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April 26, 2005

U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852-2738

Attn: Document Control Desk

Subject: Submittal of Supplemental Information to the Requests for Amendment of
Certificate of Compliance (CoC) No. 9225 for the NAC-LWT Cask to Incorporate
as Approved Contents up to 700 Intact or Damaged PULSTAR Fuel Elements and
Approval of the Screened Can Option of the PWR/BWR Transport Canister

Docket No. 71-9225

Reference: 1. Submittal of a Request for an Amendment of CoC No. 9225 for the NAC-
LWT Cask to Incorporate as Approved Contents up to 700 Intact or Damaged
PULSTAR Fuel Elements, NAC International, November 2, 2004

2. Submittal of a Request for an Amendment of CoC No. 9225 for the NAC-
LWT Cask to incorporate a Screened Can Option to Enhance the Operational
Features of the PWR/BWR Transport Canister, NAC International,
February 17, 2005

3. Model No. NAC-LWT Package, Certificate of Compliance (CoC)
No. 9225, Revision 38, U.S. Nuclear Regulatory Commission (NRC),
January 25, 2005

4. Safety Analysis Report (SAR) for the NAC Legal Weight Truck Cask,
Revision 36, NAC International, December 2004

NAC International (NAC) herewith submits supplemental information to References 1 and 2.
The supplemental information consists of four changed SAR pages.

This submittal has been prepared in accordance with NRC/NAC discussions on April 21, 2005
and includes four copies of this transmittal letter and the Revision LWT-05E changed pages for
Reference 4. The changed pages contain three minor corrections requested by SFPO technical
review personnel and correction of a typographical (numeric) error discovered during NAC
review. Consistent with NAC administrative practice, this proposed revision containing the
supplemental information is numbered to uniquely identify the applicable changed SAR pages.
A revision bar marks the SAR text change (on the Revision LWT-05E pages). Upon final
approval, the changed pages will be reformatted, assigned the next appropriate revision number,
and incorporated into the NAC-LWT SAR.
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LWT-05E changed pages include an updated List of Effective Pages and Master Table of
Contents.

In addition to the above proposed changes to Reference 4, two questions were raised by the NRC
technical reviewers relative to license drawings submitted with Reference 2:

1. Relative to NAC License drawing No. 315-40-100, Rev. 3, Lids, PWR/BWR Transport
Canister, please note that in the top-end drop, the mass of the fuel contents of the
BWR/PWR pin canister will apply a load to the bolted lid of the canister.

Due to the design of the can weldment, the load is applied uniformly over the inner
surface of the lid. The bolted lid can be represented as a clamped plate and the thickness
of the lid corresponding to the location of the screen is 0.25 inches while the thickness at
the location of the lid handle and outside the area of the screen is 0.50 inches. In a
clamped configuration the maximum stresses are at the boundary which is outside the
area with the reduced thickness.

Additionally, the dimensions of the handle are such that they allow the handle to also
provide support to the lid in the top-end drop which permits the plate to exhibit greater
stiffness. Given that the length of unsupported area is less than four inches due to the
handle and the plate thickness outside the screened area is 0.50 inches, the bending
stresses are minimal due to the small ratio of the unsupported length to thickness ratio.

Likewise, the reduced thickness of the lid in the region of the screen has no significant
effect on the development of the maximum stresses in the lid, since the maximum
stresses would occur outside the center region, which contains the screen.

2. NAC drawing No. 315-40-104, Rev. 1, Legal Weight Truck Transport Cask Assy PWR
Transport Canister, shows two different spacers on Sheets 1 and 2. Item 13 (Can &
Insert Spacer), as depicted on drawing 315-40-126 (Assembly 99) is necessary to meet
shielding requirements by preventing shifting of the PWR transport canister. This spacer
is required when shipping damaged fuel in the PWR transport canister. Other spacers
may be used to ensure proper presentation height for the contents. These spacers are
optional. No credit was taken for them in the analyses contained in Reference 4.

Approval of these amendment requests as supplemented will permit the shipment of the
proposed contents in the NAC-LWT cask in support of the DOE’s spent fuel storage program.
To support equipment preparation and project planning, NAC respectfully requests approval of
the supplemental information, along with the original amendment requests, by May 6, 2005.
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If you have any comments or questions, please contact me on my direct line at 678-328-1274.

Sincerely,

A T2
Anthony L. Patko
Director, Licensing

Engineering

Enclosures

ED20050035
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1.1 Introduction

The NAC-LWT spent-fuel shipping cask has been developed by NAC International (NAC) as a
safe means of transporting pressurized water reactor (PWR) fuel, boiling water reactor (BWR)
fuel, material test reactor (MTR) fuel elements, and metallic fuel. The cask design is optimized
for legal weight over the road transport, with a gross weight of less than 80,000 pounds. The
cask provides maximum safety during the loading, transport, and unloading operations required
for spent-fuel shipment. The NAC-LWT cask assembly is composed of a package that provides
a containment barrier, preventing the release of radioactive material. The actual containment
boundary provided by the package consists of a 4.0-inch thick bottom plate, a 0.75-inch thick,
13.375-inch inner diameter shell, an upper ring forging, and an 11.3-inch thick closure lid. The
cask lid closure is accomplished using twelve, 1-inch diameter bolts. The cask has an outer shell,
1.20 inches thick, to protect the containment shell and also to enclose the 5.75-inch thick lead
gamma shield. Neutron shielding is provided by a 5.0-inch thick neutron shield tank with a
0.24-inch (6mm) thick outer wall, containing a water/ethylene glycol mixture and 1.0 weight
percent (wt %) boron (58 wt % ethylene glycol; 39 wt % demineralized water; 3 wt % potassium
tetraborate [K,B4O7]). The neutron shield tank system includes an expansion tank to permit the
expansion and contraction of the shield tank liquid without compromising the shielding or
overstressing the shield tank structure. Aluminum honeycomb impact limiters are attached to
each end of the cask to absorb kinetic energy developed during a cask drop, and limit the
consequences of normal operations and hypothetical accident events.

The NAC-LWT is a legal weight truck cask designed to transport one PWR assembly, two BWR
assemblies, up to 15 sound metallic fuel rods, up to 42 MTR fuel elements or up to 42 DIDO fuel
assemblies consisting of high (HEU), medium (MEU) or low (LEU) enriched uranium, up to 25
individual PWR fuel rods, up to 25 high burnup PWR fuel rods (including up to 14 rods
classified as damaged), up to 25 high burnup BWR fuel rods (including up to 14 rods classified
as damaged), 9 failed metallic fuel rods, 3 severely failed metallic fuel rods in filters, up to 140
TRIGA intact or failed fuel elements/debris (“TRIGA” is a Trademark of General Atomics), up
to 560 TRIGA fuel cluster rods , 2 GA IFM packages, or up to 700 PULSTAR fuel elements.
High burnup PWR or BWR fuel rods may be placed in a rod holder or in a fuel assembly lattice.
The lattice may be irradiated or unirradiated. Up to 14 of the high bumup fuel rods may be
classified as damaged. Damaged fuel rods must be placed in a rod holder. Damaged fuel rods or
rod sections may be encapsulated prior to placement in the rod holder. PULSTAR fuel elements
may be configured as intact fuel assemblies, may be placed into a fuel rod insert, i.e., a 4x4 rod
holder (intact elements only), or may be loaded into one of two can designs, designated as the
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PULSTAR screened fuel can or the PULSTAR failed fuel can. Damaged PULSTAR fuel
clements and nonfuel components of PULSTAR fuel assemblies must be loaded into cans.
PULSTAR fuel cans may only be loaded into the top or base module of the 28 MTR basket
assembly. Intact PULSTAR fuel assemblies and intact PULSTAR fuel elements in a TRIGA fuel
rod insert may be loaded in any basket module. The NAC-LWT cask provides a testable
containment for the fuel during both normal operations and hypothetical accident conditions,
satisfying the requirements of 10 CFR 71.51. Any number of NAC-LWT casks may be shipped

at one time, each on its own vehicle.

NAC-LWT casks may be shipped in a closed International Shipping Organization (ISO)
container when containing LEU, MEU or HEU MTR fuel elements or DIDO fuel assemblies;
metallic fuel; intact or failed TRIGA fuel elements/debris; up to 25 PWR fuel rods; up to 25 high
burnup BWR fuel rods; up to 25 high burnup PWR fuel rods; 2 GA IFM packages, the first with
the TRIGA elements and the second with HTGR fuel materials, or up to 700 PULSTAR fuel
elements. Due to the similarities of LEU, MEU and HEU MTR fuel elements, except when
necessary for analysis purposes, the general term, MTR is used. The same usage applies to LEU.
MEU and HEU DIDO fucl assemblies. where DIDO will generally be used to refer to the

assemblics.
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The PULSTAR fuel elements may be intact fuel assemblies. intact fuel clements (rods) loaded in a
fuel rod insert or a PULSTAR can. or failed fuel clements loaded in a PULSTAR failed fuel can or
a PULSTAR screened fuel can. Each basket configuration consists of one base module. one top
module. and either two. three, or four intermediate modules for the 28, 35. and 42 clement
configurations. respectively. Each 28 MTR basket module is capable of holding up to seven MTR
type fuel assemblies or up to seven PULSTAR fucl assemblies. Each module. fabricated from
Type 304 stainless steel. is a weldment made up of two 1/2-inch thick, 13.625-inch diameter,
circular plates at each end of the longitudinal divider plates creating secven fuel assembly
compartments. The outside wall of the four symmetric outermost fuel tubes is fabricated from 11
Gage Type 304 stainless steel sheet. The 1/2-inch thick plate at the top end of the basket module is
welded to all webs and divider plates. The 1/2-inch thick baseplate is continuously welded to the
1/4-inch thick divider plates and the 5/16-inch thick web plates. The 11 gage sheet metal and the
5/16-inch intermediate webs are discontinued at 1/4 inches from the surface of the baseplate to
provide full tube drainage. The 5/16-inch plate material may be machined to a minimum thickness of
0.28 inch. In addition. a 1-inch diameter hole is located at the center of each of the compartments in
cach basket module. The basket base module sits on a 1.5-inch long. 10-inch schedule 80S pipe
welded to the 1/2-inch thick baseplate. The 10-inch schedule 80S pipe carries the total weight of the
MTR basket assembly and bears dircctly on the bottom forging of the cask.

The MTR fuel basket base module and intermediate modules have guide pins fixed to the surface of
the top support plate. The guide pins fit into holes in the base plate of the top and intermediate
modules and provide controlled alignment of the basket assembly. A groove slot on the outside of
each basket unit support plate is provided for the cask drain tube clearance and to provide for the
basket assembly circumferential alignment.

2.7.7.6.1 MTR Fuel Basket Analvsis

The MTR basket asscmbly and the inner shell are both fabricated from Type 304 stainless steel
material. The nominal radial gap between the MTR basket assembly and the cask inner shell is
0.055 inches. The nominal radial gap between the basket and the inner shell is 0.0531 inches at the
design base fuel normal operation steady state temperature. As defined for other NAC-LWT fuel
specific basket designs. since the gap between the basket and cask inner shell wall is small it is
assumed that there is no relative motion between the basket and the cask. and that the basket is in
contact bearing on the inner shell during a side drop. The basket bearing loads are transmitted to the
inner shell and cask structure.
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2.7.7.6.2 Compressive Stress Calculation - Fuel Tubes (Cask End Drop)

The MTR basket assembly and the inner cavity length are designed to ensure that there is
minimal longitudinal movement of the basket relative to the cask. The base module of the MTR
basket assembly supports itself and the weight of the other basket units; including contents
during an end drop. The accident condition load compressive stress developed in the basket tube

wall is:
v .
o = exW 53,576 psi
where:
A\ = Maximum weight of MTR basket with contents (PULSTAR) = 3222 [b
g = 31-foot end drop acceleration = 60g
A = Total compartment cross-sectional area at baseplate (Figure 2.6.12.6-2)
= 8.20 in’

The allowable compressive stress, 0.7S,. is 44,450 psi conservatively evaluated for Type 304
stainless steel at 600°F. The margin of safety is:

0.7S,
G

<

MS = -1 =+0.89

The Euler clastic buckling load formulation is used to determine the critical buckling load of the
MTR base module. The base module is conservatively treated as simply supported, which results
in an effective length that is twice the actual length, thus reducing the critical buckling load by a
factor of 4.0. The basket base module buckling load is:

Py = T EL ) 55x10°10

(Le)

The margin of safety is:

P,
MS = < —-1=+8.0
PL‘
where:
P, = Compressive load = 60g x W =193,320 Ib
I; = Basket inertia moment = 47.96 in*
L = Elastic modulus (@ 600°F) = 25.3 x 106 psi.
Le = Effective length of 28 assembly basket =2 x 44,0 in= 88 in
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The maximum bending stress, o, is:

6M,,
I

= 30,792 psi

where:
t

i

Fuel tube thickness = 0.12 inch

The stress allowable, S,, is 63,500 psi for Type 304 stainless steel at 600°F. The margin of
safety is:

The 11-gage (0.12 inch) sheet metal tube is continuously welded to the adjacent divider plates
with a Y-inch fillet weld. This weld resists shear developed in the simple beam analyzed above.

7
\V/ = @P+WLh)xg _ 50.0 Ib/in
L
The shear stress, 1, is:
T = % =417 psi.

The “throat” thickness of the weld is 0.088 inch. The ratio of the plate thickness (0.12 inch) to
the weld “throat” thickness (0.088 inch) is 1.36. The maximum stress of 417 psi calculated
above is adjusted by a factor of 1.36 to obtain the maximum stress in the weld for the 31-foot
side drop (49.7g). Maximum stress in the weld, Sy, is:

Sw = 1.36 x 1 =567 psi

The ASME Code, Subsection NG-3352 recommends that the allowable stress for a fillet weld
with PT or MT surface examination be decreased by the quality factor, n, of 0.4. The stress
allowable, S,, of the base metal, Type 304 stainless steel, is 18,200 psi at a conservative
operating temperature envelope of 600°F. The margin of safety for the fillet weld is:

S, xn
MS = S —1 =+Large

w
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2.7.7.6.5 Fuel Tube Stresses (Cask Oblique Drop)

Table 2.6.7-34 summarizes the cask drop equivalent g load factors for six drop orientations: ihe
cask end drop (0 degrees). the cask corner drop (15.74 degrees), the cask oblique drops (30. 45
and, 60 degrees) and the cask side drop (90 degrees). To conservatively envelop the maximum
stresses expected for all the 31-foot oblique drops, the calculated stresses of 23,576 psi in
Section 2.7.7.6.2 for the end drop and 30,792 psi for the side drop in Section 2.7.7.6.4 are added
as absolute values. The maximum stress in the MTR basket that envelops the maximum stresses
expected for any 31-ft oblique drop is 54.368 psi. The margin of safety. against stress allowable,

S... of 63,500 psi. at 600°F, is:

63.500
54,368

MS = -1 =+0.17

2.7.7.6.6 Fuel Cans in the MTR Basket for PULSTAR Fuel

2.7.7.6.6.1 PULSTAR Damaged Fuel Can

The PULSTAR damaged fuel can is a modification of the existing failed fuel can for TRIGA
fuel. The TRIGA fuel can is provided in two different lengths. The PULSTAR fuel can has the
same cross-section (can width and wall thickness) as the TRIGA fuel can and is approximately
tour inches longer than the shorter TRIGA fuel can.  The material of construction is identical for
both the TRIGA and the PULSTAR fuel cans. As shown in Section 2.7.7.9.5 the TRIGA fuel
can is evaluated for a maximum weight of 59.6 1b, which includes a can weight of 20 Ib and a
payload of 39.6 pounds. The weight of the PULSTAR fuel can and the payload is approximately
15 Ib and 35 Ib, respectively. The maximum internal pressure for the PULSTAR can is 59.2
psig. The calculation for the TRIGA can in Section 2.7.7.9.5 used a value of 168 psig. which
bounds the maximum accident condition pressure for the PUSTAR can. Therefore, the
evaluation presented in Section 2.7.7.9.5 for the TRIGA fuel can bounds the evaluation for the
PULSTAR fuel can. The PULSTAR fuel can is structurally adequate for hypothetical accident
conditions of transport. No additional analysis is required.

2.7.7.6.6.2 PULSTAR Screened Fuel Can

The PULSTAR screened can is a modification of the existing damaged fuel can for TRIGA fuel,
which has two different design lengths. The PULSTAR screened fuel can has the same cross-
section (can width and wall thickness) as the TRIGA screened fuel can and is approximately four
inches longer than the shorter TRIGA screenced fuel can design.  Identical materials of
fabrication are used for both TRIGA and PULSTAR fuel cans. As shown in Section 2.7.7.9.4,
the TRIGA fuel can is evaluated for a maximum weight of 71 Ib, which includes a maximum can
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