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Table 1-1 Terminology (continued)

NS-4-FR A solid, synthetic polymer consisting of a borated hydrogenous
material, which results in neutron absorption capabilities similar
to borated water.

Lifting Trunnions Four, high-strength stainless steel components welded to the top
forging that are used in pairs for lifting and handling the cask.

Top Forging

- Interlid Port A penetratlon in the top forgmg that is used as (1) a drain for the
interlid region and (2) a pressure test port for the outer lid seal.

- Pressure Port A penetration in the top forging that houses a pressure transducer,
which may be used to monitor the pressure in the interlid region
during storage. " (

- Port Cover ,

Assembly Includes the port cover body, spacer, retainer, bolts and o-rings.

- Pressure Transducer An instrument for measurement of pressure in a confined space.

- O-Ring An o-ring seals the interfaces between separate cask components
O-rings may be e]astomer polymer or metallic.

- PTFE : A blended polytetrafluoroethylene (PTFE) o-ring matenal used as
a sealmg component between metallic surfaces.

- Viton® A fluorcarbon rubber O-ring material used as a sealing component
between metallic surfaces.
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Table 1-1 Terminology (continued)

- Interseal

Bottom Inner
Forging

Bottom Quter
Forging

Bottom Plate

Rotation Trunnion
Recesses

Cask Cavity

Transportable Storage
Canister (Canister)

Canister Spacer

Refers to the region between pairs of o-rings.

The cup-shaped component that forms the bottom of the NAC-STC
cavity.

The ring-shaped component that forms the bottom outer region of the
NAC-STC.

Thé plate welded to the bottom outer forging, which forms the
bottom of the cask. The bottom plate encloses the neutron shielding
material in the bottom of the cask.

Two stainless steel blocks, each provided with a deep machined
groove suitable to accept the rear cask support. These recesses are
welded onto the outer shell near the bottom of the cask.

The volume of space within the containment boundary.

The stainless steel cylindrical shell, bottom end plate, shield lid, and
structural lid that holds the canistered fuel basket or Greater Than
Class C Waste.

Aluminum honeycomb structures that position the canister in the
NAC-STC cavity during transport. The honeycomb material is
encased in a shell constructed of 6061-T6 aluminum alloy.
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Table 1-1 Terminology (continued)

Fuel Basket

- Support Disk

The structure located in the cask cavity or transportable storage
canister to support the fuel assemblies.

A circular stainless steel plate with square holes machmed in a
symmetrical pattern The support disk is the prlmary lateral load-

bearing component of the basket. Each square hole in the support

"~ disk is a location for a fuel tube.

- Heat Transfer Disk

- Fuel Tube

- Threaded Rod

Vi

- Spacer Nut

- Tie Rod

T

- Split Spacer

A circular aluminum plate with square holes machined in a
symmetrical pattern. The heat transfer disk enhances heat transfer in
the fuel basket. Each square hole in the heat transfer disk is a
location for a fuel tuibe. ) )

A stainless steel tube having a square cross-section. There are two
Fuel Tube configurations. The standard Fuel Tube has BORAL or
TalBor neutron absorber material on the four exterior surfaces and
has different dimensions for the directly loaded and canistered fuel
baskets. The enlarged Fuel Tube, used in the canistered fuel basket,
has a larger interior cross-section and does not have neutron absorber
material on the exterior surfaces.

Aligns and supports the support disks and heat transfer disks in the
fuel basket in the cask cavity.

. . N LY S
Installed on the threaded rod between the support disks to properly
position and provide axial support for the support disks and heat
transfer disks in the fuel basket in the cask cavity.

Aligns the support disks and heat transfer disks in the fuel basket
structure located in the NAC- STC cask cavity or in the transportable

storage camster

Installed on the tie rod between the support disks to properly position

‘and provxde ax1al support for the support disks and the heat transfer

disks.
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Table 1-1 Terminology (continued)

Outer Lid

- Outer Lid Bolts

Inner Lid

- Drain Port

- Vent Port

- Port Coverplates

- Interseal Test
Port

- Inner Lid Bolts

Quick-Disconnect

Interlid Region

Transport
Configuration

Storage Configuration

A secondary containment closure that is bolted to the top forging
during transport. ’

Retain the outer lid.

The primary containment closure for transport, located directly on
top of the cask cavity inside the top forging.

Located in the inner lid to permit draining of the cask cavity.

Located in the inner lid to aid invdraining and backfilling the cask
cavity.

The sealed covers that protect the vent and drain ports.

The test port between pairs of o-rings that permits testing of the
containment seal. The test port is closed by a threaded plug with a
metallic o-ring.

Retain the inner lid.

The quick-disconnect valved nipple used in the vent, drain, interlid,
and inner 1id interseal test port to close off the port. The drain port
quick-disconnect may be valved or unvalved.

The space between the inner and outer lids.

The transport cask configuration using either metallic or non-metallic
O-ring seals in the cask containment boundary.

The transport cask configuration using metallic o-ring seals in the
cask containment boundary.
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1.1 Introduction L .

The NAC-STC is designed to transport spent fuel assemblies or Greater Than Class C (GTCC)
waste safely. The fuel assemblies may be sealed in a transportable storage canister (camstered)
* or placed directly into a fuel baskét installed in the cask cavity (uncanistered).” In the canistered
configuration, the NAC-STC can transport up to 36 Yankee Class fuel assemblies, depending on
the mix of assembly types within the canister. The design basis fuels for the directly loaded
configuration are the Framatome-Cogema 17 x-17 and Westinghouse 17 x 17 or 15 x 15 PWR
fuel assemblies. These fuels bound smaller array Westinghouse and similar Babcock & Wilcox
and Combustion Engmeenng PWR fuel assembhes Up to 24 containers of GTCC waste may be
sealed in a transportable storage canister. The NAC- STC, whén loaded has a maximum design
welght of 250, OOO pounds The NAC-STC prov1des a radioactive material’ containment
boundary for max1mum safety during the handhng and transport operations requlred for spent-
fuel shlpment ‘The general configuration of the NAC- STC and the major ‘cask dimensions are
shown in Figure 1.1-1.

The NAC-STC cask may be transported after loading with or without a period of interim storage.
The structural components of the transport containment boundary are the:

(1)~ Inner shell center section and upper and lower inner shell rings (transition sections); .
(2) Bottom inner forging; and,
(3) Top forging.

The closure components of the containment boundary for transport without interim storage after
loading are the:

(1) Inner lid and inner lid o-ring; '
(2) Vent port coverplate and the coverplate inner o-ring; and,
(3) Drain port coverplate and the coverplate inner o-ring.

As described in the following sections, the o-rings may be either metallic or non-metallic.
The closure components of the containment boundary for transport after an extended period of
storage are the:

1) Innér lid and inner lid outer metallic o-ring;
(2) Inner lid interseal test port threaded plug with metallic o-ring;
(3) Vent port coverplate and the coverplate outer metallic o-ring;

1i1-1
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(4) Vent port coverplate interseal test hole threaded plug with metallic o-ring;
(5) Drain port coverplate and the coverplate outer metallic o-ring; and,
(6) Drain port coverplate interseal test hole threaded plug with metallic o-ring.

Metallic o-rings are required for the storage configuration and are qualified for transport prior to
shipment in accordance with the operating procedure.

The transportable storage canister provides the secondary containment boundary for transport of
fuel within the canister that is classified as damaged, as required by 10 CFR 71.63.

The NAC-STC is designed to meet 10 CFR 71 and IAEA Safety Series No. ST-1 licensing
requirements for spent fuel transport packages. The transport licensing requirements include
providing safe containment during the handling and transport of spent nuclear fuel. Certain
design features of the NAC-STC that have been included for the sole purpose of satisfying
storage licensing requirements also provide added safety for transport conditions. The design
features of the NAC-STC include: inner and outer lids, redundant seals at each containment
boundary penetration, cavity penetrations located in the inner lid, and a puncture-resistant outer
shell and outer lid.

This Safety Analysis Report is written for transport cask licensing only. Design features related
to storage cask licensing are included for clarity and for the ease of review.

The NAC-STC closure design provides dual lids for transport and storage operations, as well as
protection of the vent and drain ports that are located in the inner lid. This design permits
performance of a periodic verification leak test on the containment seals prior to transport
following extended storage. Both the inner and outer lids are installed during transport and
storage.

The inner lid and its o-rings are the major removable components in the primary containment
boundary. Two concentric o-rings are used to seal the inner lid to the cask cavity flange. An
o-ring test port connects to the annulus between the two o-rings to permit leak testing.

The vent and drain port coverplates, which protect the vent and drain ports located in the inner

lid, are also part of the primary containment boundary of the cask. Each coverplate is sealed by
two concentric o-rings.

1.1-2
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- As described in Section 4.1, the inner o-rings of the inner lid and two coverplates are the
containment boundary for contents (either directly loaded fuel or a loaded transportable storage
.canister) that is loaded for transport without.interim site storage. The outer o-rings of these
components are the containment boundary for directly loaded fuel that is to be transported after

an extended period of storage.
- b Coe
The inner lid and coverplate o-rings may be either metallic or non-metallic as shown.in the
. License Drawings. However, metallic o-rings must be used when the NAC-STC is directly
loaded for long-term storage. - The metallic o-rings provide long-term sealing capability in an
elevated temperature and radiation environment. L . ..

1.

The outer lid provides a sealed secondary closure for transport and storage operations using a
single o-ring. The o-ring may be either metallic or non-metallic. The outer lid protects the inner
lid and the vent and drain ports from external puncture events. J
There are two penetrations in the top forging: an interlid port, which serves primarily as a drain
for the interlid region, and a pressure port, which may house a transducer that monitors the
pressure in the interlid region during storage. During transport, the pressure port is closed by a
threaded plug. The pressure port plug is covered by the transport port coverplate. The interlid
and pressure port penetrations in the top forging are protected by SA-705, Type 630, 17-4
precipitation-hardened . (PH) stainless steel., port  covers with two piston-type . hlended
polytetrafluoroethylene (PTFE) o-rings.

The body of the NAC-STC is a smooth right-circular cylinder of rnultiwall oonstruction
consisting of stainless steel inner and outer shells separated by lead gamma rad1at1on shleldmg,
which is poured in place. The center section of the inner shell is fabncated from Type 304
 stainless steel. At each end of the inner shell center section, inner shell rings fabricated from
Type XM-19 stainless steel provide the t‘ransition‘to the bottom inner forg'ing and the ton t‘otglng.
The outer shell is also fabricated from Type 304 stainless steel., The inner and outer shell‘s: are
welded to the Type 304 stainless steel top forging, which is a ring that is machined o matehwith
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 forgmgs
and a plate w1th neutron shield material sandw1ched between the bottom 1nner forgmg and the
bottom plate. Neutron sh1eld matenal is also placed in an annulus that surrounds the cask outer
shell along the length. of the cask cavity. , The neutron shleldlng matenal is a SOlld synthetlc
polymer (NS-4-FR). The neutron shield annulus is enclosed by a Type 304 stamless steel shell
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and by end plates that are welded to the outer shell. Two pressure relief valves are provided in
the bottom of the neutron shield annulus to relieve pressure in the neutron shield annulus due to a
severe thermal accident condition (fire). Neutron shielding is also provided on the top of the
cask by a layer of NS-4-FR 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-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 or TalBor neutron absorber sheets (0.02 g/cm’ '°B minimum).
Aluminum heat transfer disks are provided to enhance the thermal performance of the package.
The heat transfer disks are also supported by the stainless steel basket.

For the canistered configuration, two aluminum honeycomb spacers, placed one above the
canister and one below, locate the canister in the cask cavity so that the location of the Center of
Gravity (CG) of the packaging is the same as it is for the uncanistered fuel packaging. The
aluminum honeycomb is enclosed in an 6061-T6 aluminum alloy shell. The canister shell,
bottom and welded shield and structural lids are fabricated from stainless steel. The canister
contains a stainless steel basket that locates and supports up to 36 Yankee Class fuel assemblies.

The canister may contain one or more Reconfigured Fuel Assemblies as shown in Figure 1.2-2.
The Reconfigured Fuel Assembly is designed to contain up to 64 Yankee Class fuel rods, or
portions, thereof, which are classified as failed, and to maintain the geometric positions of the
rods.

The total number of full length rods that can be placed in the Reconfigured Fuel Assembly is less
than that in a standard Yankee Class fuel assembly (64 rods versus 256 rods). Consequently, the
effects of a Reconfigured Fuel Assembly placed in a canister (e.g., criticality, weight, thermal
output, source terrh) are éigniﬁcantly less than the effects of a design basis (standard) Yankee
Class fuel assembly.
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Radial gamma radiation shleldmg for the NAC-STC is provided by the inner shell, the outer
shell,- and the 3.7-inch thickness of American-Society of Testing Mater;als (ASTM) B29

_ Chemical Copper Lead located in the annulus between the inner and outer shells. The lead also

serves as an elastic support for the outer shell during a puncture event and for the inner shell

- during a side impact event.

.Radial neutron shielding for the NAC-STC is provided by NS-4-FR, ‘whic‘h is a solid synthetic
. polymer originally developed by BISCO Products, Inc. and is now supplied by the Japan Atomic

. .Power Company and its licensees. This solid neutron shielding material is selected to eliminate
‘leakage and-maintenance problems and to alleviate other concerns attendant with using a liquid

- neutron shield. NS-4-FR has a high-hydrogen content to prov1de for neutron attenuation, is
- - doped with boron to minimize the number of secondary gammas generated, is stable at elevated

temperature service, and is fire retardant. A 5.5-inch-thick layer of NS-4-FR is installed in the
annulus formed by the outer shell, the 0.236-inch (6 mm)-thick neutron shield shell, and thé

. 0.472-inch (12 mm)-thick neutron shield end plates.

The inner shell, inner shell rings, top forging, bottom inner forging, and the inner lid establish a
cask cavity that is 165.0 inches long and 71.0 inches in diameter. )

The calculated weight of the cask body is 174,975 pounds. The overall length is 193.0 inches.
The maxirhutn outside diameter is 99.0 inches across the corners of the neutron shiéld shell.

3

1.2.1.2.2 °  Inner Lid and Bolts

The inner lid and its o-rings are the principal installed components of the NAC-STC containment
boundary The o-rmgs may be either metallic or non-metalhc dependmg on cask use. The inner
hd is'9. O mches thlck 79.0 inches in dlameter and is fabricated from Type 304 stamless steel.
" The top portlon of the inner lid is a 2.0-inch-thick, 67.5-inch- diameter layer of NS-4-FR neutron

) shle]dmg material enclosed by a 1.0-inch-thick, Type 304 stainless steel coverplate that is welded

in place The 42 inner lid bolts are 1 1/2 - 8 UN socket head cap screws fabricated from SB-637,
Grade NO7718 nickel alloy steel bolt matenal This bolt material has a coefficient of thermal

‘ expansmn that is very similar to that of the Type 304 stainless steel inner hd and top forging and,

thus allev1ates d1fferent1a1 thermal expansmn effects

(R

The inner lid is recessed to a depth of 11.8 inches into the top forging to’provide cléarance for the
outer lid. The inner lid bolt holes are located on a ledge machined into the inner lid, so that the
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bolt heads are below the top surface of the lid. The top surface of the inner lid has threaded holes
for the attachment of a lid-lifting device. The bottom of the inner lid is sealed to the top forging
of the cask body by two o-rings. The o-rings may be either metallic or non-metallic, depending
on the cask use. Metallic o-rings are used for storage and for transport following storage. Either
metallic or non-metallic o-rings may be used for transport without interim storage after loading.
The outer metallic o-ring provides the primary containment seal for transport after storage, while
the inner o-ring (either metallic or non-metallic) provides the primary containment seal for
transport without interim storage after loading. An interseal test port is provided and is equipped
with a 1/4-inch quick-disconnect valved nipple to allow leak testing of the inner lid o-rings. The
interseal test port plug is part of the containment boundary for transport after a period of storage.
As shown on Drawing 423-804, the o-ring grooves on the underside of the inner lid are either
square to accommodate metallic o-rings or have a truncated triangular shape to accommodate
Viton o-rings.

Three ports are recessed into the inner lid: the vent port, the drain port, and the interseal test
port. These ports are described in detail in Section 1.2.1.2.4.

1.2.1.2.3 Quter Lid and Bolts

The outer lid, bolts and o-ring, when bolted to the top forging, provide a sealed secondary
closure. The outer lid is 5.25 inches thick in the central region, 86.7 inches in diameter, and is
fabricated from SA-705, Type 630, H1150, 17-4 PH stainless steel. The 36 outer lid bolts are 1 -
8 UNC socket head cap screws fabricated from SA-564, Type 630, H1150, 17-4 PH stainless
steel. The bolt material is identical to that of the outer lid, alleviating differential thermal
expansion effects.

The outer lid is bolted to the top forging of the NAC-STC. The lid bolt holes are countersunk
into the lid so that the bolt heads are below the top surface of the lid. The bottom surface of the
outer lid is sealed to the top forging by one o-ring, which is replaced prior to transport. The
o-ring may be either metallic or non-metallic. The interlid port, located in the top forging, is
used to test the seal of the o-ring in the outer lid. The top surface of the outer lid has threaded
holes for the attachment of a lid-lifting device and for the attachment of the upper trans;;ort
impact limiter. As shown on Drawing 423-805, the o-ring groove on the underside of the outer
lid is either square to accommodate a metallic o-ring or has a truncated triangular shape to
accommodate a Viton o-ring.

1.2-6
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1.2.1.24 Ports and Port Covers ..

The NAC-STC design includes five ports: three in the inner lid and two in the top forging.  The
vent, drain’ and interseal test ports are recessed in'the inner lid and provide access to the cask
contamnient’ Recessed in the top forging are two noncontainment ports, the interlid port for
interlid regxon dramage and outer lid o-rinig leak testing, and the pressure port whlch is prov1ded
for monitoring of the pressure in the interlid region during storage.

) The vent port is a 1.0-inch diameter penetratlon through the inner 11d and is closed’ by a
qulck-dlsconnect valved mpple (qulck dlsconnect) The qulck dlsconnect is not con51dered to be
a contamment bamer The vent port is used to access the cask cav1ty followmg the fuel loadmg
to dram dry, leak test and backfill it with inert gas pnor to transport. The vent port coverplate
uses a two o-nng des1gn, similar to the inner lid. The o-rmgs may be either metallic or non-
’ metalhc dependmg on the cask use. Metalhc o-rings are used for storage and ‘for transport
followmg storage Either metallic or non-metalhc o-nngs may be used for transport thhout
'mtenm storage aﬁer loading. The outer metalhc o-rmg provides the primary containment seal
* for transport aﬁer storage " while the inner o-rmg (either metallic or non-metallic) prov1des the
primary containment seal for transport without interim storage after loadmg o

1

The drain port is a 1:0-inch-diameter penetration through the inner lid that is used to fill.and
.drain the cask cavity. The drain port is also closed by a quick disconnect, which is not
_considered to be a containment barrier. Similar to the vent port, the drain port coverplate uses a

two o-ring design. The o-rings may be either metallic or non-metallic, depending on the cask

use. Metallic o-rings are used for storage and for transport following storage. Either metallic or
non-metallic o-rings may be used for transport without interim storage after loading.. The outer
metallic o-ring provides the primary containment seal for transport after storage, while the inner
o-ring (either metallic or non-metallic) provides the primary.containment seal for transport
without interim storage after loading. Alignment marks on the top surface of the inner lid and
the top forging assist in aligning the drain port in the lid and the drain tube in the cask cavity.

The interseal test port is also closed by a quick disconnect, which is not considered to be a

containment barrier. The interseal test port containment is a threaded plug with a metallic o-ring.

e T s e . - . - . 3 . .t
* The pressure port, located in the top forging, houses the transducer that monitors the pressure in the
“ interlid region during storage. The pressure transducer is removed during transport. The interlid
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port penetrates the top forging into the region between the inner and the outer lids and serves as a
drain for the interlid region and as a port to pressurize the interlid region for seal testing purposes.
The interlid port is closed by a quick disconnect. The basic geometry of the interlid and pressure
ports and port covers is identical. Each port has a 4.5-inch-diameter opening that is a minimum of
1.1 inches deep. Concentric with the port opening is a 2.93-inch-diameter bore. This bore acts as a
lead-in to the 2.875-inch-diameter bore that serves as the sealing surface for the two piston-type
blended polytetrafluoroethylene (PTFE) o-rings in the port cover.

Both of the port covers are fabricated from SA-705, Type 630, H1150, 17-4 PH stainless steel.
The port covers resemble a cup shape and have the geometrical appearance of a thick round end
plate with a cylindrical body. The end plate of the port cover is 4.5 inches in diameter and 1.0
inch thick. The three 3/8 — 16 UNC port cover bolts, which are fabricated from SA-193, Grade
B6, Type 410 stainless steel, are countersunk flush with the top of the port cover. There are two
piston-type PTFE o-rings on the cylindrical body of the port covers with a seal test port between
the o-rings. A retainer is bolted to the open end of the cylindrical body of the port cover to retain
the o-rings and the spacer between them after asse.mbly. The port cover design permits the thick
end plate to absorb an impact, while any deflection of the end plate results in the o-rings sliding
in the bore of the port with the seal maintained.

The basic geometry of the vent port and coverplate, and the drain port and coverplate, are
identical to each other. Each port has a 6.53-inch diameter opening in the inner lid that is 1.8
inches deep. Concentric with the port opening is a 2.9-inch deep, 3.25-inch diameter bore that
houses the 1.0-inch diameter quick disconnect. As shown in Drawing 423-806, the 1.0-inch
thick vent and drain port coverplates are fabricated from SA-240, Type 304 stainless steel. When
installed, the port coverplates are recessed 0.8 inch below the top surface of the inner lid. The
vent and drain port coverplates are sealed to the inner lid by the metallic o-rings on the bottom
face of each port coverplate. The four 1/2 - 13 UNC port coverplate bolts are fabricated from
SA-193, Grade B6, Type 410 stainless steel. The bolt holes are countersunk so that the bolt
heads are flush with the top of the port coverplate.

1.2.1.2.5 Lifting Trunnions and Rotation Trunnion Recesses

The NAC-STC has four lifting trunnions that are fabricated from SA-705, Type 630, H1150,
17-4 PH stainless steel and are welded into 2.0-inch deep recesses in the top forging at 90-degree
intervals around the cask circumference. Only two diametrically opposite lifting trunnions are
required to lift the NAC-STC. The basic diameter of the lifting trunnions is 5.5 inches and the
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.. load-bearing width is 2.5 inches. The trunnions are machined to create a 0.38-inch thick end
flange, which acts as a safety stop to ensure proper engagement and to prevent inadvertent

disengagement of the lifting yoke.

Lt

S MR -

- There are two -rotation-trunnion recesses located near the bottom,end._o‘f the NAC-STC. The

;rotation 'trunnion recesses are located approxirnately 18 inches above the bottom of »t'he;cas‘k in

. line with two of the lifting trunnion, but 3.0 inches offset from the cask centerline to ensure that

rotation of the cask occurs in the proper direction. Each recess is fabricated from SA-705, Type

+630, 17-4 PH stainless steel and is groove-welded to the bottom outer forging. The recess is,6.0

;inches square and 4.13 inches deep, with a full radius at the top of the recess that engages with

-~ the rotation support. The neutron shield shell is cut out to accommodate the rotation ;trunnion
TECesses.

; 1.21.2.6 - Transport Impact Limiters

~ The NAC-STC is equipped with removable, cup-shaped impact limiters that are boltediov‘er each
end of the cask to ensure that the design impact loads for the cask are not exceeded fof any of the
defined normal operation or accident drop conditions. The NAC-STC transport impact limiters
consist of redwood and balsa wood completely enclosed in a stainless steel shell. The upper
_.impact limiter has cutouts in its inside diameter for clearance with the lifting trunnions. The
] 1mpact limiters absorb the energy of a cask drop by crushing the redwood and balsa wood ‘The
; -force required to crush the impact limiter is deterrnlned by (1) the amount and locatlon of the
- . redwood and of the balsa wood and (2) the grain direction of the redwood and the balsa wood.
“The upper and lower impact limiters are bolted over each end of the cask body by 16 equally
spaced attachment rods and nuts. , The impact limiters are 124 inches in out51de dlameter 44.0
inches deep, and overlap the ends of the cask by 12.0 1nches The detalled 1mpact hmlter design
. and analysis are presented in Section 2.6.7.4.

. 11.2.].2.7 ( Direct]viLoaded Fuel Basket

B

The NAC STC has three fuel basket conﬁguratlons and one GTCC waste conﬁguratlon The
first fuel basket configuration is for directly loaded fuel. The dlrectly loaded basket is descrlbed
 in this section. The remaining conﬁguratxons are used within the transportable storage camster
.. The canister fuel basket and the GTCC waste basket are descrlbed in Sectlon 1.2.1.2.8. The
dlrectly loaded basket and the, canister basket are both constructed of stainless steel with
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aluminum heat transfer disks and are of similar design. The GTCC waste configuration is also
used within the transportable storage canister and is constructed of stainless steel.

The NAC-STC design includes a directly loaded PWR fuel basket constructed of stainless steel.
The fuel basket design is a- right-circular cylinder configuration with standard fuel tubes
(Drawing 423-870) laterally supported by a series of support disks, which are retained by square
spacer nuts on threaded rods at six locations. The nuts are torqued at installation to provide a
solid load path in compression between the support disks. The support disks are 0.5-inch thick,
70.86-inch diameter 17-4 PH stainless steel disks spaced 4.87 inches center-to-center with square
holes for the fuel tubes. The top end weldment and the bottom end weldment are fabricated from
Type 304 stainless steel, are geometrically similar to the support disks, and are 1.0-inch thick.
The threaded rods have a 1-5/8 — 8 UN thread diameter and are fabricated from Type 17-4 PH
stainless steel. The nuts are 2.5-inch square bars that are also fabricated from Type 17-4 PH
stainless steel. The fuel tubes are fabricated from Type 304 stainless steel and provide support
for the encased neutron absorber sheet on each of the four sides. The neutron absorber 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 NAC-STC directly loaded fuel basket accommodates 26 PWR fuel assemblies in an aligned
configuration in 8.78-inch inside dimension square fuel tubes, which have 0.142-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 8.75 inches square. The hole in the bottom weldment is 8.65
inch square. The basket design traps the fuel tube between the top and bottom weldment
preventing axial movement of the fuel tube. The minimum width of the support disk webs
between the fuel tubes is 1.5 inches, but two webs have a width of 3.3 inches.

Twenty Type 6061-T651 aluminum alloy heat transfer disks, 0.625-inches thick, 70.65 inches in
diameter, are supported by the threaded rods and spacer nuts, 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 eliminate contact with the cask inner
shell and basket threaded rods as a result of differential thermal expansion.

The NAC-STC has been designed to facilitate filling with water and subsequent draining. A 1.0-
inch rounded notch is located at the bottom of each fuel tube, erisuring that there will be free flow
between the inner tube regions and the disk regions. Water will naturally fill and drain between
the basket disks and the cask body. Water will also flow between the disks in the gap between
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each of the tubes and the disk that surrounds it. Each of the’disks also has four 1-inch diameter
-holes to supplement the flow of water between the disks. Also, to facilitate flow to the drain line,
. the bottom plate is positioned by supports 1.5 inches above the bottom of the cask These desxgn
features have been provided to ensure that there is a free flow of water in the( cask.pa:sk_et that

results in even filling and draining of the cask. . . | oo

1.2.1.2.8 Transportable Storage Canister

. The transportable storage canister consists of: four (4) prmc1p1e components. These are the
canister, canister basket, shield lid and structural lid. The canister consists of an annular nght-
.circular shell closed at one end by a bottom plate. The bottom plate is 1.0-inch thick Type 304L

.-stainless steel. : The shell is constructed of 5/8-inch rolled Type 304L stainless steel ’\plate: The
edges of the rolled plates are joined -with full penetration welds. The bottom plate is attached to
‘the shell by also using a full penetration weld. The canister shell is constructed in accordance
-with ASME Code Section III, Subsection NB. The inside and outside diameter of the canister are
69.39 inches and 70.64 inches, respectively. . The inside depth is 121.5 inches. . The overall
external length of the canister is 122.5 inches.

' After loading, the canister is closed by a shield lid and structural lid, each welded to.the canister
shell.” Both the shield lid and structural lid welds are examined in accordance with the ASME
Code Section V. . ; S
The shield lid is a 5-inch thick Type 304L stainless steel plate. It is joined to the canister shell
using a partial penetration weld. The shield lid contains the drain and “fill penetrations and

- provides' gamma radiation protection to operators for the draining, drying and inerting operations
" attendant to sealing the canister. After the shield lid is welded in place, the shield lid weld is leak
tested in accordance with ANSI N14.5-1997 to ensure that the required‘leaktightness is achieved.

" The structural lid is a 3-inch-thick Type 304L stainless steel plate. ‘It is attached to the canister
-shell with a partial penetration weld. Removable hftmg fixtures threaded in the structural lid are
used to lift the loaded canister. ‘ ' T T

1.2.1.2.8.1 Canister Fuel Basket

The canister fuel basket is used to position up to 36 Yankee Class fuel assemblies within the
canister and to maintain geometry control of the fuel during all of the transport (and storage)
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conditions. The canister fuel basket is similar in design to the directly loaded fuel basket. It
differs primarily in its principle dimensions. As shown in Table 1.2-2, there are minor weight
variations between Yankee Class fuel assembly types. Fuel assembly types may be mixed within
the canister basket, provided that the contents weight limit of 30,600 pounds is not exceeded.
Mixing fuel types within the weight limit can result in a basket containing 36 fuel assemblies,
whereas loading a basket with only Westinghouse fuel would result in the basket containing 34

assemblies.

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 a 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
inches center-to-center with squa{re holes for the fuel tubes. The top end disk (top weldment) and
the bottom end disk (bottom weldment) are fabricated from Type 304 stainless steel. They are
geometrically similar to the support disks and are 0.5-inch thick. The tie rods have a 1-1/8-inch
diameter and are fabricated from Type 304 stainless steel.

Fourteen (14) Type 6061-T651 aluminum alloy heat transfer disks, 0.5-inches thick and 68.87
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.

There are two basket configurations and two fuel tube configurations. Both fuel tube
configurations are fabricated from 18 gauge Type 304 stainless steel sheet. The ﬁrs;t, the standard
fuel tube configuration (Drawing 455-881, Assembly 99), has a square interior cross-section of 7.8
inches and is encased with neutron absorber sheets on all four outside surfaces of the fuel tube. The
second, the enlarged fuel tube configuration (Drawing 455-881, Assembly 98 “Oversized Tube
Assembly”), has a square interior cross-section of 8.0 inches, but does not have exterior neutron
absorber sheets on the sides. These larger cross-section fuel tubes can accommodate fuel
assemblies that exhibit slight physical effects (e.g., twist, bow) that could preclude loading in the
smaller cross-section standard fuel tubes. The enlarged fuel tubes are restricted to the four corner
positions of the basket as shown in Figure 6.3-3. 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.

1.2-12
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The canister basket conﬁguratlons accommodate either 36 standard fuel-tubes, or 32 standard
fuel tubes and four enlarged fuel tubes at the four basket corner positions. To permit full access
to the enlarged fuel tubes, the comer positions of the top and bottom weldments used in the
. enlarged fuel tube basket configuration are also enlarged. Since the enlarged fuel tube and.the
" standard fuel tube with neutron absorber have approximately the same external dimensions, the

support disks and heat transfer disks used in the two basket configurations are identical. -

. The neutron absorber encased on the standard fuel tubes assists in providing criticality control in
the basket. . However, the minimal interaction of fuel in the comer positions with the fuel in the

other basket positions eliminates the need for the neutron absorber in these comer positions.” As

. shown in'Section 6.4.3, there is only a minimal change in system reactivity associated with the

"+ .enlarged fuel tubes. Similarly, the changes in shielding and thermal performance .are minimal

and not significant. 'Since the net weight of the enlarged fuel tube-is 20:pounds less,:the

..structural evaluation of the standard fuel tube bounds that of the enlarged fuel tube. "

- 4 - -
Poe - L
i -

The canistered fuel basket accommodates fuel assemblies in an aligned configuration in the
square fuel tubes. The fuel tubes are supported in the basket assembly between the top and

bottom weldment plates The hole in the top weldment used with the standard fuel tube Is 7.78

....

in the bottom weldment used with the standard ﬁJel tube is 6. 0 1nches square , and is 6.2"inches
square for the enlarged fuel tube (Drawmg 455 892) The top of both ﬁ1e1 tube conﬁguratxons

has a ﬂange surface which extends to 8.7 inches' square (Drawmg 455 881) ‘The basket design

" traps the fuel tube between the top and bottom weldments preventmg ‘axial movement of the fuel
o tubes The mlmmum width of the support disk webs between the fuel tubes 1s 075 mches

i

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 thé 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
the cask. These design features have been provided to ensure that'there is a free flow of water in
the cask basket that results in even filling and draining of the cask. )

1.2-13
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1.2.1.2.8.2 Canister GTCC Waste Basket

The canister GTCC waste basket positions and supports up to 24 Yankee Class GTCC waste
containers. The basket is a modified tube and disk design. The maximum loaded weight of a
GTCC waste container is 514 pounds, so the maximum content weight is 12,340 pounds for 24

containers.

The GTCC waste basket is a right-circular cylinder with square tubes laterally supported by a
series of eight support disks. The support disks are 1.0-inch-thick, 68.98 inches diameter, 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 8.32-inch square tubes. The tubes are
supported full length by 2.5-inch-thick support walls all around the center region. 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 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 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.

1.2.1.2.8.4 Reconfigured Fuel Assembly

The reconfigured fuel assembly is designed to confine Yankee Class fuel rods, or portions
thereof, which are classified as failed fuel, and to maintain the geometric configuration of those
fuel rods. The assembly can accept up to 64-full length fuel rods in an eight by eight array of

1.2-14
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Table 1.2-1  Design Characteristics of the NAC-STC (continued)

ey o ded
Design Characteristic N Dimension! o fVIAtenal o
Outer Lid ; :
- - Body Thickness 5.25 Type 17-4 PH Stainless Steel !
- Bolts (36) 1-8UNC SA-564, Type 630
A 17-4PH Stainless Steel
Inner Lid Port Coverplates
- Body Tlllickness 1.00 Type 304 Stainless Steel
- Bolts (4) 1/2-13 UNC SA-193, Grade B6, Type 410,
- Stainless Steel !
Port Cover -
- Body Thickness 1.01 Type 17-4 PH Stainless Steel
- Bolts (3) 3/8 -16 UNC SA-193, GR“BG, T);pe 410 Stainless
Steel !
Canister Spacers
- 'lx‘(;l;rSpacer 23.0 x 70.6 (dia) Aluminum Honeycomb‘with 6061-T6
Aluminum OQuter Shell
- Bottom Spacer 14.0 x 68.9 (dia) Aluminum Honeycomb with 606;-T6

Aluminum Outer Shell

! Dimension in inches unless otherwise noted.
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Table 1.2-1  Design Characteristics of the NAC-STC (continued)

Design Characteristics Dimension' Material

Fuel Basket (Directly Loaded)

- End Weldments (Plate) 1.0 x 70.86 dia. Type 304 Stainless
Steel
- Support Disks 0.5 x 70.86 dia. Type 17-4 PH Stainless
Steel
- Heat Transfer Disks 0.625 x 70.65 dia. Type 6061-T651
aluminum alloy
- Fuel Tube (standard) 8.78 x 8.78 (inside dim.) | Type 304 Stainless Steel
x 0.048 wall encasing neutron absorber
- Spacer Nuts Type 17-4 PH Stainless
2.5 Square Steel
- Threaded Rod (6) Type 17-4 PH Stainless
1-5/8 - 8 UN Steel
Canister GTCC Basket
- Support Walls 25x111.3 Type 304 Stainless Steel
- Support Disks 1.0 x 68.98 dia. Type 304 Stainless Steel
- Tube 8.32 x 8.32 (inside dim.) | Type 304 Stainless Steel
x 0.25 wall

! Dimensions in inches unless otherwise noted.
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Table 1.2-1  Design Characteristics of the NAC-STC (continued) .. -
;| Design Characteristics £ _Dimension’ , Material
i| Canister Fuel Basket
' - End Weldments 0.5 x 68.98 dia. Type 304 Stainless Steel
- Support Disks 0.5 x 69.15 dia. Type 17-4 PH Stainless
' - Steel
- ﬁeat Transfer Disks 0.5 x 68.87 dia. Type 6061-T651 Aluminum
. ‘ Alloy
- Fuel Tube
- Standard 7.8 x 7.8 (inside dim.) | Type 304 Stainless Steel
x 0.048 wall encasing neutron absorber
-Enlarged 8.0 x 8.0 (inside dim.) | Type 304 Stainless Steel
x 0.048 wall without neutron absorber
- Spacers 2.5 dia. Type 304 Stainless Steel
- Tie Rods (8) 1-1/8 dia. Type 304 Stainless Steel

Seals (O-Rings) for Storage Configuration

- Inner Lid . . : - .
0.25 dia. x 72.251 dia. | Type 321 Stainless Steel
- Inner
0.25 dia. x 73.497 dia. | Type 321 Stainless Steel
- Outer
- Port Coverplates
0.125 dia. x 3.875 dia. | Type 321 Stainless Steel
- Inner .
0.125 dia. x 4.500 dia. | Type 321 Stainless Steel
- Quter
0.250 dia. x 82.060 dia. | Type 321 Stainless Steel
- Outer Lid
- Port Covers
) 0.103 dia. x 2.675 dia. | PTFE
- Primary
0.103 dia. x 2.675 dia. | PTFE
- Secondary

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

Design Characteristics of the NAC-STC (continued)

Design Characteristics

Dimension’

Material

Seals (O-Rings) for Immediate
Transport Configuration

- Inner Lid
- Inner
- Quter
- Port Coverplates
- Inner
- Outer
- Quter Lid
- Port Covers
- Primary

- Secondary

0.25 dia. x 72.251 dia.

0.25 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.

Viton or Type 321 Stainless Steel
Viton or Type 321 Stainless Steel
Viton or Type 321 Stainless Steel
Viton or Type 321 Stainless Steel

Viton or Type 321 Stainless Steel

PTFE

PTFE

' Dimensions 1n inches unless otherwise noted.
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Table 1.2-2 NAC-STC Directly Loaded Fuel Characteristics
, I T e ol 1 Gy R
1 Westinghouse PWR Fuel . . Framatome-Cogema . .. ...
Parameter’ 17 x17 15x15 17x17 17 x 17 Ref.*
Maximum Number of Assemblies . .26 26 26 26 '
Maximum Assembly Weight, Ibs' 1467 1440 o 1463 . T 1472
Maximum Assembly Length, in 160 160 162 ' ’ 162
Active Fuel Length, in 144 144 144 144.25
Fuel Rod Cladding . Zircaloy-4 Zircaloy-4 " Zirconium Alloy” Zirconium Alloy
‘| Maximum Uranium, kgU 464 465 ) 464 464
Maximum Initial >*°U; wt % --Note2 - - Note 2 Note 2 Note 2
| Minimum Initial **U, wt % . . : Note 3 - Note3 Note 3- ,_-Note 3
.| Maximum Bumup; MWD/MTU - - - - 45,000 - - '45,000 45,000 -~ 45,000
‘| Maximum Assembly Decay Heat, kW~ - - - -- 0.85 —-{- - -0.85 0.85 0.85-
‘| Maximum Cask Decay Heat, kW 22.1 - 221 22.1- 22.1
‘| Minimum Cool . Time, yr - - - - Note 3 -~ |- Note3 - Note 3 Note 3

< 1 .Actual assembly weights are provided for information only. A conservative weight is used for analysis. These assemblies are the design basis fuel assemblies
for the structural, thermal and shielding evaluations. The fuel used for the cntlcahty evaluation is the Westmghouse l7xl7OFA Physical properties for the

OFA assembly are provnded in Table 6.2-1.

TR WN

_Similar to the Frafnatomé-Cogema 17 x 17, except with expanded fuel characterisiics.

% 1.2-29

~ Based on criticality analysis. Maximum initial enrichment is variable between 4.2 and 4.5 wt % .
~ Minimum initial enrichment and cool time are based on a fuel loading table, shown in Table 5.4-5.
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Table 1.2-3 NAC-STC Yankee-MPC Canistered Fuel Characteristics

Yankee Class Fuel"*

United Nuclear Combustion® Westinghouse Exxon
Parameter Type A Type A Type B Type A Yankee RFA
Maximum Number of Assemblies 36 36 34 36 36
Maximum Assembly Weight, lbs 850 850 900 850 850
Maximum Assembly Length, in 111.25 111.79 111.25 111.56 111.79
Active Fuel Length, in 91 91 92 91 91
Fuel Rod Cladding Zircaloy Zircaloy Stainless Steel Zircaloy Zircaloy
Maximum Uranium, kgU 245.6 2394 286.9 239.4 70.0
Maximum Initial **U, wt % 4.0 3.9 4.94 4.0 4.0
Minimum Initial **U, wt % 4.0 3.7 4.94 3.5 3.5
Maximum Burnup, MWD/MTU 32,000 36,000 32,000 36,000 36,000
Maximum Assembly Decay Heat, kW 0.272 0.347 0.273 0.331 0.097
Maximum Cask Decay Heat, kW 9.8 12.5 9.3 11.9° 3.5
Minimum Cool Time, yr 11.0 8.1 19.0 9.0° 8.0

1 The Yankee Class Fuel includes United Nuclear Type A and Type B, Combustion Engineering Type A and Type B, Exxon-ANF Type A and Type B and Westinghouse
Type A and Type B. The United Nuclear Type A is the most reactive assembly and is used as the design basis fuel for criticality analyses. The Combustion Type A is
the design basis fuel for shielding and thermal evaluations. The Westinghouse Type B fuel is the design basis fuel for structural weight considerations. The Yankee
Class design basis fuels bound a Yankee Class Reconfigured Fuel Assembly.

2 The NAC-STC can also accommodate canistered Combustion Engineering 3.5 wt % enriched fuel having a minimum cool time of 7 years and a burnup of 32,000
MWD/MTU.

3 The limit corresponds to Exxon assemblies with Zircaloy in-core hardware. Exxon assemblies with steel in-core hardware are limited by a minimum cool time of 16
years and a maximum decay heat of 9.7 kW.

4 The maximum number of mixed Type Yankee Class fuel assemblies is limited to 36 or to 30,600 Ibs, total loaded assembly weight.
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2.1 Structural Design
2.1.1 Discussion

The NAC-STC is a cylindrical, multiwall cask designed to safely transport up to 26 design basis
PWR fuel assemblies, or up to 36 Yankee Class fuel assemblies, or 24 contalners of Greater
Than Class C waste. As described in Section 2.6.14, Reconfigured Fuel Assembhes contalmng
failed fuel rods may be substituted for standard Yankee Class fuel assemblies in a canister
contalmng spent fuel. The primary components of the NAC STC are: (1) the cask body—lnner
shell, outer.shell, lead shell, and bottom; 2 the inner lid, bolts, and o-nngs (3) the outer 1id,
bolts, and o-ring; (4) the port covers, port coverplates, bolts, and o-rings; (5) the neutron shleld
(6) the trunmons (7) the transport impact lrmlters———upper and lower; and (8) the fuel basket
The NAC-STC primary containment boundary for storage and transport after storage cons1sts of:
(1) inner shell center section and upper and lower inner shell rings (transmon sectrons), (2)
bottom inner forgmg, (3) top forgmg, (4) inner lid and inner lid outer metallic o- rmg, (5) inner
lid mterseal test port and its threaded plug with metallic o-rmg, ©6) vent port coverplate and vent
port coverplate outer metalhc o-rlng, (7) vent port coverplate interseal 'tést threaded plug with
metalhc o-ring; (8) dram port coverplate and drain port coverplate outer metalllc o-nng, ‘and (9)
draln port coverplate 1nterseal test threaded plug with metallic o- ring. The pnmary contamment
boundary for transport 1mmed1ate1y after loadmg consists of: (1) inner “shell center sectron and
upper and Iower mner shell rings (transrtlon sectlons) (2) bottom inner forgmg, (3) top forgmg,
(4) inner lid and inner o-ring; (5) vent port coverplate and vent port coverplate innér o-nng, ‘and
(6) drain port coverplate and drain port coverplate inner o-ring. For transport without interim
storage after loadlng, either metallic or non-metallic o-rings may be used in 'the containment
boundary A detailed discussion of the containment boundary is presented n Chapter 4. '‘As
described in Section '7.1.3, for loading of the NAC-STC for immediate-'shipment, the
containment boundary for the inner 1id and drain-port coverplate are the inner metallic o-rings,
rather than 'the outer o-rings and interseal test plugs. The -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 ‘r'e;c‘lnuirements 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. ST-1. The cask body holds and -
protects the cask cavity contents for the normal conditions of transport, as well as for the

’ hypothetlcal accrdent conditions. The lead located between the inner and outer shells provides

2.1.1-1
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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.

The inner lid, bolts, and o-rings are the primary closure components of the NAC-STC for
transport conditions. The outer lid and 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 o-rings. The o-ring is located in the bottom surface of the port coverplate.
A second o-ring is also located in the bottom surface of the port coverplate, inside of, and
concentric with, the primary containment, outer o-ring.

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 comer 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 2716.

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 limiter
crush force during a top end or top corner impact, or by a concentrated center load during a pin
puncture impact. The outer lid seal is provided by an o-ring, which is tested by pressurizing
the interlid region.

In addition to the main closure, the secondary closure boundary of the NAC-STC also includes

the two ports located in the top forging—the interlid port and the pressure port. Each of these
ports is protected and sealed by a recessed, bolted port cover with two piston-type (bore seal)

2.1.1-2
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A second model determines the effective conductivity of the fuel,~ which is a detailed
- two-dimensional thermal model ‘of the fuel assembly. The model includes the:fuel pellets,
cladding and gas (considered to be helium) between fuel rods and gas occupying the gap between
the fuel pellets and cladding. Modes of heat transfer modeled include conduction and radiation
between individual fuel rods for the steady state condition.

In the three dimensional model, the fuel tube, including the neutron absorber sheet and its
cladding, is also modeled using effective conductivity. The effective conductivity is determined
by a two dimensional thermal model. The model includes the fuel tube, the neutron absorber
sheet, helium gaps on both sides of the neutron absorber sheet and a helium gap between the
stainless steel cladding for neutron absorber and the support disk or heat transfer disk.

Classical analysis is used to calculate temperatures during the hypothetical accident condition fire
transient for the various components of the fuel, canister basket, canister, and cask. The
methodology is described in Section 3.5.1.1.

The transportable storage canister may contain one or more Reconfigured Fuel Assemblies. A
two-dimensional finite element model is generated using the ANSYS program to determine the
temperature distribution of the Reconfigured Fuel Assembly. The model comprises the fuel rods,
fuel tubes, the shell casing (the square tube with the same external dimensions as an intact fuel
assembly) and the gas (helium) occupying the gap between fuel rod and tube, the space between
fuel tubes and the gap between shell casing and the fuel assembly tube.

3.1.3 Canistered Greater Than Class C Waste

Greater than Class C (GTCC) waste may be transported in the transportable storage canister.
GTCC waste is comprised of reactor core components placed inside of containers having the
same geometry as the design basis Yankee Class fuel assemblies. The GTCC waste containers
are installed in a basket that can accommodate up to 24 waste containers.

The thermal output of the GTCC waste is 2.9 kilowatts. Component temperatures for the GTCC
waste basket are conservatively calculated using a thermal resistance model. The calculated

temperatures are then used to determine the material properties in the structural analysis of the
GTCC basket.
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The thermal output of the GTCC waste (2.9 kW) is significantly less than the design basis
thermal load for directly loaded fuel and for canistered fuel. Consequently, the temperatures
produced in the cask by the design basis fuel bound the temperature effects on the NAC-STC
cask body and the canister due to the GTCC waste.
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Approximate
Gap location Gap (inches characteristic length (inch_es)
Gap between the fuel tube 0.112 H 9.2 slot length
. « - +and the fuel assembly L )
Gap within the fuel tube 0.005 9.2 slof lenggth

-

between the neutron absorber and
the exterior steel plate

Gap between the basket and 0.065 222 inches circumference of

* ' the inner shell . . basket " : -
Gap between the lead gamma - 0.045 >222 inches circumference
shield and the outer shell ‘at gap

"“The total héat transfer can be expressed as the sum of the radiation and the conduction processes.

Q =q+qx

where q; is specified above for the radiation heat transfer and qi, which is the heat transfer by
_conduction is expressed as:

N B KA .
Qx =?‘ (Tl'Tj)

where:

g = gap distance (between the two surfaces defined by node i and node j)

-

«~ K .= conductivity of the gas in the gap
By combining the two expressions (for g and qr) z};qc}'factoring out the ter}n A(Ti-Tylg, .
‘ Q = [gGSF(TIZ + sz)(Ti’*'Tj) +K]J[A(T, - T))/g]

or
Q =KerA(Ti- Ty)g

3.2-3
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where:
Ker =goeF(T2+ T))(T+T) +K

The material conductivity used in the analysis for the elements comprising the gap includes the
heat transfer by both conduction and radiation. Since the gap is small compared to the disk
thickness, the form factor (F) is taken to be unity.

3224 Radiation from the Top of the Directly Loaded Basket

The radiation from the top of the basket to the inner lid is modeled with radiation links that
transfer heat based on

q =0eAF(T{ - T,)

where the area A corresponds to the radiating area of the top basket disk and the emissivity
corresponds to the basket material.

3.2.2.5 Radiation from the Top of the Transportable Storage Canister

Based on the radiation heat transfer equation shown in Section 3.2.2.4, the radiation heat transfer
at the locations listed below is modeled using radiation link elements in the cask three-
dimensional model.

1. From top of the fuel region to bottom surface of the canister lid.

2. From bottom of the fuel region to the top surface of the canister bottom plate.

3. From exterior surfaces of the fuel tubes to the inner surface of the canister shell
3.2.2.6 Radiation Across Gaps Within the Cask Containing Canistered Fuel

The gaps represented in the cask model are small compared to the surfaces separated by the gap.

3.2-4
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) : . Approximate - .
Gap location Gap (inches Characteristic Length (inches)
Gap between the fuel tube 0.111 8.254 slotlength . , |
and the fuel assembly
Gap within the fuel tube between 0.003 8.254 slot length i

the neutron absorber and the exterior steel
plate, and between the neutron absorber

and the tube

Gap between the support 0.205 - 216 inches circumference of
disk and the canister shell support disk

Gap between the canister and 0.18 220 inches circumference of
inner shell ' of the canister °

Gap between the lead gamma 0.015 >220 inches circumference
shield and the inner shell , at gap

Gap between exterior surface 0.079 8.254 in slot length

of the fuel tube and the inside
surface of slots in support disk
or heat transfer disk

~ Gap between heat transfer 0.345 216 inch circumference
" disk and canister shell of disk-
:‘CL}ap betweenytop of canister 0.125 71 inch of cavit}t diameter

“and bottom of top spacer

Gap between canister bottom 0.125 . 71 inch of cavity diameter
plate and top of bottom spacer

" The total heat transfer 1S calculated in the same manner as shown in Sectlon 3 2223, As is the

case for the dlrectly loaded fuel basket; the inatenal conduct1v1ty used for the elements
compnsmg the gap includes the heat tranisfer by both conduction and radlatlon Since the’ gap is
small compared to the surfaces separated by the gap, the form factor F)i is taken fo be unity.’

Each surface where convection operates has a convective heat transfer coefficient, h.. There are

several surfaces to be considered. Surfaces vary by shape and orientation. Only the cilindtical
surface of the cask takes part in the heat removal process as the ends of the cask are thermally

3.2-5
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“insulated” from the environmental ambient thermal sink by the impact limiters. The formula and
the reference for the necessary convective material properties used to calculate h, are given in the

following sections.

3.2.3.1 Horizontal Cylindrical Surfaces

The cask body surface is represented by a horizontal cylinder in air. From “Standard Handbook
for Mechanical Engineers” (Baumeister), the heat transfer coefficient, hc, is:

he =0.19 AT** BTU/hr-ft2-°F, for D*°AT > 100

where:

AT = temperature difference between the surface and the air, °F

D = cylinder diameter, ft

For D = 8.1833 ft and AT > 100°F, the value of D’AT > 54,800, significantly larger than 100.
The expression can be converted into

he =0.00132 AT®*? Btwhr-in?-°F

3.24 Neutron Shield (NS-4-FR) Thermal Conductivity

Material properties for NS-4-FR, Table 3.2-1, have been experimentally determined by BISCO
" Products, Inc., the developer of the material. NS-4-FR is now supplied by Genden Engineering
Services and Construction Company. Thermal expansion was determined for fresh material, but
the influence of thermal aging or thermal cycling of NS-4-FR was not evaluated. In order to
assess the influence of the NS-4-FR thermal conductivity with respect to temperatures developed
within the cask for the design bases heat load, a conservative three (3) dimensional, quarter-
symmetry heat transfer analysis has been performed with the neutron shield material replaced by
air. The results of the analysis show that temperatures inside the cask increase a maximum of
26°F. Figure 3.2-1 graphically presents the radial temperature gradient from the center of the
basket to the surface of the neutron shield shell outer surface. The increase of 26°F in any of the
cask components is insignificant relative to structural considerations, and to the temperature
limits of the temperature-dependent components. Therefore, the design of the NAC-STC is not
adversely influenced by a change in the NS-4-FR thermal conductivity due to thermal aging or
cycling.

3.2-6
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Table 3.2-8  Thermal Propertiesof BsC- - . ~~.

o Value ﬁ
Property (units)/ 212°F 392°F. " 572°F 75290 - ;| ..
Temperature . :
Conductivity' 3.19 3.14 3.04 2.83 .. _
(Btwhr-in-°F) e ;
Emissivity? 0.5 :

! Manufacturer’s data, Brooks & Perkins for BORAL.

2 Chapman, For pressed graphite, emissivity is reported to be 0.98 at 480°F. A  value of 0.5'is
used on the property.

' 3.2-15
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Table 3.2-9  Thermal Properties of Zircaloy and Zircaloy-4 Cladding

Value
Property (units)/ 392°F 572°F 752°F 932°F
Temperature
Conductivity' 0.69 0.73 0.80 0.87
(Btwhr-in-°F)
Emissivity? 0.75
! NUREG/CR-0497

2 Minimum value of emissivity for a cladding surface of uranium oxide

3.2-16
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Table 3.2-10 Thermal Properties of Fuel (UO;)

£

L Value
Property (u‘m[s)/ ] 100°F ° 440°F 570°F 793°F
Temperature : ) B .
Conductivity' - |~ 029 | ~ 7020 027 0,19
(Btwhr-in-°F) : :

¥

| NUREG/CR-0497. The lower bound of temperatures is 50'"0°K> f440°F) Since the
conductivity decreases as the temperature increases, using the same vélﬁé (0.29) for the 100°F -
entry is conservative. T ) - :

3217
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Table 3.2-11 Thermal Properties of BORAL and TalBor Sheet

Value

Property (units)/ Temperature 100°F 500°F
Conductivity (Btuw/hr-in-°F)
BORAL'

Aluminum Clad 7.805 8.976

Core Matrix 4.136 3.698
TalBor® 6.79 7.80
Emissivity® 0.15 0.15

! AAR Advanced Structures, Standard Specification for BORAL

Talon Composites, TalBor 1100 27 w% B4C Material Specification

The emissivity of the aluminum clad of the BORAL sheet ranges from 0.10 to 0.19 based on
the BORAL Specification. An average value of 0.15 is used. TalBor has the same emissivity

range and average, per the TalBor Material Specification.
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3.3 Technical Specifications for Components .

' The heat rejection capability of the NAC-STC is the result of passive heat transfer within the
* cask ‘and from-the cask surface. Heat is transferred from the fuel assemblies to the fuel basket
tubes, and through the tubes and steel support disks'and aluminum heat transfer disks to the fuel
basket surface by conduction, convection and radiation. The steel support disks are considered to
be ‘the structural member, and the aluminum heat transfer disks are supported by the steel
structure and were added to enhance the heat rejection capacity of the basket. Heat is transferred
from the basket surface to the cavity wall, or from the basket surface to the canister wall, and
then to the cavity wall, primarily by conduction and radiation. Heat is then transferred by
conduction through the cask wall to the inside of the neutron shield. For the gap considered to be
present between the lead and the outer shell or inner shell, radiation is also considered to be
active. There are 24 explosrvely bonded copper/stainless steel heat’ transfer fins. The stainless
steel portion of the fin is pnmanly a Structural member supporting the neutron shield and the
copper is explosively bonded to it to aid in heat transfer through the neutron shield. The solid
~ neutron shleld reglon that covers the majonty of the length of the cask transfers the heat by
conductlon to the shreld tank surface. Because of the - presence of the 1mpact hmlters no heat is
transferred to the env1ronment through the ends of the cask. From the rad1a1 surfaces, heat is
" rejected to the envrronment by radratlon and convectlon The NAC STC heat rejectlon
components are analyzed for normal transport condltlons in Section 3.4 and for hypothetlcal
accrdent condltlons in Section 3.5.

+3.3.1 " Radiation Protection Components

- Radiation protection is provided by the NAC-STC gamma and neutron shielding. The primary
" - gamma radiation shielding components are the materials used in fabricating the multiwall body,

"~ the end forgings of the cask body, the inner lid and the outer lid. The multiwall body consists of

the cast lead enclosed between the inner and outer stainless steel shells. The lead is cast in place
between the ‘cylindrical cask body shells. Neutron shielding is provided by a radial solid neutron
shield and 2-inch thick disks in the bottom of the cask and the inner lid. The neutron shiélds are
borated to suppress, secondary gamma generatlon The capture of neutrons by many materials

. produces a secondary gamma ray | that must also be shrelded however when boron-lO absorbs a
: N neutron, an alpha partrcle is emltted that is stopped locally Thus, the secondary garmna dose rate
s mlmmrzed The radiation protectron components are analyzed for normal transport condltlons
in Sectron 3.4 and for hypothetrcal accident event condrtlons in Section 3. 5

3.3-1
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3.3.2 Safe Operating Ranges

There are four major components that must be maintained within their safe operating temperature
ranges; the o-rings in the inner lid and inner lid port coverplate, the lead gamma shield, the
NS-4-FR solid neutron shield, and the aluminum heat transfer disks.

The safe operating ranges for the o-rings, lead gamma shield, solid neutron shield and aluminum
heat transfer disks are:

Component Safe Operating Range
Lead gamma shield - 40°F to + 600°F
Radial NS-4-FR neutron shield - 40°F to + 300°F
Aluminum Heat Transfer Disks - 40°F to + 600°F
PTFE O-Rings \ - 40°F to + 735°F
Metallic o-rings - 40°F to + 500°F
Viton o-rings - 40°F to + 400°F

The safe operating range of the o-rings is obtained from the technical information presented in
Section 4.5, and ensures that the contents are contained within the cask and are not released to the
atmosphere due to thermal failure of the o-rings.  As shown in the Viton o-ring technical
information, a temperature of +400°F for continuous service is acceptable in the accident condition.
The analyses of Sections 3.4 and 3.5 show that the temperatures of the o-rings are maintained
within the safe operating range during normal transport and hypothetical accident conditions.

The safe operating range of the lead gamma shield is based on preventing the lead from reaching
its melting point of 620°F (Baumeister). To preclude localized lead temperatures from exceeding
their safe operating range, FPC (fireblock silicone foam) is used to insulate the lead from the
high temperatures that occur during the 10 CFR 71 hypothetical fire accident. The fire accident
analysis in Section 3.5 shows that the lead temperature is maintained in its safe operating range
even without the presence of the FPC. This foam is included for extra assurance of safety. A
0.125-inch layer of the material is located around the top and bottom corners of the lead gamma
shield above and below the coverage provided by the radial neutron shield.

The maximum operating temperature limit of the NS-4-FR solid neutron shield material to
ensure sufficient neutron shielding capacity was determined by the product developer to be
338°F, as shown in Figure 3.3-1. Test 2 of Figure 3.3-1 was conducted to evaluate the long-term
stability of the NS-4-FR material at high temperatures. The test results were based on placing a

3.3-2
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3.4.1.1.1.2 - Muitiwall Body

The thermal model of the body represents the three concentric shells--the inner stainless' steel
shell, the lead shielding and the outer stainless steel shell--which make up the cask body. A
typical cross section is shown in Figure 3.4-3. A 0.045-inch gap is calculated for the radial lead
region between the outer shell and the lead. This is based on the lead and ‘surrounding stainless
steel heating up from 70°F to 620°F during the lead pour and, then, cooling to approximately
250°F when the cask is loaded with the de51gn ba51s heat load. Due to the different thermal
expansion coefficients between the stainless steel and lead, a gap may be formed during the lead
pour operatlon The gap is placed between the lead and the outer stalnless steel shell in the
™ normal condition ANSYS models to create the ‘maximum temperatures in the lead Radiation and
conduction modes of heat transfer are effective across this gap and have been included by the
method described in Section 3.2.2.3. ’

34.1.1.13 Radial Neutron Shield

A synthetic borated solid material used to absorb neutrons covers most of the outer shell.
Twenty-four 0.55-inch (14 mm) thick copper/stainless steel heat transfer fins aré equally
distributed radially on the outer shell. The fins are 0.315-inch (8 mm) thick stainless steel plate
explosively bonded to 0.236-inch (6 mm) thick copper plate. The stainless steel neutron shield
shell is 0.472 inches (12 mm) thick on the top and bottom, and 0.236 inches (6 mm) thick
elsewhere. The neutron shield shell is exposed to the ambient conditions on the outer surface.
“The thermal conductivity of the neutron shield region was determined by modeling thé neutron
shield region discretely. The neutron shield can be broken down into 24 sectors, each with a fin
at the center. A single sector was analyzed to define an effective coefficient for thermal

_conductivity .using- slab geometry .and an electrical resistance analogy. The sector ‘z}nldfits
associated electrical circuit modeling are shev}xgp in t}lg fol]owing diagram.

6 mm 8 mm

. i . P
1/32 m.l | l | * .
N T

RNS4FR

R = 43.38 1in.
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Since the copper is slightly shorter than the steel, the resistor model considers a parallel SS1/Cu
combination R, in series with a second SS resistance, R, . This resistance combination is

then in parallel with the resistance for NS4FR layer (R g ez )-

Resistors in parallel and series combine as:

Ry= -1——1—1—-, parallel; R =R, +R,, series.
_+_
Rl RZ

The individual resistances are equal to R ; = A where £ is the normal conductivity and A4 is

the area. Applying these relationships to the neutron-shield sector gives:

1
Rcff - 1 . 1 ’

RSS/Cu RNS4FR

where R, 1S given by:

LA , and is calculated to be 0.39 Btw/hr-

eflf

The effective thermal conductivity is given by k,; =
in-°F.

An effective conductivity of 0.339 Btu/hr-in-°F is conservatively used for the radial neutron
shield in the cask body model for normal transport conditions.

34.1.1.14 Top and Bottom Ends

The inner and outer lids, separated by a small gap are at the top end of the cask. Radiation and
conduction are the operative heat transfer mechanisms across this lid gap. To conservatively
determine the temperature difference across the outer lid, conduction is the only heat transfer
mechanism considered.

The bottom of the cask is fabricated from two thick stainless steel plates with a plate of NS-4-FR
neutron absorber sandwiched between them. Intimate contact is assumed between the NS-4-FR
and the stainless steel plates. Conduction is the only operating heat transfer mechanism
considered through the bottom of the cask.
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No heat transfer occurs between the ends of the cask and the environment due to the presence of
the impact limiters. The impact limiters essentially insulate the ends of the cask from the
temperatures in the environment, due to both the low thermal conductivity and the thickness of

7the wood in the llmlter

¥

3.4.1.1.2- '-i* 180 Degree Section Three-Dimensional Cask Model for the Drrectly Loaded-
NAC-STC s

To simulate the cask basket resting on the inner shell during transportation, a half symmetry
finite element model is constructed. This model, shown in Figures 3.4-6 through 3.4-8, consisted
of a’ 180-degreé section of the cross séction with a length of 4.86 inches'and containing an
- aluminum heat transfer disk and a steel disk. The cross section of the basket,"the multiwall body
"and shields in'this 180 -degree section, is identical to the cross section of thé quarter symmetry

model described in Sectlon 3.4.1.1.1 'Whereas the three-dimensional quarter symmetry model
51mu1ated the axial heat transfer, the three-dimensional 180- degree section model 1gnores axial
heat transfer and defines the top and bottom axial surfaces as adiabatic. e

. The onentatlon of the basket in the cask shown in F;gure 3.4-8 corresponds :to the orientation of

the basket during transport.

To simulate contact of the basket with the inner shell, the basket model is shifted towards one
side of the cavity (see Figure 3.4-8). The length of contact was centered about the plane of
symmetry and extended for an angle of 45 degrees. The gap varied from zero (contact) to a

o maximum value of 0.13 inches at the top. In addition, the fuel assembhes are treated as resting on

the fuel tubes. Material properties used in the quarter symmetry model in Sectlon 3 4 1.1.1 are
incorporated into this model.

The volumetric heat generation rate corresponded }to 0.935 kilowatts per fuel assembly,z which
includes a peaking factor of 1.1 applied to the design value of 0.85 kilowatts per assembly The
solar insolance shown in Table 3.1-1 is applied to the surface of the model and the amblent
temperature is taken to be 100°F. - R ‘ ‘

The steady state analy51s of the 180- degree sectlon model usmg the transport condltlons provrded
the maximum temperatures for the followmg components S

R
o '

aluminum heat transfer disks inner shell radial‘neutron sh.i‘eld

steel support disks lead shleld maximum surface temperature

fuel tubes ) * " outer shell
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34.1.1.3 Fuel Assembly Model

34.1.1.3.1 Fuel Assembly Description

The detailed analysis of the fuel assembly is used to determine the effective conductivity of a
homogenized model of a fuel assembly as well as to determine the maximum fuel rod cladding
temperature.

A quarter symmetry model of the fuel assembly is constructed using ANSYS 4.4, which is
shown in Figures 3.4-9 and 3.4-10. The dimensions for the pins are for the directly loaded design
basis fuel (Table 5.1-2). The material properties for the fuel and cladding are listed in Tables
3.2-9 and 3.2-10. In this model, the fuel rod is treated as being homogenized. The properties for
the air and helium are shown in Tables 3.2-5 and 3.2-6. The material properties account for the
conductivity through the cavity gas (either air or helium). The pin to pin radiation is governed by
the expression in Section 3.2.2 and modeled via radiation links (STIF31). This element, which is
modeled from pin surface to pin surface, requires emissivity and a form factor. The emissivity is
taken from experimental data for Zircaloy tubes. Form factor determination is accomplished via
a utility (AUX12) in ANSYS which performs a radiation view factor (form factor) calculation.
The results from AUX12 are used in the steady state analysis of the model of the fuel assembly.

To simulate the fuel load, uniform volumetric heat generation is applied to the elements
representing the fuel and the total heat load of the model corresponds to 0.85 kilowatts per
assembly.

3.4.1.1.3.2 Determination of Effective Fuel Conductivity

A two step procedure is used to determine the effective conductivity for the fuel.

Using the fuel assembly model, a uniform temperature is applied to the exterior of the model (see
Figure 3.4-9) in conjunction with the volumetric heat generation. From this analysis, the
maximum temperature located at the center of the fuel assembly is determined. This is at the
corner of the model, which represents the center of the entire fuel assembly.

A Sandia National Laboratory Report (SAND90-2406) defines an expression to determine the
maximum temperature of a square cross section of an isotropic homogeneous fuel with a uniform
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volumetnc heat generatlon At the boundary of this square Cross section, the temperature is
- constramed to be umform The expresswn for the max1mum temperature is glven by A

= 4

P B 2
T.= T. +029468 22

Kerr.
where: s ¢~ oo

T. = the temperature at the center of the fuel (°F)
T. = the temperature applied at the exterior of the fuel °F) . - - '
Q = volumetric heat generation rate (Btu/hr-in3)
a = halflength of the square cross section of the fuel (inch)
K. = effective thermal conductivity for the isotropic homogeneous
"~ fuel material ;(Btuw/hr-in-°F)
< ey e A T R ' oo AR B e
: 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 Kesr for an isotropic homogeneous
representation of the fuel assembly. The conductivities calculated were 0.05.BTU/hr-in-°F. for
- helium and 0.03 BTU/hr-in-°F in air at a temperature of 600°F. The constant values are used in
.‘both’the quarter model (Section 3.4.1.1. l) and the 180-degree section model (Section 3.4.1.1.2)

for the fuel assembly

Two analysés and Keg determinations are performed a Kerr correspondmg to air in the cavity in
which the fuel assembly model used air and a K for helium in-the cavity in-which the,fuel
“-assembly model used helium as the cavity gas.. - . TR

3.4.1.1.3.3  Determination of Maximum Fuel Clad Temperature TR

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

b

1. 180-degree section model of the cask body ANSYS 3-D Model (Sectlon 341.12)

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.

34.1.2 Analytical Model for Canistered Fuel

The thermal analysis for the canistered design basis fuel uses three finite element ANSYS
models. A three-dimensional model (“three dimensional canister model”) is employed to
evaluate the cask in a horizontal position with the canister basket in contact with the canister
which is, in tumn, in contact with the cask inner shell. The model is comprised of the fuel
assemblies, fuel tubes, stainless steel support disks, aluminum heat transfer disks, the canister
shell, lids and bottom plate, the aluminum honeycomb spacers at the top and bottom of the
canister, the NAC-STC inner shell, lead, outer shell, neutron shield and neutron shield shell. The
fuel regions and the fuel tubes with BORAL neutron absorber sheets in the three-dimensional
model are modeled using effective conductivities (BORAL is used in the thermal model since
BORAL has a lower effective conductivity than TalBor and therefore bounds TalBor). The
effective conductivity of the fuel is determined by a second model (“fuel model), which is a
detailed two-dimensional thermal model of the fuel assembly. The model includes the fuel
pellets, cladding and gas (considered to be helium) occupying the gap between the fuel pellets
and cladding. A third model (“fuel tube model”) is used to determine the effective conductivities
of the tube wall and BORAL neutron absorber sheet. These models are described in Sections
3.4.1.2.1 through 3.4.1.2.3. '

The thermal analysis for the Reconfigured Fuel Assembly uses the two dimensional reconfigured
fuel model. The model is described in Section 3.4.1.2.4. A classical thermal analysis is
performed for the Greater Than Class C waste canister using a thermal resistor model, as
described in Section 3.4.1.2.5.

3.4-10
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The fuel regions (inside tubes) are modeled as homogenous regions with effective conductivities,
determined by the 2-D Fuel Model as described in Section 3.4.1.2.2. The center slot of the basket
» contains is modeled as helium since it contains no fuel. The fuel assembly tube and the neutron
.absorber sheet, including helium gaps on both sides of the neutron absoﬁrpe{r‘ sheet and the gap
- between the stainless, steel cladding for - the neutron absorber and disk are modeled. as one
element thick with effective conductivities, as established using the 2-D Tube,;Model shown in
Section 3.4.1.2.3. Conductivity for the aluminum honeycomb spacers is calculated to be 0. 24
- Btwhr-in-°F (Hexcel) through the spacer from the canister to-the ends of the NAC-STC, but is
“conservatively considered to be that of helium across the spacer parallel to the ends of -the
canister. . - -
The neutron shield of the NAC-STC, consisting of NS-4-FR, steel and:copper fins; is_also
modeled with effective conductivities. The radial conductivity (0.32:39 Btﬁ/hr—in-°F) is obtained
. from Section 3.4.1.1.1.3. The effective conductivity in the cask longitudinal direction is 0.403
« Btw/hr-in-°F,- calculated based on area ratio. Conductivity of the neutron shield material, NS-4-
* FR (0.031 Btwhr-in-°F) is used as the conductivity in the circumferential direction. _ .,
In the model radiation heat transfer is considered from the top of the [fuel reglon to the bottom
surface of the canister 11d from the bottom of the fuel region to the top surface of the canister
bottom plate, and from exterior surfaces of-the fuel tubes to the inner surface of the canister
shell. This radiation is modeled using LINK31 radiation elements. Radiation across gaps in the
. model described in Section 3.2.2.5 are accounted for using the effective conductlvmes for the
gas in the gap using the method described in Section 3.2.2.3.

i Radlatlon at the neutron shield shell surface to amblent is combmed w1th the convectlon effect
usmg the method described in Section 3 2.22. The convection heat transfer coefﬁment is
calculated based on the formula as shown in Seétion 3.2.3.1. Effective emissivities are used for
. all radiation calculatlons with the form factor taken to be unity. Effectlve em1551v1ty 1s computed
using the followmg formula (Krelth) based on correspondmg material emlsswmes h

ear=1/(le + 1/é; -1)

Radiation between the exterior surfaces of the filel assembly tabés and the radiation between the
- stainless steel support disk and the"aluminum heat transfer disk are conservatlvely ignored in this
model. : ‘ IR
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Solar insolance is applied to the neutron shield shell surface for the “Heat” case (Ambient
temperature = 100°F) in accordance with 10 CFR 71. Heat flux equal to 0.150 Btw/hr-in? is used
at the neutron shield shell surface based on the 1475 Btuw/hr-in? heat flux for a curved surface
(Section 3.4.1.1.1).

Volumetric heat generation (Btwhr-in) is applied to the active fuel region based on a total heat
load of 12.5 kW, an active fuel length of 91 inches and an axial power as shown in Figure 3.4-21.
The axial power distribution curve is discussed in Section 5.2.3.

34.1.2.2 Fuel Model

The effective conductivity of the fuel is determined by a second model, which is a detailed two-
dimensional thermal model of the fuel assembly. The model includes the fuel pellets, cladding,
gas between fuel rods and gas (considered to be helium) occupying the gap between the fuel
pellets and cladding. Modes of heat transfer modeled include conduction and radiation between
individual fuel rods for the steady state condition. The model is shown in Figure 3.4-22.

ANSYS PLANESS conduction elements and LINK31 radiation elements are used in the model,
which includes a total of 240 fuel rods. Each fuel rod consists of the pellet, zircaloy cladding,
and a gap between the pellet and clad. The gas in the gap between the pellet and clad, as well as
the gas between fuel rods, is considered to be helium. Radiation elements are defined between
rods and from rods to the boundary of the model (inside surface of fuel tube). Radiation effect at
the gaps between the pellet and clad is conservatively ignored. Effective emissivities are
determined using the formula shown in Section 3.4.1.2.1.

The effective conductivity for the fuel is determined using the method described in Section
3.4.1.1.3.2. Volumetric heat generation (Btwhr-in) based on the design heat load of 12.5 kW is
applied to the pellets. The temperature at the boundary of the model is constrained to be uniform.
The effective conductivity is determined based on the heat generated and the temperature
difference between the center and the edge of the model. The temperature-dependent effective
properties as shown below are established by using different boundary temperatures. The
effective conductivity in the axial direction of the fuel assembly is calculated based on the

material area ratio.
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Temperature (°F) kxx kyy | o
125 0.0171 0.0171 0.169
321 0.0208 0.0208 0.156
517 0.0267 0.0267 0.145
713 0.0335 0.0335 0.142
911 0.0409 0.0409 . -0.144
1. x and y axes are in-plane of the model, z is in the cask axial direction.
2. The temperatures associated with. each row of properties. is the average

temperature of the fuel assembly determined by each analysis.

3.4.1.2.3 “Fuel Tube Model

A

The purpose of the two dimensional fuel tube model is to determine the effective conductivity of
the fuel tube and neutron absorber sheet, which is used in the three-dimensional canister model.
As shown in Figure 3.4-23, this model includes the fuel tube, a BORAL sheet (including the core
matrix sandwiched by aluminum claddings as the bounding heat transfer case for a neutron
absorber material), helium gaps on both sides of the BORAL sheet and helium gap between the
...stainless steel cladding for BORAL sheet and the support disk or heat transfer disk..

~ANSYS PLANESS conductlon elements and LINK31 rad1at10n elements are used to construct

. the model The model consists of eight layers of conductlon elements and six radlatlon elements
“ that are defined at the helium gaps (two per gap) The thlckness of the model (x-dlrectlon) is the
dlstance measured from the 1n51de dimension of the fuel tube to the 1ns1de dlmenswn of the slot
in the support disk (assummg the fuel tube is located at the center of the disk slot) The tolerance
of the BORAL sheet thickness, 0.003 1nch is used as gap size for both srdes ‘of the BORAL
Nsheet The helght of the model is deﬁned as the same dlmenswn as the tluckness of the model

" Heat flux is apphed at the left side of the model and thé temperature ‘at the nght boundary of the
“model is constrained. The heat flux is determmed based on the’ design heat load of 12.5 kW. The
maximum temperature of the model ‘(at 1eft’ boundary) and the temperature difference’ (AT)
across the model are calculated by ANSYS. The effective conduct1v1ty 18 detenmned using the
”followmg formula ‘ o
q k (A/L) AT

or ° g
k=q L/AAT
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where:

q = heat rate (Btu/hr)

A= area (in%)

L= length of model (in)

AT = Temperature difference across the model (°F)
k = effective conductivity (Btwhr-in-°F)

The temperature-dependent conductivity (k) is determined by varying the temperature constraints
at one boundary of the model and re-solving for the heat rate (q) and temperature difference. The

effective conductivity for the parallel path are calculated based on area ratio of material.

34.1.24 Two Dimensional Reconfigured Fuel Assembly Model

The two-dimensional Reconfigured Fuel Assembly model is generated to calculate the
temperature distribution of the hottest cross-section (1 inch long in the cask axial direction) of
the Reconfigured Fuel Assembly (RFA). Because of symmetry, the model considers one-fourth
of a cross-section of the RFA. The model is shown in Figure 3.4-24. ANSYS ‘PLANESS’
conduction elements and “LINK31” radiation elements are used in the model. The model
includes a total of 16 fuel rods, 16 fuel tubes, the shell casing (the square tube with the same
external dimensions as an intact fuel assembly) and the cover gas (considered to be Helium).
Each fuel rod is located inside a stainless steel fuel tube. The fuel rod, which consists of the
zircaloy clad, the fuel pellet (UO,) and a small gap between the clad and fuel pellet, is modeled
as a solid rod with the thermal conductivity of the UO,. This is conservative since the
conductivity of UQ; is less than that of the zircaloy and the main interest of the fuel rod is the
cladding temperature. The gas between the fuel rod and the fuel tube, the gas between fuel tubes
and the gas outside of the shell casing are considered to be helium. )

As shown in Figure 3.4-24, radiation elements are defined between tubes and from tubes to the
inner surface of the shell casing. A form factor of 1 is used for the radiation elements. Effective
emissivity is computed using the following formula (Keith) based on corresponding material
emissivities: .
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3441 Maximum Internal Pressure for Directly Loaded Fuel

The calculation of the maximum operating pressure for the NAC-STC directly loaded fuel
configuration 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 and 100 percent fuel rod failure. Calculation of the NAC-STC cavity
maximum operating pressure 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 - 0.374in

Fuel Rods/Fuel Assembly . 264 (25 guide tubes ignored)
Fuel Pellet Diameter 0.3225 in
Fuel Rod Clad Outer Diameter 0.374 in
Fuel Rod Clad Inner Diameter, . 0.329 in
Fuel Rod Length . 151.6in
Active Fuel Length 144.0in .
Plenum Volume 1.25 in’
Fill Pressure (at manufacture, 20°C) 500 psig
End Fitting Volume/Assembly 97.6 in®
Grid Spacer Volume/Assembly 43.2in’
Cask Cavity Inner Diameter 71.01in
Cask Cavity Length ~ - 165.0in

Cask Cavity Volume - - 653,267 in’

Basket Characteristics:

Basket Outer Diameter 70.86 in '

Support Disk (31 disks) 0.5 inch thick, 26 openings 9.234 in square
Heat Transfer Disk (20 disks) 0.625 inch thick, 26 (;b;qings 9.204 in square
Basket Upper Weldment (1 disk) 1.0 inch thick, 26 openings 8.75 in square
Basket Lower Weldment (1 disk) 1.0 inch thick, 26 openings 8.65 in square
Fuel Tube Outer Dimensions 9.064 inch square ‘
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Fuel Tube Inner Dimension 8.78 in square
Number of Tubes 26
Length of Fuel Tubes 155.2in
Volume of Other Components
(Threaded rods, spacer nuts, etc.) 6523 in®

V4 = Volume of basket (not including tubes)
= [(31)(0.5)][(n/4)(70.86)* - 26(9.234)*] +
[(20)(0.625)][(x /4)(70.86)° - 26(9.204)*] +
[(D(1.0)][(r /4)(70.86)" - 26(8.78)*] +
[(1)(1.0)][(r /4)(70.86) - 26(8.65)*] +
6523 -
= 58,986 in’

Vg = Volume of stainless steel/neutron absorber sheet
= 26[(9.064)% - (8.78)7]155.2
=20,449 in

Vpy = Total basket volume
= Vd + Vst
= 79,435 in’

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

Vg =Free gas volume in cask cavity
=Vu-Vp-V¢
= 461,128 in®

Vi, = Fuel free gas volume
514.7

= 26(1.25)(1—4};—) (264)
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Figure 3.4-24 Two Dimensional Reconfigured Fuel Assembly Model
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Table 3.4-1

Maximum Component Temperatures - Normal Transport Conditions, Maximum Decay
Heat, Maximum Ambient Temperature - Directly Loaded and Canistered Configurations

Conditions: 100°F Ambient Temperature, Full Solar Insolation Decay Heat Load: 22.1 kW for

Uncanistered Fuel; 12.5 kW for Canistered Fuel

Directly Loaded (Uncanistered) Fuel Canistered Fuel
Cavity Gas Helium Cavity Gas Helium
Component Air (°F) (°F) Note (°F) Note
Outer Lid O-Ring 178 176 1) 176 ) (6)
Port Cover O-Rings 211 210 0)) 210 GOI0)]
Inner Lid and Port Cover Plate 190 189 ¢)) 189 @
O-Rings (8)
Cask Radial Outer Surface 241 243 2) 243 (5)
Top Neutron Shield 181 175 1) 175 4)
Radial Neutron Shield 284 285 ) 270 5)
Lead Gamma Shield 314 315 2) 281 (5
Aluminum Disk Exterior 338 337 2) -— -—
Aluminum Disk Interior 491 487 2) 536 %)
Steel Support Disk Exterior 356 344 ) - -—
Steel Support Disk Interior 498 495 2) 539 (5)
Camnuster Shell - - - 338 (5)
Canister Lid - -— - 209 (5)
Canister Bottom Plate -— - --- 255 (5)
Maximum Fuel Rod Cladding 588 (309°C) 544 (284°C) 575 5)
Notes: (1) Temperatures are determined from the analysis of the three dimensional quarter symmetry model
of the entire cask.
(2) Temperatures are determined from the analysis of the three dimensional 180-degree section model
of the entire cask.
(3) Temperatures are determined from the analysis of the two dimensional detailed model of the fuel
assembly.
) Compon};nt not explicitly modeled in the 3-D model for canistered fuel. Temperature results from
the helium case of the directly loaded fuel used (conservative).
(5) Temperatures are determined from the 3-D model for canistered fuel.
(6) Outer lid o-rings are Viton.
(7) Inner lid o-rings are Viton or metallic.
(8) Port cover plate o-rings are Viton or metallic.
(9) Port cover o-rings are PTFE.
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Table 3.4-2 Maximum Component Temperatures - Normal Transport Conditions, Maximum
Decay Heat, Minimum Ambient Temperature = Dxrectly Loaded and Canistered

Configurations

Conditions: -40°F Ambient Temperature, 22.1 kW Decay Heat Load, 12.5 kW
for Canistered Fuel, No Insolation

T : Directly Loaded Fuel Camstered Fuel.
Component Temperature (°F) . Temperature (°F) Notes
Outer Lid O-Ring 125 o125 0 ] (D)@)

K c (4)
Inner Lid and Inner Lid Port Cover 125 - 125 ) 2) (5)
Plate O-Rings i ' (6)
Port Cover O-Rings 129 129 2) (D
Cask Radial Outer Surface 144 116 . « - (2) (3)
Top Neutron Shield : 131 - - 131 -2 (2)
Radial Neutron Shield 181 0 142 - (3)
Lead Gamma Shield 215 o -7 2154 L e (3)
Fuel Basket Exterior 256 . g —— (3)
Maximum Basket Web - 399 431 - (3)
Canister Shell . - - o . 215 B 3)
Canister Lid -- 71 3
Canister Bottom Plate - 121 (3)
Maximum Fuel Rod Cladding 488 473 3)

1. Component not explicitly modeled in the 3-D model for canistered fuel. Temperatures from the directly
loaded fuel are conservatively used.

Temperatures are determined from the 3-D model for canistered fuel.

Basket and fuel rod cladding temperatures are defined by adding the gradient result between the lead
gamma shield and point of interest obtained from the 3-D finite element analysis with air in the cavity
(Table 3.4-1).

Outer lid o-rings are Viton.

Inner lid o-rings are Viton or metallic.

Port cover plate o-rings are Viton or metallic.

Port cover o-rings are PTFE.

wh

Nownhs
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Table 3.4-3 Maximum Component Temperatures - Normal Transport Conditions,
Maximum Decay Heat, Low Ambient, for Directly Loaded Fuel

Conditions:-20°F Ambient Temperature 22.1 kW Decay Heat Load No Insolance

Component. ) Temperature (°F)
Outer Lid O-Ring ~ ° 161
Inner Lid and Port Cover Plate O-Rings 165
Port Cover O-Rings 165
Cask Radial Outer Surface 173
Top Neutron Shield ‘ 168
Radial Neutron Shield . 211
Lead Gamma Shield - 245
Fuel Basket Exterior' 286
Maximum Basket Web' 429
Maximum Fuel Rod Cladding' 518

! Basket and fuel rod cladding temperatures are defined by adding the gradient result between

the lead gamma shield and point of interest obtained from the 3-D finite element analysis
with air in the cavity (Table 3.4-1).
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Table 3.4-4 NAC-STC Thermal Performance Summary for Normal Conditions of Transport

wrendh o 1 ,,;,.,.. - —

T

“Uncanistered | Canistered Fuel -’ Criterion -
R _ Fuel I I .
Maximum Fuel Rod Claddmg 309°C 302°C - <380°C~—Uncanistered
Temperature Coos - - - <340°C—Canistered -
: . ’ Component . Compbn;nt . Component Safe
. Component Temperature Temperature | . Operating Temperature
B S o ] Range : Range Range -
Metallic O-Rings -40 to 190°F -40 to 190°F “ -40 to 500°F
Viton O-Rings - 40to 190°F |. -40to 190°F .. -40 to 400°F
PTFE O-Rings " 40 to 211°F -40 to 211°F =40 to 650°F K
Radial NS-4-FR Neutron Shield -40 to 285°F 40 to 270°F - | . -40t0300°F... ..
Lead Gamma Shield -40 to 315°F -40 to 281°F -40 to 600°F
Aluminum Heat Transfer Disk -40 to 491°F 40 to 536°F = 7 7 740 to 600°F .

1. The safe operating range extends to 735 °F. However a temperature of 650 °F is conservatively
applied. See Certified Test Report D9-3362-1, Applied Techmcal Serv1ces Inc., Marietta, GA,
FebruaryS 19809.

H
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Table 3.4-5 Maximum Cask Component Temperatures
Directly Loaded (Uncanistered) Fuel Canistered Fuel
Component Component . - Cavity Gas Cavity Gas

ID Description Air (°F) He!ium (D) Note Helium (°F) Note
1 Bottom Plate 350 333 ¢)) 333 3)
2 Bottom Forging 417 393 (€)) 393 3
3 * Transition Shell 300 - 300 '6)) 300 3)
4 Inner Shell 331 331 ) 311 4)
5 Outer Shell - 292 293 V) 276 4)
6 Top Forging , 211 210 )] 210 ¢
7 Inner Lid - 223 210 ) 210 3
8 Outer Lid 178 176 (1) 176 3)°
9 Inner Lid Bolt 190 189 )] 189 3)
10 Outer Lid Bolt 178 176 ¢)) 176 €))

Notes: (1) Temperatures are determined from the analysis of the three-dimensional quarter

symmetry model of the entire cask.

(2) Temperatures are determined from the analysis of the three-dimensional 180-

degree section model of the entire cask.

(3) Component not explicitly modeled in the 3-D model for canistered fuel.

Temperature results from the helium case of the directly loaded fuel used

(conservatively).

(4) Temperatures are determined from the 3-D model for canistered fuel.
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Table 3.5-1 Maximum Component Temperatures - Hypothetical Accident
Conditions Fife :I‘ransient .,
Conditions: 30 minute, 1475°F Fire 22.1 kW decay heat for Directly Loaded
Fuel 12.5 kW decay heat for Canistered Fuel
Allowable
Temperature Time Temperature
Component (°F) (hours) (°F)
Inner Lid Bolt' 335° 0.9 -
Metallic O-Rings' 314 1.1 500
Viton O-Rings' 314 1.1 400
Cask Radial Outer Surface' 1347 0.5 --
Radial Neutron Shield"? - - -
Lead Gamma Shield’ 455 3.6 600
Support Disk Interior
Directly Loaded Fuel 639*
"""" Camstered Fuel | T
Heat Transfer Disk Interior
Directly Loaded Fuel 632 800
""" Camstered Fuel T e T k0
Maximum Fuel Rod Cladding
Directly Loaded Fuel 729 1058
""" Camtered Fuel | e T 0
1 The maximum temperature is based on the decay heat value of 22.1 kW for Directly Loaded Fuel.
2 The maximum temperature is used to determine the allowable stress in the structural analyses.
3 For conservatism, the radial neutron shield is assumed to be lost at the end of the fire. The axial neutron

shields are not components important to safety as discussed in Section 3.3.2.

3.5-13




THIS PAGE INTENTIONALLY LEFT BLANK





