC(ea
Design Characteristic Dimension® Material
Neutron Shield - Thickness
- Neutron Shielding 5.50 NS4FR, Solid Synthetic
Material Polymer
- Shell 0.236 Type 304 Stainless Steel
Type 304 Stainless Steel
- End Plates 0.472
Lifting Trunnion - Diameter 5.50 Type 17-4 PH Stainless
Steel
Rotation Trunnion Recess - 5.75 Type 17-4 PH Stainless
Thickness Steel
Inner Lid - Thickness (Total) 9.0
- Rim and Central Region 6.0 Type 304 Stainless Steel
- Neutron Shielding Material 2.0 NS4FR, Solid Synthetic
Polymer
- Coverplate 1.0 Type 304 Stainless Steel
- Bolts (42) 1-172-8UN  SB-637, GRN07718,

3 Dimension in inches unless otherwise noted.
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TC. (continued)

Table 1.2-1  [Pésign Characteristics of the NAC-

Design Characteristic Dimension* Material
Outer Lid
- Body Thickness 525 Type 17-4 PH Stainless Steel
SA-564, Type 630
- Bolts (36) 1-8UNC 17-4PH Stainless Steel
Port Coverplate
- Body Thickness 1.00 Type 304 Stainless Steel
SA-564, Type 630
- Bolts (4) 1/2-13 UNC 17-4PH Stainless Steel
Port Cover
1.01 Type 17-4 PH Stainless Steel
- Body Thickness
SA-193, GR B6, Type 410 Stainless
- Bolts (3) 3/8-16 UNC Steel

Canister Spacérs

e TR T

r Top Spacer

- Bottom Spacer

* Dimension in inches unless otherwise noted.

140X B897E)

1.2-21
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Table 1.2-1  Design Characteristics of the NAC-S1C (Contimued)
Design Characteristics Dimension® Material
Fuel Basket {Directly Loaded)

- End Weldments {Platé) 1.0 X 70.86 diai Type 304 Stainless

- Support Disks

- Tube

- Spacer Nuts

- Threaded Rod (6)

Canister
- Shell
- Shell Bottom
- Shield Lid

- Structural Lid

5 Dimensions in inches unless otherwise noted.

0.5 X70.86 dia
0.625 X 70.65dia
8.78 x 8.78 x 0.043
2.5 Square

1-5/8 - 8 UN

5/8 Plate
1.0 Plate
5.0 Plate

3.0 Plate

1.2-22

Steel

Type 17-4 PH Stainless
Steel

Type 6061-T6
aluminum alloy

Type 304 Stainless Steel
encasing BORAL

Type 17-4 PH Stainless
Steel

Type 17-4 PH Stainless
Steel

Type:304L Staiiiless Steel-

Type 304L Stainless Steel;

Type 304L Stainless Steel
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C-STC {contmued)

Table 1.2-1  Design Characteristics of the NJ

Design Characteristics Dimension® Material

>anister Fuel Basket

SXEE08TnE]

Stamless Steel”

: Support Disks

E Heat Transfer Disks

FSpaces
FIRIGE )

E Support Disks LOtKx8898dE:  [Spe30dShmless Sicl
— £ Tube B32x832%025°  [ypestd
Seals (O-Rings)

- Inner Lid

- Primary 0.250 dia x 72.251 dia. Type 321 Stainless Steel

- Secondary 0.250 dia. x 73.497 dia. Type 321 Stainless Steel
- Port Cover Plates

- Primary 0.125 dia. x 3.875 dia. Type 321 Stainless Steel

- Secondary 0.125 dia. x 4.500 dia. Type 321 Stainless Steel
- Outer Lid 0.250 dia. X 82.060 dia. Type 321 Stainless Steel
- Port Covers

- Primary 0.103 dia. X 2.675 dia. BTFE

- Secondary;, ' 0.103 dia. X 2.675 dia. BTFE

Y,

¢ Dimensions in inches unless otherwise noted.
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Table 1.22 NAC-STC Design Basis Fuel Characteristics

Parameter Westinghouse PWR Fuel
17x17 15x 15
Number of Assemblies 26 26
Assembly Weight, Ibs 1467 1440
Assembly Length, in 160 160
Active Fuel Length, in 144 144
Fuel Rod Cladding Zircaloy-4 Zircaloy-4
Maximum Uranium, kgU 464 469
Maximum Initial U**, w/o 42 42
Maximum Burnup, MWD/MTU 40,000 40,000
Maximum Assembly Decay Heat, kW 0.85 0.85
Maximum Cask Decay Heat, kW 22.1 22.1
Minimum Cool Time, yr 6.5 6.5

MWD/MTU.

)
Aprix . 597

Revision 9A
Yankee Class:Huel
United Nuclear ~ Combustion. ~ Westinghouse-
Type A Type A Type

36 36

850 850 A
111.25 111.79 11125 |

o 91 92

Zircaloy Zircaloy Stainless Steel
245.6 2394 286.9.

4.0 3.9 4.94
32,000 36,000 30,500
0.347 0.347 0.368

12.5 12.5 12.5

21 8 24

The NAC-STC has also been designed to accommodate directly loaded PWR assemblies with a minimum cool time of ten years and a burnup of 45,000

The NAC:STC also accommodates canistered fuel having a minimum cool time of 6.7 years and a burnup of 32,000 MWD/MTU.
Conservatively assumed maximum assembly weight is 1525 Ibs. Actual assembly weights are provided for information only.

The Yankee. ClassHuel includes United Nuclear Type A and Type B, Combustion Engineering Type A and Type B, Exxon-ANF Type A and Type B.

o i

Westinghouse Type A and Type B. ‘The United Nuclear Type A is most reactive assembly and is used as the design basis fuel for criticality analyses.
'p}e Combust}onTypeA m;ﬁe design-basis fuel for shielding and thermal evaluations. The Westinghouse Type B fuel is the design basis fuel for
structural'weigfit considerations. A recorifigured Yankee Class fuel assembly is bounded by the Yankee Class design basis fuels.
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2.1 Structural Design
2.1.1 Discussion

The NAC-STC isa cylmdncal multlwall cask demgned to safely transport 26 desngn basxs PWR

pent je . The primary components of the NAC-STC are (l) the cask body—mner shell outer
shell, lead shell, and bottom; (2) the inner lid, bolts, and metallic o-rings; (3) the outer lid, bolts,
and metallic o-ring; (4) the port covers, port covérplaxes, bolts; and o-rings; (5) the neutron
shield; (6) the trunnions; (7) the transport impact limiters—upper and lower; and (8) the fuel
basket. The NAC-STC primary containment boundary consists of: (1) Inner shell, and upper and
lower inner shell rings (transition sections); (2) Bottom inner forging; (3) Top forging; (4) Inner
lid, inner lid bolts and inner lid outer metallic o-ring; (5) Inner lid interseal test port and its
threaded plug with metallic o-ring; (6) Vent port coverplate, vent port coverplate bolts, and vent
port coverplate outer metallic o-ring; (7) Vent port coverplate interseal test hole threaded plug
with metallic o-ring; (8) Drain port coverplate, drain port coverplate bolts, and drain port
coverplate outer metallic o-ring; and (9) Drain port coverplate interseal test hole threaded plug
with metallic o-ring. A detailed discussion of the containment boundary is presented in Chapter
4. The detailed geometry and the materials of fabrication of the cask components are described in

Section 1.2.1 and are shown on the license drawings presented in Section 1.3.2.

The NAC-STC is designed to satisfy the requirements of 10 CFR 71 for the transport of
radioactive materials (and the requirements of 10 CFR 72 for the storage of radioactive
materials) and the requirements of IAEA Safety Series No. 6. The cask body holds and protects
the cask cavity contents for the normal conditions of transport as well as for the hypothetical
accident conditions. The lead located between the inner and outer shells provides the primary
gamma radiation shielding for the cask in the radial direction. The cask bottom connects the
inner and outer shells, providing for the bottom end closure as well as both gamma and neutron
radiation shielding in the axial direction. '

2.1.1-1
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The inner lid, bolts, and metallic o-rings are the primary closure components of the
NAC-STC for transport conditions. The outer lid, bolts, and metallic o-ring provide a
secondary closure boundary.

The vent port and the drain port are located in the inner lid and are each protected by a
port coverplate. The primary containment boundary at the vent port and at the drain
port is the port coverplate and its outer metallic o-ring. The o-ring is located in the
bottom surface of the port coverplate. A second metallic o-ring is also located in the
bottom surface of the port coverplate, inside of, and concentric with, the primary
containment, outer metallic o-ring. The seals of the metallic o-rings are tested by
pressurizing the annulus between them with helium and using a "sniffer” probe to detect
helium leakage at the outer circumference of the inner lid and port coverplates.

The inner lid, bolts, and outer metallic o-rings provide the primary containment
boundary. The forty-two 1 1/2 - 8 UN inner lid bolts are preloaded by an installation
torque to restrain rotation of the edge of the inner lid and to maintain a containment
seal for the critical load condition. This condition is a uniformly distributed pressure
resulting from the impact of the basket and cavity contents on the inner surface during
a top end or top corner impact. The critical design load condition for the inner lid
bolts, as listed in Table 2.7.1.6.2, Section 2.7.1.6, is a 55 g top comer impact (10 CFR
71 Hypothetical Accident Condition). The critical design load condition for the inner
lid is the top end impact, Section 2.7.1.6.

The outer lid is bolted to the top forging by the thirty-six 1 - 8 UNC outer lid bolts,
which are installed to a specified torque. The torque provides a total bolt preload that
exceeds the maximum applied bolt load for the critical load condition, preventing any
lid and o-ring movement that might result in a loss.of secondary seal integrity. The
critical design load condition for the outer lid bolts as listed in Table 2.7.1.6-4, Section
2.7.1.6, is a 49.7 g side impact (10 CFR 71 Hypothetical Accident Condition). The
critical design load condition for the outer lid is the pin puncture accident condition.
The NAC-STC outer lid bolts are loaded by the interlid region pressure, the o-ring
compression force, and by either the impact

2.1.1-2 _—
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2.6.5.0 Vibration

The effect of vibrations normally incident to transportation is considered @ be negligible for the
NAC-STC. This conclusion is based on the following factors:

1. The natural frequency of the cask is conservatively calculated as 74 Hertz. This is much
higher than 33 Hertz, which is normally the accepted minimum natural frequency of a rigid body.

2, The calculated stresses due to vibrations normally incident to transportation are much
smaller than the calculated stresses for the normal transport 1-foot drop event.

The following analysis documents the second factor mentioned above.

The normal transport 1-foot side drop, discussed in Section 2.6.7.2, results in an impact
deceleration equal to 18.12 g. This impact force produces a 4797 psi maximum stress intensity in
the inner shell and a 5620 psi maximum stress intensity in the outer shell of the NAC-STC Eﬂ
fhe directly Toaded Tuel'con T
Fhell"and outer shell stress mten51t1es are 2 T
Heceleration of 20g. The s onfiguration will ‘be:
fhan those f'fdr,«thEiﬁieli‘éamsterfct)nﬁg}n'at_iqn Eue,,i_og "ef;‘ owWer: weight bf the?G‘r CC car
Blthough the impact deceleration may be slightly higher:

As a conservative worst case, it is assumed that the normal transport vibration acceleration is
equal to the equivalent acceleration which will produce the normal vertical loading imposed on
the tiedown devices by 10 CFR 71.45(b)(1). This regulation specifies a load factor of 2.0 to be
applied to the package weight; therefore, it is assumed that the tiedown devices and the cask
must resist an imposed 2.0 g vibration acceleration.

The maximum stress intensity range for normal transport vibration is obtained by multiplying the
stress from the 1-foot side drop impact by the ratio of acceleration values from vibration to those
for the drop impact. Thus the stress intensities in the outer shell (the critical component) are S,
= (2/18.12)(5620) = 620 psi and S_;, = -(2/18.12)(5620) = -620 psi, and the maximum stress
intensity range is S, = 1240 psi for the directly loaded fuel configuration: For the canistered fuel’
Eonfiguration, the  inner shell (the critical. component) stress . Mtensity- Tor. NOMMAL , {ansport

2.6.5.0-1
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@ The allowable altematmg stress mtens1ty for austemtlc stamless steel is detennmed as the
10" cycle value from the "ASME Boiler and Pressure Vessel Code,” Table 1-9.2.2, ratioed for
the effect of the 300°F temperature. This value is S = 12 975 p51 therefore the margm of safety

transport vibration is:

MS. =(SJS,)-1=(12,975/620)- 1 = +Large

where

The rotation trunnions serve as the rear tledown for the NAC-STC during normal transport. The
rotation trunnion is the critical tiedown component for all three load axes; the front of the cask is
supported in a cradle and restrained vertically by a band attached to the cradle. From Section
3.5.3.3, the critical component on the rotation trunnion is the attachment weld between the
trunnion and the cask outer shell, which has an applied shear stress of 15,009 psi. This applied
shear stress is produced by the 10.2 g resultant from the combined longitudinal and vertical
shock (10.0 g longitudinal and 2 g vertical) tiedown load components.

The same method is used to determine the maximum stress intensity range as is used for the
cask, except that the ratio of the normal transport vibration acceleration to the resultant
acceleration for the combined longitudinal and vertical shock was used. The allowable
alternating stress for the weld is the same as that for the cask. The alternating shear stresses are
Spax = (2/10.2)(15,009) = 2943 psi and S, = -(2/10.2)(15,009) = -2943 psi, and the maximum
stress intensity range is S, = 5886 psi. The margin of safety for the rotation trunnion as a rear
tiedown device for normal transport vibration is:

MS. =(S/S,)-1=(12,975/2943) - 1 = +Large

2.6.5.0-2
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2.6.7.1 One-Foot End Drop

The NAC-STC is structurally evaluated for the normal condition of transport 1-foot end drop in
accordance with the requirements of 10 CFR 71.71 In this event, the NAC-STC (equipped with
an impact limiter over each end) falls through a distance of 1 foot onto a flat, unyielding,
horizontal surface. The cask strikes the surface in a vertical position; consequently, an end
impact on the bottom end or top end of the cask occurs. The types of loading involved in an end
drop event are closure lid bolt preload, internal pressure, thermal, impact load, and inertial body
load. There are six credible end impact conditions to be considered, according to Regulatory
Guide 7.8:

1. Top end drop with 100°F ambient temperature, maximum decay heat load, and maximum
solar insolation.

2. Top end drop with -20°F ambient temperature, maximum decay heat load, and no solar
insolation.

3. Top end drop with -20°F ambient temperature, no decay heat load, and no solar
insolation.

4, Bottom end drop with 100°F ambient temperature, maximum decay heat load, and
maximum solar insolation.

5. Bottom end drop with -20°F ambient temperature, maximum decay heat load, and no
solar insolation. '

6. Bottom end drop with -20°F ambient temperature, no decay heat load, and no solar
insolation. -

The finite element analysis method is utilized to perform the end drop stress evaluations for the
NAC-STC. The end drop condition can be analyzed using a two-dimensional axisymmetric
model, because of the symmetry of both the cask structure and the loads involved in the end drop
case. The cask is modeled as an axisymmetric structure using ANSYS STIF42 isoparametric
elements. A detailed description of the two-dimensional finite element model of the NAC-STC is
provided in Section 2.10.2.1.1.

2.6.7.1-1
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During an impact event, the cask body will experience a vertical deceleration. Considering the
cask as a free body, the impact limiter will apply the load to the cask end to produce the
deceleration. Since the deceleration represents an amplification factor for the inertial loading of
the cask, the equivalent static method is adopted to-perform the impact evaluations. The analyses
consider the behavior of the cask to be linearly elastic. Additionally, the fabrication stresses are
considered to be negligible (Section 2.6.11).

Five categories of load—closure lid bolt preload, internal pressure, thermal, impact, and inertial
body loads--are considered on the cask:

1. Closure lid bolt preload - The required total bolt preloads on the inner lid bolts and the
outer lid bolts are 4.51 x 10° pounds and 6.02 x 10° pounds, respectively, as calculated in
Section 2.6.7.5. Bolt preload is applied to the model by imposing initial strains to the bolt
shafts, as explained in Section 2.6.7.5. The bolts are modeled as beam (ANSYS STIF3)
elements.

2. Internal pressure - The cask internal pressure is temperature dependent and is evaluated in

Section 3.4.4. Pressures of 50 p51g and 12 p51g are applied on the mtenor surfaces of the

3. Thermal - The thermal conditions described in Sections 3.4.2 and 3.4.3 determine the
cask temperature dlstnbutlons for the following three combinations of ambient
temperature, heat load, and solar insolation for directly Joaded fuel:

Condition 1. 100°F ambient temperature, with maximum decay heat load, and
maximum solar insolation.

Condition2. -20°F ambient temperature, with maximum decay heat load, and no
insolation.

Condition 3. KO"F ambient temperature, with no decay heat load, and no insolation.

2.6.7.1-2
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The cask temperature dlstnbutlons calculated for each of the three temperature condltlons

iguration. The ANSYS analysis determines the stresses arising ﬁ'om the thermal

expansmn of the cask from its initial 70°F condition, including the effects of the
differential thermal growth within the components, which is a result of the temperature
difference across the walls of the cask. The cask temperature distributions are also used in
the ANSYS structural analyses to determine the values of the temperature-dependent
material properties.

4. Impact loads - The impact loads are induced by the impact limiter acting on the cask end
during an end drop condition. The impact loads are determined from the energy absorbing
characteristics of the impact limiters, as described in Section 2.6.7.4. The impact load is
expressed in terms of the design cask weight (loaded or empty), multiplied by appropriate
deceleration factors (g's), for details see Section 2.6.7.4.

The impact limiter load is considered to be uniformly applied over the end surface of the
finite element model of the cask. The calculation of impact pressure loads is documented
in Section 2.10.2.2.2. The following is a summary of the impact pressures applied to the
exterior surface of the impacting end, for the different loadmg scenanos, with the
corresponding design deceleration (g) values forthe i : 1T

26.7.1-3
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IMPACT PRESSURE DECELERATION

LOADING CONDITION FOR1g (2)

Top end impact with basket and fuel 42.48 psi 20.0
Top end impact with basket, no fuel 35.86 psi 20.0
Bottom end impact with basket and fuel 42.35 psi 20.0
Bottom end impact with basket, no fuel 35.74 psi 20.0

For the end impact, with directly. foaded fueland; baskef] a uniform pressure of 847 psi
[42.35 psi x (20 g/1 g)] is applied on the extenor surface of the end of the finite element
model of the cask. This pressure value is calculated by dividing the total impact load [(20
g/1 g)(250,000 Ib) = 5.0 x 10! 1b)] by the impact area [(F)(43.35)] = 5903.8 inf] which is

the surface area of the end of the cask.

It should be noted that the design weight of the cask is 250,000 pounds, which includes
the weight of the empty cask (194,000 Ib), plus the weight of the cavity contents (56,000
1b) for the directly, Ioaded fuel configuration. For those load conditions for which the cask

contains no fuel, the basket (design weight 17,000 b) is still con51dered to bein the cask,

are’ 55 590 pounds and ?4,27f pounds e Ject;ve y?%wi h the empty cask. weight
194,000 pounds; thus; the Weights of the alterna conﬁguratxonsare enveToped by;tﬁ?sg
of the ditectly loaded fuel configuration:

5. Inertial body load - The inertial effects, which occur during the end impact are
represented by equivalent static forces, in accordance with D'Alembert's principle. Inertial
body load includes the weight of the empty cask (194,000 1b) and the weight of the cavity
contents (56,000 1b) for the directly: loaded’ fuel configuration; which envelopes thaf ofj

the canistered fiiel 6 the canistered GTCC waste}

Inertial loads resulting from the weight of the empty cask are imposed by applying an
appropriate deceleration factor to the cask mass. The applied decelerations are determined
by considering the crush strength and the geometry of the impact limiter, as explained in
Section 2.6.7.4.

2.6.7.1-4
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analysis results. As described in Section 2.10.4, the nodal stresses are documented on the
representative section cuts. Stress results for the 1-foot top and bottom end drop combined
loading conditions discussed above are documented in Tables 2.10.4-37 through 2.10.4-64.
These tables document the primary, primary plus-secondary, primary membrane (P,,), primary
membrane plus primary bending (P,, + P,), primary plus secondary membrane plus bending (S,),
and critical P, P, + P,, and S, stresses in accordance with the criteria presented in Regulatory
Guide 7.6. As described in Sections 2.10.2.3 and 2.10.2.4, procedures have been implemented to
document the nodal and sectional stresses as well as to determine the critical (maximum) stress
summary for all cask components.

For the 1-foot top end drop impact loading case, the maximum calculated membrane plus
bending stress intensity is 19.3 ksi. By comparison, for the combined loading case, including
impact, bolt preload, and internal pressure; the maximum calculated primary membrane plus
bending stress intensity is 20.7 ksi. The maximum stress intensities due to impact alone are equal
to 93 percent of the maximum primary stress intensities due to the combined loading. Therefore,
it is concluded that the impact stresses are the governing factor for the 1-foot end drop condition.

For the 1-foot top end drop scenario, ANSYS analyses were pcrformed at the three dlﬁ'erent
temperature conditions outlined above Eﬁ?ﬁ’e duecﬂys«loaded-‘e :contiguration ofithe ¢

results from these three analyses show that the maximum P_ + P, stress intensities are 20.7 ksi,
20.0 ksi, and 18.0 ksi. These three stress results are essentially identical, with the difference
between them being less than 13 percent. Since the allowable stress for a component is a function
of the component temperature, with higher temperatures resulting in lower allowable stresses, the
allowable stress will be lowest for temperature condition 1 because the highest component
temperatures occur for that condition. As a result, the margins of safety are smallest for the

analysis for temperature condition 1. The minimum margins of safety for the three temperature
conditions are +0.4, +0.5, +0.7, respectively. Therefore, it is concluded that the stress results
from temperature condition 1 are the most critical for the @ end drop accident conditions.

A similar set of ANSYS analyses was performed for the 1-foot bottom end drop case. The
maximum P, + P, stress intensities for the 1-foot bottom end drop are 13.8 ksi, 14.0 ksi, and 14.1
ksi. The maximum P,, + P, stress intensities for the bottom end drop are all lower than those for
the top end drop. Hence, the top end drop condition is the most critical of the two.

2.6.7.1-7
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As shown in Tables 2.10.4-37 through 2.10.4-64, the margins of safety for the primary stress
intensity category are positive for all of the 1-foot end drop conditions. The most critically
stressed component in the system is the inner lid, for the top end drop. The minimum margin of
safety for P, + P, stress intensity, for the top end drop condition, is found to be +0.4, as
documented in Table 2.10.4-43. The minimum margin of safety for P, + P, stress intensity, for
the bottom end drop condition is found to be +1.1, as documented in Table 2.10.4-60. The
locations of the most critical sections for each cask component are provided in the critical stress
summary tables.

Regulatory Guide 7.6 requires that the range of primary plus secondary stress intensities between
any two normal conditions of transport be less than 3.0 S,. Therefore, it is necessary to evaluate
the range of primary plus secondary stress intensities between all of the normal conditions of
transport, including heat, cold, 1-foot end drop, 1-foot side drop, and 1-foot corner drop
conditions. A simple, straightforward, and very conservative method of showing compliance
with the 3.0 S, criterion is to establish an allowable stress limit criterion of 1.5 S, for the range
of primary plus secondary stress intensities between each normal condition and the ambient
condition. If the 1.5 S, allowable stress limit criterion is satisfied at all locations within the cask,
then all pairs of normal conditions will satisfy the 3.0 S, stress range criterion.

Tables 2.10.4-44 and 2.10.4-64 document the range of primary plus secondary stress intensities
between the 1-foot end drop condition and the unloaded, ambient condition, for the top and
bottom end drops, respectively. The maximum primary plus secondary stress intensity range (S,)
for the top end drop is 21.6 ksi, which is less than 1.5 S. The maximum primary plus secondary
stress intensity range (S,) for the bottom end drop is 15.9 ksi, which is also less than 1.5 S_. In
conjunction with the 1.5 S, criterion for the stress range between the ambient condition and each
of the other normal conditions, it is therefore concluded that the NAC-STC satisfies the 3.0 S,

criterion for the primary plus secondary stress intensity range for the 1-foot end drop load
conditions.

The fatigue evaluation of the NAC-STC in Section 2.1.3.2 documents that the requirements of
Regulatory Guide 7.6 are satisfied, since the 3.0 S, criterion for the primary plus secondary
stress intensity range is satisfied for the 1-foot end drop condition.

The documentation of the adequacy of the NAC-STC to satisfy the buckling criteria for the

stresses of the 1-foot end drop condition is presented in Section 2.10.5.

2.6.7.1-8
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The load on each of the 16 retaining rods due to the normal transportation acceleration is, from
Section 2.6.7.4.2}1.1, 4156 pounds. The bearing area between the bearing plate and the redwood
material is calculated as: .

A =(n/4)5.0°- 3.0 =12.57 in’
The bearing pressure is:
p =4156/12.57 =331 psi

The perpendicular-to-the-grain compressive stress in the redwood at 40 percent strain is 1260 psi.
The margin of safety for compression of the redwood is:

M.S. =1260/331-1=+Large

The washer is made of Type 304 stainless steel. It has a 1.09-inch diameter hole in the center. It
is analyzed by assuming that it is simply supported along a circle having a diameter equal to the
average of the diameters of the washer and the edge of the hole in the bearing plate [(5.0 +
3.00)/2 = 4.0 inches]. The load of 4156 pounds is distributed along the edge of the nut having an
average diameter of 1.625 inches. From Roark, page 220, Case 15:

Spx = 22,368 psi

where
a =250in
b =0.545in
¢ =2.00in
d =0.8125in
t =0.50in

2.6.7.4-13
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v =0.275
m = =3.636
W =41561b

The yield strength of Type 304 stainless steel is 25.0 ksi at 200°F. The margin of safety is
calculated as:

M.S. =25.0224-1=40.11

The positive margins of safety show that the attachment of the impact limiters is adequate during
normal conditions of transport.

2.6.7.4.7. 1.3 Evaluation of Impact Limiter Attachment for Vibration

During normal transport conditions, the impact limiter attachment may be subjected to vibration
induced from the combination of component natural frequency and a dynamic load forcing
function dependent on the transport media. Design of the impact limiter attachment eliminates
the potential for the postulated vibration loading loosening the impact limiter attachment. Lock
nuts are installed in back of each of the retaining rod attachment nuts to prevent them from
becoming loose. Locking wires installed between sets of two retaining rods eliminates rotation of
the impact limiter retaining rods relative to their anchorage. The combination of these two design
features eliminates the potential for the impact limiter attachment from becoming loose as a
result of postulated vibration loading during transport.

2.6.74-14
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2.7.3.4 Bolts - Closure Lids (Thermal Accident)

During the fhermal (fire) hypothetical accident, the NAC-STC inner lid bolts and outer lid bolts
are calculated to experience a maximum average temperature of EW This ANSYS analys1s of
the closure lids and bolts was performed usmg an average temperature of 310°F. Fhe e on
E‘ésfress Tesults. aw_o‘ ¢ et difference o250 DYis i

The maximum thermal gradients occur at the end of the fire (30 minutes), which produces the
largest differential thermal growth between the inner and outer lids of the cask body. Using the
results of the ANSYS analysis at the end of the fire (30 minutes), the maximum membrane and
bending stresses for the lid bolts, including the combined effects of the 125 psig internal
pressure, o-ring compression forces, bolt preload, and thermal accident conditions, are
determined as shown in Figure 2.7.3.4-1 to be:

Bolt Location Maximum Membrane + Bending (ksi)
Inner Lid Bolts: 90.5+6.3=96.8
Outer Lid Bolts: 82.3+1.6=83.9

Based on the yield stress at B35°F, the margins of safety are:

Inner Lid bolts (SB-637 Grade N07718)

2.734-1
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Figure 2.7.3.4-1 Bolt Stress - Thermal (Fire) Accident
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2.74 Crush
[n'accordance with 10 CER 7 1.7- 1d IAEA Safety Series No. 6, paragraph 627(c), this test

is not applicable to the NAC-STC because the mass of the cask and contents is greater than 500
kilograms (1100 Ib) and the cask and contents have an overall density greater than 1000
kilograms/cubic meter (62.4 Ibs/ft}).

2.7.4-1



This Page Intentionally Left Blank



NAC-STC SAR April 1997
Docket No. 71-9235 Revision 9A

2.7.5 Immersion - Fissile Material

According to the requirements of 10 CFR 7 l.73(c)(§), a package containing fissile material,
where water inleakage has not been assumed for criticality analysis, must be subjected to water
pressure equivalent to immersion under a head of water of at least 0.9 meters (3 feet) for a period
of 8 hours. This immersion is the [ifill test in the Hypothetical Accident sequence of tests for the
package. Paragraph No. 633 of IAEA Safety Series No. 6 specifies the same requirements for the
international shipment of radioactive materials. A head of water of 0.9 meters (3 feet) is
equivalent to an external pressure of (3)(0.433) = 1.3 psig.

The analyses presented in Sections 2.7.0.0 through 2.7.3.0 document that the NAC-STC
maintains containment of the package contents for the sequence of Hypothetical Accident tests -
free drop, puncture, and fire - that precede the immersion test. The outer lid is shown to be
structurally adequate for a maximum external dynamic crush pressure of the top impact limiter of
2376 psi (Section 2.7.1.6). For the 2.65-inch thick outer shell with a mean radius of 42.03 inches,
an external pressure of 1.3 psig produces a negligible compressive hoop stress. According to the
manufacturer’s specifications, the metallic o-rings used in the NAC-STC are adequate for
pressures in excess of 5000 psi. Therefore, the NAC-STC satisfies the immersion requirement of
10CFR 71 .73(c)(§) for a package containing fissile material.

[The criticality analyses of ‘both the directly loaded  fuel confignration and the canistered. fuel
Eonfiguration do assume waler nlcakage, S0 containment of 1he PACKage COMTents is an additonal.
fafety consideration,

2.7.5-1
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2.7.6 Immersion - All Packages

According to the requirements of 10 CFR 71.73(c)(), a package must be subjected to water
pressure equivalent to immersion under a head of water of at least 15 meters (50 ft) for a period
of 8 hours. Paragraph 630 of IAEA Safety Series No. 6 requires that a package be immersed
under a head of water of at least 200 meters (656 ft) for a period of not less than 1 hour. A head
of water of 200 meters (656 ft) is equlvalent to an extemal pressure of (656)(0 433) 284 pS1g

The outer lid is shown to be structurally adequate for 2 maximum external dypamic crush
pressure of the top impact limiter of 2376 psi (Section 2.7.1.6). For the 2.65-inch thick outer
shell with a mean radius of 42.03 inches, an external pressure of 2P0 psig produces a
compressive hoop stress of -45D9 psi, which is much less than the material yield strength.
According to the manufacturer's specifications, the metallic o-rings used in the NAC-STC are
adequate for pressures in excess of 5000 psi.

Therefore, the NAC-STC satisfies all of the immersion requirements for a package that is used
for the international shipment of radioactive materials.

2.7.6-1
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2.7.9.1-2 "30-Foot Side Drop - Canistered Fuel Basket ! Suppori Disk; Primary Membrane -
b Bending Stresses, Extreme Cold Condition, 6= 0°.

Bect. . BX. BY. BXY: Stress Allowable : | Margin of
Intensity Stress Bafety.
179 14 7s 1 - 75 135 0.8
{58 14 737 04 37 135. 08
155 13, 693 03 693 135" 0.9
77 PITE 503 FI9.1 669 135. B
59 E 657 RS- 658" 135 11
181 12 B4 0.3 547 135 HE
173 92 W35 109 535 135 11
160 11 631 03 63.1 135 1.1
(98 19 539 2. 63 135 11
80 103 525, 2 53 135 1.1
B9 331 F50.5 - 192 629 135 . 11
70 . 120 W21 85 629° 135 1.1
167 9.1 624 D3- 524 135 12
Bl 131 802 55 52.1 135 12"
67 19 429 i1.6- 62 135 12
164 9 602 0.3 502 135" 12
154 1.1 584 03 584 - 135 13
178 12 57.8 0.9 578" 135 13
157 HE 571 03 57.1° 135 14
58 27 55.7 24 55.8 135 14
17 94 435 23 53.1 135 15
175 1 53 0 53 135 15
144 196 +52.8 19 52,9 135 1.6
20 27.0 25, 44 529 135 16
59 -34.9 153 52 512- 135 16
169 0.9 50.9 0 50.9 135 17
56 174 328 13 50.4 135 17
19 5.7 a 14 49.8 135 17,
177 1.1 49.7 06 49.7.. 135 . 1.7
172 1 49.5 =0.7 49.5 - 135 1.7+
166 1 48.4 0.1 484 135 1.8
156 1.1 48.4 0 484 135 18
163 1 475 03 475 135 18
32 1102 36.8 3 474 135 1.8-
33 25.3 22 14 474 135 19
161 1 474 0.1 474 135 19
75 422 -19.6 117 471 135 1.9
24 273 19 4 47 135 19
182 0.9 469 0.1 46.9 . 135 19
21 -11.9 348 1.5 468 - 135 1.9
180 1 468 0.1 46.8 135 19
174 87 451 0 451 135 2
159 T 445 02 445 135 2
23 2.1 41.8 12 439 135 2.1
170 87 437 0.1 437 135 2.1
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Table 2.7.9.1-137 7 30-Foot End Drop - Canistered Fuel Basket Support Disk
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Table2.793-2 © Summary of Buckling Interaction Coefficients for the 30-Foot Side Drop

or In—Plane ‘Buckling (About the Strong ‘Axis)
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(145) ©

29 3 9226 5236 6 | 212 | 588 | 800 025 | 249 | 49 | 198 025

(108) (80)

40 3 1231 4.570 6 | 295 | 522 | 816 023, | 346 | 419 | #25. 021

{123) 5)

X
Y
29 3 X 12.53 3436 69 | 288 | 392 | 680, 047 | 339.| 360 | 99 043
Y
X
Y

50 3 1451 4592 69 | 334 | 563 | @9 | P.Ii6. | 392.| s13.| 905, | 0.105

(176) (80)
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 Bottom: Weldment FE Model with Structural Applied Conditions |
[Canistered Fuel Basket)”

Figue 2.7.9.54° "
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erelsa ”e

Component/Conditiony Pl Py (ksi) ]
Top Weldment/30-ft: Drop4 58.03
Bottom Weldmient/30-ft; Drop} 48.1%
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The “calculation’ of the_sectional modulus (S 7=
considers the lower portion of the 2.5-inch thick wa
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= 13,192.pst; and the margm of safety
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= 422 1o, the weight of one disk

i€ perimeier of the weld, |

Edge ott:cu:chsl“cm.~

SRR
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\The required weld size 15 calculated as follows:3

£
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1. Elastic Buckling (Paragraph-1713.1.1, Code Case N-284)

a.  Axial Compression Plus Hoop Compression

(S§.<0.5s])
56,071 > (0.5)(17,346); therefore, not applicable.

b.  Axial Compression Plus Hoop Compression

LE0.5S)

[(S]. - 0.5 Sy (S - 0.5 Sy)] + (S1/S,)* E 1.0

0.1779E 1.0

therefore,
Q1=0.1779<1.0

c.  Axial Compression Plus Shear

(S}/sfo) + SR/SE E 1.0
(56,071/668,435) + (24,313/176,487) E 1.0
0.1029E 1.0 | .

therefore,

Q2=0.1029<1.0
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d. Hoop Compression Plus Shear
Sl/S.) + SR/sR)* J 1.0
(17,346/49,165) + (24,313/176,487)* 3 1.0
0372310
therefore,
Q3=0372<1.0
e.  Axial Compression Plus Hoop Compression Plus Shear
K=1-S{/SR)*=1-(24,313/176,487)* = 0.981
and, therefore, Equation B (above) becomes:
+ [(17,346/(0.981)(48,465))* = 0.1832
therefore,
Q4=0.1846<1.0
2. Inelastic Buckling (Paragraph-1713.2.1, Code Case N-284)
a.  Axial Compression Plus Shear
(S3/Sk” + (Sh/Sie)’ 3 1.0
(56,071/668,435)* + (24,313/176,487)* § 1.0

0.026 3 1.0

2.10.5-8
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therefore,
Q5=0.026<1.0
b. Hoop Compression Plus Shear
(SE/S..)* + (SE/SED*E 1.0
(17,346/49,155)* + (24,313/176,487)* E 1.0
0.144E 1.0
therefore,
Q6=0.144<1.0
The results of the hand calculation of load case "J;" are identical to the results in Table 2.10.5-1
that were calculated by the NAC proprietary computer program, which performs the Code Case
N-284 buckling evaluation. Thus, the computer program results in Table 2.10.5-1 and the

buckling stability of the NAC-STC inner shell are verified.

ftﬁ‘é”"ﬁX@”S“T’(‘i

In'the canistered Tuel configuration for & side. drop load condition, the Tuel 10ad is applied to Ahe,
Eupport disks which fransmiit the Joad {0 the canister and then 1o the inner shell of the NAC-S1C. |
g hus; the loading on the cask inner shell for a side drop load condition 1s ditferent than that. for,
Hhe directly loaded fuel configuration where the SUPpOLE JiSks direcily 10ad the Cask inner shell..
o ‘demonstrate that the NAC-STC Will resist buckling of the inner shell.in the side drop, the;
ethodology described 1n 2:10.5.3 will be applied with stresses determined for the.side. drop,

ing the canistered fuel contiguration.- The ¢: ’e_r ( f.i‘ el cot guratlon loadmg -on the cask;
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Table 2.10.5-1 Buckling Evaluation Results NAC-STC Inner Shell (continued)

Load Load Condition Analysis Axial Hoop Inplane Elastic Buckling Plastic Buckling
Case Section Stress Stress Shear Interaction Equations Interaction
Location (psi) (psi) Stress Equations
(psi) Ql Q2 QB 4 Q5 Q6
A, Heat Transition -2956 -5218 -694 .00 02 26 .00 00 07
B; Cold Transition -2988 -4135 503 .00 02 21 00 .00 - .04
C 1-Ft Top End Transition -2960 -5727 0 .00 02 29 00 .00 .08
D, 1-Ft Bottom End Transition -2955 -6581 0 .00 02 33 .00 00 11
E; 1-Ft Side Transition -7482 -3994 6037 .06 06 21 06 .01 05
F; 1-Ft Top Corner Transition -9626 -1473 3679 04 .08 07 04 01 01
G, 1-Ft Bottom Corner Transition -10422 -1704 -3467 .05 .08 09 05 .01 .01
H; 30-Ft Top End Transition -2984 -14144 0 00 01 A48 00 .00 23
I 30-Ft Bottom End Transition -2973 -14362 0 .00 01 A48 00 .00 23
3 30-Ft Side Transition -16445 -10356 14515 17 .10 37 18 .03 14
K: 30-Ft Top Comner Transition -26632 -398 9400 .10 14 .04 J0 .13 .01
L: 30-Ft Bottom Comer Transition -27565 -2122 -9183 a1 14 08 a1 17 01
M; 30-Ft Top Obliq. (75°)  Transition -13488 -9023 15240 A3 .09 32 A3 02 11
N: 30-Ft Bott. Obliq. (15°)  Transition -30799 -1935 -7402 12 .16 07 A3 47 01

O, 30-Ft Bott. Obliq. (75°)  Transition -17164 -10107 -15101 17 10 36 .18 .03 14
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.Table 2.10.5-2Geometry Parameters for the NAC-STC Inner Shell and Transition Sections

Parameter Inner Shell Transition Section'

R =radius (in) [to centerline of shell] 36.25 36.25

t = thickness (in) 1.5 1.50
ORE: | 737 737
L} =length (in) 161.00 161.00
L} =2pR = circumference (in) 227.8 227.8
M} = LyR)™ 21.83 21.83
M] =LyRY*™ 30.89 30.89
M = lesser of M} or Mf 21.83 21.83

¥ =Poisson's Ratio 0.275 0.275

! Conservatively consider the thinner portion of the Transition Section.
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Table 2.10.5-3Capacity Reduction Factors for the NAC-STC Inner Shell and Transition Sections

Temperature (°F)
Capacity Reduction ‘
Factor 70 338 353

(SA-240, Type 304 Stainless Steel)

a} (axial) 0.267 6.207 0.207

afy (hoop) 0.8 0.8 0.8

aly (shear) | 0.8 0.8 0.8
(SA-240, Type XM-19 Stainless Steel)

af; (axial) 0.517 0.393 0.389

ay (hoop) 0.8 0.8 0.8

afs (shear) 0.8 0.8 0.8
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Table 2.10.5-4 Fabrication Tolerances for the NAC-STC Inner Shell

Requirement Parameter . Inner Shell Data
(in)
Maximum Inside Diameter (1.D.) 71.06
Minimum L.D. 70.96
Nominal I.D. 71.00
NE-4221.1 a) MaxLD.-MinlD.) 0.10
b) (0.01) x (Nominal 1.D.) 0.710
Tolerance Check Yes
(a<b) (0.10in <0.710 in)
Nominal Shell Thickness ' 1.50
Minimum Shell Thickness 1.48
Shell Length 161.00
Nominal Shell Outside Diameter (O.D.) 74.00
Minimum Shell O.D. 73.92
NE-4221.2 c¢) Permissible Deviation, e 0.54
(Figure -4221.2-1)
d) Actual Deviation' 0.04
Tolerance Check Yes
(d<c) (0.04 in < 0.54 in)

! (Nominal O.D. - Minimum O.D.)/2 = (74.00 - 73.92)/2 = 0.04

2.10.5-18
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Table2.10.5-5 Material Properties for Buckling Analysis Input
Parameter'/Temperature (°F) 70 338 353
(SA-240, Type 304 Stainless Steel)

E (psi) 28.3x 10° 26.7 x 10° 26.7x 10°

S, (psi) 30.0x 10° 220x10° 21.7x10°
(SA-240, Type XM-19 Stainless Steel)

E (psi) 28.3x 10° 26.7x 10° 26.7 x 10°

S, (psi) 55.0x10° 426x10° 422x10°
! Section 2.3.2

2.10.5-19
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.Table 2.10.5-6 Upper Bound Buckling Stresses

Load Conditicn 70°F 338°F 353°F
(SA-240, Type 304 Stainless Steel)
Elastic, Upper Bound Normal 15,000 11,320 10,960
Compressive Stress
Sl or Sl (psi) Accident 22,390 16,900 16,343
Elastic, Upper Bound Normal 9,000 6,795 6,580
In-Plane Shear Stress
Sa (psi) Accident 13,434 10,140 9,806
(SA-240, Type XM-19 Stainless Steel)
Elastic, Upper Bound Normal 27,500 21,800 21,300
Compressive Stress
S} or S (psi) Accident 41,040 32,550 31,790
Elastic, Upper Bound Normal 16,500 13,080 12,780
In-Plane Shear Stress
Sk (psi) Accident 24,620 19,530 19,070
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: .Table 2.10.5-7Theoretical Elastic Buckling Stress Values (Temperature Independent Form) -

Elastic Buckling Inner Load
Stress Shell Description
Shy 0.025035E axial
SfL = Ser 0.001841E hoop, without
end pressure
Sher 0.001795E hoop, with end
pressure
SEier 0.00661E shear
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.Table 2.10.5-8 Theoretical Elastic Buckling Stresses for Selected Temperatures (SA-240, Type
304 and SA-240, Type XM-19 Stainless Steel)

Parameter Theoretical Elastic Buckling Stress (psi)
Transition Section Inner Shell
Modulus of T =70°F T =338°F T =353°F
Elasticity E=283x10° E=26.7x10° E=26.7x 10°
Sky 708,490 669,186 668,435
Sk =Sw 52,100 49,213 49,155
SheL | 50,300 47,980 47,927
SheeL 187,060 176,685 176,487
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3.0 THERMAL EVALUATION

3.1  Discussion

s

[hischapter demonstrates that the NAC-STC with the ¢
Performance Tequirements of 10 CER 71, Sections 71,

During normal transport and hypothetical accident conditions, the cask must reject the fuel decay
heat to the environment without exceeding the operational temperature ranges of the cask seals or
other components important to safety. In addition, fuel rod integrity must be maintained for
normal transport conditions. This is accdmplished by maintaining the fuel at a sufficiently low
temperature in an inert atmosphere to preclude thermally induced fuel rod cladding deterioration.
Eransport temperatures below 380°C are sufficient to deter this type of fuel degradation (PNL-
4835/UC-85). The maximum fuel rod cladding temperature remains below 380°C under normal
transport conditions. For hypothetical accident conditions, temperatures below 649°C are
sufficient to prevent fuel degradation (PNL-4555). The NAC-STC maximum fuel rod cladding
temperature remains below 649°C (1200°F) during the hypothetical accident. Finally, the
thermally induced stresses, in combination with pressure and mechanical load stresses, must be
maintained below allowable stress levels.

Heat is transferred from the NAC-STC to the environment by passive means only. No forced
cooling is used. Heat is transferred from the fuel assemblies to the fuel basket tubes, and through
the tubes to the fuel basket support disks and thermal heat transfer [isks bj conduction,
convection, and radiation. Heat is transferred through the fuel basket support disks and thermal

3.1-1
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heat transfer diskg by conduction. Radiation, convection, and conduction are the means by which ~ \_/
heat is transferred from the support dlSkS and heat transfer : @ to the cask cav1ty inner wall §§

wall heat is conducted ﬁrst through the lead gamma shleld and then through the cask outer shell.
The outer shell is surrounded by a neutron shield, which conducts the heat to the neutron shield
surface, primarily through the copper/stainless steel fins located within the radial neutron shield.
At the top of the cask, heat is conducted through the inner lid, which contains solid neutron
shield material, and through the outer lid. There is a very small gap between the lids where the
means of heat transfer are conduction, convection, and radiation. The bottom forging and neutron
shield conduct the heat to the bottom of the cask. The radial neutron shield stainless steel shell is
exposed to the environmental ambient temperature. Heat is removed from the cask radial surface
by convection and radlatlon Because of the 1mpact lumters, essentlally no heat is removed from

four separate ﬁmte element models For normal transport condltlons, the cask body and basket
are analyzed with two separate finite element models using the ANSYS program.

Since the fuel assembly arrangement is symmetric about two axes, a quarter circumferential
section of the entire cask is detailed in a three-dimensional model that is evaluated under steady
state normal transport conditions. For this model, the centerline of the basket is coincident with
the centerline of the cask body. The gap between the basket and the inner shell does not change
with respect to the circumference of the basket. This model is analyzed to determine the
maximum temperature condition for the structural components associated with the ends of the
cask body (i.e., lids, top and bottom forgings, seals, and the XM-19 transition). Two sets of
analyses are performed with this model; one analysis using helium as the cavity gas and a second
analysis. using air as the cavity gas. While the NAC-STC is evacuated and backfilled with

3.1-2



NAC-STC SAR April 1997
Docket No. 71-9235 Revision 9A

@m dxstn e mem onﬁ = _\

ST S X L A AR T ok e

ﬁIeLmbes, the.shellﬁasiﬁg”(theyéguamzﬁb

iCtor cOre componentS@Iaée‘ch.m&dbaof contéiners Javing; the
Y ankee clas 'ﬁef "—"Bﬁe’s - -*‘emccﬁmaﬁ”ﬁm%rs

“..‘

‘t‘nermal output o£ tbe 'G’ILCC waste 1s 2’ :

TAKS SR LTI 2T

S

?empe@mes ;areihen
GTCC basket.

e
'
L b i it 3

f?n" ; merheg.m_ﬂaefrstrﬂcmmrg‘nﬁyslsvo 4 e

T ita s B AD ST wiAtatd LR T adk e

'T‘H *"thermal output of ,}th""" 'GTCC“ 'aste (2 9 '

I b= i

S| @fn ﬁé"ﬁ'e"s;gn*ﬁasw

e a8

pﬁ‘ects

AL

tempet ratufes pmﬂuce& mtﬁ-e '"'Tc By the des1gn Basm.ﬁxéf

EOARE

3.1-5



NAC-STC SAR July 1993
Docket No. 71-9235 Revision 2

Figure 3.1-1 Definition of the Gap Between the Basket and the Inner Shell for the Horizontal
Position of the Cask.

13" MAXIMUM GAP

INNER RADIUS
OF INNER SHELL

QUTER RADIUS
OF BASKET
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material in a 338°F oven for 145 days. During the test, less than & 4 percent weight loss occurred,
with a significant fraction of the weight loss occurring in the first 30 days at temperature.
Additional tests were performed on samples that were enclosed in stainless steel by Hitachi
Zosen Corporation (Asano). In these tests, it was found that at a temperature of 175°C (347°F), a
weight loss of less than 1.5 percent was measured after 73 days at temperature. A separate test
performed at a temperature of 150°C (302°F) produced a weight loss of less than 0.5 percent
after 73 days. After 56 weeks at 150°C, the weight loss was approximately 1.2 percent. Hitachi
Zosen extrapolated their test data and predicted a weight loss of less than 2 percent for a 20-year
exposure period at 150°C.

[he peak calculated temperature expenenced in the NAC-STC m shield is 284°F, wh1ch
[)ccurs in the . transport ol directly loaded (uncanistered). fuel having air-as a ‘cover ‘gas.- This:

perature is 54°F lower than the product'deve °B._.,L S test temperature. [[hiS peak temperature
occurs only at a localized area with the remainder of the neutron shield material well below the
284°F value. E noted above, the product developer and the Hitachi Zosen tests were carried out
at a constant bulk mass temperature. During jong:term storage operations, temperatures will

decrease as the storage period increases, resulting in less limiting neutron shielding operatlons
than those predxcted by the test cases described above.

From an analysis of the test results, it is expected that the maximum weight loss of the neutron
shield will be less than 2 percent after a 20-year period. Based on the dose rate contributions for
“neutrons and gammas presented in Table 5.1-0, a 2 percent reduction in the effectiveness of the
neutron shield will not result in dose rates exceeding the normal transport dose rate limits of 10
CFR 71. Also, as specified in Section 8.1.5.3, both neutron and gamma dose rates will be
measured and recorded prior to transport to verify that they are less than the 10 CFR 71 normal
conditions of transport dose rate limits. The radial neutron shield must provide sufficient
shielding to satisfy 10 CFR 71 requirements, however, shielding provided by the NS4FR
material in the lid and bottom of the cask is not required for the cask to satisfy dose rate
regulatory limits off of the ends of the cask. The neutron shielding in the lid and bottom reduces
operator exposure during loading and handling of the cask and is currently provided in the NAC-
STC as an enhanced capability to satisfy ALARA goals.

The analyses of Sections 3.4.2 and 3.4.3 show that the maximum temperaturé of the radial
neutron Shleld is PB4°F with air'as a cover gas,-and 285°F with helium as a'cover gas for the:

i

ed fuel and 27/0CF for ‘the canistered Tuel Wilh helium as a cover gas. These
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atureszarcelessethar] the maximum safe operating temperature of 338°F during normal
transport conditions. The maximum normal operating temperature for the NS4FR material in the
lid is 181°F, well within the safe operating temperature range. The maximum normal operating
temperature for the NS4FR in the bottom of the cask is 403°F. This temperature is higher than
the manufacturers recommended operating temperature of 338°F. Section 2.10.10.2 shows that
the maximum pressure that could result from off-gassing would result in an insignificant stress in
the surrounding steel. However, since the NS4FR material in the cask bottom is not needed to
satisfy transport dose rate limits, because the material is completely contained within a welded
steel structure preventing loss of mass to the atmosphere, and because the resulting stresses in the
surrounding steel would be insignificant, the calculated temperatures in the cask bottom neutron
shield do not adversely impact the safety of the NAC-STC. Therefore, based on the fact that
there is no impact to safety and that the thermal results are conservatively high in the cask
bottom, the NS4FR temperature of 403°F is acceptable. The neutron shields are considered lost
after the fire accident for shielding purposes, removing the necessity for them to remain within
their safe operating range. (See Section 5.1.4 for a discussion of the effect of a loss of the neutron
shield on the cask dose rates.) The radial neutron shield is conservatively assumed to remain
intact throughout the hypothetical fire and be removed at the end of the fire for the thermal
analysis. This assumption is conservative because it results in larger quantities of energy being
transferred into the cask during the fire accident, and lesser quantities being rejected from the
cask after the 30 minute fire.

The safe operating range of the aluminum Reatiransfer-dis

aluminum being maintained. The aluminum heat transfer m is not a structural component to
transfer load within the basket. Based on the ME—HDBK-SF alummum at 600°F retains
component performance The operatmg limit for the alummum j_f‘ atitransfer: disk

temp..eramre 1s~belgwg

334

o’



NAC-STC SAR : December 1996
Docket No. 71-9235 . _ Revision 9

| volumetric heat generation. At the boundary of this square cross section, the temperature is
constrained to be uniform. The expression for the maximum temperature is given by

2
T,= T, +0.29468 Qa
- Kesr

where

T, = the temperature at the center of the fuel (°F)

= the temperature applied at the exterior of the fuel (°F)

volumetric heat generation rate (Btwhr-in’) _

= half length of the square cross section of the fuel (inch)

K = effective thermal conductivity for the isotropic homogeneous
fuel material (Btwhr-in-°F)

PO H
n

Using the maximum temperature, located at the center of the fuel, from the detailed fuel
assembly model, the above expression is used to determine the K¢ for an isotropic homogeneous
representation of the fuel assembly. This value is used in both the quarter model (Section
3.4.1.1.1) and the 180-degree section model (Section 3.4.1.1.2) for the fuel assembly.

Two analyses and K determinations are performed; a K ¢ corresponding to air in the cavity in
which the fuel assembly model used air and a K4 for helium in the cavity in which the fuel

assembly model used helium as the cavity gas.

34.1.1.33 Determination of Maximum Fuel Clad Temperature

Two models are needed to determine the cask maximum fuel rod cladding temperature. The two
models are:

1. 180-degree section model of the cask body - ANSYS, 3-D Model (Section 3.4.1.1.2)

2. Detailed two-dimensional model of the fuel assembly.

3.4-9
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The three-dimensional ANSYS model from Section 3.4.1.1.2 is used to determine the maximum
fuel tube temperature which is applied to the exterior of the fuel assembly model. Since the
cavity gas can be air or helium, two separate analyses are performed. For the case of the air in the
cavity, the maximum fuel tube temperature from the transport condition using air in the cavity is
used as the exterior boundary condition for the fuel assembly model. The fuel assembly model
used the same material properties as the three-dimensional model with air in the cavity. For the
helium in the cavity, the analyses are repeated but using the properties for helium in the cavity
for both models.

Thep mode[ mclu&es the fuel péﬁ'e’g;gclﬁdmg? and
gap between the’ ~1ue1wpelleis’ and”"fé‘aaing P

3.4-10
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,’ y‘vmymg -the temperature constraints|
{Tate’ ql_“d tempctafme dlﬂersnce The

[hie Two-dimensional reconfigured fuel assembly mo 15 penerated 1o calculate. the temperature |
Histribution .of "the hottest:;cross-section- (1 inch- T"E in the cask axial direction) ‘of the.
Reconfigured Fuel Assembly (RFA). . Because of symmeltry, the model consﬂers one-fom‘th oba,

Eross-section. of s the [REA: - The . model; iS/Shown n_Figure 3.4-24.:. ANSYS PLANES
Eondiiction _elements and “LINK31?- radiafion ‘elements’ are.used in the model .The model’

fncludes & fofal of 16 fuel rods; 16, fuel tubes; the shell casing (the square tube’ wﬂh the same:
bly)-and the cover gas (oomaered‘to be HelmnD

gxternal-dimensions as. an mtact fuel assem
Each fuel Tod 1§ Tocated inside 4. stainless steel fuel tube: "The fuel rod, “of
E?cﬁfo”?”é'fad, the. tuel pe “e( (U0 and"2 "’T’a “"le all'gap between fhe clad and fuel pe]let;xs "modeled;

AL solid . rod  with . the  thermal; conductivity -of . the U0, -1 his IS ‘conservative:since the:
Eonductivity of.UQ; isJess than thaf of the zZircaloy and the main interest of the fuel'tod 15 the
Eladding iemperature, -1 he gas between the fuel rod and the fuel tube; the gas between fuel fubes:
Bnd the pas outside of the shell casing are considered to be helrum..

RS shown 1n Figure 3.4-24, radiation elements are defined between tubes and Trom tubes.t0 the'
inner surface of the shell’casing. . A form factor of 1-is. used for the radiation clements. Effective:
Hissivity .18 .computed -using the followingformula: (Keith) based on’ corresponding material’

i e eath e o

f\"“'”

RSt
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V= ,vwfume of pm (gnf helgli_] o
:;::ng"{ AT .J.

undaries-of the: model at:planes: of ;symmetry. (at X=0. snd ot « d:
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3.4.1.3 Test Mode]
NAC gid” nfol create a thermal test model. The methods previously described have been used in

previous transport licensing and are sufficient to show that the NAC-STC meets the criteria set
forth in Section 3.4.

34.2 Maximum Temperatures

Using the thermal models described, temperatures for the cask body, basket, and fuel rod
cladding are determined for {iifeg normal transport condltxons! . 22 l-kW decay heat load

100°F amblent temperature and solar insolance)] Z22TEE

2By am 1ent«temgera g;%nﬂ

insolance. The cask body maximum component temperatures are listed in Table§ 3.4-1, BC2;
and3 43, Maximum fuel basket temperatures are illustrated in Figures 3.4-11 through 3. 4-
for both helium and air in the cavity, while the maximum fuel rod cladding temperatures are
listed in Table 3.4-1. The cask components, which include valves, o-rings, bolts, etc., are not
explicitly modeled. The temperatures are obtained by evaluating the cask body model at the
component locations. Temperature of materials having specified safe operating ranges are listed
in Table 3.4-4. Maximum temperatures for the major cask components for the cavity gas of air or
helium are listed in Table 3.4-5.
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3.4.3 Minimum Temperatures

The minimum temperatures in the cask occur with no heat load and -40°F, yielding a uniform
-40°F temperature distribution throughout the NAC-STC package.

3.4.4 Maximum Internal Pressure

ectly:Todded: fuck and’
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aximum;operating pres utlhzes the gas volume of the cavity, the temperature of the cavity
gases and the volume of gases released by the fuel to the cavity. The characteristics of the
- Westinghouse 17 x 17 fuel assembly pertinent to this analysis are:

Fuel Rod Outer Diameter 0.374in
Fuel Rods/Fuel Assembly 264 (25 guide tubes ignored)
Fuel Pellet Diameter 0.3225in
Fuel Rod Clad Outer Diameter 0.374in
Fuel Rod Clad Inner Diameter 0.329 in
Fuel Rod Length 151.6 in
Active Fuel Length 144.0 in
Plenum Volume 1.25 in®
Fill Pressure (at manufacture, 20°C) 500 psig
End Fitting Volume/Assembly 97.6 in’
Grid Spacer Volume/Assembly 43.2 in’
Cask Cavity Inner Diameter 71.0in
Cask Cavity Length 165.0 in

V., = Total Cavity Volume

= (F/4)(71.0)%(165.0)

= 653,267 in®
Basket Outer Diameter - 70.86 in
Support Disk Dimensions 31 @ 0.5 in, (26) 9.234 in square openings
HEat Transter DisE Dimensions 20 @ 0.625 in, (26) 9.204 in square openings
Basket Upper Disk Dimensions 1 @ 1.0 in, (26) 8.75 in square openings
Basket Lower Disk Dimensions 1 @ 1.0 in, (26) 8.65 in square openings
Fuel Tube Outer Dimension 9.064 in square
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Fuel Tube Inner Dimension 8.78 in square
Number of Tubes 26
Length of Fuel Tubes 155.21in
Volume of Other Components -
(Threaded rods, spacer nuts, etc.) 6523 in’®

V,; = Volume of basket (not including tubes)
= [(31)(0.5))[(E/4)(70.86)" - 26(9.234)"] +
[(20)(0.625)][(/4)(70.86)? - 26(9.204)*] +
[(1)(1.0)][(E/4)(70.86) - 26(8.78)"] +

[(1)(1.0))[(E4)(70.86) - 26(8.65)*] +
6523

= 58,986 in®

V,. = Volume of stainless steel/BORAL tubes
= 26[(9.064)? - (8.78)*]155.2 '
= 20,449 in

V, = Total basket volume
=Vyt+V,
=79,435 in®

V; = Volume of fuel assemblies
= [26][(§/4)(0.374)? - (0.329)*][(151.6)(289)] +
[26][(E/4)(0.3225)*(144.0)(264)] + [26][97.6] + [26][43.2]
= 112,704 in’

V,, =Free gas volume in cask cavity
=Vu-V,- Vi
=461,128 in®

Vg, =Fuel free gas volume
514.7

=26(1.25) (W) (264)

3.4-19



" NAC-STC SAR December 1996
Docket No. 71-9235 Revision 9

=300,417 in’

The gaseous fission product inventory can be determined from the ORIGEN-S fission product
inventory and the Ideal Gas Law. Regulatory Guide 1.25 states that, of the gaseous fission
product inventory in the fuel, 10 percent of all noble gases except krypton, 30 percent of the
available krypton, and 10 percent of the I-127 and I-129 should be considered for release.
Conservatively, a 30 percent release rate has been assumed for all of the fission product gases.
The fission gas inventories available in the 45,000 MWD/MTU burnup fuel are listed below:

Element Mass/Assembly Atomic Wt (g/mole)
H? 0.0205 g 3
Kr 21648 g 85
Xe 3351.0¢g 134
' & 1'? 1507 g 129

The fission gas inventories of the 45,000 MWD/MTU burnup fuel are larger than those of the
40,000 MWD/MTU fuel, and thus are more limiting.

The Ideal Gas Law can then be used to determine the volume of gas at room temperature and
atmospheric pressure.

- BRT
P

A%

where
n = number of moles of gas
R atm £
mol ‘K
T =temperature in °K =293°K
P =pressure =1 atm

= gas constant = 0.0821

26(0.3)(&@) (0.0821)(293)

Vw = 1 =1.282¢

=782in’
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