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1.0 GENERAL INFORMATION

e l f (NAC) has designed a Storable Transport Cask (NAC-STC) for spent
nuclear fuel. The NAC-STC [ 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 E d: requirements for spent fuel[

______ 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.

Vhe NAC-STC ~ii by rail, barge, or heavy-haul vehicle. 3

The NAC-STC has been designed to satisfy the international requirements of LAEA Safety Series
No. 6, in addition to U. S. requirements prescribed in 10 CFR 7 1.

1.0-1
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Table 1.0-1 Terminology

Cask Model

NAC-STC Cask

Packaging

Package

Payload

NAC-STC

This packaging consists of a spent-fuel storable transport cask body
with dual closure lids and~energy-absorbing impact limiters.

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.

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.

Twenty-six (26) pressurized water reactor (PWR) fuel assemblies i

six pressursueri _ =
GTCCi -ste s= _

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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Transport Impact
Limiters (Upper
and Lower)

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 accident conditions).

~T~e7~iiFtjTh
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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 loadeld dir iy othe 4AC-ST, 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 hes (0.01 g/cm2 BP minimum). Aluminum heat
transfer disls are provided to enhance the thermal performance of the package. The
isks are also supported by the stainless steel basket.

Pthe M<ravity(C *)rj.ioejckin sh SiS i Rffiks iii~ i~~amTf
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g =canister shell,
bottom and welded 7if ii lid' are fabricated from stainless steel. The canister
contains a stainless steel basket that locates and supports i fuel assemblies.

m. d i'd- iength th' ec egp

Class fMe is sembi _

Thet external. dimensios Aith tAendq ^>p~tt
asthose of aistandard Y Ca e assembly i
standard assembly.

The basket for the canisered cfirtion is similar in design to that used for directly loaded
fuel. The NAC-STC may'i also beuised to t p t
transportable storage canister.

Impact limiters consisting of a combination of redwood and balsa wood ehd T e
stainless steel are provided to limit the g-loads acting on the cask duringKdi accident 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 i dure Detailed
dimensional drawings are provided in Section 1.3.2. The design characteristics of the NAC-STC
are summarized in Table 1.2-l.

1.2.1 Packaging

1.2.1.1 Gross Weight

The Pma=im gross transport weight of the NAC-STC spent-fuel shipping cask is calculated to
be 249,700 pounds for e la'ded AfL. 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 Asscao A summary of the calculated component
weights, which are detailed in Table 2.2.0-1, is given below:

Component
Cask Body
Basket
Impact Limiters
Fuel or GTCC Waste
Canister

Canister Basket

Spacers
Total (calculated)

Directly-
Loaded-Fuel
Weight (pounds)

175,970
16,350
17,730
39,650

2

249,700

PAP

7K5,90
>0,6bOD

V30

2 60
e49>, 0

.IC Waste
rWeiiht "(jiundsI

1755,7

.--~17 ,730

Ll4,6...
26,471

247,97t.

Analysis Weight 250,000 250,090... - ..

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,
H11150, 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 Iidland 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.
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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 prda solid load path in compression between the supt disks. .Tihe
support disks are 0.5-inch-thick, 68.98-inch-diamete174 PH is steel disks spaced 3.91
inches center-to-center with square holes for the fiiel tubes. Theetop end disk (top weld and
the bottom end disk(b tomwedment) are id f 304 stinless steel They are
geometrically similar to the support disks and are 0.5nThick.T tie rods hae a 1-1/8-inch

diameter and are .:fabricated from Type 304 stainless se Tesplt spacers arein2.5 inces in
diameter by 1.492 inches longI wi an additional 2.0 inch dit by 0.43 long xtion, and
are also fabricated from Tye304 stainless steel.The fuel fubiie are fabricate m Type 304
stainless steel and provide support for encased BORAL sheet welded onto each'of the four
external sides. The BORAL provides criticality controlin the-baske-t. No struetia cdit 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 d configat 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-diarneter 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 design featureshave been provided to ensure that therelis a free flow of water in
the cask basket thaiesults in even fillindg a rinof the cask.

12.1.2.8.2 tCanister TCC W teBasket

The canister CC tposions and supports up to 24 aoee Class GTCC waste
containers. ITe biast is 'a modified tube an} ddsk design. T e maximum loaded weight of a

GTC wst cntinr i 54 ouds s th mxiumcotetsweih is 12,340 ponsfor 2
containers.

The GTCC w it bsket is a right-cirular cylinder wi q tubses laeiallsuppore by a
series of 8 sippo t disks. The support disks are 1.0 inchtfiick, 68.98 inches diameter, Type 304
stainless steel disks that are paced :15.60 inches c tet edisk s are open in
the center region to accommodatethe twentyour8.20-inch -square tubes. The' tubes are
supported full length by 2.5-inch thick support w-allsall around te center'region.^ The esupport
disks are retained in position by welding to the :suppIrtallsleof thebaske t.The basket
accommodates GTCC waste containers in an aligned cnfigu in 7.82-inch square 'inside
dimension Type 304 stainless steel tubes, which have 0.25-inch-thikc 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 inches 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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1.2.1.3 Heat Dissipation

The NAC-STC design i decay heat dissipation capability is 22.1 kilowatts :orMF.

_ _26 PWR fuel assemblies
with a maximum decay heat load of 0.85 kilowatts per assembly.

Z~1i~load i ~4li

f~rismi.The use of aluminum atrnfrdk 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 Shieldini

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 weidment. A thickness of 5.5 inches of solid, borated neutron shielding material
(NS4FR), which extends beyond the full length of the active fuiel 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 [st ing from the frel and assembly
hardware. A 2.0-inchlthick disk of solid, borated NS4FR is provided in the inner lid for neutron
shielding on the top end of the cask.

ru u w US UI aessstee t
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cask provides 11.65 inches of stainless steel gamma radiation shielding material and 2.0 inches
of solid, borated NS4FR neutron shielding material. e e
Vdi Eor 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

The NAC-STC is designed P ease of operation. The cask is designed to be easily loaded,
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). Quk ii 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, &9_wu :3: -- ->i2--':.-'-A '|i-W

1.2.3 Contents of Packagine

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-g for the re~i fuel4 shall not be exceeded.
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3. The total decay heat of the cavity contents shall not exceed 22.1 kilowatts KMFd r

.I #

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 1O 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 SeiitbFuel

The NAC-STC is designed to f tansport spent L-b;
fuel assemblies may be directl a a i f ml E&
(uncanistered) or sealed in a f
assemblies for the. uncanistered _
assemblies. These assemblies bund smller
Wilcox, and Combustion Engineering PWR fuel a
directly loaded PWR fuel assemblies.t I the cf eedE
transport up to 36 Yankee Class fuel sassenblies. orp
(GTCC) waste.

Theksip asis spent fu4sel i 'deasfl[ is-s
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The source terms applied in the evaluation of the '-GT CC.waste' are t nSe'c, oni5-2sah
Table 5.2-6.
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Design Characteristic Dimension' Material

Cask Overall Length
(without impact limiters)

Cask Maximum Cross-Section Diameter

- Across Corners

- Across Flats

Cask Cavity Length

Cask Cavity Diameter

Cask Capacity

Cask Cavity Atmosphere

- Backfill Gas

- Backfill Pressure

Cask Interlid Region

- Backfill Gas

- Backfill Pressure

Cask Interseal Region

- Backfill Gas

- Backfill Pressure

193.0

98.20

165.0

71.0

1.0 atm. abs.

1.0 atm. abs.

1.0 atm. abs.

Ed~

Helium

Helium

Helium

'Dimensions in inches unless otherwise noted.
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Table 1.2-1 )e

Design Characteristic Dimension2 Material

Inner Shell - Thickness 1.5 Type 304 Stainless
Steel

Type XM-19 Stainless
Steel

Inner Shell Ring

- Shell Region Thickness 1.5

- Transition Region
Thickness

2.0

Gamma Shield - Thickness Chemical Lead

raranhiln
F T= es V~iin

Outer Shell - Thickness 2.65 Type 304 Stainless
Steel

Type 304 Stainless
Steel

Top Forging - Radial Thickness
at cavity diameter

Bottom Thickness (Total)

- Bottom Inner Forging

7.85

13.65

6.20 Type 304 Stainless
Steel

- Bottom Outer Forging
(Radial at bottom
neutron shield)

- Bottom Plate

3.9 Type 304 Stainless
Steel

5.45 Type 304 Stainless
Steel

NS4FR, Solid
Synthetic Polymer

- Neutron Shielding
Material

2.00

2Dimensions in inches unless otherwise noted.
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Table 1.2-1

Design Characteristic Dimension3  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) 1-1/2 - 8 UN SB-637, GRN07718,
Nickel Alloy

997
9A

3 Dimension in inches unless otherwise noted.
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Table 1.2-1 -

Design Characteristic Dimension' Material

Outer Lid

- Body Thickness

- Bolts (36)

5.25

1 - 8 UNC

Type 17-4 PH Stainless Steel

SA-564, Type 630
17-4PH Stainless Steel

Port Coverplate

- Body Thickness

- Bolts (4)

1.00

1/2- 13 UNC

Type 304 Stainless Steel

SA-564, Type 630
17-4PH Stainless Steel

Port Cover
1.01

- Body Thickness
Type 17-4 PH Stainless Steel

SA-193, GR B6, Type 410 Stainless
Steel- Bolts (3) 3/8 - 16 UNC

Ca'nister r

T ,op Spacer 280 x 0 6 d a
~ li n i n u u e h

-'BottomSpr MOx lu mi n u m Ot S eIA,"- .,s4: , "I 1.U y -K~

4 Dimension in inches unless otherwise noted.
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Table 1.2-1 ~ 5 sgn Car~riiii NA stCle

Design Characteristics Dimension5 Material

Fuel Basket (QAi

- End Weldments (P )

- Support Disks

- fleai npDfs

- Tube

- Spacer Nuts

- Threaded Rod (6)

1.0 v~

0.5 x7O.8di

0.625 i7O, S ifii

8.78 x 8.78 x O.0

2.5 Square

1-5/8 - 8 UN

Type 304 Stainless
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

Canister

- Shell

- Shell Bottom

- Shield Lid

- Structural Lid

5/8 Plate

1.0 Plate

5.0 Plate

3.0 Plate

PF ?°§ _fitTASYpe 730b4t' S"aIiie -Steel

To" taIess

ry3 .64 Stinl. s_ iR..Xer
Tm e 'tnoleie

' Dimensions in inches unless otherwise noted.
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Design Characteristics

fnix

Seals (0-Rings)

- Inner Lid

- Primary

- Secondary

- Port Cover Plates

- Primary

- Secondary

- Outer Lid

- Port Covers

- Primary

- Secondary'2

Dimension6 Material

9;4

g.32x S.3fir

0.250 dia x 72.251 dia.

0.250 dia. x 73.497 dia.

0.125 dia. x 3.875 dia.

0.125 dia. x 4.500 dia.

0.250 dia. X 82.060 dia.

0.103 dia. X 2.675 dia.

0.103 dia. X 2.675 dia.

1 ~11
ef.

-M .Il

Type 321 Stainless Steel

Type 321 Stainless Steel

Type 321 Stainless Steel

Type 321 Stainless Steel

Type 321 Stainless Steel

BTFE

BTFE

6Dimensions in inches unless otherwise noted.
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Table 1.242 NAC-STC Design Basis Fuel Characteristics

Parameter Westinghouse PWR Fuel

Number of Assemblies

Assembly Weight, lbs

Assembly Length, in

Active Fuel Length, in

Fuel Rod Cladding

Maximum Uranium, kgU

Maximum Initial U2", w/o

Maximum Burnup, MWD/MTU

Maximum Assembly Decay Heat, kW

Maximum Cask Decay Heat, kW

Minimum Cool Time, yr

17x 17

26

1467

160

144

Zircaloy-4

464

4.2

40,000

0.85

22.1

6.5

15 x 15

26

1440

160

144

Zircaloy-4

469

4.2

40,000

0.85

22.1

6.5

United Nuclear
......L.,. . ... . ,.~ ..

36

850

111.25

91

Zircaloy

245.6

4.0

32,000

0.347

12.5

21

Yankee ClasstFuel

Combustion

TM A
36

850
111.79

91
Zrcaloy

,239.4
3.9

36,000
0.347
12.5

8

Westinghouse

Tip-B_

34
900

11 1.25
92

Stainless Steel
286.9
4.94

30,500
0.368

12.5
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
MWD/MTU.
PhCNAC-STC also accommodates canistered fuel havinga minimum cool time of 6.7 years and a burnup of 32,000 MWD/MTU.A. - .......... . 11... . . .- _.4- - ., . 1. _. - 1 ., __ m..........m. co o

Conservatively assumed maximum assembly weight is 1525 lbs. Actual assembly weights are provided for information only.
The Yankfe Cliss Laincludes United Nuclear Type A and Type B, Combustion Engineering Type A and Type B, Exxon-ANF Type A and Type B.
Westinghous 'A mid Type'B. 'Thie United Nuclear Type A is most reactive assembly and is used as the design basis fuel for criticality analyses.

e bsoTpe is tiedesign basiis fuel for shielding and thermal evaluations. The Westinghouse Type B fuel is the design basis fuel for
A recoxifigured Yankee Class fuel assembly is bounded by the Yankee Class design basis fuels.
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2.1 Structural Desion

2.1.1 Discussion

The NAC-STC is a cylindrical, multiwall cask designed to safely transport 26 design basis PWR
fuel assemblie o _ c a _ t _ n

e e. The primary components of the NAC-STC are (1) the cask body-inner 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 coverplates, 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 1O CFR 71 for the transport of
radioactive materials (and the requirements of 1O 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 corner 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 lossof 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 [E 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 E

~WIbe Ie

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 Sm., = -(2/18.12)(5620) = -620 psi, and the maximum stress
intensity range is S. = 1240 psi eIgR Inieif'

~ stes neniyfr
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i. The allowable alternating stress intensity for austenitic stainless steel is determined as the

10ll 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 Si = 12,975 psi; therefore, the margin of safety

for the critical component of the NAC-STC }I _ for normal
transport vibration is:

M.S. = (SJSt. - 1 = (12,975/620) - 1 = +Large

where
Sa.t = 0.5 S.

The rotation trunnions serve as the rear tiedown 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

Sm. = (2/10.2)(15,009) = 2943 psi and Smmj = -(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:

M.S. = (SJ/Sa,) - 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 -200F 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 100I 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 -20IF 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 106 pounds and 6.02 x 105 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 psig and 12 psig are applied on the interior surfaces of the

cask cavity for the hot ambient and cold ambient cases, respectively. re
y: _I I -T v

3. Thermal - The idson li in Sections 3.4.2 and 3.4.3 determine the

cask temperature distributions for the following three combinations of ambient

temperature, heat load, and solar insolation ;#

Condition 1. 1000F ambient temperature, with maximum decay heat load, and
maximum solar insolation.

Condition 2. -20'F ambient temperature, with maximum decay heat load, and no

insolation.

Condition 3. OF ambient temperature, with no decay heat load, and no insolation.

2.6.7.1-2
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The cask temperature distributions calculated for each of the three temperature conditions
discussed above are used as inputs to the ANSYS analyses F e re

= o. The ANSYS analysis determines the stresses arising from the thermal
expansion of the cask from its initial 700F 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.

nctionA m rf
_li-'

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 loading scenarios, with the
corresponding design deceleration (g) values B y i.

2.6.7.1-3
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IMPACT PRESSURE DECELERATION

LOADING CONDITION FOR 1 g (g)

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 MEU a uniform pressure of 847 psi

[42.35 psi x (20 g/l g)] is applied on the exterior 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/l g)(250,000 lb) = 5.0 x 10. lb)] by the impact area [(I(43.35)I = 5903.8 in] 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 lb), plus the weight of the cavity contents (56,000

ib) 6 t tie .For those load conditions for which the cask
contains no fuel, the basket (design weight 17,000 lb) is still considered to be in the cask,

resulting in a weight of 211,000 pounds for the empty cask with basket. i

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 lb) and the weight of the cavity

contents (56,000 lb) e

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.
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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 (Pm), primary

membrane plus primary bending (Pm + Pb), primary plus secondary membrane plus bending (S.),

and critical P,, Pm + Pb, 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 performed at the three different
temperature conditions outlined above UE eo. The

results from these three analyses show that the maximum Pm + Pb 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 E end drop accident conditions.

A similar set of ANSYS analyses was performed for the 1-foot bottom end drop case. The

maximum Pm + Pb stress intensities for the 1-foot bottom end drop are 13.8 ksi, 14.0 ksi, and 14.1

ksi. The maximum P. + Pb 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. + Pb stress intensity, for the top end drop condition, is found to be +0.A as
documented in Table 2.10.443. The minimum margin of safety for P. + Pb 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 Sm. 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 Si

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.[E1.1, 4156 pounds. The bearing area between the bearing plate and the redwood
material is calculated as:

A = (n/4)(5.02 3.02) = 12.57 in2

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 = +Larie

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:

Sma, = 22,368 psi

where

a = 2.50 in
b = 0.545 in
c = 2.00 in
d = 0.8125 in
t =0.50in

2.6.7.4-13



NAC-STC SAR
Docket No. 71-9235

December 1996

Revision 9

v = 0.275

m = = 3.636

W =41561b

The yield strength of Type 304
calculated as:

stainless steel is 25.0 ksi at 200TF. The margin of safety is

M.S. =25.0/22.4-1 = +0.11

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.

2.6.7.4-14
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2.7.3.4 Bolts - Closure Lids (Thennal Accident)

During the thermal (fire) hypothetical accident, the NAC-STC inner lid bolts and outer lid bolts
are calculated to experience a maximum average temperature of MoF. This ANSYS analysis of
the closure lids and bolts was performed using an average temperature of 31 00F.

W - Y

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:

Outer Lid Bolts:

90.5 + 6.3 = 96.8

82.3 + 1.6 = 83.9

Based on the yield stress at OF, the margins of safety are:

Inner Lid bolts (SB-637 Grade N07718)

M.S. 1 = +0.45

Outer Lid bolts (17-4PH Stainless Steel)

M.S. =.09 = +

2.7.3.4-1
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Figure 2.73.4-1 Bolt Stress - Thermal (Fire) Accident
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2.7.4 Crush

ceR c 2 a AEA 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 lb) and the cask and contents have an overall density greater than 1000
kilograms/cubic meter (62.4 Ibs/ft3).

2.7.4-1
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2.7.5 Immersion - Fissile Material

According to the requirements of 10 CFR 71.73(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 E 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
10 CFR 71.73(c)(o) for a package containing fissile material.

14 lonI WAcHEa

2.7.5-1
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2.7.6 Immersion - All Packages

According to the requirements of 10 CFR 71.73(c)(E), 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 fi) for a period of not less than 1 hour. A head
of water of 200 meters (656 ft) is equivalent to an external pressure of (656)(0.433) = 284 psig.

CW=

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 2, psig produces a
compressive hoop stress of -45L 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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1 . Elastic Buckling (Paragraph-1713.1.1, Code Case N-284)

a. Axial Compression Plus Hoop Compression

(SL < 0.5 Sj)

56,071 > (0.5)(17,346); therefore, not applicable.

b. Axial Compression Plus Hoop Compression

(SjL 0.5 SL)

[(SI, - 0.5 ShC)/(SLL - 0.5 Shd)] + (SI/S 1,j C 1.0

56,071 - (0.5) + 17234 1)0
668,435 - (0.5,( Ei=

0.1779 g 1.0

therefore,

Ql =0.1779< 1.0

c. Axial Compression Plus Shear

(S[/S) + (SAs/SS )2 g 1.0

(56,071/668,435) + (24,313/176,487)2 E 1.0

0.1029 1.0

therefore,

Q2 = 0.1029 < 1.0

2.10.5-7
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d. Hoop Compression Plus Shear

(SL/SS) + (S&/SL 2 I1.0 -

(17,346/49,165) + (24,313/176,487)2 ] 1.0

0.372 3 1.0

therefore,

Q3 = 0.372 < 1.0

e. Axial Compression Plus Hoop Compression Plus Shear

K = 1 - (SM/SS)2 = 1 - (24,313/176,487)2 = 0.981

and, therefore, Equation B (above) becomes:

+ [(17,346/(0.981)(48,465)]2= 0.1832

therefore,

Q4 = 0.1846 < 1.0

2. Inelastic Buckling (Paragraph-1713.2.1, Code Case N-284)

a. Axial Compression Plus Shear

(SL/SL 2 + (S,/SK 2 R 1.0

(56,071/668,435)2 + (24,313/176,487)2 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

(SL/SNY + (S LSY2 S 1.0

(17,346/49,155)2 + (24,313/176,487)2 C 1.0

0.144 1 1.0

therefore,

Q6 = 0.144 < 1.0

The results of the hand calculation of load case "UT" 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.

~TO32WBuddii EWvaluatio- oftheTnner bellforth nisteredue1 Corton

E i _u t

in sesest~mit fo 1wsi:rp
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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) Q1 Q2 Q3 Q4 Q5 Q6

lIAT

BT

CT

DT

E,

FT

GT

HT

IT

JT

KT

MT

NT

OT

Heat Transition
Cold Transition
1-Ft Top End Transition
1-Ft Bottom End Transition
1-Ft Side Transition
1-Ft Top Comer Transition
I-Ft Bottom Comer Transition
30-Ft Top End Transition
30-Ft Bottom End Transition
30-Ft Side Transition
30-Ft Top Comer Transition

30-Ft Bottom Comer Transition
30-Ft Top Obliq. (750) Transition

30-Ft Bott. Obliq. (150) Transition

30-Ft Bott. Obliq. (750) Transition

APr

-2956

-2988
-2960
-2955
-7482
-9626
-10422
-2984
-2973
-16445

-26632

-27565

-13488

-30799

-17164

-5218

-4135
-5727
-6581
-3994
-1473
-1704
-14144

-14362
-10356

-898
-2122

-9023

-1935

-10107

-694
503
0

0

6037
3679
-3467
0

0

14515
9400
-9183

15240

-7402
-15101

.00

.00

.00

.00

.06

.04

.05

.00

.00

.17

.10

.11

.13

.12

.17

.02 .26 .00 .00

.02 .21 .00 .00

.02 .29 .00 .00

.02 .33 .00 .00

.06 .21 .06 .01

.08 .07 .04 .01

.08 .09 .05 .01

.01 .48 .00 .00

.01 .48 .00 .00

.10 .37 .18 .03

.14 .04 .10 .13

.14 .08 .11 .17

.09 .32 .13 .02

.16 .07 .13 .47

.10 .36 .18 .03

.07

.04

.08

.11

.05

.01

.01

.23

.23

.14

.01

.01

.11

.01

.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

(Rt)P3 a 7.37 7.37

LI = length (in) 161.00 161.00

Li = 2pR = circumference (in) 227.8 227.8

Ml = LF/(Rt)05  21.83 21.83

Ml = LP/(Rt)" 30.89 30.89

M = lesser of Ml or Ml 21.83 21.83

= Poisson's Ratio 0.275 0.275

Conservatively consider the thinner portion of the Transition Section.

2.10.5-16
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.Table 2.10.5-3Capacity Reduction Factors for the NAC-STC Inner Shell and Transition Sections

Temperature (OF)
Capacity Reduction

Factor 70 338 353

(SA-240, Type 304 Stainless Steel)

4L (axial) 0.267 0.207 0.207

aL (hoop) 0.8 0.8 0.8

{L (shear) 0.8 0.8 0.8

(SA-240, Type XM-19 Stainless Steel)

%L (axial) 0.517 0.393 0.389

aL (hoop) 0.8 0.8 0.8

aL (shear) 0.8 0.8 0.8

2.10.5-17
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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 (I.D.) 71.06
Minimum I.D. 70.96

Nominal I.D. 71.00

NE-4221.1 a) (Max I.D. - Min I.D.) 0.10

b) (0.01) x (Nominal I.D.) 0.710

Tolerance Check Yes
(a < b) (0.10 in < 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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Parameter'/Temperature (OF) 70 338 353

(SA-240, Type 304 Stainless Steel)

E (psi) 28.3 x 10' 26.7 x 106 26.7 x 106

Sy (psi) 30.0 x 103 22.0 x 10' 21.7 x 10'

(SA-240, Type XM-19 Stainless Steel)

E (psi) 28.3 x 106 26.7 x 106 26.7 x 106

Sy (psi) 55.0 x 103 42.6 x 103  42.2 x 103

Section 2.3.2
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Table 2.10.5-6 Upper Bound Buckling Stresses

Load Condition 700F 3380F 3530F

(SA-240, Type 304 Stainless Steel)

Elastic, Upper Bound Normal 15,000 11,320 10,960
Compressive Stress
SI or SI (psi) Accident 22,390 16,900 16,343

Elastic, Upper Bound Normal 9,000 6,795 6,580
In-Plane Shear Stress
S3 (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
SI or Si (psi) Accident 41,040 32,550 31,790

Elastic, Upper Bound Normal 16,500 13,080 12,780
In-Plane Shear Stress
SR (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

SL 0.025035E axial

SLL = S.L 0.001841E hoop, without

end pressure

SheL 0.001795E hoop, with end
pressure

S~& 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 = 3380 F T = 353IF
Elasticity E = 28.3 x 106 E = 26.7 x 106 E = 26.7 x 106

SL 708,490 669,186 668,435

SIL = S",L 52,100 49,213 49,155

SheL 50,800 47,980 47,927

S;LL 187,060 176,685 176,487
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3.0 1H ERMAL EVALUATION

3.1 Discussion
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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 M by conduction,

convection, and radiation. Heat is transferred through the fuel basket support disks and thermal
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heat transfer M by conduction. Radiation, convection, and conduction are the means by which
heat is transferred from the support disks and heat transfer E to the cask cavity inner wall, i

eco ca_ From the cask cavity inner
wall, heat is conducted first through the lead gamma shield 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 radiation. Because of the impact limiters, essentially no heat is removed from
the ends of the cask. I_;_cdo ol!

_ ifilnso h NQT"re oe

3.1.1 Vli=r&t 'o caniereI :Ue

The thermal analysis ooi d uses
four separate finite element models. For normal transport conditions, 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
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Figure 3.1-1 Definition of the Gap Between the Basket and the Inner Shell for the Horizontal
Position of the Cask.
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material in a 3380F oven for 145 days. During the test, less than a 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 1750C (3471F), 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 (3021F) 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 1500C.

[he peak calculated temperature experienced in the NAC-STC eu shield is 2840F, which

_&hgaspovor
is 54 0F lower than the test temperature. E peak temperature

occurs only at a localized area with the remainder of the neutron shield material well below the

2840F value. E noted above, the Ed and the Hitachi Zosen tests were carried out

at a constant bulk mass temperature. During nie storage operations, temperatures will

decrease as the storage period increases, resulting in less limiting neutron shielding operations

than those predicted 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 5.14b, 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 temperature of the radial

neutron shield is _ _ coe _ w

i as q ~ea~
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m the maximum safe operating temperature of 338IF during normal
transport conditions. The maximum normal operating temperature for the NS4FR material in the
lid is 1811F, well within the safe operating temperature range. The maximum normal operating
temperature for the NS4FR in the bottom of the cask is 4031F. This temperature is higher than
the manufacturers recommended operating temperature of 3381F. 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 4030F 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 ea is based on the integrity of the
aluminum being maintained. The aluminum heat transfer is is not a structural component to
transfer load within the basket. Based on the MJ-HDBK-5F, aluminum at 6000F retains
component performance. The operating limit for the aluminum a is taken to be
6000F.
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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

T.= T. +0.29468 Qa2

where

T, = the temperature at the center of the fuel (IF)

T. = the temperature applied at the exterior of the fuel (TF)

Q = volumetric heat generation rate (Btu/hr-in 3)

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

Kff= effective thermal conductivity for the isotropic homogeneous

fuel material (Btu/hr-in-0F)

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 fffor 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 Kff determinations are performed; a Kff corresponding to air in the cavity in

which the fuel assembly model used air and a Kff for helium in the cavity in which the fuel

assembly model used helium as the cavity gas.

3.4.1.1.3.3 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.
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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.
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3.4.1.3 Test Model

NAC 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.

3.4.2 Maximum Temperatures

.~ aimui~Wem ratures.O.e irec~ MLON u

Using the thermal models described, temperatures for the cask body, basket, and fuel rod
cladding are determined for M normal transport conditionsi M 22.1-kW decay heat load,
1000F ambient temperature and solar insolance)2

fi~h .The cask body maximum component temperatures are listed in Tablej 3.4-1, T
a3S3. Maximum fuel basket temperatures are illustrated in Figures 3.4-11 through 3.4-14
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 -40TF, yielding a uniform

-400F temperature distribution throughout the NAC-STC package.

3.4.4 Maximum Internal Pressure

;isieedwfiue1 or.com lg ure aons.
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3.4.4.1 n r.

The calculation of the maximum operating pressure for the NAC-STC
o assumes 26 typical Westinghouse 17 x 17 PWR fuel assemblies, using an assumed

maximum burnup of 45,000 MWD/MTU which would result in the highest fission product gas
volumes in the fuel rod ce e'" Calculation of the NAC-STC cavity

mu opressure utilizes 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
Fuel Rods/Fuel Assembly
Fuel Pellet Diameter
Fuel Rod Clad Outer Diameter
Fuel Rod Clad Inner Diameter
Fuel Rod Length
Active Fuel Length
Plenum Volume
Fill Pressure (at manufacture, 20'C)
End Fitting Volume/Assembly
Grid Spacer Volume/Assembly
Cask Cavity Inner Diameter
Cask Cavity Length

0.374 in
264 (25 guide tubes ignored)

0.3225 in
0.374 in
0.329 in
151.6 in
144.0 in
1.25 in3

500 psig
97.6 in'
43.2 in'
71.0 in
165.0 in

V,, = Total Cavity Volume

= f4)(71.0)2(165.0)
= 653,267 in3

Basket Outer Diameter
E W Disk Dimensions

,j Dimensions
Basket Upper Disk Dimensions
Basket Lower Disk Dimensions
Fuel Tube Outer Dimension

70.86 in
31 @ 0.5 in, (26) 9.234 in square openings
20 @ 0.625 in, (26) 9.204 in square openings
I @ 1.0 in, (26) 8.75 in square openings
1 @ 1.0 in, (26) 8.65 in square openings
9.064 in square
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Fuel Tube Inner Dimension 8.78 in square
Number of Tubes 26
Length of Fuel Tubes 155.2 in
Volume of Other Components

(Threaded rods, spacer nuts, etc.) 6523 in3

Vd = Volume of basket (not including tubes)
= [(31)(0.5)][(E/4)(70.86)2 - 26(9.234)2] +

[(20)(0.625)][(I4)(70.86)2 - 26(9.204)2] +

[(1)(l .0)]i[(4)(70.86)2 - 26(8.78)1 +

[(1)(1 .0)]I[(4)(70.86)2 - 26(8.65)2] +

6523

= 58,986 in3

V~t = Volume of stainless steel/BORAL tubes

= 26[(9.064)2 - (8.78)2]155.2

= 20,449 in

Vb = Total basket volume
= Vd + V,,

= 79,435 in3

V, = Volume of fuel assemblies

= [26][(J/4)(0.374)2 - (0.329)21[(151.6)(289)] +

[26][(5/4)(0.3225)2(144.0)(264)] + [26][97.6] + [26][43.2]

= 112,704 in3

VSV, = Free gas volume in cask cavity

= Vct - Vb- Vr

= 461,128 in3

Vfg = Fuel free gas volume

( 5147)2
= 26(1.25)( (264)
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= 300,417 in3

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 1-127 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

H3

Kr
Xe
1127 & 1129

Mass/Assembly

0.0205 g
216.48 g
3351.0 g

150.7 g

Atomic Wt (&/mole)

3
85

134
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.

V nRT
P

where

n = number of moles of gas

R = gas constant = 0.0821 atm K
mol *K

T = temperature in 'K = 2930K
P = pressure = 1 atm

26(0.3)( 0.0205) (0.0821)(293)

= 78.2 in3

= 1.282 1

3.4-20


