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CHAPTER |
GENERAL INFORMATION
.1 INTRODUCTION

This Safety Analysis Report (SAR) presents the evaluation of a Type B(U) spent fuel transport
packaging developed by Transnuclear, Inc. and designated the NUHOMS®-MP 197 packaging.
This SAR describes the design features and presents the safety analyses, which demonstrate that
the NUHOMS®-MP197 complies with applicable requirements of 10 CFR 71 [1]. The format
and content of this SAR follow the guidelines of Regulatory Guide 7.9 [2].

The NUHOMS®-MP197 packaging consists of the NUHOMS®-MP197 Transport Cask, which is
utilized for the off-site transportation of NUHOMS®-61BT Dry Shielded Canisters (DSCs) in
accordance with 10CFR71 [1]. The packaging is intended to be shipped as exclusive use. The
Criticality Safety Index (CSI) for nuclear criticality control for the packaging is determined to be |
zero (0) in accordance with 10 CFR 71.59. See Chapter 6.

Transnuclear, Inc. has a NRC approved quality assurance program (Docket Number 71-0250)
which satisfies the requirements of 10 CFR 71 Subpart H.

Chapters 1 through 8 of this SAR address the NUHOMS®-MP197 packaging with the
NUHOMS®-61BT DSC payload containing BWR spent fuel assemblies. Appendix A to this SAR
addresses the NUHOMS®-MP197HB packaging with the payloads described in Section A.1.2.3.
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12 PACKAGE DESCRIPTION

1.2.1 Packaging

The NUHOMS®-MP197 packaging will be used to transport 61 intact standard Boiling Water
Reactor (BWR) fuel assemblies with or without fuel channels, contained in a single NUHOMS®-
61BT DSC. The NUHOMS®-MP197 packaging is designed for a maximum heat load of '
15.9 kW or 260 W/assembly. The fuel that may be transported in the NUHOMS®-MP197
packaging is presented in Section 1.2.3.

The NUHOMS®-MP197 packaging consists of the following components:

¢ A NUHOMS®-61BT Dry Shielded Canister (DSC) consisting of a cylindrical shell, top and
bottom shield plugs, inner and outer bottom closure plates, and inner and outer top cover
plates. After loading, the DSC is vacuum dried and back-filled with an inert gas.

¢ " A fuel basket assembly, located inside the DSC, which locates and supports the fuel
assemblies, transfers heat to the DSC wall, and provides neutron absorption to satisfy nuclear
criticality requirements. A basket hold down ring is installed on top of the basket, after fuel
loading, to prevent axial motion of the basket within the canister.

¢ A NUHOMS®-MP197 transport cask consisting of a containment boundary, structural shell,
gamma shielding material, and solid neutron shield. The containment boundary consists of a
cylindrical shell, bottom end (closure) plate with a ram access penetration, top end forging
ring, bottom and top cover plates (lids) with associated seals and bolts, and vent and drain
port closure bolts and seals. The transport cask cavity also contains an inert gas atmosphere.

e Sets of removable upper and lower trunnions, bolted to the outer shell of the cask that
provide support, lifting, and rotation capability for the NUHOMS®-MP197 cask.

e Impact limiters consisting of balsa and redwood, encased in stainless steel shells, are attached
to each end of the NUHOMS®-MP197 cask during shipment. A thermal shield is provided
between the bottom impact limiter and the cask to minimize heat transfer to the bottom
limiter. Each impact limiter is held in place by twelve (12) attachment bolts.

A personnel barrier is mounted to the transport frame to prevent unauthorized access to the cask
body. The overall dimensions of the NUHOMS®-MP197 packaging are 281.25 inches long and
122.00 inches in diameter with both impact limiters installed. The transport cask body is 208.00
inches long and 82.00 inches in diameter. The cask diameter including the radial neutron shield
is 91.50 inches. The cask cavity is 197 inches long and 68.00 inches in diameter. Detailed
design drawings for the NUHOMS®-MP197 packaging are provided in Appendix 1.4. The
materials used to fabricate the packaging are shown in the Parts List on Drawing 1093-71-3.
Where more than one material has been specified for a component, the most limiting properties
are used in the analyses in the subsequent chapters of this SAR.
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The maximum gross weight of the loaded package is 132.5 tons including a maximum payload
of 21.5 tons. Table 1-1 summarizes the dimensions and weights of the NUHOMS®-MP197
packaging components. Trunnions, attached to the cask body, are provided for lifting and
handling operations, including rotation of the packaging between the horizontal and vertical
orientations. The NUHOMS™-MP197 packaging is transported in the horizontal orientation, on a
specially designed shipping frame, with the lid end facing the direction of travel. -

During normal operating conditions the maximum pressure within the DSC is 1.67 atm (9.8
psig). Within the cask body the maximum normal operating pressure is 1.37 atm (5.4 psig). A
cask cavity and canister cavity pressure of 50 psig is conservatively used for the purposes of
structural analyses. The spent fuel payload is shipped dry in a helium atmosphere. Both the
transport cask cavity and the DSC cavity are filled with helium. The heat generated by the spent
fuel assemblies is rejected to the surrounding air by convection and radiation. No forced cooling
or cooling fins are required.

The following sections provide a physical and functional description of each major component.
Detail drawings showing dimensions of significance to the safety analyses, welding and NDE
information, as well as a complete materials list are provided in Appendix 1.4. Reference to
these drawings is made in the following 8hysical description sections, and in general, throughout
this SAR. Fabrication of the NUHOMS™-MP197 packaging is performed in accordance with
these drawings.

1.2.1.1 NUHOMS®-61BT DSC

A Dry Shielded Canister (DSC) consists of a cylindrical shell, top and bottom shield plugs, inner
and outer bottom closure plates, and inner and outer top cover plates. The overall length and the
outer diameter of the DSC is 199.67 inches and 67.25 inches respectively. The DSC assembly
and details are shown in drawings 1093-71-13 through 1093-71-18. The shell assembly is a high
integrity stainless steel (SA-240 Type 304) welded pressure vessel that provides containment of
radioactive materials, encapsulates the fuel in an inert atmosphere (the canister is back-filled
with Helium before being seal welded closed), and provides biological shielding (in axial
direction). The DSC has double redundant seal welds that join the shell and the top and bottom
cover plate assemblies to seal the canister. The bottom end assembly welds are made during
fabrication of the DSC." The top end closure welds are made after fuel loading. Both top plug
penetrations (siphon and vent ports) are redundantly sealed after the DSC drying operations are
complete.

The canister is designed to contain the fuel basket and fuel assemblies, and is completely

supported by the transport cask. Under normal transport conditions, the canister rests on four
transfer support rails, attached to the inside surface of the transport cask.
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1.2.1.2 Euel Basket

The basket structure is designed, fabricated and inspected in accordance with ASME B&PV
Code Subsection NG [3]. Exceptions to the code are provided in Section 2.11. The overall
length and outer diameter of the basket, including the hold down ring, is 178.5 inches and 66.00
inches respectively. The details of the NUHOMS®-61BT Fuel Basket are shown in drawings
1093-71-10 through -12. The NUHOMS®-61BT basket is designed to accommodate 61 intact
standard BWR fuel assemblies with or without fuel channels. The basket structure consists of a
welded assembly of stainless steel tubes (fuel compartments) separated by poison plates and
surrounded by larger stainless steel boxes and support rails.

The basket structure is open at each end. Therefore, longitudinal fuel assembly loads are applied
directly on the canister/cask body and not on the fuel basket structure. The fuel assemblies are
laterally supported by the stainless steel structural boxes. The basket is laterally supported by the
basket rails and the canister shell. The stainless steel basket rails are oriented parallel to the axis
of the canister, and are attached to the periphery of the basket to provide support, and to establish
and maintain basket orientation.

A shear key, welded to the inner wall of the DSC, mates with a notch in one of the basket
support rails to prevent the basket from rotating during normal operations. Also, a hold down
ring is installed above the basket, after fuel loading is complete, to prevent the basket from
moving axially during transport.

The poison plates are constructed from borated aluminum, an aluminum/B4C metal matrix

composite, or Boral®, and provide a heat conduction path from the fuel assemblies to the canister
wall, as well as the necessary criticality control.
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‘ 12.13 NUHOMS®-MP197 Transport Cask

The cask is fabricated primarily of stainless steel. Non-stainless steel members include the cast
lead shielding between the containment boundary inner shell and the structural shell, the o-ring
seals, the borated polyester resin neutron shield material and the carbon steel closure bolts.
Socket headed cap screws (bolts) are used to secure the top closure lid to the cask body and the
RAM access closure plate to the bottom of the cask. The body of the cask consists of a 1.25
inch, 68 inch inside diameter stainless steel inner (containment) shell and a 2.5-inch thick, 82.00
inch outside diameter stainless steel structural shell which sandwich the 3.25 inch thick cast lead
shielding material.

The overall external dimensions of the cask are 208.00 inches long and 91.5 inches outer
diameter. The weight of the cask body (excluding the lid and lid bolts, which weighs
approximately 5,610 pounds) is approximately 143,000 pounds, including 9,960 pounds of
neutron shield material and roughly 60,000 pounds of cast lead. The following components
comprise the NUHOMS®-MP197 Transport Cask.

A. Containment Vessel

The cask containment boundary consists of the inner shell, a 6.50 inch thick bottom plate with a
23.88 inch diameter, 2.5 inch thick RAM access closure, a top closure flange, a 4.50 inch thick
top closure lid with closure bolts, vent and drain port closures and bolts, and double O-ring seals
for each of the penetrations. A 68 inch diameter, 197 inch long cavity is provided.

The containment vessel prevents leakage of radioactive material from the cask cavity. It also
maintains an inert atmosphere (helium) in the cask cavity. Helium assists in heat removal and
provides a non-reactive environment to protect fuel assemblies against fuel cladding degradation.
To preclude air in-leakage, the cask cavity is pressurized with helium to above atmospheric
pressure.

The inner containment shell is SA-240, Type XM-19, and the bottom, and top flange materials
are SA-182, Tyge FXM19. The top closure lid is constructed from SA-705, Type 630, H1100.
The NUHOMS™-MP197 packaging containment vessel is designed, fabricated, examined and
tested in accordance with the requirements of Subsection NB [4] of the ASME Code to the
maximum practical extent. In addition, the design meets the requirements of Subsection WB of
the ASME Section II, Division 3 [5] and Regulatory Guides 7.6 [6) and 7.8 [7). Exceptions to
the ASME Code are discussed in Section 2.11 of Chapter 2. The construction of the containment
boundary is shown in drawings 1093-71-2, 3 and 4 provided in Appendix 1.4. The design of the
containment boundary is discussed in Chapter 2 and the fabrication requirements (including
examination and testing) of the containment boundary are discussed in Chapter 4.
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‘ B. Gamma and Radial Neutron Shielding

The lead and steel shells of the transport cask provide shielding between the fuel and the exterior
surface of the package for the attenuation of gamma radiation (Drawings 1093-71-2, -3 and —4).

Neutron shielding is provided by a borated polyester resin compound surrounding the outer shell.
The resin compound is cast into long, slender aluminum containers. The containers are
constructed from 6063-T5 aluminum. The total thickness of the resin and aluminum is 4.56
inches. The array of resin-filled containers is enclosed within a smooth 3/16 inch thick outer
steel shell (SA-240, Type 304). In addition to serving as resin containers, the aluminum provides
a conduction path, from the cask body to the neutron shield shell, for heat transfer.

The resin material is an unsaturated polyester cross-linked with styrene, with about 50% weight
mineral and fiberglass reinforcement. The components are polyester resin, styrene monomer,
alpha methyl styrene, aluminum oxide, zinc borate, and chopped fiberglass which produce the
elemental resin composition shown below.

Element % Weight
H 5.05
B 1.05
C 35.13
Al 14.93

‘ O + Zn (balance) 43.84

Noncontainment welds are inspected in accordance with the NDE acceptance criteria of ASME
B&PV Code Subsection NF. '

The structural analysis of the NUHOMS®-MP197 cask body is presented in Chapter 2.

1.2.14 Tiedown and Lifting Devices

There are four trunnion sockets on the cask; two front trunnion sockets, and two rear trunnion
sockets. They accommodate removable trunnions for handling, lifting, and rotating of the cask.
These trunnion sockets are attached to the structural shell. Two types of trunnions are provided
for the NUHOMS®-MP1_97 transport package lifting. One type of trunnion has a double shoulder
(non-single failure proof). The other type of trunnion has a single shoulder (single failure proof).
The top (lifting) set of trunnions could be either type depending on site and transfer operation
requirernents. The bottom set of trunnions are the double shoulder type. The trunnions are
fabricated and tested in accordance with ANSI N14.6 [9]. During transport, four trunnion plugs,
containing neutron shielding material, will be bolted to the four trunnion sockets.

When the cask is in the horizontal position, a shear key receptacle on the bottom of the cask

reacts the longitudinal tiedown loads. The shear key receptacle is welded to the structural shell

and protrudes through the neutron shield. During transport the receptacle interfaces with the
‘ shear block attached to the transport skid.

1-6 Rev. 1 1/02



‘ 1.2.1.5 Impact Limiters

The front and rear impact limiters, shown in TN Drawings 1093-71-1, -8, and -9, absorb energy
during impact events by crushing balsa and redwood. The top and bottom impact limiters are

* identical. Each has an outside diameter of 122 inches and a height of 60.75 inches. The inner
and outer shells are Type 304 stainless steel joined by radial gussets of the same material. The
gussets limit the stresses in the 0.25 in. thick stainless steel outer cylinder and end plates due to
pressure differentials caused by elevation and 