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PART A: DESCRIPTION AND OPERATIONS

A1.0 INTRODUCTION

A1.1 GENERAL INFORMATION

This Design Analysis Report (DAR) presents the evaluation of the design of the cask and
transportation system (including a unique operations support system) to perform the on-site
transfer of Type B, Highway Route Controlled Quantity (HRCQ) fissile spent fuel. The design of
the system has been developed by Transnuclear, Inc. and its team members consisting of NAC
International, Nelson Manufacturing, Precision Components Corporation and Numatec, Inc. The
cask is designated the TN-WHC. This DAR describes design features and presents preliminary
analyses performed to size critical dimensions of the system while meeting the requirements of
the Specification for SNF Path Forward Cask and Transportation System, Hanford Specification!”.

The TN-WHC Cask and Transportation System will be used for safely packaging and transporting
approximately 2,100 metric tons of unprocessed, spent nuclear fuel from the 105 K East and K
West Basins to the 200 E Area Canister Storage Building (CSB). Portions of the system will also
be used for drying the spent fuel under cold vacuum conditions prior to placement in interim
storage.

The spent nuclear fuel is currently stored underwater in the two K-Basins. The fuel elements will
be placed in special baskets and stacked in the Multiple Canister Overpacks (MCO) that have
been previously placed in the cask. The MCO shield plug will be installed on the MCO. The
cask will be removed from the K Basin load out area and taken to the cold vacuum drying
station. Here the MCO shield plug retaining ring will be installed on the MCO, the water will be
removed from the MCO and the cask prepared for transportation to the CSB. Shipments will
occur exclusively on-site, specifically between the K-Basins and the CSB. Travel will be by road
with one cask per trailer.

A1.2 SYSTEM DESCRIPTION

The Cask and Transportation System consists of a transport cask with a dedicated semi-trailer. It
is designed to transport the cask in the vertical orientation. A single MCO loaded with spent fuel
baskets will be transported from the K-Basins’ Loadout Facility to the CSB. The System layout
is shown on Figure Al1.2-1. Unique operations equipment has been developed for the K-Basin
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Figure A1.2-1 TN-WHC Cask and Conveyance System
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Loadout pit. The equipment has been engineered to:

- minimize cycle times

- achieve excellent control of contamination

- provide high margins of safety

- minimize waste generation

- minimize personnel exposure

- support ease of operations by facility personnel.

Descriptions of the cask, conveyance (trailer), cask lifting attachment and the operations

equipment are provided below. Detailed design drawings are provided in Section A9.1
(Appendix).

A1.2.1 Cask

The cask consists of a body fabricated from stainless steel forging(s) and a bolted-on stainless
steel lid with two welded on trunnions. The cask incorporates features for ease of loading,
decontamination and routine handling. The design is engineered to minimize cask maintenance
and maximize in-service time and for ease of fabricability to enhance project completion goals.

The overall dimensions of the cask are 170.25 inches long and 39.81 inches in diameter. The
cask cavity has a length of 160.50 inches and a cavity ID of 25.19 inches. The general
arrangement of the cask is depicted in Figure A1.2-2. The cask is designed to be lifted and
placed in a vertical orientation only. Component terminology used in this DAR is also identified

on Figure A1.2-2. The closure lid end is referred to as the top with the cask in the vertical
orientation.

A1.2.2 Cask Lifting Attachment

The cask is lifted from the trailer and from the Cask Operations Equipment, and maneuvered by
two trunnions welded on the lid. The layout of the attachment is shown on Figure A1.2-3. The
lifting attachment is used for loading and unloading the cask from the conveyance system, for
movement to and from the load out pit and the CSB, and for any other cask handling operations.
It is designed to lift the cask vertically and move with the cask in the vertical orientation only.
The lifting attachment structural members are constructed of stainless steel.

The lifting attachment consists of two trunnions which are welded to the cask lid by a set of

brackets and gussets. The geometry and dimensions are shown in Figure A1.2.3. All
components are made of 304 stainless steel.
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Figure A1.2-2 General Arrangement of the TN-WHC Cask
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Figure A1.2-3 TN-WHC Cask Lifting Attachment
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A1.2.3 Conveyance

The conveyance system is a semi-trailer which can be attached to a standard tractor. The trailer

provides the necessary supports and attachment points for securing the cask in the vertical
orientation.

A1.2.4 Cask Operations Equipment

The K-Basin Loadout Pit Operations Equipment for the TN-WHC cask has been designed to
support the concept of “start clean, stay clean”. An immersion pail with a sealing lid encloses the
cask in a clean demineralized water cavity. The entire enclosed immersion pail, cask, MCO, and
seal lid assembly is then lowered into the K-Basin Loadout Pit for loading of the MCO.
Pneumatic seal contact surfaces between the immersion pail seal lid and immersion pail, and
between the seal lid and MCO, contain an internal immersion pail positive 2 psig relative pressure
to external hydrostatic pressure during all in-pit operational sequences. Use of the sealed
immersion pail precludes contamination of the exterior and interior surfaces of the cask.

The immersion pail is supported by a steel frame support structure extending from the floor of
the loadout pit to the top of the loadout pit shield wall, or from lift slings and the facility crane,
depending on the system’s operational configuration. During immersion pail cask loading and
unloading activities, the immersion pail is supported by the immersion pail support structure.
The facility crane with slings is used to lower and raise the immersion pail from the pit side
support structure to the pit floor for MCO loading. Worker access is provided to the immersion
pail seal lid and system connections in the area opposite the fuel transfer canal during pre and
post MCO loading by two worker platforms supported from the loadout pit shield wall. This
loadout pit worker platform is provided for operational flexibility and not intended to be a
required access point for normal operations. Normal operation of the immersion pail system is
intended to be performed by operators from the main operations floor without the use of special
tooling. The immersion pail support structure and worker platform are passive structures that,
once installed prior to initiation of operations, do not need to be removed during the normal cask
operations. Compressed air and demineralized water supply are required to support the MCO
loading operation. Figure Al.2-4 presents the K-Basin Loadout Pit Operations Equipment as
supported by both the in pool support structure and facility crane.

The immersion pail lid is handled by the facility crane during installation and removal for each
loading cycle. The pail lid is lowered in place, seals are pressurized, and deionized water flow
established. Seal integrity verification occurs at this point in the operation.

The immersion pail lid is fabricated of stainless steel to mitigate concerns about corrosion and
abrasion. The lid is held in place through seal pressure, dead weight and four bolts to the main
pail structure. The lid design limits seal crevasses and pool water entrapment. permits flushing
of the seal surface prior to breaking the seal. and permits clean immersion pail water to flow
from the seal boundary when seal pressure is removed. Each of these features supports ease of
decontamination during the operation sequence.
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Figure A1.2-4 K-Basin Loadout Pit Operations Equipment
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References For Section A1.0

1. Performance Specification For TN-WHC Cask And Transportation System, WHC-5-0396,
Rev. 1, September 1995.
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A2.0 PACKAGING SYSTEM

The packaging system is the assembly of components necessary to ensure compliance with the
materials containment and compliance requirements delineated in Hanford Specification”. The
Cask and Transportation System consists of the cask with lifting attachment, the dedicated trailer
with the tiedown system, and the operations equipment.

A2.1 CONFIGURATION AND DIMENSIONS

A2.1.1 Cask

The structure of the cask is a right circular cylinder with a bottom and a closure lid. The basic
components of the cask are the cask body, closure lid and the lid bolts. The cask body consists
of the cylindrical shell and the bottom plate. The closure lid is attached to the cask body with
twelve 1.5 inch diameter bolts. Two lifting trunnions with brackets and gussets are welded to the
top end of the lid and are a 180° apart. Two penetrations into the containment are provided to
support cask operations. One is located at the lid and the other is located in the cask bottom.
The maximum gross weight of the loaded cask is 57,910 pounds including a payload of 18,950
pounds. The cask is transported in the vertical orientation with the lid end facing upward.

During transport, the cask is supported on the trailer by an upper tiedown device and a lower cup
shaped retainer.

The following sections provide a physical and functional description of each major component.
Detailed drawings showing dimensions are provided in Section A9.1. A complete materials list is
provided in Section A2.2. Reference to these drawings is made in the following physical
description sections and in general, throughout this DAR. Fabrication of the cask will be
performed in accordance with the design drawings.

Cask Body

The cask body assembly is shown on drawing H-1-81535, sheet 1 of 5 and consists of a circular
cylinder (shell) welded to a bottom plate. The stainless steel material for the shell and bottom
plate is ASME SA-336 Type F304 or equivalent. The shell is 7.31 inches thick. The bottom
plate is 6.13 inches thick. The overall length and diameter of the cask body is 170.25 inches and

40.57 inches respectively. The welds in the shell assembly (containment boundary welds) are full
penetration welds.

Attachments and subassemblies associated with the cask body include:

+ Lifting attachment on top of the lid.
*  MCO standoffs on the inner surface of bottom plate.
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» Cask drain penetration through the bottom plate.
+ Cask vent penetration through the lid.

« Lid alignment pins.

+ Lid bolts and washers

Closure Lid and Bolts

The design of the closure lid is shown on drawing H-1-81535, sheet 4 of 5. The closure lid is a
3.5 inch flanged plate made from ASME SA-336, Type F304 stainless steel or equivalent. This
plate forms the lid portion of the containment boundary. The perimeter of the lid has 12 equally
spaced holes for the closure bolts which are located on a 36.44 inch diameter bolt circle. The
closure bolts are nominally 1.5 inch in diameter manufactured from ASME SA-479-XM19, hot
rolled or equivalent material.

One dovetail seal groove is machined in the underside of the lid flange. A Butyl o-ring is
installed in this seal groove. The o-ring provides the containment boundary function.

Two lid alignment pins are provided to ensure that the lid is properly aligned with respect to the
cask body so that the lid bolts can be installed.

Cask Lifting Attachment

The lifting function is provided by a pair of lifting trunnions welded to the brackets and gussets.
The brackets and gussets are welded to the top surface of the lid, 180° apart. Detailed
dimensions of the lifting attachment are shown on drawing H-1-81535, sheet 4 of 5. This
trunnion pair is sufficient for lifting a 30 ton loaded cask vertically.

Containment Penetrations

There are a total of two penetrations through the containment vessel, one located in the lid end
(designated the Vent Port) and the other, in the cask bottom (designated the Drain Port). The
penetrations are used to drain, dry, backfill and vent the containment boundary, or circulate warm
water in the interspace between the cavity wall and the MCO. All penetrations are closed and
sealed during transport. The configuration details of each penetration including seals, covers and
bolts are shown on drawings H-1-81535, sheets 3 of 5, and 5 of 5.

Vent Port

The vent port is used for venting and back filling of the cask cavity. It is a direct penetration
through the lid, 0.44 inch in diameter, with a threaded outer end to accept a quick-disconnect
fitting.

The vent port is closed by a 6.0 inch diameter, 0.75 inch thick blind flange which is secured to
the lid with four 0.5 inch diameter socket head cap screws. The penetration cover is recessed
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into the outer plate of the lid so that the outer surfaces are flush. A single Butyl o-ring is
mounted in a dovetail groove machined in the underside of the penetration cover.

Drain Port

This penetration is located in the bottom of the cask body. Access to this penetration is located
on the side of the cask body at the bottom plate. A 0.63 inch hole is drilled from the inside
surface of the cavity bottom to the cask body side and includes a 90° bend as shown on drawing
H-1-81535, sheet 3 of 5. The drain port permits draining of the cask cavity with the TN-WHC
cask in a vertical orientation. A quick-disconnect coupling is provided at this penetration. As on
the vent port, a blind flange which maintains the containment boundary at this point is secured
over the drain port by four bolts. A single butyl o-ring is located in the dovetail groove
machined in the penetration cover.

A2.1.2 Cask Lifting Attachment

The lifting attachment for the cask is used for loading and unloading the cask from the
conveyance system, for movement at the loadout pit and the CSB, and for any other cask
handling operations. It is designed to lift the cask vertically with the cask in the vertical
orientation only.

The lifting assembly consists of two trunnions which are attached to the cask lid by a set of
brackets and gussets. The overall dimension of the lifting attachment is 43.83 inches. The
design details are provided on drawing H-1-81535, sheet 4 of 5.

A2.1.3 Conveyance

The design of the trailer is shown on drawings H-1-81555, H-1-81556, and H-1-81557. The
basic components are:

*  Main Beams

* Frame

+  Deck

+  Kingpin

* Landing Legs
e Axles

* Suspensions

*  Wheels

»  Tires

* Brakes

The major dimensions are as follow:
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+ Overall length 40°, With the tractor approximately 54’

*  Overall width 10’

*  Overall height 17°-7" (loaded at top of the cask lifting attachment)
+ Loaded deck height 3’

* Loaded ground clearance 12"

A2.1.4 Cask Operations Equipment

The K-Basin Loadout Pit Operations Equipment consists of an immersion pail, support structure
and operator work platform. In addition to pit side equipment an MCO Cold Vacuum Drying

(CVD) Lid is provided to support conditioning/drying of the MCO. Drawings of the individual
equipment components and pail assembly showing dimensions and materials for the operations
equipment, and drawings of the system general arrangement include the following:

H-1-81543  K-Basin Immersion Pail, Lift Beam Assembly

H-1-81544  K-Basin Immersion Pail

H-1-81545  K-Basin Immersion Pail Support Structure

H-1-81546  K-Basin Immersion Pail Seal Lid

H-1-81547  K-Basin Immersion Pail Assembly

H-1-81549  K-Basin MCO / Cask Cold Vacuum Drying Lid

H-1-81550  K-Basin Immersion Pail Ancillary Equipment

H-1-81551  K-Basin Immersion Pail Interface Control Drawing

H-1-81552  K-Basin Immersion Pail Lock Pin Guide Assembly

H-1-81553  K-Basin Immersion Pail Support Structure Assembly

H-1-81554  K-Basin Immersion Pail Support Equipment

The immersion pail is a thin walled circular cylinder 165.5 inches long with a sealed foam filled
floatation cavity. Use of the floatation cavity in the immersion pail design permits the existing
crane hardware to lift the pail, cask and filled MCO to the top of the loadout pit shield wall
without challenging the crane load capacity. Locating the top of the immersion pail at the top of

the loadout pit shield wall for operator access reduces cumulative operator dose supporting project
ALARA objectives.

The immersion pail base plate carries the cask load to the pail wall which uniformly transmits the
cask load in tension to the top shell ring structure and four immersion pail lifting lugs. The
immersion pail lift lugs interface with the loadout pit immersion pail support structure or the
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crane lift slings. During system operation when the immersion pail is moving between support
points the immersion pail lift lugs travel within a captured tracking provided by the support
structure tub steel columns. The cross section envelop of the immersion pail is 42.75 inches x
53.5 inches which transmits the cask load to the immersion pail structure base plate in bearing
when the immersion pail and cask is located on the floor of the loadout pit for the MCO loading
operation. The immersion pail support structure base plate is 48.06 inches x 56.87 inches.
These envelope dimensions permit pail operation without removal of existing rail structures
mounted to the side of the loadout pit. Location control and guidance of the cask during
insertion into the immersion pail is provided by a series of beveled, stepped concentric landings.

Initial pail opening of 42 inches reduces to 40 inches over approximately 18 inches of axial cask
travel.

The immersion pail loadout pit support structure is a steel frame two part structure approximately
320 inches high. Leveling feet are provided between each set of corner column tube steel
supports for initial structure installation into the loadout pit. Solid foundation for the support
structure is provided during the equipment installation process. Following initial location of the
immersion pail, pit support structure grout is installed beneath the support structure base plate
providing a solid load path from the support structure to the loadout pit floor. The immersion
pail loadout pit support structure provides support for the empty MCO, cask and immersion pail
during the task activities performed for maintaining a contamination free boundary prior to
lowering the cask to the pit floor. Also, this structure provides support for the loaded system
following fuel loading while performing activities for moving the contamination free cask to the
cask transport trailer. Manually operated lock pin assemblies are mounted to the top of each of
the immersion pail support structure corner columns. The lock pins are designed to be locked in
the full open or full closed position.

Two worker platforms are suspended from opposite sides of the loadout pit shield wall to form a
slotted work surface, permitting operator access to the immersion pail lid opposite the fuel
transfer canal without the use of special tooling. Slotted access is maintained to provide MCO
loading system flexibility permitting monorail cable access from the pool! to the loadout pit during
fuel loading of the MCO. Providing the slotted access permits system operation without
movement of the work platform.

The immersion pail seal lid is a stainless steel weldment fitted with inflatable seals on the pail
and MCO interface surfaces. The lid is sized to provide approximately 0.5 inch nominal
clearance between the MCO and inside diameter of the seal lid. The seal lid and immersion pail
boundary provides approximately 0.1 inch nominal clearance. Seal pressure of 45 psig activates
the silicone seals which have been rated to withstand radiation environments of 150 Rem/hr.
Three lifting lugs are provided for moving the immersion pail lid to and from the immersion pail
using slings and the facility crane. Vent port design captures the highest fluid elevation in the
inner radius of the lid cavity and is located in the outboard section of the lid to permit easier
access during operation.
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A2.2 MATERIALS OF CONSTRUCTION

A2.2.1 Cask

The materials of construction are summarized in the following table:
Component Material
Cask Shell ASME SA-336, Type F304 or equivalent

Bottom Plate ASME SA-336, Type F304 or equivalent
Closure Lid ASME SA-336, Type F304 or equivalent
Closure Bolts ASME SA-479-XM109, hot rolled or equivalent
O-Ring Butyl, Parker B612-70 or equivalent
Materials for other miscellaneous components are listed on drawings H-1-81535, sheets 1 to 5.

(Section A9.1).
A2.2.2 Cask Lifting Attachment

The lifting attachment structural members are constructed of stainless steel, ASME SA-182,

Grade F304. Materials for other miscellaneous components are listed on drawing H-1-81535,
sheet 4 of 5.

A2.2.3 Conveyance

The materials of construction are summarized in the following table:

Component Material
Main Beams AS514 (T1)
Frame A-36
Kingpin SAE-J700

Materials for other miscellaneous components are indicated on drawings H-1-81555, H-1-81556,
and H-1-81557.

A2.2.4 Cask Operations Equipment

The K-Basin Loadout Pit Operations Equipment consists of an immersion pail, loadout pit
mounted support structure and loadout pit shield wall suspended work platform. In addition to
the loadout pit operations equipment an MCO Cold Vacuum Drying Lid is provided to support
conditioning/drying of the MCO. Materials of construction are listed on each component drawing
for the respective component item number. The primary immersion pail structure is constructed
from Type 304 stainless steel. The immersion pail support structure and loadout pit work
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platform are fabricated from Type A36 and Type AS00 series carbon steel and coated to protect
it against corrosion over the life of the system. The immersion pail lift beam is fabricated from
Type 516 carbon steel and the sling storage box and the immersion pail positive pressure
reservoir are made from Type 304 stainless steel. The lock pin is Type 17-4PH stainless steel in

order to provide significant margin of safety when postulating a two support configuration with
ANSI 14.6 load factors.

The immersion pail seal lid and the MCO conditioning lid are fabricated from Type 304 stainiess
steel.

A2.3 MECHANICAL PROPERTIES OF MATERIALS

A2.3.1 Cask

The mechanical properties of the structural materials used in the cask is shown on following table
as a function of temperature. The materials are identified and procured by reference to ASME or
corresponding ASTM specifications. The yield and ultimate strengths of the structural steels
shown on table are the minimum values specified in the material specifications. The ASME®
design stress intensity values (S,,) for Class 1 components are used to establish allowable stresses
for the elastic analyses performed for the cask. Stress intensity limits for the various stress
categories are discussed in Sections B4.3 and B4.4.
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Temperature Dependent Material Properties

Component Material Temp. | Ultimate | Yield | Allow. E o
°F S.(ksi) S,(ksi) | Sp(ksi) | (E®psi) | (E®

Cask Body SA-336 70 70 30 20 28.3 8.55
Ti% Type F304 1500 66.2 25 20 276 | 879
300 61.5 22.5 20 27.0 9.0

400 60.0 20.7 18.7 26.5 9.19

Lid Bolt SA-479 70 135 105 28.34 8.87
Ho)t(hlg(i?led 200 27.6 9.02

300 27.0 9.10

400 26.5 9.14

* Mean Coefficient of Thermal Expansion (in/in-°F) from 70°F to the Indicated Temperature.

A2.3.2 Cask Lifting Attachment

Mechanical properties of the material used in the cask lifting attachment are listed in the

following table.

Component Material Temp. Ultimate Yield

°F S.(ksi) S, (ksi)
Trunnion SA-182 F304 70° 75 30
Bracket Type 304 SS 70° 75 30
Gusset Type 304 SS 70° 75 30

The lifting attachment will be designed per ANSI N14.6” with a factor of safety of three to yield

or five to ultimate, whichever is most restrictive.

A2.3.3 Conveyance

Mechanical properties of the material used in the trailer are listed in the following table.
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Component Material Temp. Ultimate Yield
°F S, (ksi) S, (ksi)
Main Beams A-514 70° 110 100
(T1)
Frame A-36 70° 58 36

A2.3.4 Cask Operations Equipment

Cask operational equipment load path structures are fabricated from 500 series carbon steel, 17-4
PH stainless steel or Type 304 stainless steel. Yield strength and material ultimate strength for
these materials at service temperatures equal to or less than 150°F are as follows:

Material Yield Strength Ultimate Strength
(ksi) (ksi)

Carbon Steel, ASTM A500, GR B 46.0 58.0

Type 304 Stainless Steel 30.0 75.0

17-4PH Stainless Steel 100.1 135.0

A2.4 DESIGN AND FABRICATION METHODS
A2.4.1 Cask
A2.4.1.1 Design

The cask is designed to comply with all the requirements of Hanford Specification'” for normal
and accident conditions. Part B of this DAR provides the details of the design analyses. The
structural material selected is ASME/ASTM certified stainless steel (See design drawings, Section
A9.1). Stainless steel has adequate resistance to the corrosive effects of materials (liquids,
vapors, gases and solids) that it could come in contact with the cask during the cask’s life cycle
at the Hanford Nuclear Reservation site. The stainless steel material also minimizes
contamination adhesion and chemical-galvanic reactions between the payload components and the
cask. The material also complies with the material requirements identified in NUREG/CR-
3854%. A minimum wall thickness of at least 3-in. (7.62-cm) of stainless steel has been provided
as required by Hanford Specification'”. The design considers avoiding potential contamination
traps to the greatest extent practicable.
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A2.4.1.2 Fabrication Methods

Fabrication criteria for a Category I packaging, as delineated in NUREG/CR-3854 will be
followed. Fabrication of the packaging will be performed in accordance with the ASME Code,
Section III as required by NUREG/CR-3854.

The cask will be fabricated from stainless steel using proven manufacturing techniques for spent
fuel transportation casks. The cask body will consist of one or more forged cylinders welded
with a complete penetration weld 1o a bottom closure head forging. It is anticipated that the cask
body welds will be narrow groove welds made primary by Gas Tungsten Arc Automatic Welding

(GTAW) and the Submerged Arc Automatic Welding (SAW) process and welded from the outer
diameter.

All welds and weld joints will be examined per the ASME Code, Section [11. Welds will be

inspected per ASME Section V by welders qualified to ASME Section IX. All containment
welds will be radiographed per ASME requirements.

A2.4.2 Cask Lifting Attachment
The lifting Attachment is designed per ANSI N14.6 with a factor of safety of three to yield or

five to ultimate, whichever is most restrictive. Fabrication of the lifting attachment will also be
performed in accordance with the requirements of ANSI N14.6.

A2.4.3 Conveyance

The trailer will be designed per Hanford Specification”’ with a factor of safety of two to yield.
All welding will be in accordance with AWS D1.1.

A2.4.4 Cask Operations Equipment

The K-Basin Loadout Pit Operations Equipment consists of an immersion pail, immersion pail
support structure, and loadout pit operations work platform. Safety related load path components
are designed in accordance with ANSI N14.6%.

To supplement the requirements of ANSI N14.6, applicable design criteria from the American

Institute of Steel Construction (AISC) and ASME Boiler and Pressure Vessel Code have been
adopted for evaluation of support structures for loads other than tension loading.
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A2.5 WEIGHTS AND CENTER OF GRAVITY

A2.5.1 Cask

The calculated gross weight of the cask (including contents) is 57,910 pounds. Approximate
weights of major individual components or subassemblies are tabulated below:

Weight of Lid: 1,890 Ibs
Weight of Shell: 34,300 lbs
Weight of Bottom: 2,270 lbs
Weight of Lifting Attachment: 500 Ibs
Weight of Dry MCO: 18,950 lbs
Gross Cask Weight (Dry): 57,910 lbs

The center of gravity of the unloaded packaging is located on the cylindrical axis at 82.29 inches
from the outer bottom surface.

The center of gravity for a loaded packaging (Dry) is located on the cylindrical axis at
approximately 83.6 inches from the outer bottom surface.

A2.5.2 Cask Lifting Attachment

The calculated gross weight of the lifting attachment is 500 pounds. Approximate weights of
major individual components are tabulated below:

Trunnions: 120 lbs
Brackets: 250 lbs
Gussets: 130 lbs

A2.5.3 Conveyance

The calculated gross weight of the trailer is 19,500 Ibs. Approximate weights of the major
individual components used for trailer design are tabulated below:

Tractor: 18,500#

Trailer: 19,500#

Cask & Loaded MCO: 57,910# (Dry), 59,370# (Wet)
Platform: 2,500#

Tie Down System: 5,000#

Total gross weight 103,410# (Dry), 104,870# (Wet)

A2-11
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The center of gravity of the loaded cask on the trailer is 104.27" above the ground and is not
exceed 120% of the axle track (axle track is 95").

A2.5.4 Cask Operations Equipment

The K-Basin operations equipment components of interest relative to weight considerations
include the immersion pail and immersion pail seal lid. These components represent the
operational equipment which influence loading on the crane and loadout pit immersion pail
support structure. Although the weight of these structures influence total load path loading, the

design for the in-pit equipment incorporates buoyancy force of the submerged pail volume and
retains full crane capacity for the loaded cask.

Summary of component and system weight loading:

Component Pounds
Pail 5,700 (#)
Pail Lid 600 (#)
Cask 36,570 (#)
Cask Lid 1,890 (#)
Cask Lifting Attachment 500 ()
MCO 1,900 (#)
MCO Contents 15,685 (#)
MCO Water 1,210 (#)
MCO Shield 1,360 (#)
MCO Loaded (wet) 20,160 (#)
Pail Slings 400 (#)
Pail Lift Beam 550 (#)
Pail Water w/cask 850 (#)

MCO/Cask Annulus Water 250 (#)

A2.6 CONTAINMENT BOUNDARY

The containment boundary consists of the cask body cylindrical shell, bottom plate and the lid.
The lid bolts and seals are also part of the containment boundary as is the drain and vent cover
plates, bolts and seals. The containment boundary is designed to be an ASME Section III,
Subsection NB Class I component as applicable. The Subsection NB rules for materials, design,
fabrication and examination are applied to all of the above components to the maximum practical
extent. The containment boundary is shown on Figure A2.6-1.

A2-12
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The acceptability of the containment boundary under the applied loads is based on the following
criteria:

¢ ASME Code Design Stress Intensities
¢ Fatigue Failure to be Precluded

* Brittle Fracture to be Precluded

*  Buckling to be Prevented

The values for material properties, design stress intensities (S,,) and design fatigue curves for
Class 1 components given in Part D of Section II of the ASME B&PV Code shall be used for the

containment boundary materials. Allowable stress levels for containment components are outlined
in Table B4.3-4.

The design properties of other materials are based on industry-recognized specifications, or
standards, or on appropriate test data.

A2.7 CAVITY SIZE

The basic structure of the cask cavity is a right circular cylinder. The cask cavity has a length of
160.50 inches and an internal diameter of 25.19 inches. A 4.0 inch land is located towards the
top of the cavity. This land has an internal diameter of 24.25 inches. The cavity of the
TN-WHC cask is depicted in Figure A2.6-1.

A2.8 HEAT DISSIPATION

The cask is designed to dissipate the design basis heat load of the payload while maintaining cask
component temperatures within acceptable ranges. The thermal evaluation is provided in Section
BS.0. The following is a summary of the heat to be dissipated during normal and accident
conditions:
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Normal Conditions
Payload Surface Heat Flux | Surface Surface Heat | Total
At MCO Sidewalls | Heat Flux [ Flux At Watts Per

At MCO MCO MCO
Top Bottom

Maximum 12.7 Watts/ft> 6.0 0 950
Watts/ft*

Minimum 0 0 0 : 0

(The defined sidewall surface heat flux occurs over the lower 11.7 ft. of the MCO)

Accident Conditions

Payload Surface Heat Flux at [ Surface Heat Flux at Total Watts
Center 28 in Section | Remainder of MCO Per MCO
of MCO Sidewall Sidewall

Maximum |30 Watts/ft® 12.7 Watts/ft? 1200

Minimum 0 0 0

A2.9 SHIELDING

The most significant shielding design features of the cask are the thick walled forged stainless
steel cask body and lid. The cask body has a minimum wall thickness of 7.25 inches and a
minimum bottom thickness of 6.13 inches. Additional shielding is provided by the fuel
assemblies, the baskets, and the MCO. The cask design does not included separate neutron
shielding because of the relatively low neutron source term in the spent fuel.

The shielding analysis of the cask is performed using industry standard codes and conservative
modeling assumptions. An evaluation of the shielding performance of the cask was performed

assuming dry cask conditions. This evaluation is based on the maximum source term payload.

The bounding source term used for the shielding evaluation is the Mark IV fuel elements, 0.95 U-
235 irradiation to 16% Pu-240, thirteen years after discharge from the N reactor.

The gamma and neutron analyses are performed using the one dimensional SAS1 module of
SCALE-4, with the 27n-18g coupled cross-section library. This uses the codes XSDRNPM and
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XSDOSE to calculate surface flux and translate the flux into dose rates away from the cask
surface. ANSI standard flux-to-dose factors, within SCALE-4, are used for the dose calculation
at the selected points.

The method in which the cask and its contents are modeled for the shielding analysis and the
shielding analysis results are described in the Section B3.0.

A2.10 CASK LIFTING ATTACHMENT

The lifting attachment for the cask are the two lifting trunnions, two brackets and two gussets.
The trunnions, brackets and gussets are designed per ANSI N14.6 with a factor of safety of three
to yield or five to ultimate, whichever is most restrictive.

A2.11 TIEDOWN ATTACHMENTS

The cask is held down by the cask hold down device which is part of the tiedown system. There
are no tiedown attachments required at the cask. The tiedown system is designed to withstand the
tiedown vertical 2g loads. The cask tiedown system design and load evaluations are provided in
Section B7.0. Detailed dimensions of the tiedown system are shown on drawings H-1-81539,
sheets 1 to 3.
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Figure A2.6-1 TN-WHC Cask Containment Boundary
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References For Section A2.0

1.

Performance Specification For TN-WHC Cask And Transportation System, WHC-S-0396,
Rev. 1, September 1995.

ASME Boiler and Pressure Vessel Code, Section III, Subsection NB, American Society of
Mechanical Engineers, NY, 1992. (1992 Revision).

Special Lifting Devices for Shipping Containers Weighing 10,000 Pounds or More, ANSI
N14.6, American National Standards Institute Inc., NY, 1993,

Fischer, L. E. and Lai, W., 1985, Fabrication Criteria for Shipping Containers,

NUREG/CR-3854 UCRL-53544, Lawrence Livermore National Laboratory, Livermore,
California.
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A3.0 PACKAGE CONTENTS
A3.1 GENERAL DESCRIPTION
A3.1.1 Physical Form
The Cask contents consist of a Multiple Canister Overpack (MCO) which is the primary
containment for the fuel elements. MCOs are 24 in. (0.61 m) outside diameter, stainless steel

pipe slightly over 13 ft (4 m) long, with the metallic uranium fuel elements in baskets stacked
inside (Figure A3.1-1). Approximately 400 of these fuel containers (MCOs) will be handled.

A3.1.2 MCO Weights and Dimensions

The approxima{é weights of the MCO components and some dimensions are supplied in Table
A3.1-1.

References For Section A3.0

1. Performance Specification For TN-WHC Cask And Transportation System, WHC-S-0396,
Rev. 1, September 1995.
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Table A3.1-1 Weights and Dimensions of MCO Components

Payload configuration

Figure 14 of Ref. 1

MCO length

Figure 15 of Ref. 1

MCO outer diameter

Figure 15 of Ref. 1

MCO wall thickness

Figure 15 of Ref. 1

Water - Kg (1b) 551 (1,210)
MCO wi/o shield plug & empty 862 (1,900)
Kg (Ib)

MCO shield plug (30.5 cm thick) 616 (1,360)
Fully assembled - Kg (Ib)

Zr Clad - Kg (Ib) 445 (980)

Fuel and Clad - Kg (Ib)

6,835 (15,050)

5 MK IV Baskets w/54 Mk 1V
Elements per basket - Kg (Ib)

7,115 (15,685)

Total flooded maximum MCO weight
Wet - Kg (Ib)

9,144 (20,160)
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Figure A3.1-1 Typical Arrangement of Spent Fuel in the MCO
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A4.0 TRANSPORT SYSTEM
A4.1 TRANSPORTER

System Components

The design of the trailer is shown on drawings H-1-81555, H-1-81556, and H-1-81557. The
basic components are:

*  Main Beams

¢ Frame

+ Deck

» Kingpin

« Landing Legs
«  Axles

+  Suspensions

*  Wheels

» Tires

* Brakes

The major dimensions are as follow:

*  Overall length 40°, With the tractor approximately 54’

< Overall width 10’

+  Overall height 17° 7" (loaded at top of cask lifting attachment)

+ Loaded deck height 3

* Loaded ground clearance 12"
The trailer has three axles. The axles have a nominal capacity of 22,000 lbs per axle. The axle
track is 95". The trailer has three air ride suspensions. Each suspension has a rated capacity of
25,0004. The tri-axle assembly will be controlled by a single automatic height control valve. A
manual override system will also be provided to raise or lower the rear of the trailer as needed.
Landing legs is adequately braced to the frame of the trailer. A 38" square bearing pad is
provided for each landing leg to accommodate the soil bearing restrictions. The pad will be
placed under the legs on an as needed basis and not permanently attached to the legs.
275/R x 22.5 - Load Range H Bridgestone Tires stated rating on the side wall shall be 6,175# per

tire. Actual load on the tire will not exceed 90% of the stated rating or exceed 600# per inch of
the tire width. The loaded section for this tire is 11.9".

Ad-1
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Design Load Factor

The trailer is designed to meet the requirements of the Hanford Specification. The trailer
system is capable of resisting the forces for road, as described below.

Design load requirements:

2.5 G down vertical

2.0 G up vertical

1.5 G lateral both directions
2.0 G fore

1.5 G aft

Parked
1.5 G down vertical

The weight distribution (1G down) for the six axle combination shall be approximately 10,000
Ibs on the steering axle, 37,250 1bs on the tractor drive axles, and 57,620 lbs on the trailer tri-
axle assembly.

A4.2 TIEDOWN SYSTEM
The basic components of the system are:

¢ Frames and Beams

¢ Cask Tiedown Device

¢ Cask Hold Down Device
+ Cask Support Device

The eight frames, two cross beams and four support braces (including the weld attachments of
the vertical support frames to the support pads of the trailer) are the major components of the
tiedown system. The loads from the cask are transmitted by the frames to the trailer. The
cask tiedown device consists of two rotating flanges, six tiedown bolts, and two hold down
pins. The cask hold down device consists of four hold down arms which bolted to the
brackets of the cask tiedown device. The cask support device consists of one cylindrical cup,
bottom plate, and fourteen (14) attachment bolts. A detailed design drawing for the cask
tiedown system is provided in Section A9.1.

The cask is supported by the support device (cylindrical cup) at the bottom and secured by the
tiedown device (two rotating flanges) at the top. The two rotating flanges can be opened and
closed (by removing the six tiedown bolts and rotated from the hold down pins) for loading
and unloading the cask. TFigure A4.2-1 shows the opened and closed positions of the rotating
flanges of the cask tiedown device. The cask is transported in the vertical orientation with the
lid end facing up.

A4-2
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Figure A4.2-1 TN-WHC Cask Tiedown System - Opened and Closed Positions

OPEN POSITION
CASK TE DOWN DEVICE

CLOSED POSITION
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A4.3 SPECIAL TRANSFER REQUIREMENTS

None.
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A4.4 APPENDIX

Structural Analysis of the Trailer
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1. INTRODUCTION

This report contains a very detailed computer analysis made of
this trailer. A computer model which is virtually identical with the
actual trailer construction has been developed and the various loading
conditions applied. There were seven separate computer analyses made.
See Section 4.5 of this report for a listing of the load cases and their
corresponding data. The computer output for all load cases is given in
Appendix C.

All anal?ées were made in a conservative manner. Thus, the
results and conclusions contained in this report will give a safe view
of the trailer’s ability to withstand the specified loading.

The computer model used is shown in considerable detail in Figures 1,
2, 3, and 4. The properties of the members are given in Appendix A.

The allowable stresses used are 50% of the yield stress for all

loading cases. All allowables are in accordance with the specification.

C.K. McDonald, Ph.D.,

Alabama Registration No. 9586

10 sepaygit?”
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2. SUMMARY OF RESULTS

The maximum stresses are compared to the allowables below. See
Appendix C for the computer output for all loading conditions. The actual

and allowable stresses are in psi.

Components Actual Allowable
Maximum Main Beam Stress, psi 43,384 50,000
Maximum Cross Beam and Other Structural Stress, Psi 16,828 18,000

The main beam is T1 steel with a minimum yield stress of 100,000 psi.

All other structural is A-36 steel.
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3. COMPUTER MODEL AND ANALYSIS

The computer model for the trailer is shown in Figures 1, 2, 3,and 4.
The model contains approximately 5,000 nodes and 6,000 elements/members. The
units used in this analysis are 1lbs. and inches.

The analysis was made utilizing the computer code ANSYS 5.3 operating
on a Pentium 100 Megaherz computer.

See Appendix C for the computer output all load cases.

Modeling-a trailer, although appearing deceptively simple, presents
some special modeling problems. This is because you are modeling an
assemblege of plates and beams with a relatively course mesh. The purpose
is to ascertain the overall structural integrity of the trailer, thus a
coarse mesh is adequate. However, for a trailer, most of the beam type
elements can only bend in one direction, the other direction is restrained
by a continuous weld or closely spaced bolts. In some case, such as corners
of the trailer, both directions are restrained from localized bending.
Since the beams are only attached to the plates at nodes in the computer
model, unrealistic bending stresses are sometimes predicted by the computer.

In this model, in order to eliminate these unrealistic bending stresses
in some beam elements, the computer input is adjusted such that it does this
without affecting the integrity and results of the model. This is done by
setting the distance from the nuetral axis to near zero in the real
constants for that element that cannot bend. This eliminates the stress
without affecting the model. The reason that the value is set to near zero
but not zero is because the computer will stop each time and question the

zero and this is cumbersome in performing the analysis.
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The localized bending of the beams does not affect the overall
structural integrity of the trailer which is maintained by the web plates

and the floor deck.
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Figure 1 - Isometric View
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computer model of trailer and cask

Figure 2 - Side View
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Figure 3 - End View

computer model of trailer and cask
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4. LOADING CRITERIA

4.1 Trailer Weight

The total trailer weight used in the analysis is 86,100 1lbs, including

the cask and tie down system.

4.2 Shock Loads

The shock loads applied are 2.5 g downward, 2 g upward, 2g fore, and
1.5g aft. A load of 1.5 g lateral is specified but a load of 0.5g lateral
overturns the trailer when loaded, see reactions for the lateral load
analysis, page C-25, to confirm this. The seismic loads also includes a
lateral load when the trailer is tied down with the seismic struts. See

Section 4.4 below for a detailed discussion of the computer loading.

4.4 Parked Loading

The parked shock factor is 1.5 g vertical.

4.5 Computer Load Cases

The above loadings are imposed by computer in the following load cases.

A) 2.5g Vertical Down

The trailer is supported at the kingpin and on the rear axles.

B) 2.0g Vertical Up + Deadweight
The entire trailer will never see this load because it would leave the

ground. However, an individual component could see it. Thus, to be
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conservative, the entire trailer is loaded with 2g upward plus deadweight

and the trailer is supported at the seismic struts, which is conservative.

C) 2.0g Fore + Deadweight
The trailer is supported by the kingpin in the fore direction and by

the kingpin and wheels in the vertical direction.

D) 1.5g Aft + Deadweight

The trailer is supported in the aft direction on the kingpin and

vertically by the wheels and kingpin.

E) 1.5g Parked (File PARK.DAT)

The trailer is supported by the wheels and landing gear.

F) Seismic + Deadweight

The trailer is supported entirely by the four seismic struts. This
is conservative because the trailer is also supported vertical by a pad
directly under the cask. The trailer is also supported laterally by

friction on the pad and on the tires and landing gear (or tractor).
G) 1.5 Lateral + Deadweight

The maximum load that can be applied laterally without overturning the
trailer is 0.5g. An additional lateral load is applied by seismic, as noted

above.
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5. SUPPLEMENTAL HAND CALCULATIONS

5.1 Maximum Main Beam Stress

The main beam structal stresses are given on pages C-1 through C-7.

The maximum stress is:

S = 43,384 psi (page C-4)

The allowable stress for Tl steel which has a minimum yield of 100,000 psi,
is 50,000 psi. In additional to the conventional structural stresses, which
are maximum in the beam flanges by well known beam theory, the concentrated
stresses in the beam were calculated by use of finite elements in the web.
These stresses are given on pages C-15 through C-21. The maximum
concentrated stress is given on page C-17 and is 75,325 psi. This
concentrated stress is only 75% of the yield stress and occurs at the 90
degree turn at the start of the gooseneck. Note that the plots on pages
C-15 through 21 are of such scale that the location of the maximum cannot
be seen. Therefore, to confirm the location of the maximum and to check

the stresses at other locations.

5.2 Maximum Stress in Cross Beams and Other Structural

These stresses are given on pages C-8 through C-14. The maximum is:

S = 16,828 psi (page C-14)

The allowable for A-36 steel is .5(36000) = 18,000 psi

Ad4.4-11
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5.3 Loads on Seismic Strut Lugs

The loads on the seismic struts are shown on page C-28. The maximum

loads for which the lugs on the trailer should be designed are:

Fx = 43,982 1lbs (Longitudinal load on lug)
Fy = 35,185 1bs (Vertical load on lug)
Fz = 53,066 1bs {Lateral load on lug)

5.4 Deflections

The deflections of the main beam along the 24" deep span are given on
pages C-22 through C-28. For convenience in determining the locations of
these deflections the coordinates of the nodes are given on page C-29.
The x dimension on the coordinates is the location rear to front, measured

from the rear of the trailer.
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APPENDIX A

MEMBER PROPERTIES
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o Sua 200 Xt(l/\l

Lv X3

S Dcx\‘/“l;\

2.5G VERTICAL

I,_D Qab\jd

Ny L

L~7)
/

2

A4 .4-22

ANSY3 5.3
DCT 21 18%6

23:25:189

PLOT NO. 1

ELEMENT ZOLUTION

3TEP=1

3UB =1

TIME=1

33 {NOAVG)

TOP

DMX =1.731

SMN =-36351

3MX =37522
-36351
-28093
-15845
-11553
-3341
4912
13164
21417
29669
37922

YIVQ INdLN0 YILOAIWOD - O XIANAddV

£00-404-ANS-0S-3ANH

0 ‘AN

991S1-3



2.0G FORE + DEADWEIGHT

A4.4-23

ANSYS 5.3

OCT 21 1856
23:43:20

PLOT NO. 3
ELEMENT SOLUTION

3U0B =1

TIME=1

52 (HOAVG)
TOP

DMX =.381729
SMH =-19025
SMX =16311
~-15029
-15102
~11176
~7Z245
-3322
604.176
4531
8457
12384
16311

£00-4a4-4NS-0s-3NH

0 ‘Aey

991S1-3



E-15166

Rev. O

HNF-SD-SNF-FDR-003

g6sze
65291
LZ8G
962Z¢
eCE~-
LOLE~
56291~
aggee~-
29862~
r6e5E~
0682272= ZKWE
ve85E—= M=
P62 T= XWQ

(SAYON) v

NOILATOS LNAWHETH
z "ON LOT14
92:5£:00

9661 2Z 120

£S5 BASNY

ve-v vy

LHHTAMAYET + LIV 95°1T




[ary

LATERAL G LOAD + DEADWEIGHT

A4.4-25

ANSYS 5.3

OCT 22 1896
05:23:14

PLOT NO. Z
ELEMENT SOLUTION
STEP=1

30B =1
TIME=1
51 (NOAVG)
TOP
DMX =1.073
SMN =-19110
3MX =43384
~19110
[
-12166
[
B -5z2z22
g 1721
8665
— 15609
L=2]
] 22553
29497
-] 36440
43384

£00-404-INS-QS-3NH

o0 "AN

991S1-3
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Rev. 0

HNF-SD-SNF-FDR-003

208ST
9852T
TLES
SST9
QEGe
TZZ 9L

-
-
-
26 e~ -
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—

LOLS -
£Z66-
GETET~-

2085T= XWS

LPERQE = XN

(9AYON) TS

NOILATOS LNEWHTH
z ‘ON 10714
60:60:07

9661 22 120

£°S SASHY

92-v°bY

poxaed H5°T
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s

2.0G UPWARD + DEADWEIGHT

A4.4-27

ANSYS 5.3

QCT 22 1596
11:49:16

PLOT NO. 2
ELEMENT SOLUTION
STEP=1

52 (NOAVG)

DMX =273003
3MN =-19938
SMX =15628
‘ —19?38
]| -15986
B ~-12034
-g0g2
-4131
-178.943
3773
7725
11676
15628

£00-Y04-INS-QAS-INH

0 “Asy

99151-3



SEISMIC LOADS

A4.4-28

ANSYS 5.3

OCT 22 1556
06:46:14

PLOT HNO. 1
ELEMENT SOLUTION

51 (NOAVG)

DMX =562385
SMN =-295112
SME =32882
-29112
-22224
-15335
-8447
-1559
5325
12218
19106
25554
32882

B ]

£00-Y¥04-INS~AS-dNH

0 ‘A%Y

991S1-3



SR

S22 SSG By ,\_g

Z.5G VERTICAL

o

AN

~

SYVEW gcq

103oxn

5515 o A

Ri-D NI X -

>\

Xen

A4.4-29

AN3YS 5.3

OCT 21 1556
22:59:40

PLOT NO. i
ELEMENT SOLUTION
3TEP=1

SUB =1

TIME=1

33 ({NOAVG)

TOP

DMX =1.731

SMN =-7807

3MX =16652
~-7807
~-5085
-2363
355.182
3081
5804
8526
112438
13970
16652

€00-4Q4-ANS-AS-4NH

o0 "hod

991ST-3



2.0G FORE + DEADWEIGHT

A4.4-30

ANZYS 5.3

OCT 21 1356
23:43:34

PLOT NO. 4
ELEMENT SOLUTION
STEP=1

3UB =1

TIME=1

31 [HOAVG)
TOP

DMX =.38172%
3MN =-3081
3MX =8135
-3081
-1834
-587.512
659,174
1506
3153
4399
5646
6893
8139

€00-404-INS-QS-4NH

0 “AdYy

991513



1.5G AFT + DEADWEIGHT

A4.4-31

ANSYS 5.3

OCT 22 1996
00:34:28

PLOT NO. 1
ELEMENT SOLUTICHN
3TEP=1

SUB =1
TIME=1
54 (NOAVG)
TOP
DMX =1.254
SMN =-13575
SMX =2845
~13975
I
-12106
I
-10236
I
~8367
[ ]
— R
: ~4628
] -2759
——  -889.495
-] 575.867
2845

£00-4Q4-3ANS-QAS-3ANH

0 Ay

991S1-3



LATERAL G LCAD + DEADWEIGHT

A4.4-32

ANTYS 5.3

OCT 22 1555
N5:22:08

PLOT HO, 1
ELEMENT SOLUTION
3TEP=1

31UB =1

TIME=1

32 [THOAVG)
TOP

DMX =1.073

3MN =-8553
SME =2656

~8553
-7303
~-6054
-4304
-3554
-2304
-1054

[
DI:I 155,394

|
|
e

1444
2696

£00-YQ4~ANS-QS-4ANH

0 A8y

991S1-3



1.5y parked

A4.4-33

ANSYS 5.3
OCT 22 1586

10:02:58

PLOT NO. 1

ELEMENT SOLUTION

3TEP=1

3UB =

TIME=1

33 {NOAVG)

TOF

DM =.308347

SMN =-2880

3M¥Z =7600
-2880

= -1715

-] -550.354

613.567

1778

[:j 2594z

[::] 4107

[::] 5271

6436
7600

€00-40Q4-4ANS-QaS~3INH

0 ‘AY

991S81-3



Z.0G UPWARD + DEADWEIGHT

A4.4-34

ANSYS 5.3

OCT 22 1956
11:46:13

PLOT HNO. 1
ELEMENT SOLUTICN

TIME=1
T {HOAVG)
TOP

DMX =278003
SMN =-13231
SMX =5411
-13231
~11160
-5089
-7017
-4946
-2875S
-803.358
1268
3339
5411

i

£00-Y404-INS-QS-4NH

0 ‘AN

99151-3



ot

SEISMIC LOADS3

A4.4-35

ANSYS 5.3

OCT 22 1956
D6:46:34
BLOT NO. 2
ELEMENT 3OLUTION
S3TEP=1

SUB =1
TIME=1

34 (NOAVG)
OF

DMY =562395
SMN =-16828
SMY =2226
-16828
-14711
-12594
-10477
-8353
-6242
-4125
~-2008
109.03¢%
2226

=]

UNRNAN

€00-4a4-INS—-AS~3NH

O-Aaﬂ

991S1-1
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Rev. O

HNF-SD-SNF-FDR-003

Q1399
01265
0T8IS
oTbbb
groLe
01962
0T2ze
0TepT

QTEL
26201

625 Le=HZWS

0T999= XS
SLECT —=ENkES
2627 0T= NWS

TEL T= Xl

1] | {EE
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€09z ee
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£°9 EAGSNY

9E-v vy
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—

2.0G FORE + DEADWEIGHT

A4.4-37

ANSYS3 5.3

OCT 21 1556
23:44:14

PLOT NO. 5
ELEMENT SOLUTION
S3TEP=1

3UB =1

TIME=1

3EQV [{NOAVG)

TOP

DMX =.381729

3MN =6.785

3MNE=-18275

3MX =45913

3MXBE=78342
6.785
5108
10z08
15309
20410
25510
30611
35712
40813
45913

€00-4Q4-4ANS-AS-4ANH

0 "Ady

991513



1.5G AFT + DEADWEIGHT

A4.4-38

AN3YS 5.3

OCT 22 18946
00:36:13

PLOT NO. 3
ELEMENT SOLUTION
STEP=1

3UB =1

TIME=1

SEQV [NOAVG)
TOP

DMX =1.294

SMN =5.158

SMNB=-24154
SMX =75325
SMEXB=98654

5.158
]

3374
]

16743
|

25112
|
33481

41850
[::] 50218

: 58587

66956

(]

75325

£00-404-INS-0S-3NH

0 "A3Y

991ST-3



LATERAL G LOAD + DEADWEIGHT

A4.4-39

ANSYS 5.3

OCT 22 1536
05:24:01

PLOT NO. 3
ELEMENT SOLUTIOR
STEP=1

SUB =

TIME=1

SEQV (NOAVG)

TOP

DMX =1.073

SMN =69.35

SMNB=-27839

SMX =60538

SMXE=82738
65.35
6768
13507
20226
26044
33663
40382
47101
53819
60538

£00-404-ANS-0S—INH

0 "A%Y

991S1-3



1.5g parked

A4.4-40

AN3YS 5.3

OCT 22 19%5¢
10:05:51

PLOT NO. 3
ELEMENT SOLUTION
STEP=1

3UB =1

TIME=1

3EQV [NOAVG)
TOP

DMX =.308347
SMN =5.78%

SMNB=-9523
3MX =30679
SMXB=44374
5.78%9
3414

6822

10230
13638
17047
20455
23863
27271
30675

JEE] ] ]

£00-YQ4-ANS-QS-dNH

0 Aoy

991S1-3



o

2.0G UPWARD + DEADWEIGHT

A4.4-41

ANSYS 5.3

OCT 22 1556
11:50:01

PLOT NO. 3
ELEMENT 3OLUTION
3TEP=1

SUB =1
TIME=1
SEQV (ROAVG)
TOP
DMX =273003
SMH =48.5
SMHNE=-8336
SMK =32181
SMXE=42851
48.5
-
— R
—RRakEE
14330
[ L7900
:l 21470
25041
28611
' 32181

£00-404-4NS-0S-3NH

0 "AY

991ST-3



-

SEISMIC LOADS

A4.4-42

ANSYS 5.3
OCT 22 1886
06:47:20
PLOT NO. 3
ELEMENT 3OLUTION
3TEP=1

SUB =1
TIME=1

SEQV [(NCOAVG)
OP

DMYX =562385
SMN =280. 698
SMNB=-15378
5MX =53312
SMEB=73654
Z80.698
6173
12065
17958
23850
29742
35635
41527
47419
53312

3

BULENANN

EOO-HGA'ANS-OS-ANH

0 "AdYy

99151-3



HNF-SD-SNF-FDR-003  Rev. 0
C-22
PRINT F REBACTION SOLUTIONS PER NOOR
#¢+es POST1 TOTAL REACTION SOLUTION LISTING s#ees
LOAD STEP= 1 SUBSTEP- i
TIMEs  1.0000 LOAD CASE- 0
TUE FOLLOWING X,Y,Z SOLUTIONS ARE 1N GLODAL COORDINATES
HODE FX FY Fz
1315 71584,
:3;? -.105158-08 Zing: 'I??Egiilgi 2.5 VCFCT
TOTAL VALUES
VALUE  -.10515E-05 .21527E+06 .10190E-06
/OUTBUT FILEe JOKE.DAT
NRSE FOR LABEL= Y BETHEEN 36.000 A 36,000 XABS. 0.

TOLERAKCE= . 180000

THE FOLLOWING DEGREE OF FREEDOM RESULTS ARE IN GLOBAL COORDINATES

KODE uy

3211 -1.1053
3413 -1.1393
3513 -1.152%
3613 -1.159)
1713 -1.1996
181)  -1.2430
3911 -1.2872
4013  -1.3308
411} -1.4887
421)  -1.5165
4313 -1.5388
4413 -1.5602
4513} -1.5826
4613 -1.6081
4713 -1.625%9
4813 -1.6408
4913 -1.6535
§013  -1,6589
5113 -1.6640
5211 -1.6668
5313 -1.6675
5411 -1.4659
5511 -1,6621
8513 -1.6562
5713 -1.6482
5911 -1.6362
5913 -1.6263
€913 -1.6131
6192 -1.4155
6191 -1.3483
6151 -1.3855
6165  -1.1825
6195  -1.3892
§270 -1.4213

£1.44é6
-1.4611
-1.4753

srrer POSTL NODAL DEGREE GF FREEDCH LISTING vee¢v

- 1 SUZSTEP~ 1
1.c000 LOAD CASE- O

§oDT vy

6431 -1.6019

6452 -1.6085

€433 -1.60%5

F3SCLUTE VALUES
5313

-1.8675

S FOLLOWING DEGREE OF FREEDON RESULYS ARE Il GLOBAL CCOADINATES

Ad.4-43
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HNF-SD-SNF-FDR-003 Rev. 0

¢v¢er POSTL TOTAL REACTION SOLUTIOH LISTING *etv»

LOAD STE®» 1 SUDSTEP 1 0
TIHEw 1.0000 LOAD CASE« 0

THE FOLLOWIMG X,Y,2Z SOLUTIONS ARE IN GLOBAL COORDIMATES

}oDE Fx Py Fz T,
315 37402, P
1335 37415, 2.5113 4 rol(’ + dus-
8391 .17222E+06 11293, -2.5113

TOTAL VALUES

VALUE  .17222E¢06 66110, .415828-07

/OUTPUT FILE= JOXKE.DAT

MRSE FOR LABELw= Y BETWEEN 136.000 AMD 36,000 mBs- o,
TOLERANCE« ,180000

THE FOLLOWING DEGREE OF FREEDOM RESULTS ARE IN GLOBAL COORDIHNATES

vy
-.1681)
~.16838
~.16626

«11876
11307
L10626
10178
.97515E-01
+96556E-01
+94537E-01
-92B96E-D1 .
+91615E-01
«90837E-01
.90562E-01
«S0823E-01
.91638E-01
.92985E-01
,94902E-01
.97351E-01
+14438
£15053
L14911
L14753
14803
-.14271
14105

- .58225E-0
- 82731E-0

A4.4-44
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HNF-SD-SNF-FDR-003 ey o

C-24

TIE FOLLOWING X,Y,Z SOLUTIONS ARE 1N GLONAI, COORDINATES

HODE FX FY FZ
13135 22057.

11)5 22077. -1.e836
B391 -.12918E+06 41975, 1.8836

TOTAL VALUES
VALUE -.12916E+06 B6110. +40609£-07

1S ART Y Dy

trert POSTL KODAL DIGREZ OF FREECOM LISTING sveve

STEP. 1 SUISTEPs 1
- 1.0 -

200 LOAD CASE o

FOLLOW LG DUGREE OF FREEDOM NESULTS ARE 1H GLODAL CCORDINATES

1 SUDSTFZ«
LOAD CAS

SELUM RERULYS AL

[E!

Ad.4-45
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HNF-SD-SNF-FDR-003 Rev. 0

C-25

TIMEw 1.0000 LOAD CASE~ © LAT +D\u+

TILE FOLLOWING X,Y, 2 SOLUTIONS ARE IN GLOBAL COORDINATES

HODE FX FY FZ
131% 83133,
1135 ~25849. 28642, '
8391 .6D122E-06 28826. 14413,
TOTAL VALUES
VALUE .69122E-06 86110, 43055,

THE FOLLOWING DEGREE OF FREEDOM RESULTS ARE IN GLOBAL COORDINATES

NODE Uy
3211 -,45252
3411 -.46556

351} -.47050 .
3613 47309
3713 -.48894

281 -.50602
3913 -.52341
4013 -.54115
4111 -.60659
4213 - 62166 .
4313 -.61329
4413 - 64464
4513 -.65638
461) - .66859

471} ~.68023
4811 -.68886
4913
5013
5113
5213
5313
5413
5513
5613
571)
5813
5913
6013
6102
6193
6194
6195
6195 -.56973
€270 -.58344
6271 -.5%002
€27} -.59342
6272 - .€0251

*recr FOSTL NODAL DSGREE OF FREELOM LISTING treee

o 1 SUBSTEP=~ 1
1.¢330 LOAD CASZ=

©F FREZZLCH PEISULTS ARE

A4.4-46
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HNF-SD-SNF-FDR-003 Rev. 0

C-26
THE FOLLOWING X,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES
HODE FX FY 37
1215 35300.
1335 -.578B1E-06 14216. = TR444E-04
6538 25269, J78479E-04
6984 30359, ‘

TOTAL VALUES
VALUE -.57801B-06 .12916B+06 .3I4832E-07

THE FOLLOWING DECREE OF FREEDOM RESULTS ARZ IN GLOBAL COORDINATES

NODE uy

3211 -,25608
3413 -.2617)
151} -.26220

361)  -.26250
3733 -.26420 )
gy -.26738
391) -,27088
4013 -~.27399
4113 -.1M13
4213 -.2672)
4313 -.26064
4413 -.258372
4513 . 2471
4613 -.24124
4713 -.23428
4813 -,22473
4913 -,21452
5013  -.20147
5113 -.18851
5213 -,17497
5313 ~.16077 .
5413 ~.14597
5513 -.13063
5613 -.11482
5713 -.98614E-01
5613 -,892047E-01
5913 -,65168E-D1
6033  -.47974E-01

* POSTL NODAL DEGREE QF FREECOM LISTING *sees

LOAD STEP- 1 SUBSTEP= 1
TIMEw 1.00C0 LOAD CASE= ]

THE FOLLOWING DEGREE OF FREEDOM RESULTS ARE Itf GLOBAL COQRDINATES

LODE uyY

€461 -.27085E-01
€162 -.41094E-01
6163 +.34013E-01

MAX MM ABSOLUTE VALUES
HOGE 6196
VALLZ  -.27513

A4.4-47
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' E-15166
HNF-SD-SNF-FDR-003 Rev. 0

C-27
T
THE POLLOWING X,Y,Z SOLUTIONS ARE IN GIDB}‘\‘L COORDINATES

NODE FX 1 41 ¥z
ERLS] -3072.6
4201 3216.0
9100 28567 . -20494. -34467.
9101 8182, -20217. 34002,
9102 -28214. -22571. -28471.
9103 -28533. ~22827. 28793.

TOTAL VALUES

VALUR 1.3722 -86109. -227578-01

/OUTPUT PILE« JOKE, DAT
TIME= 1.0000 LOAD CASE~ O
THE FOLLOWING DEGREE OF FREEDOM RESULTS ARE IN GLOBAL COORDINATES

3613 15046
3913 23969
4013 28892
4113 50225

5313 -10930B+06
5413 .11422E+06
5513 <11915B8+06
5613 .12407B+05 ,
5713 ~12899E+06
5812 L13391E+06
5313 .138848+06
6013 .14375B+06
6192 33558,
§193 31025,
6154  3318A.
6195 135292
6196 37425,
6270 83691,
6271 43B25.
6272 45958
6273 48091,

*e**+ POST1 NODAL DEGREE OF FREEDOM LISTING *

LOAD STEP» 1 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

THE FOLLOWING DEGREE OF FRERDOM RESULTS ARE IN GLOBAL COORDINATES

NODE uv

6461 -14950E+06
6462  .14587E+08
6463 .14759E+06

MAXIMUM ABSOLUTE VALUES
NODE 6461

L VALUE .14950E+06

Ad.4-48



: E-15166
HNF-SD-SNF-FDR-003  Rev. o

C-28

TIHE FOLLOWING X,Y,Z SCLUTIONS ARE IN GLOBAL CCORDINATES

NODE FX FY Fz
9100 -43982. 31553, 53066,

9101 -41982. 31553, -53066. S

9102 41981, 35185. 44181, S

9103 41981, 35185, -44281, SM \C_

TOTAL VALUES
VALUE  -2.5872 -13347EB:06 .B7420E-0)

A4.4-49



HNF-SD-SNF-FDR-003  Rev, 0

E-15166

C-29

. .LL SELECTED NODES, DSYS= ©
DE X Y Z THXY THYZ THZX
1211 170.42 36.023 -28.500 .00 .00 .00
413 174.00 36.000 -28.500 .00 .00 .00
513 176.00 36.000 ~-28.500 .00 .00 .00
613 177.00 36.000 -28.500 .00 .00 .00
;713 183.00 36.000 -28.500 .00 .00 .00
1813 189.00 36.000 -28.500 .00 .00 .00
1813 195.00 36.000 -28.500 .00 .00 .00
:013 201.00 36.000 -28.500 .00 .00 .00
1113 227.00 36.000 -28,500 .00 .00 .00
:213 233.00 36.000 -28.500 .00 .00 .00
313 239.00 36.000 -28.500 .00 .00 .00
413 245.00 36.000 -28.500 .00 .00 .00
513 251.00 36.000 ~28.500 .00 .00 .00
1613 257.00 36.000 ~28.500 .00 .00 .00
713 263.00 36.000 -28.500 .00 .00 .00
813 269.00 36.000 -28.500 .00 .00 .00
913 275.00 36.000 -28.500 .00 .00 .00
013 281.00 36.000 -28.500 .00 .00 .00
113 287.00 '36.000 -28.500 .00 .00 .00
213 293.00 36.000 ~28.,500 .00 .00 .00
NE X Y Z THXY THYZ THZX
3 299.00 36,000 -28.500 .00 .00 .00
413 305.00 36.000 ~-28.500 .00 .00 .00
513 311.00 36.000 ~-28,500 .00 .00 .00
613 317.00 36.000 -28.500 .00 .00 .00
713 323.00 36.000 -28.500 .00 .00 .00
813 329.00 36.000 ~-28.500 .00 .00 .00
913 335.00 36.000 -28.500 .00 .00 .00
013 341.00 36.000 -28.500 .00 .00 .00
182 214.00 36.000 -28.500 .00 .00 .00
193 203.60 36.000 ~28.500 .00 .00 .00
194 206.20 36.000 -28.500 .00 .00 .00
185 208.80 36.000 -28.500 .00 .00 .00
196 211.40 36.000 -28.500 .00 .00 .00
270 216.60 36.000 ~28.500 .00 .00 .00
271 219.20 36.000 -28.500 .00 .00 .00
272 221.80 36.000 -28.500 .00 .00 .00
273 224.40 36.000 -28.500 .00 .00 .00
161 348.00 36.000 ~28.500 .00 .00 .00
162 343.33 36.000 -28.500 .00 .00 .00
163 345,67 36.000 -28.500 .00 .00 .00

A4.4-50
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HNF-SD-SNF-FDR-003
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APPENDIX D ~ SEISMIC ANALYSIS DATA
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APPENDIX E - CALCULATION OF OVERTURNING G LOAD

W= 67,500—€—

Cask & Tiedown C.G.

104,25"
Trailer C.G. m_n’s'
including
bogle & tires I 30"

.
7 7 v 7 77 7 7 /¢ 4 / Vv
z& tire track tire track
47.5" 47.5"
G load = 86100(47.5) = .54

18600(30) + 67500(104.25)

At .54 g the tires on one side will have lifted off the ground, thus
to avoid damage to trailer and cask, the G load used is .5 for overturn
impending but no damage done.
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APPENDIX F - FATIGUE ANALYSIS

A fatigue analysis is made, using 400 events for all loading cases
except the deadload case, which can have an infinite number of occurances
as shown in the following. Figure I-9.1 from ASME Section III Boiler and
Pressure Vessel Code is used for the analysis.

The deadweight peak stress can be obtained by linear ratio from the 2.5
g vertical stress, page C-15. Thus, S = (1/2.5) (66610) = 26,644 psi. One
half of the total stress is the alternating stress, thus Salt = 13,322 psi.
From Fig I-9.1, the allowable cycles are infinite and the usage factor is
zero for deadweight. The peak stress for all load cases given on pages C-16
through C-21 is conservatively assumed to be the alternating stress. The
peak stress for 2.5 g vertical down is halved for the alternating stress
since it is known that this is one directional stress.

The usage factors are:

Ul =0 {Deadweight calculated above)
U2 = 400/19000 = .02 (page C-15)

U3 = 400/6000 = .07 (page C-16)

U4 = 400/1050 = .38 {(page C-17)

U5 = 400/2000 = .20 (page C-18)

U6 = 400/12000 = .03 (page C-19)

U7 = 400/11500 = .04 (page C-20)

U8 = 400/3000 = .13 (page C-21)

U=Ul+ U2 + U3 + U4 + US + U6 + U7 + UB

=0+ .02 + .07 + .38 + .20 + .03 + .04 + .13 = .87 < 1,0, thus adequate.
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A5.0 ACCEPTANCE OF PACKAGING FOR USE

A5.1 NEW PACKAGING
A5.1.1 Acceptance Requirements

Acceptance of the Cask and Transportation System will based on inspection and tests that will
be performed by the fabricators prior to shipment to the Hanford Nuclear Reservation site.
These tests will be performed in accordance with written procedures prepared by the
fabricators and approved by Transnuclear. In addition documentation packages will be
submitted for acceptance. The documentation will be unit specific and demonstrate that the
unit fulfills the final material, welding and dimensional requirements of the approved design
drawings and the procurement specification, as required by the Hanford Specification.

A5.1.2 Inspection and Testing

Ab5.1.2.1 Cask

The inspection and testing requirements will satisfy the requirements of the Hanford
Specification. All cask containment boundary welds will be radiographically inspected. The
final surface of all welds will be liquid penetrant inspected. The fabrication drawings will
show cask regions that require the following inspections:

a. Liquid Penetrant Inspection: This inspection will be performed in accordance with
ASME® Section V based upon the acceptance criteria from ASME Section III. Any
indication of a defect will be removed, repaired and reinspected as required by the
Hanford Specification.

b. Radiographic Inspection: Welds that require radiographic inspection will performed in
accordance with the ASME Code, Section III. Any indication of a defect will be
removed, repaired and reinspected as required by the Hanford Specification.

The following tests will be performed to satisfy the requirements of the Hanford
Specification:

a. Leakage Rate Testing: Helium leakage rate tests will be performed to verify the leak
tightness of the seals of the containment boundary of the cask. Leakage shall not
exceed 1 x 107 sce/sec, air.

b. Pressure Testing: Each unit will be hydrostatically tested in accordance with the
requirements of the Hanford Specification. The acceptance criteria is no evidence of
leakage.

AS-1
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After fabrication and prior to first use, a visual inspection shall be performed to verify that all
accessible cask surfaces have no damage (cracks, surface discontinuities with depth exceeding
minimum wall thickness requirements, etc.), and are free of grease, oil or other contamination.
The sealing surfaces will be examined for cracks or scratches that may result in acceptable
leakage. In general, a confirmation will be made that all cask components are in acceptable

condition for use.

Ab.1.2.2 Cask Lifting Attachment

The lifting attachment will be subjected to a load test of 150% of the maximum service load.
A confirmation will be made that all components of the lifting attachment are in acceptable
condition for use.

A5.1.2.3 Conveyance

Standard pre trip inspection shall be performed by the driver in accordance with CDL
requirements. Annual inspection shall be performed in accordance with standard DOT
specification.

Upon completion of the trailer fabrication and prior to the installation of the upper tiedown
system, the trailer will have a static load test. It will be tested at 120% of the expected
concentrated load.

A5.1.2.4 Cask Operations Equipment

The immersion pail and loadout pit support structure are both designed to meet the criteria of
ANSI 14.6®. These structures will be subjected to a load test of 150% of the maximum
service load, which is testing to 90,000 pounds.

Assembly testing will be performed at the fabricators facility for each of the component
interface boundaries permitted to be evaluated prior to shipment.

A5.2 ANNUAL INSPECTION REQUIREMENTS

The annual inspection and testing requirements will be provided in the Installation, Operation,
Repair, and Maintenance Manuals (IORM) for the System. Included in the manuals will be
the inspection and testing to be performed, and the acceptance requirements.

A5.2.1 Acceptance Requirements

The annual inspection requirements for the cask is the visual inspection of the cask
components including seals and sealing surfaces. Typically the replacement of the seal and
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bolts (depending on usage) occur at this time. The Containment Verification Leak Test is

performed after the change of the seals using approved procedures. Acceptance requirements
is the leakage rate of 1 x 107 scc/sec, air.

AB5.2.2 Inspection and Testing

Load testing of the cask operational equipment will be required following any major
maintenance or alteration to the load path structure, or if an incident occurred in which any of
the load-bearing components may have been subjected to stresses substantially in excess of
those for which the structure has been qualified by previous testing, or following an incident
that may have caused permanent distortion of the load-bearing parts.

Inspection of the equipment including the cask lifting attachment and the cask will be
performed by operating personnel for indications of damage or deformation prior to each use.
Maintenance personnel, or other non-operating personnel, will be required to visually inspect
load path components at intervals not to exceed three months in length for indications of
damage or deformation.

The annual Containment System Verification Test is required to be performed on the cask in
accordance with ANSI N14.5%,

AS5-3
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References For Section A5.0

1. ASME Boiler and Pressure Vessel Code, American Society of Mechanical Engineers, NY,
1992.

2. Special Lifting Devices for Shipping Containers Weighing 10,000 Pounds or More, ANSI
N14.6, American National Standards Institute Inc., NY, 1993.

3. Leakage Tests on Packages for Shipment of Radioactive Materials, ANSI N14.5,
American National Standards Institute Inc., NY, 1987.
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A6.0 OPERATING REQUIREMENTS

A6.1 GENERAL REQUIREMENTS

The TN-WHC Transport Cask and the K-Basin Operational Equipment have been designed to
facilitate the loading of fuel from the K-Basins into the Multi-Canister Overpacks (MCOs).
The procedures provided in this Section provide the necessary steps associated with the
operation of the TN-WHC Transport Cask and the K-Basin Operational Equipment.

Integration of these procedures into site specific procedures will form the bases for system
facility operation.

The Operational Equipment and procedures are based on the concept of “start clean, stay
clean”. This concept has been incorporated into the design of the K-Basin immersion pail,
support structure and loadout pit work platform.

The immersion pail support structure is a welded steel structure which provides an operations
guide system and support for the TN-WHC cask during loadout pit MCO loading operations.
When loaded into the support structure at the operator access level, the cask is lowered into
and sealed with the immersion pail system which precludes contamination of the cask’s
surfaces. This “start clean, stay clean” operational system thereby improves turnaround time

and reduces operator dose rates by eliminating the need for extensive cask decontamination
efforts following MCO loading operations.

As part of the operational procedures development, a radiation dose evaluation has been
performed for the MCO loading operations. This evaluation provides a baseline for the
development of site specific operating procedures which incorporate As Low As Reasonably

Achievable (ALARA) principles to minimize the dose to operators during the MCO loading
operations.

Ab-1



A6.2

HNF-SD-SNF-FDR-003 Rev. 0
’ E-15166

TN-WHC MCO LOADING OPERATIONS

The following operating procedures are provided to permit understanding of operations
sequencing and generic task identification. Detailed system operating procedures are provided
in the “Installation, Operation, Repair and Maintenance Manual, (IORM)”.

A6.2.1

1.

2.

Receiving Cask in K Basin

Prepare cask receiving area for TN-WHC cask and trailer receipt.

Open door and back loaded cask trailer into facility.

Set tractor brakes, shut off tractor engine, change trailer override valve to manual,
lower the rear of the trailer, set trailer brakes and install wheel chocks. Connect
building air supply to the landing leg air supply glad hand, lower the landing legs
until the trailer is lifted off the tractor.

Disconnect tractor electrical and air connections from trailer, release the fifth
wheel and remove tractor from facility. Lower the front of the trailer until the

trailer becomes relatively level.

Remove the four quick release locking pins from the vertical hold down devices
and disengage the arms. Place the pins in the unlock position.

Align crane hooks with cask lifting trunnions and raise crane hoist to apply slight
load on crane.

Remove the six tie-down bolts from the cask tie-down device. Place the bolts in
the storage positions provided on the work platform.

Lower the removable trailer work platform from the working side of the trailer and
disconnect cable. Relocate the safety chain.

Swing both sides of the tie-down device to the open position.
Raise the cask to clear the trailer.
Move the cask over the safe load path to the load out pit.

Align the cask with the immersion pail and lower into the pail until weight of cask
is removed from crane hook.

A6-2
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In-Pool Loading Operations

Detorque the cask lid bolts in sequence indicated. Ensure all bolts have disengaged
from cask. Note: Bolts are captive on the cask lid.

Slowly raise crane hoist to remove cask lid. Position cask lid in area where lid o-
ring can be visually inspected for feathering, crack, etc.. If damage is noted reject
cask and send for maintenance. If no damage is noted place cask lid in storage
position. Take care to protect cask and lid sealing surfaces.

Retrieve immersion pail lid from storage location with crane and lifting slings, and
place in position on top of immersion pail structure. Check alignment of bolt holes.
(Note: Immersion pail lid sealing surfaces will now be mated to the external
surface of the MCO and the inner edge of the immersion pail structure.) Release
immersion pail lid and remove slings from crane. Store immersion pail slings.

Engage the four immersion pail lid fasteners and inflate the immersion pail seal.
Tighten the pail lid fasteners “hand tight” and inflate the MCO seal.

Connect immersion pail water vent line.
Fill MCO with processed water until within one inch of top of pail structure.

Fill pail with clean deionized water through the fill connection while venting from
the pail lid vent line. When fill water discharges from vent line, disconnect vent
line from valve quick disconnect, and configure water fill line to the immersion

pail water control box. Observe pail and MCO seals for any water leakage, correct
as required.

Install the immersion pail lift beam on the crane hooks. Retrieve pail system
slings from storage location and connect pail system slings to crane.

Slowly raise pail system until the alignment lines on the immersion pail lifting lugs
are exposed at the lock pin housing. Lift lock pin gate and retract lock pins until
the pin gate can close again. This ensures full retraction.

Using the crane, slowly lower the immersion pail system to the bottom of the
loadout pit. Remove slings from master link and secure sling hooks to the sling
storage boxes. Position immersion pail lift beam and crane for MCO loading.

Perform MCO loading operations per MCO loading procedures.

Position the crane with immersion pail lift beam and reattach pail lifting slings to
the master link. Lift the immersion pail to the water surface using the lifting
slings.
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Rinse all surfaces free of possible fuel particulate with water at a hold point where
the immersion pail lid is approximately 6 inches above the water surface.
Continue raising the immersion pail while rinsing the MCO and pail lid surfaces
with clean deionized water to remove any residual contamination.

Slowly raise pail into the support structure guides until the pin engagement point is
reached. Stop crane and engage immersion pail locking pins.

Slowly lower immersion pail until resting on locking pins.
Remove immersion pail lifting slings and lift beam from crane.

Complete MCO closure and transport preparation using MCO operations
procedures.

Preparation of Loaded Cask for Transport

Decontaminate MCO shield plug top surfaces and immersion pail lid, as required.
Vent air from MCO and pail seals. Permit water to flow past seals to flush
contamination. Isolate deionized water supply.

Survey the pail lid prior to removing the lid.

Disengage four pail lid fasteners and attach lifting slings from immersion pail lid
to crane.

Lift immersion pail lid, place it in storage and disengage the lift beam from crane.
Inspect lid end of cask body for cleanliness. Attach the cask lid to the crane and
align with alignment pins and slowly lower the lid onto the cask body. Remove

any weight from crane hoist.

Disengage crane hook from cask lid. Torque cask lid bolts in appropriate
sequence.

Raise cask from the immersion pail.
Verify cask surfaces are free of contamination. Monitor surface radiation dose
rates. (Note: Take pail water sample to verify water cleanliness prior to next MCO

loading cycle.)

Transfer the cask to the trailer. Lower cask on to the trailer. Reposition cask
operations platform on trailer and engage cask tie-down system.

Disengage crane from the trunnions and move free of trailer.

A6-4
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Perform cask and trailer final radiation and contamination surveys. Decontaminate
as required.

Connect building air supply to the landing leg air supply glad hand. Open door and
back tractor to front of trailer. Raise the front of the trailer to match the tractor
fifth wheel and lock in place. Set tractor brake and shut off tractor engine.

Retract landing legs, change building air supply from landing leg to trailer air glad
hand. Raise the rear of the trailer to defined location. Change the override valve
to automatic, disconnect the building air supply and connect tractor air lines and
electrical cable. Remove wheel chocks.

Release cask for transfer to CVD.
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A6.3 CASK UNLOADING PROCEDURES

Transfer of the MCO to the Cold Vacuum Drying facility and subsequent transfer to the
Canister Storage Building dose not require movement of the transfer cask from the transfer
trailer. Site specific operating procedures will be developed using trailer and cask general
operating procedures outlined in Section 6.2 of this report and the Systems “Installation,

Operation, Repair and Maintenance Manuals”. MCO unloading procedures will be provided
with supply of the MCO.
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A6.4 EMPTY PACKAGING PROCEDURES

Similar to the discussion provided in Section 6.3 the transfer cask is not intended to be moved
from the transfer trailer during Cold Vacuum Drying, unloading the MCO in the Canister
Storage Building and reloading the transfer cask with an empty MCO for the return to 105 K
East and 105 K West Basins. Site specific operating procedures will be developed using
trailer and cask general operating procedures outlined in Section 6.2 of this report and the
Systems “Installation, Operation, Repair and Maintenance Manuals”. Empty MCO loading
procedures will be provided with supply of the MCO.
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A6.5 CASK LOADING RADIATION DOSE ESTIMATES

Table 6.5-1 provides the estimated total dose for operators loading the MCO at the K-Basins.
These dose estimates have been prepared based on the cask loading procedures described in
Section 6.2 and estimates of the number of operators and time required to perform specific
cask loading operations. The background dose rates were provided by WHC. The cask dose
rate estimates were provided by TN based on the limiting MCO source terms. Cask dose rates
were adjusted to reflect average source for integrated dose assessment. The factor

representative of the average source has been defined as 42 % of the design bases maximum
source.
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A6.6 LEAK TESTING TN-WHC CASK

A6.6.1 Containment System Periodic Verification Test

Method: Helium Mass Spectrometer Envelope, Pressurized Envelope Method
(ANSI 14.5, A3.10.2)

Equipment required: Helium Mass Spectrometer Leak Detector
Vacuum Pump

Inspection of the Vent Port and Lid Seals

a.

Verify that the cask is dry.

Remove quick-disconnect from Vent Port and install cover.

Connect the vacuum pump/helium mass spectrometer to the Drain Port quick-
disconnect. Evacuate the cask cavity.

Install plastic hood around the top of the cask to cover the lid and the Vent Port.

The plastic hood is purged and pressurized with helium to slightly above atmospheric
pressure.

Perform leak test using the leak detector.
Acceptance criteria is 1 x 107 std cc/sec, air.

Inspection of Drain Port Seal

e o

g ™o o

Install quick-disconnect in Vent Port.

Remove quick-disconnect from Drain Port and install cover.

Connect the vacuum pump/helium mass spectrometer to the Drain Port quick-
disconnect. Evacuate the cask cavity.

Install plastic bag to cover the Drain Port cover.

Purge bag with helium and pressurize to slightly above atmospheric pressure.
Perform leak test using the leak detector.

Acceptance criteria is 1 x 107 std ce/sec, air.

AB6.6.2 Containment System Assembly Verification Test

Method: Pressure Rise (ANSI 14.5, A3.5)

Equipment required: Vacuum pump

Vacuum bell

Inspection of the Lid Seal

a.
b.

C.

Verify that the cask is dry.
Evacuate the cask cavity using the Vent Port quick-disconnect.
Perform leak test.
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d. Test sensitivity is 1 x 10” std cc/sec, air.
e. Install Vent Port cover.
{. Backfill with the appropriate fill gas.

Inspection of Vent and Drain Port Seals

Place vacuum bell over Vent Port cover.
Evacuate the vacuum bell.

Perform leak test

Test sensitivity is 1 x 107 std cc/sec, air.
Place vacuum bell over Drain Port cover.
Repeat steps b-d.

PE e P

A6-11
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A7.0 QUALITY ASSURANCE REQUIREMENTS

A7.1 INTRODUCTION

Transnuclear’s Quality Assurance Program is applicable to the safety related items (WHC
Safety Class I) and activities performed on this project.

TN’s QA Program Manual, " Quality Assurance Program for Design, Fabrication, Assembly,
Testing, Maintenance, Repair, Modification and Use of Packaging for Transport of
Radioactive Materials, E-1473", was prepared and implemented to satisfy the criteria of
Subpart H to 10CFR71. This QA Program has been approved by the USNRC. In addition,
WHC has reviewed the program and concluded that it is acceptable for use on this project.

All Transnuclear cask components are designated as "safety-related" except quick-disconnects
and associated seals, lubricants, and nameplates. Lifting attachments and other hardware
associated with lifting the cask at the K-Basin sites are designated "safety-related”. All other

equipment (e.g. trailer, platform, pail) of the cask transportation system and operational
equipment are non-safety related.

A7.2 GENERAL REQUIREMENTS

A7.2.1 Organization

The organizational line relationships within TN and between TN, WHC and a Major
Participating Organization are identified in Figure A7.2-1. Dotted lines on the organization
chart (Figure A7.2-1) indicate communication and solid lines indicate direction, as
appropriate.

A7.2.2 Quality Assurance Program

Transnuclear will follow the requirements of their QA Program, E-1473 for all components
that are designated safety-related. Major Participating Organizations, whose services are used

during the course of this project, will develop and implement their own Quality Assurance
programs, as approved by Transnuclear.

A7-1
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A7.2.3 Design Control

TN has established measures to assure that regulatory requirements and packaging design have
been or are correctly translated into drawings, specifications, procedures and instructions.
Design inputs are documented and approved in accordance with QA procedures. Changes to
design shall be identified, reviewed, approved and incorporated into the appropriate revision
of design documents. These changes require the same review and approval as the original.

A7.2.4 Procurement Control

TN’s safety related procurement documents shall identify which documents are to be prepared
by a major participating organization and which documents are to be submitted to TN for
review, information and/or approval. The procurement documents shall also specify which
documents are to be retained, controlled and maintained by the major participating

organizations for specified periods and which records shall be transmitted to TN prior to use
of the packaging.

A7.2.5 Instructions, Procedures and Drawings

Instructions, procedures and drawings shall include quantitative and/or qualitative acceptance
criteria to verify that activities affecting quality have been satisfactorily accomplished.

A7.2.6 Document Control

TN has established and implemented procedures to control the issuance of TN documents
which prescribe activities affecting quality. These procedures define document control
measures to assure adequate review, approval, release and distribution of original documents
and subsequent revisions. Major participating organizations shall establish and implement
document control procedures in accord with their approved QA program.

A7.2.7 Control of Purchased Material, Equipment and Services
Measures have been established and implemented to assure that all purchased material,

equipment, and services conform to procurement documents. Major participating

organizations shall provide objective evidence that safety-related components meet all quality
requirements.

AT-2
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A7.2.8 Identification and Control of Materials, Parts and Components

Measures have been established and implemented to identify and control materials, parts and
components. These measures shall assure identification and control by appropriate means
during the fabrication, installation and use of the material/part/component. This shall prevent
the inadvertent use of incorrect or defective items. The identification and control of safety-
related items shall be traceable through procurement, fabrication, inspection and test records.

A7.2.9 Control of Special Processes

Measures have been established and implemented for the control of special processes used in
the fabrication, modification and repair of safety-related components. Special processes shall
be performed in accordance with approved written procedures. Personnel who perform

special processes shall be formally trained and qualified in accordance with applicable codes,
standards or specifications.

A7.2.10 Inspection

Measures shall be established and implemented to inspect materials, parts, processes or other
activities affecting quality to verify conformance with documented instructions, procedures,
specifications, drawings, or other procurement documents. These inspections shall be
performed by personnel other than those who performed the activity being inspected.
Modifications and/or repairs to and replacement of safety related components shall be
inspected in accordance with the original design and inspection requirements or approved
alternatives.

A7.2.11 Test Control

A program has been established and implemented to perform required acceptance and
operational tests, as identified in procurement documents and the application for component
approval. The tests shall be performed by qualified personnel in accordance with approved
written instructions, procedures, and/or checklists. Test results shall be documented and
evaluated to demonstrate that the acceptance criteria has been met.

A7.2.12 Control of Measuring and Test Equipment

Major participating organizations are responsible for appropriate selection, calibration and
control of measuring and test equipment. Measuring and test equipment used for verifying
safety related characteristics shall have documented, valid relationships to nationally
recognized standards. Instrumentation and test equipment supplied by TN for testing following
loading operations shall be calibrated and controlled in accordance with QA procedures.
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A7.2.13 Handling, Storage and Shipping

TN documents shall identify handling, storage and shipping requirements. These shall include
instructions for marking, special lift points, orientation for storage, shipping and preservation.
Based on this, the major participating organizations shall invoke all required handling, storage
and shipping requirements in accordance with their approved, written procedures.

A7.2.14 Inspection, Test and Operating Status

Major participating organizations shall implement their established systems for determining
and identifying the acceptability of safety-related components regarding inspections and tests
to be performed. Only those safety-related components which have met the required
acceptance criteria shall be used. Nonconforming components shall be clearly identified to
prevent inadvertent use.

A7.2.15 Nonconforming Material, Parts or Components
Measures shall be established and implemented to control materials, parts and components
which do not conform to requirements to prevent their inadvertent use in subsequent

manufacturing operations or during service. Nonconformance reports will be utilized for the
procedural control of nonconformances.

A7.2.16 Corrective Action

TN personnel shall assess the need for corrective action based on audit findings, inspection
reports, test reports, nonconformance reports, etc. as required by our QA procedures.

A7.2.17 Records

For each safety related component a program shall be established and implemented to assure
that sufficient written records are maintained to furnish evidence of activities affecting quality.

A7.2.18 Audits

TN internal audits and audits of major participating organizations’ activities shall be planned
and conducted by the TN Project QA Engineer as required by QA procedures. Major
participating organizations shall perform audits as required by their QA programs.
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A8.0 MAINTENANCE

A8.1 GENERAL REQUIREMENTS

All manuals necessary for the operation and maintenance of the Cask and Transportation
System will be provide at the time of delivery.

The general requirements for the cask would be the replacement of the seals on an annual
basis. In addition, a visual inspection of all bolt holes is required to detect damage or
galling. Replacement of damaged helicoils would occur at this time. A Containment System
Verification Leak Test is required whenever the seals are replaced.

The cask operations equipment for the K-Basin loadout pit includes few mechanical systems
and requires little maintenance activity. Maintenance support is limited to that required as a
result of system operations inspections performed prior to each cask loading cycle and other
system inspections performed monthly, tri-monthly and annually. Components which may
require maintenance include immersion pail seal lid seals; immersion pail seal lid fasteners;
support structure lock pins; demineralized water reservoir seals, hoses, and connectors; air
lines and connectors; and lift slings and pail attachments. Due to the integrity of the design
and limited operational components maintenance support is minimal.

A8.2 INSPECTION AND VERIFICATION SCHEDULES

Installation, Operation, Repair, and Maintenance Manuals (IORM) will be provided with the
delivery of the Cask and Transportation System. These manuals will contain the required
inspection and verification schedules.

Periodic inspection requirements for the operational system are minimal and include the
following:

Support inspection - Prior to each submersion cycle, the pail lifting slings and clevis
pins are to be visually inspected for wear, frayed slings, or other signs of deterioration.
If detected, part replacement is performed with the pail supported by the immersion
pail support structure.

Immersion pail seal verification - When the immersion pail lid is in place between the
pail and the MCO and seals are inflated, a positive pressure head of deionized water is
applied to the contained space between the two seal boundaries. Loss of air pressure
in the seal or evidence of water leakage around the seal provides evidence of seal
failure. The immersion pail lid is removed to contaminated equipment repair and the
spare immersion pail seal lid is substituted.

Immersion pail integrity - Visual inspection for leakage when the pail is supported by

A8-1
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the immersion pail support structure can be performed by observing a lowering of the
water elevation when the reservoir is isolated from the immersion pail. While such
failure is highly unlikely, the inspection process is capable of detecting this condition
so that repairs can be affected prior to significant deterioration.

Miscellaneous - Monthly inspection of painted surfaces, air fittings and water fittings is
performed in addition to the normal daily observation by operating personnel.
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A9.0 APPENDIX

A9.1 TN-WHC CASK AND TRANSPORTATION SYSTEM DRAWINGS

A9.2 CASK OPERATIONS EQUIPMENT ANALYSES
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A9.1 TN-WHC CASK AND TRANSPORTATION SYSTEM DRAWINGS

DRAWING/DOCUMENT NO. TITLE

WHC Dwg. No. H-1-81533

WHC Dwg. No. H-1-81534

WHC Dweg. No. H-1-81535

WHC Dwg.
WHC Dwg.

WHC Dwg.

WHC Dwg.
WHC Dwg.
WHC Dwg.
WHC Dwg.
WHC Dwg.
WHC Dwg.

WHC Dwg.

No.
No.

No.

No.

No.

No.

No.

No.

No.

No.

~ Sheet 1
Sheet 2
Sheet 3

Sheet 4
Sheet 5

H-1-81536
H-1-81537

H-1-81539
Sheet 1
Sheet 2
Sheet 3

H-1-81543

H-1-81544

H-1-81545

H-1-81546

H-1-81547

H-1-8148

H-1-81549

TN-WHC Cask Transportation System, Arrangement
Drawing

TN-WHC Cask Transportation System, Assembly
Drawing

TN-WHC Cask Transportation System, Assembly and
Parts List

TN-WHC Cask Transportation System, Cask Body and
Parts List

TN-WHC Cask Transportation System, Cask Body
Details

TN-WHC Cask Transportation System, Lid

TN-WHC Cask Transportation System, Lid

TN-WHC Cask Name Plate

TN-WHC Cask Transportation System, Seismic Restraint
System

TN-WHC Cask Transportation System, Tiedown System
TN-WHC Cask Transportation System, Ticdown System
Details

TN-WHC Cask Transportation System, Tiedown System
Details

K Basin Immersion Pail, Lift Beam assembly (2 Sheets)
K Basin Immersion Pail, TN-WHC Transport Cask

K Basin Immersion Pail Support Structure (2 Sheets)
K-Basin Immersion Pail Seal Lid (2 Sheets)

K Basin Immersion Pail Assembly

K Basin Transport Trailer Work Platform (7 Sheets)

K Basin MCO/Cask CVD Lid (2 Sheets)
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WHC Dwg.
WHC Dwg.
WHC Dwg.
WHC Dwg.
WHC Dwg.

WHC Dwg.

No.
No.
No.
No.
No.

No.

H-1-81550
H-1-81551
H-1-81552
H-1-81553
H-1-81554

H-1-81555
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K Basin Immersion Pail Ancillary Equipment

K Basin Immersion Pail Interface Control Drawing (2
Sheets)

K Basin Immersion Pail Lock Pin Guide Assembly

K Basin Immersion Pail Support Structure Assembly
K Basin Immersion Pail Support Equipment (3 Sheets)

Transport Trailer Design (3 Sheets)
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A9.2 CASK OPERATION EQUIPMENT ANALYSES

Structural analyses of the cask operation equipment has been performed relative to ANSI 14.6
criteria for safety related components in the immersion pail and loadout pit support structure.
AISC criteria has been employed for structural evaluations of the steel support structure in
combination with the ANSI N14.6 load factors. In addition to analyses of the safety related
load path cask operational equipment, the cold vacuum drying lid is evaluated to assure the
MCO is contained during cold vacuum drying operations. Table A9.2-1 summarizes results
for each of the safety related system operational load path components.

Component analyses performed for non-safety related components include evaluation of the
system support structures, including the immersion pail lid, the loadout pit work platform and
the trailer work platform. Structural analyses results for these components are summarized in
Table A9.2.2.

The following discussion provides a brief description of each calculation package
documenting structural evaluations of the operation equipment components.

Immersion Pail - Safety Related Support 1.oad Path (Calculations 457-2003.2 and 2003.3)

Calculation Package 457-2003.2 evaluates the immersion pail against the lifting requirements
defined in ANSI N14.6. The calculation includes a determination of the pail weight and
buoyancy force, along with evaluations of the bottom plate, lifting lug, lug to shell welds, and
primary shell. The design is based on a two (2) point lift load.

Two analysis calculation packages encompass the evaluation of the pail under stand resting
conditions. Both calculation packages invoke the load factor requirements defined in ANSI
N14.6. The calculation package scopes are delineated as follows:

. Calculation 457-2003.2 evaluates the immersion pail upper flange forging subjected to
support structure loading conditions. The design is based on a normal condition four
(4) point support load.

. Calculation 457-2003.3 analyzes the immersion pail upper flange forging subjected to
support structure loading conditions. The analyses considers a two (2) point support
load. A general purpose finite element program, ANSYS, Version 5.2, is used to
evaluate this condition.

Additionally. Calculation 457-2003.2 documents the maximum lift load under various loading
scenarios. These loading scenarios are summarized below:
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Load Condition Description Load (lbs)
I Setting Pail In Water In Support Stand 9,096
I Lowering Pail / Empty Cask To Pit Bottom 36,680
J Ui Raising Pail / Full Cask Off Bottom 53,730
v Raising Pail / Full Cask To Stand Height 57,877
v Raising Fully Loaded Cask From Pit 59,820

Immersion Pail Support Structure - Safety Related Support Load Path
(Calculation 457 2005.2)

Calculation Package 457-2005.2 evaluates the immersion pail support structure utilizing the
load factor requirements defined in ANSI N14.6. Documented in the calculation package are
evaluations of the pail support structure for composite frame buckling and corner post
assembly buckling. Tie plates used to provide stability to the structure are sized and evaluated
for compression loads. Bearing and shear stress evaluations were performed for the guide
assembly and lock pin.

Lift Beam - Safety Related Support Load Path (Calculation 457-2005.3)

Calculation Package 457-2005.3 evaluates the lift beam utilizing the load factor requirements
defined in ANSI N14.6. The evaluation documents the structural adequacy of the lift beam
weldment and the eye plate.

Cold Vacuum Drying 1id - Safety Related Operations Pressure Loading
(Calculation 457-2001.2)

Calculation Package 457-2001.2 evaluates the conditioning lid for internal pressure and lid
lifting load conditions. The conditioning lid is used during the MCO vacuum drying operation
in the conditioning facility immediately after the MCO is loaded. The internal pressure load is
developed as a result of circulating hot water between the MCO outer surface and the inner
surface of the cask. Once the cask is within the conditioning facility, the cask lid is removed
and the conditioning lid installed. The lid is a "Z" shaped ring. The lower leg of the Z rests
on the top of the cask. Three (3) lid bolts are used to join the conditioning lid to the cask.
The upper Z leg bears against the MCO top surface. The lid provides pressure boundary (two
seals) and pressure restraint during MCO draining/drying in addition to providing additional
shielding during the vacuum drying operation.

The 1lid is assessed utilizing a pressure loading of 60 psi. The lid bolting and the upper Z leg
of the lid are influenced by pressure loading.

Additionally, the lid lifting lugs and welds are designed and evaluated to carry the lid weight
loading. .
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Immersion Pail Seal Lid - Non Safety Related (Cal(_:ulation 457-2004.2)

Calculation Package 457-2004.2 evaluates the immersion pail lid for internal pressure and lid
lifting load conditions. Maximum internal pressure of 5 psi is developed by the positive
pressure anti-contamination water system. Only the lid bolting and adjacent flange are
influenced by a pressure loading of this level.

Additionally, the lid lifting lugs and welds are designed and evaluated to carry the lid weight
loading only.

Loadout Pit Work Platform - Non Safety Related (Calculation 457-2007.2)

Calculation Package 457-2007.2 evaluates the loadout pit platform for design loads based on
OSHA requirements defined in Title 29 of the Code Of Federal Regulations. Frame brace,
weld, and wall plate stresses are limited to the acceptance criteria defined in the requirements
of the AISC Code.

Transport Trailer Work Platform - Non Safety Related (Calculation 457-2002.2)

Calculation Package 457-2002.2 evaluates the transport trailer work platform for design loads
based on OSHA requirements defined in Title 29 of the Code Of Federal Regulations.
Channels, support pipes, end caps, and end cap weld stresses are limited to the acceptance
criteria defined in the requirements of the AISC Code.

The following Appendix Sections contain analyses calculation documentation.

A9.2.1 Immersion Pail Calculation 457-2003.2

A92.2 Immersion Pail Calculation 457-2003.3

A9.2.3 Support Structure Calculation 457-2005.2

A9.2.4 Lift Beam Calculation 457-2005.3

A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2
A9.2.6 Seal Lid Calculation 457-2004.2

A9.2.7 Loadout Pit Work Platform 457-2007.2

A9.2.8 Trailer Work Platform 457-2002.2
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K Basin Loadout Pit and Related Operation Equipment

Table A9.2-1

Safety Related Load Path Components
Summary of Stress Analysis

E-15166

. Drawing Ttem Ttem Applied Design Check Calculated Allowable Basis M.S.
Calculation !
No. No./ No. Load Loading
Component
457-20032 | 457-101 ] Bottom Plate 3IW plate bending 17.728 kst 30 kst N14.6 0.41
457-2003.3
Immersion 19,1 Pail shell to 3w, net tension 3.6 ksi 30 ksi Ni48 0.88
bottom plate pressure shell bending & shear 16.636 ksi 30 ksi 045
interface
Pail 10-11 | Tugto shell weld | 3W shear 90.680 kips 594 kips NI14.6 0.85
10 pail shell flange [ 3W Iifting - Tongitudinal bending 24970 ksi 30 ksi NI4.6 0.17
10 pail shell flange, | 3W Tifting
stiffening ring circumferential bending + torsion 17.938 ksi 30 ksi N14.6 0.40
circumferential shear 0.53 ksi 18 ksi large
70 pail shell flange, | 3W stand resting
stiffening ring bending + torsion (4 pt lift) 17.104 ksi 30 ksi N14.6 0.43
memb. + bending, Von Mises (2 pt) 28.16 ksi 30 ksi 0.065
11 Tug plate 3w bearing - Tifting Tug Tocation 35.77T ksi 75 ksi NI4.6 0.52
IT Tug plate SW net tenston - [ifting Tug Tocation 30.440 ksi 75 ksl NI4.6 0.62
1 Tug plate SW shear pull out - Tifting Tug Tocation 30.434 ksi 48 ksi NI4.6 0.37
I1 Tug plate W bearing - guide assembly Iocation 60.453 ksi 75 kst N1d6 0.19
457-2005.2 | 457-102 98,99 | assembly 5W buckling 300 kips 1,064 kips AISC 0.72
Support 4,15 | te plates SW compression 0.48 ksi 0.694 ksl AISC 037
Structure 5 corner post SW buckling 72.5 kips 75.0 kips AISC 0.03
457-2005.2 | 457-1097 4 Tock pin SW double shear 49 kst 8T ksi AISC 0.40
Lock Pin 10 guide assembly | 5W bearing 16 ksi 54 kst NC 0.70
457-2005.3 [ 457-T12 [} Tift beam 3W beam bending 25.447 ksi 30 ksi AISC 0.15
Lift Beam weldment 3w beam shear 2.769 ksi 18 ksi 0.85
SW trunnion shear 11.933 ksi 40.20 ksi 0.70
10 eye plate 3W tension 14.4 ksi 30 ksi AISC 0.52
bearing 10.65 ksi 45 ksi 0.76
457-2001.2 | 437-106 1 Tid flange pressure torsion 5.03T ksi 16.7 ksi NC 0.70
Cold 2 bolt pressure tension 1339 ksi 16.7 ksl NC 0.19
Vacuum 8 Tifting Tug 3W bearing 4.093 ksi 30 ks AISC 0.86
Drying Lid tension 4.093 ksi 30 ksi 0.86
shear 8.187 ksi 18 ksi 0.55
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K Basin Loadout Pit and Related Operation Equipment
Non-Safety Related Components
Summary of Stress Analysis
Calculation Drawing Ttem Item Applied Design Check Calculated Allowable Basis | M.S.
No. No./ No. Load Loading
Component
457-2004.2 | 457-103 2 Tid flange pressure bending 8.936 kst 25.05 ksi NC 0.70
Seal Lid
20 bolt pressure tension 4.201 ksi 16.7 ksi NC 0.75
3 lifting Tug 3W bearing 1.6 ksi 30 ksI AISC 0.95
tension 1.6 ksi 30 ksi 0.95
shear 3.2 ksi 18 ksi 0.82
457-2002.2 | 457-T105 24 channel 125Tbs 7 ft bending 8.676 ksi 21 ksl AISC 0.59
Trailer shear 0.820 ksi 14 ksi 0.94
Work
Platform
26 plank hook 5971 Tos bearing 1.182 ksi 35 ksi AISC 0.97
457-2007.2 457-111 4,5, brace, extension, | 2000 Ibs tube bending 22.077 kst 27.6 ksi AISC 0.20
3 brace shear 2.0 ksi 18.4 ksi 0.89
Sto weld 2000 Tbs combined shear and torsion 1,824 Tbs /in | 2,545 1bs 7 in | AISC 0.28
9
9 to weld 2000 Tbs shear 0.133 kst 14.4 ksi AISC 099
7
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2

NAC CALCULATION PACKAGE | Work Request/Calc No:
INTERNATIONAL
a COVER SHEET 457-2003.2
PROJECT NAME: CLIENT:
\STE 6",
K Basin Operations Equi Hanford (T: lear, Inc.) _
CALCULATION TITLE: ;

Immersion Pail

PROBLEM STATEMENT OR OBJECTIVE OF THE CALCULATION:
This calculation evaluates the immersion pail against the lifting design criteria requirements listed in
ANST N14.6 (Reference 7.3). The immersion pail is part of the TN-WHC Cask and Transportation
System to be used at the K-Basin Area of the Hanford site.

The two point lift evaluation is performed in Calcutation 457-2003.3.

Revision | Affected Revision Preparer |  Checker Project Manager
Pages Description Name, Initials, | Name, Initials, Approval/Date
Date Date
0 1 thru 38 Original Issue Jeffrey R. Dargis Ravi Singh Thomas A. Danner
11-10-96 11-14-96 11-15-96
1 1,3 thru | Revised method of | Jeffrey R. Dargis | Ravi Singh Thmins A Duusewrl
39 calculating margin 9 P 7L v

of safety. revised 11/1/95 > %"
weights of 12-29¢6 /l/t/llv
components.
Correct
administrative
oversights.

L Total Pages 39 |
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Immersion Pail Calculation 457-2003.2 (Continued)

E-15166

Urhwn

INDEPENDENT DESIGN VERIFICATION CHECK SHEET

Work Request/Calculation No: 457-2003.2  Revision _g_
Scope Of Analysis File:  This calculation §M!J- rally evaluates the immersion pail against
lifting desi jteri i nts of ANSI N14.6.
Review Methodology: Er:eck of ?alf:ulations s
Other (Explain; :

. Confirm That The Work Request / Calculation Package Reviewed Inciudes:

Statement of Purpose S
Defined Method of Analysis S
Listing of Assumptions 2S
Detailed Analysis Record =AN
Statement of Conclusions / Recommendations (if applicable) Bs

Verification
Activitles Yoo Mo WA Comments

For the scope of the definad analysis:
A. Are the required data input complete?
1. Material properties
2. Geometry (drawing reference)
3. Loading source term
i @ supporting analysis is required to
dafine the load stats, has it been
defined?
B. Are boundary conditions acceptable?

Is the method of analysis adequate for the defined scope?

Is the worst case i d (4

Are the acceptance criteria defined and complete?

< \\\.\\\\\—‘

Has all concurrent loading been considered?

Are analyses consistent with previous work for method and CALC.
approach? V| PROCRAGE

Are the records for input and output complete? v

Is tracesbility to verified software complete? v NO
WHEEDS.

Is the of and P
and acceptabie for the project and objectives of the dafined \/
purpose?

RAV! slygit M* % it xq%
Reviewer {Name. Signature; Dite
2
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued)

INDEPENDENT DESIGN VERIFICATION CHECK SHEET
Work Request/Calculation No: 457-2003.2 Revision _1_
Scope Of Analysis File:  This calculation structurally evaluates the imi ion pail against
the lifting design criteria requirements of ANSI N14 6.
Review Methodology: Check Of Calculations
Alternate Analyses —
Other (Explain) -
Confirm That The Work Request / Calculation Pach Reviewed Includes:
1. Statement of Purpose
2. Defined Method of Analysis
3. Listing of Assumptions
4. Detailed Analysis Record
5. Statement of Conclusions / Recommendations (if applicable)
. Verification
Stej Activities Yes No WA Comments
1 For the scope of the defined analysis:
A Are the required data input complete?
Material properties \/
2, Geometry (drawing reference) V4
3. Loading source term
If a supporting analysis is required to v
define the load state, has it been
defined?
B.  Are boundary conditions acceptable? v
2 ts the method of analysis adeguate for the defined scope? v
3 | Isthe worst case ) v
4 | Are the acceptance criteria defined and complete? v
5 Has all concurrent lcading been considered? v
6 Are analyses consistent with previous work for method and
approach? =
7 | Are the records for input and output complete? v
8 | is traceability to verified software compiete? + | B0 SoFTWARE]
USED .
9 is the of 'S and r
and acceptabie for the project and abjectlves of the defined v
purpose?
RAVI SNGH (ecte o i
“ewer Hame/S_ghature:  [J % te
3
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Immersion Pail Calculation 457-2003.2 (Continued)
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TABLE OF CONTENTS
Section Description Page
-— Calculation Package Cover Sheet 1
- Independent Design Verification Check Sheet 2
— Table of Contents. 4
1.0 Synopsis of Results 5
20 Introd /Purpose 6
3.0 Method of Analysis 6
4.0 A /Design Input 7
59 Analysis Detail 12
6.0 Summary of Results / Concl 37
70 Ref 38

NAC Performed by Date: Calculation No. 457-2003.2
INTERNATIONAL 909’ HE -5 Revision 1
Checked by: Date; Page 4 of 39
25 Veslaw |
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued)

16 SYNOPSIS OF RESULTS

E-15166

Summary of Stress Analysis
Drawing | Item | Component | Applied | Design Check | Calculated | Allowable | M.S.
No. No. Load Loading !
457-101 |1 bottom 3w plate bending | 17,728 psi ; 30,000 psi | 0.41
plate
457-101 | 19,1 | pail shellto | 3W, net tension 3605psi | 30,000 psi | 0.88
bottom pressure
plate . shell bending | 16,636 psi | 30,000 psi | 0.45
interface & shear
457-101 | 10to | lug to shell | 3W shear 90.68 kips | 594 kips ' 0.85
11 weld
457-101 |10 flange shell | 3W lifting 24,970 psi | 30,000 psi | 0.17
lengitudinal
bending
457-101 | 10 flange shell | 3W lifting
circumferential | 17,938 psi ! 30,000 psi | 0.40
bending +
! torsion
! circumferential | 530 psi 18,000 psi ! large
shear 1
457-101 {10 flange shell ; 3W stand resting i
bending + 17,104 psi | 30,000 psi ) 0.43
torsion !
457-101 |11 lug plate 3w bearing: 35,771 psi | 75,000 psi | 0.52
¢ ] 1 lifting tug
i | location !
457-101 |11 l lug plate ] SW net tension: 30,440 psi | 75,000 psi | 0.62
1 | lifting hug |
! g location i D
457-101 |11 . lugplate swW shear pull out: [ 30,434 psi | 48,000 psi i 0.37
| l lifting Jug ! i
[ location ! !
457-101 |11 Tlugplae  ; 3W | bearing: guide | 60,453 psi | 75,000 psi 1019
| | I assembly i i i
; | location i i

The immersion pail design meets the criteria defined in Section 4.2.

NAC Performed by LQ’ Date: Calculation No. 457-2003.2
INFERNATIONAL 9 /05 G0 Revision 1
Checked by: Date; Page 5 of 39
L ulzslog
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued)

20 INTRODUCTION/PURPOSE

This calculation evaluates the immersion pail against the lifting design criteria requirements listed
in Reference 7.3. The immersion pail is part of the TN-WHC Cask and Transportation System to
be used at the K-Basin Area of the Hanford site. The immersion pait design was initially
evaluated in Reference 7.1.

3.0 METHOD OF ANALYSIS

Hand calculations using classic textbook solutions are used to structurally evaluate the
immersion pail.

The design will be assessed using the load factors discussed in Section 4.2.5. The acceptance
criteria defined in Reference 7.3 limits the lifting induced tensile swresses 1o the lesser of:

(a) one-third material yield strength; or
(b) one-fifth the material ultimate strength.

Shear stresses will be limited to 0.6 times the tensile stress limits. Bearing stresses will be
limited to 1.5 8, in accordance with Reference 7.7.4.

The following evaluations are d d within this calculati

[¢ Weight D ination;
Buoyancy Force And Buoyancy Rate Determination;
Maximum Lift Load Determination;

Maximum Lug Load Determination;

Bottom Plate Evaluation;

Primary Inner Sheil Evaluation; and

Lug Evaluation.

INTERNATIONAL 1t-257-5¢ Revision | |

= Mislog |7 ]

n NAC Performed by: gfe’ Date: Calculation No. 457-2003.2
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued)

40  ASSUMPTIONS/DESIGN INPUTS

4.1  Assumptions

There are no unverified ptions within this calculati
4.2 Design Criteria
4.2.1 Tensile Stresses

Calculated tensile stress (based on load factor of 3) <S80y (Ref. 7.3)
Calculated tensile stress (based on load factor of 5) < Syumme  (Ref 7.3)

42.2 Shear Stresses

Calculated shear stress (based on load factor of 3) < 0.6 X Syieiq
Calculated shear stress (based on load factor of 5) < 0.6 X Supimate

423 PBearing stresses

Caiculated bearing stress < 1.5xS,  (Ref. 7.7.4)

4.2.4 Material Properties

Poison’s ratio: v = 03

Modulus of Elasticity: E = 283 x10° psi {Ref. 7.7.2)

Steel density: P = 0288 lbs/in’.

Water density: Puser = 0.036 Ibs / in®.

Foam density: Pram = 0.003471bs/in’. (Reference 7.6.1)

4.2.5 Stress Design Checks

All components evaluated within this calculation package are made of A240 Type
304 stainless steel or or AS33 carbon steel. Normalizing the material yield and
uitimate strengths by the Reference 7.3 load factors yields the following (See
Section 4.2.1 for load factors):

A240 Type 304 Stainjess Steel
(Reference 7.7.1)

Fy: 30 ksi

Fu: 75 kst

Fy/3 = 30,000/3 = 10,000 psi

F/5 = 75000/5 = 15000psi
NAC Performed by: 25 Date: Calculation No. 457-2003.2
INTERNATIONAL 9 H-2S 9t Revision | |

ﬁ:cked by: Date: Page 70f 39 . |
Mzs(9 6
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Immersion Pail Calculation 457-2003.2 (Continued)

ASTM A533 Carbon Stee]
(Reference 7.7.3)
Fy: 50 kst
Fu 80 ksi
F/3 = 50,0003 = 16,700 psi
FJ/5 = 80,000/5 = 16,000 psi
Based on the above comparisons of yield and ultimate allowables for the two (2)
materials, comparing a factor (LF) of 3 against yield is more restrictive for A240,
while comparing a factor (LF) of 5 against ultimate is more restrictive for A533.
Only the limiting conditions are evaluated within this calculation package.
43 Desigp Conditons
4.3.1 Temperatyre
Ambient, 100 °F,
4.3.2 Lifting
Two Point Lift (set) condition is design controlling.
4.3.3 Pressure Effects
Internal Pressure: 5 psi.
For a worst case condition, where pail loses internal pressure:
624 B 257511
Hydrostatic Pressure at Pit Bottom = —ﬁ—l—
44 m
G
= 11.2psi
Hoop Stress, Inner Shelt (11.2psi) = Pxr/t
= 11.2x21.1875/0.375
633 psi
Longitudinal Stress = Hoop Stress / 2
= 633/2
= 3{7psi
Both the pail hoop and longitudinal pressure stresses are insignificant. Pressure
effects on the lid are add d in a sep lculati
NAC Performed by- 25— Date: Calculation No. 457-2003 2|
INTERNATIONAL 9 i Revision 1
Checked by: Date: Page 8 of 39 )
| = W25(9
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44 Weights

Cask weight (loaded, dry)
MCO weight (full, dry)

mon

57.6001bs (Reference 7.1.1)
18,320 1bs  (Reference 7.1.1)

Cask lid weight = 2,0441bs  (Reference 7.1.1)
MCO cask annulus water weight = 2501Ibs (Reference 7.1.2)
MCO water weight = 1,2001lbs  (Reference 7.1.2)
4.5  Elevations of the Fuel Pit (Reference 7.1.3)

Pit floor elevation: - 259"

Fuel floor elevation: - 209"

Load pit floor elevation: o0

Top of pit wall elevation: +2-0"

Water elevation: - 49"

4.6 Pail Dimensional Data (Reference 7.6.1)

4.6.1 Inner Shell

Dy = 420in
Lhent = 0375in
lengthynen.inner = 163.5in

lengthyy (t=0375in) = 163.5-23=140.5in

Agpen (t =0.375 in) = mx[((42.0/2)+0.375) - (42.0/ 2]
= 49.922in’
Voai =% x (11),,,,./21)Z x lengthy,, (total)
= n x (420728 x 1635
= 226,520in’
ODgange = 46.0in
Honge = 2.0in, 1375 in (shaved)
lengthy,,. = 80in
Aftange ’ = mx[(46.0/2) - (42.0/2)}
= 276460 in®
NAC Performed by: Date: Calculation No. 457-2003.2
INTERNATIONAL EQ’ /RS ~9 Revision 1
Checked by: Date; Page 9 of 39
B8 njzs96

A9.2-14



Appendix A9.2.1

HNF-SD-SNF-FRD-003

Rev. 0

Immersion Paijl Calculation 457-2003.2 (Continued)

E-15166

IDupper guide =
tengthyper guide =

Aupper guite =

IDiower guide

IR

tengthiguer guie

Alower Buide

462

D gett-omer

beltwutes

n

lengthset oter

Ashei-outer

Wom

Outer Shell Containing Foam
(consider as circular section)

41.25in
20in

wx [(46.0 / 2) - (41.25 1 2]
325.50 in’

40.0in
2.0in

nx [(44.75/2) - (40.0 1 2)]
31617 in’

50.15in
0.1196 in (11 gauge)
102 in

7 x [(50.15/2)" - (50.15/ 2)- 0.1196))']
18.798 in’

4.6.3 Bottom Plate
Thottom plate = 20in
size = 53.5”x42.75” with 11.75" x 15" chamfered corners
Avottom plate = (]5;.;,5 i2.75)-(4x045x 11.75 x 15)
= L n
4.6.4 Lifting Lug
g = 15in
size = 24.57x9.0” with 6.42" x 5.39” and 10.38” x 7.00™
chamfered corners
NAC Performed by Date: Calculation No. 457-2003 2
n INTERNATIONAL 9@ - 25 Revision 1
Checked by: ﬂ DI“I”—}.S—?L Page 10 of 39
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Immersion Pail Calculation 457-2003.2 (Continued)

(24.5x9.0) - (0.5 x 10.38 x (10.38 x tan 34°)) -
(0.5 x 6.42 X (642 x tan 40°)
= 166.870 in’

Abatom ple - [T X ((42.0 + (2 x 0.375))12)%)
1,934 - 1435
499 in®

o

NAC
INTERNATIONAL

Performed by

o8- Date W Calcutation No. 457-20032

/WS~ Ge Revision |

Checked by:

> Date; [2 11 of 39
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued)

5.0 ANALYSIS DETAIL
5.1 Component Weight Determination
5.1.1 Pail
Inner Shell (t=0.375 in) = Puea X lengthy x Ay
= 0288 x 1405 x 49922
2020 1bs
Inner Sheil Flange = Paca X lengthpy, x Afange
= 0288 x 80 X  276.460
= 6371bs
Inner Shell Upper Guide = P % lengthy,. x Aypper
= 0288 x 2.0 X 325.50
= 1881bs
Inner Shell Between Upper
And Lower Guides = Paca X length X Aypper
= 0288 x 80 X
[rex(44.75 /2) - (42,01 2)%)
= 4321bs
Inner Shell Lower Guide = Pae X lenpthie x A
= 0288 x 2.0 x 316.17
182 1bs
Lugs = P X by X Ay, X 4lugs
= 0288 x 15 x 166870 x 4
= 288 1Ibs
Outer Shell = Pact X lengthiyane X Ao ouer
= 0288 x 1020 x 18.798
552 tbs
Foam = Pham X lengthgeone X Agam
= 0.00347 x 102 x 499
177 lbs
Bottom Plate = Pscel X loonom plate X Apotom plae
= 0288 x 2 x 1934
= 11141bs
NAC Performed by Date: Calculation No. 457-2003.2
n INTERNATIONAL 9/? & 2t-25 9 | Revision | |
Checked by: Date; Page 12 of 39 |
=L u/zs/?(,
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued)

Total Pail Weight = 5590 Jbs = 6000 Ibs
(Note: Approxi d weight on drawing (Ref 7.6.1) is 5,700 Ibs.)
5.1.2  Other Components
Pai] Seal Lid = 6001lbs (Reference 7.6.3)
Cask = 35043+2017+100 (Reference 7.1.1)
= 37,160 lbs
Cask Lid = 2000 Ibs (Reference 7.1.2)
MCO Shell = 15401bs (Reference 7.1.2)
MCO Contents = 15,550 lbs {Reference 7.1.2)
MCO Water (Loaded) = 1200 ibs (Reference 7.1.2)
MCO Water (Empty) = Calculated per Reference 7.1.4
' = Iuco X % x Ry
= (14x12) x 1 x (2325/2)* x 0036
= 2568 Ibs
MCO Shield Plug = 12301bs (Reference 7.1.2)
MCO Wet (Loaded) = 19,520 lbs (Reference 7.1.2)
MCO / Cask Annulus Water = 250 Ibs (Reference 7.1.2)
Lift Beam = 750 Ibs (Reference 7.1.2)
Pail Slings = 2001bs (Reference 7.1.2)
Pail Water = Voa X Puaer = 226,520 x 0.036
= 8,155 1bs
5.2 Buoyancy Force and Buoyancv Rate Det ination
Displaced Volume = [ X (0D g / 2P x Liheh.ooter] +
(pail immersed) [® X (0D inng £ 2" X (et innes ~ Leit-ouer)]
= [nx(>039/2) x 102} +
[ x (42.75 /2)‘x(163 5-102)]
= 291688 in’
NAC Performed by: Date: Calculation No. 457-2003.2
n INTERNATIONAL 9‘9’ /(-5 9t | Revision | |
Checked by: Date; Page 13 of 39 |
1/es/5e
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Appendix A9.2.1 Immersion Pail Calculation 457-2003,2 (Continued)

Buoyant Force = Displaced Volume X Py

= 291,688x0.036

= 10,500 1bs
Buoyant Rate ;
(above floatation interface) = Puwmer X [T X (ODgeipinner 7 2)° %

(aneltimner ~ Lshetiouer)) / (inettinner = Khett-ouer)
= 0.036x [ x (42.75/2) x (163 5 - 102)} /
{163.5 - 102)
= 51.67Ibs/in

Buoyant Rate
(below floatation interface} = Puater X [T X (ODgetiamer / 2)2 X Lipettooutes]
Lihel-oumer a
= 0.036x [rx(50.39/2)"x (102)] ¢
(102)
= 71.791bs/in

5.3 Maximum Lift Load Determination

The maximum iift load will be determined as the enveloping condition for the following
lift conditions:

Condition I: Setting pail in water on support stand.
Condition II:  Lowering pail / empty cask to pit bottom.
Condition [lI:  Raising pail / full cask off bottom.
Condition IV:  Raising pail / full cask to stand height.
(Pail raised to floor elevation 1-6”, water level at 4°-5”)
Condition V:  Raising fully loaded cask from pit.

5.3.1  Lift Load for Condjtion I: Setting Pail In Water On Support Stand

Pai} 5,700 1bs
Pail Slings 400 Ibs
Lift Beam 550 Ibs

Pail Water (conservatively, consider
4 feet of water in pail,

30% of 8155 Ibs) 2,446 lbs
Lift Load 1 9,096 1bs
NAC Performed by G Date: Calculation No. 457-2003 2
INTERNATIONAL & 12-2-G6 | Revision ! |
Checked by: Date: Page 14 of 39 |
=3 122 {9 ¢

A9.2-19



Appendix A9.2.1

HNF-SD-SNF-FRD-003 Rev

. 0

Immersion Pail Calculation 457-2003.2 (Continued)

E-15166

5.3.2  Lift Load for Condition II: Lowering Pajl / Empty Cask To Pit Bottom’

Pail

Pail Seal Lid

Pail Slings

Lift Beam

Cask

MCO / Cask Annulus Water
MCO Shell

MCO Water (Empty)
Buoyant Force

Lift Load I

5.3.3  LiftLoad for Conditjon I1I: Raising Pail / Full Cask

5,700 Ibs
600 Ibs
400 Ibs
550 Ibs
36,570 lbs
250 Ibs
1,900 lbs

1,210 Ibs

10,500 Ibs

36,680 Ibs

Pail 5,700 Ibs
Pail Seal Lid 600 Ibs
Pail Slings 400 Ibs
Lift Beam 550 1bs
Cask 36,570 lbs
MCO / Cask Annulus Water 250 Ibs
MCO Wet (Loaded) 20,160 1bs
Buoyant Force -10,500 tbs
Lift Load 111 53,730 Ibs

ttom

534 Lift Load for Condition [V: Raising Pail / Ful] Cask To Stand Height

(Pail raised to floor elevation 1'-6”, water level at -4°-9m)

Pail 5,700 lbs
Pail Seal Lid 600 lbs
Pail Slings 400 lbs
Lift Beam 550 tbs
Cask 36,570 lbs
MCO/ Cask Annulus Water 250 Ibs
MCO Wet (Loaded) 20,160 Ibs
Calculate Buoyant Force

Pail submerged 163.5" - 75" = 88.5in
Buoyant Force = 88.5x 71,79 = -6,353 lbs
Lift Load IV 57.877 Ibs

NAC Performed by: Date: Calculation No. 457-2003.2
n NTERNATIONAL o> t2~2~%%e Revision 1
cke B g 3
Checked by 73( Df‘zf/zlﬁﬁ Page 15 of 39
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued)

5.3.5 Lift Load for Condition V: Raising Fully Loaded Cask From Pit

Cask 36,570 Ibs
Cask Lid 1,890 tbs i
MCO / Cask Annulus Water 250 Ibs
MCO Wet (Loaded) 20,160 Ibs
Pail Slings 400 lbs
Lift Beam 550 1bs
Lift Load V 59,820 Ibs

5.3.6 Maximum Lift  oad
The limiting lift load condition is Condition V, Raising Fully Loaded Cask From
Pit. The lift load associated with Condition V as determined in Section 5.3.5 1s
59,820 1bs. |
The lift load used in the design of the immersion pail will be:
Pua = 60,000 Ibs.

5.4 Lug Load Determination
The Hanford crane configuration employs a hook design, all attached to a shackie located

at the center of the lift beam. The lug-to-lug distance in one direction per Reference 7.6.1
is:

, = 445-(2x4.5xcos38%)

= 374lin
The lug-to-lug di in the opposite direction per R 7.6.1is:
L, = 3477-(2x4.5xsin38°%)

= 286in

The sling is 10 be 16 feet Jong per Reference 7.6.5:
I = 16h

The angle in the vertical plane with the hooks, 9, is:

NAC Performed by: RQ, Date: Calculation No. 457-2003.2
INTERNATIONAL 9 12-2-9¢" | Revision )
Checked by: % Date: Page 16 of 39 ]
12f2/9L
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued)

5.3.5 Lift Load for Conditiop V: Raising Fully Loaded Cask From Pit

Cask : 36,570 lbs
Cask Lid 1,890 Ibs
MCO / Cask Annulus Water 250 Ibs
MCO Wet (Loaded) 20,160 1bs
Pail Slings 400 tbs
Lift Beam 550 Ibs
Lift Load V 59,820 1bs

5.3.6 Maximum Lift Load
The limiting lift load condition is Condition V, Raising Fully Loaded Cask From
Pit. The lift load associated with Condition V as determined in Section 5.3.5 is
59,820 lbs. .
The lift load used in the design of the immersion pail will be:
Py = 60,000 Ibs.

5.4 Lug Load Determination
The Hanford crane configuration employs a hook design, all attached to a shackle located

at the center of the lift beam. The lug-to-lug distance in one direction per Reference 7.6.1
is:

ly = 445-(Zx4.5x%c0s38%)

= 374lin
The lug-to-lug di in the opposite direction per Refe 7.6.1is:
L, = 34.77-(2x4.5xsin38°)

= 286in

The sling is to be 16 feet long per Reference 7.6.5:
N = 16R

The angle in the vertical plane with the hooks, 6, is:

NAC { Performed by: Re, Date: Caiculation No. 457-2003.2
INTERNATIONAL 12+2-94° | Revision 1 {
Checked by: ﬁ Date: Page 16 of 39 |
12f2[9L
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Lye = LFxPyy/(2xcos7.04%)
= 3x60,000/(2x 0.9925)
= 90,680 Ibs

5.5 Bottom Plate Evaluation

Treating the bottom plate as a simply supported plate along the radial location of the
inner shell with uniform loading along its surface, the maximum radial and tangential
plate stress is:

3w
8rmt

g, =0, =

(3m +1) (Reference 7.4.1)

where: W = LFxPy,

LF Load factor based on yield strength comparison

=3

Pya = 60,000 Ibs

m = Reciprocal of Poisson’s ratio
= v = 1/03 = 333
t = plate thickness
= 20in
Therefore:

3 (3 x 60,000
=o= 21 (3333
S & 8 7(3.33) (2)° (3333 +1)

o, = 0,= 17,728 psi

Plate material is A240 Type 304. The safety margin is:

. 72
Safety Margin = | - 7128 = 041
30,000
NAC Performed by Date: Calculation No. 457-2003.2
INTERNATIONAL 13 H-25-9% | Revision |
Checked by: Date; Page 18 of 39
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5.6

Inner Shell Evaluation (Primary Shell)

'5.6.1 Net Tepsion Checl

The net tension stress on the minimurmn cross section, t = 0.375 in, is;
6, = Puyax LF / Ay (50375 in)

= 60,000x3/49.922

= 3605 psi
Shell material is A240 Type 304. The safety margin is:

3,605

— = (.88
30,000

Safety Margin = | -

5.6.2 Inner Shell To Bottom Plate Interface

The inner sheil to bottom plate interface will be assessed by comparing the
rotational stiffness of a plate at the outer edge to the rotational stiffness of a
cylinder with an applied end moment.

The cylinder stiffness, M, / 0 , is determined from Reference 7.4.2, where:

® = My/AD

where: A

EV
12(1 - v')

and: D =

when: R = Outer radius of inner shell
= (42.0+(2)(0375))/2
= 21375in

03

28.3 x 10° psi

t = inner shel] thickness
= 0.375in

[il

NAC

INTERNATIONAL

Date:
NS 9

Calculation No. 457-2003.2
Revision |
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Immersion Pail Calculation 457-2003.2 (Continued)

Therefore: A =
= 0454in
b - (283 x 10%) (0.375)°
12(1 - (0.3)")
= 136,665
My/6 = A D

0.454 (136,665)
= 62,046 in-1b / rad

The plate stiffness, My /8 , is determined from Reference 7.4.3. where:

12(m-1)Ma
Em¢

]
12(m-1)Ma
Em?

Therefore:

Em¢

M/ = ——28
2(m-1a

(28.3 X 10°) (3.33) (2)°
12(3.33-1)21.375
= 1,261471 in-lb / rad

The bottom plate is 20 times stiffer than the inner shell. The plate behavior
controls the joint intetface response.

The rotation of the bottom plate under lift loading is determined by treating the
plate as simply supported at the radial location of the inner shell:

8 - — (Reference 7.4.1)

NAC

Performed by: .
INTERNATIONAL. 9@’

Date: Calculation No. 457-2003.2
/F25-FC | Revision | |

’72( I 13;1’172313 (a Page 20 of 39 f
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563

3 (3 x 60,000) (3.33-1) 21.373
2 7{28.3 % 10°) (3.33) (2)°

= 0.0057 radians
= 0.33°

Applying this rotation to the end of the cylinder and solving for the edge moment.

Mg= 6 x A x D (Reference7.4.2)

#

0.0057 x 0.454 x 136,665
= 354in-lbs
The maximum inner shell bending stress due to My is:

5; = 2—?4“/17}{

2(354) N
= 0454) (21.375
pa7s (A )

= 8318psi
The bending stress due to edge shear will yield smaller stresses than those due to
M,. Therefore, the maximum local bending stress due to edge bending and shear

will be conservatively considered as 2 X 5,2

2xs, = 2x8318
= 16,636 psi

Plate material is A240 Type 304. The safety margin is:

16,636
30,000

Safety Margin = 1 - = 0.45

Inner Shell To Top Flange. Determination of Reaction Loads

Under a two (2) point lift, a radial load, a vertical load, and a bending moment

1imS % Revision 1

NAC Performed by: a, Date: Calculation No. 457-2003.2
INTERNATIONAL

Checked by: Date; Page 21 of 39
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will be developed at the flange to lug midpoint location:

Per Section 5.4, the lift angle is 7.04°, and the lift load for a two (2) point lift is:

Liug

Lug = 90.680 Ibs
Therefore:
Fr = Ly x sin®
= 90,680 x sin (7.04°)
= 11,114 1bs
EN Lip x cos®
= 90,680 x cos (7.04°)
= 89,996 Ibs
d = 53xtan@
= 53 xtan(7.04%)
= 0.6545in
d, = d,+0.75
= 0.6545+0.75
= 1.4045in
d d; xcos®
= 1.4045 x cos (7.04°)
= 1383in
NAC Performed by: Date: Calculation No. 457-2003 2
n INTERNATIONAL 9@‘ /195 ~3¢ | Revision |
Checked hy: Date: Page 22 of 36
=4 i bs/ae
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued)

M= L,xd
= 90,680 x 1.383
= 125410 in-lbs

The section view for the inner shell flange reaction loads are:

i

5.6.4 Lug To Shei] Double Bevel Weld lévalua(ion
The shear capacity of the double bevel tug weld, Foyaciy » is:
Feapaciy = 0.6x S, x area,q
= 0.6x30,000x22inx1.5in
= 594,000 Ibs

Per Section 5.4, the maximum lift load for a two (2) point lifl is:

Ly = 90.680bs
90.680
Safety Margin = 1 - o080 g5
BYLEEE 564,000

5.6.5 Maximum Longitudinal Shell Bending Stress

The maximum longitudinal bending stress will be determined by approximating
an equivalent edge loading 1o be applied to the cylindrical outer shell.

The net compression reaction Joad at the shell flange end is:

NAC Performed by Datc? Calculation No. 457-20032
INTERNATIONAL £0- 1/-25-9C | Revision | )
Checked by: /ZS Date: Page 23 of 39 |
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Re
& |[®
de
Fr
Re
o ML, E
d, 2
where: d. = moment arm between flange rotation point and lower guide
locations
= 243-25-[784-(329+25/2)]-2
= 16.7in
Therefore:
125,410 11,114
S +
K 16.7 2
= 13,067 1bs

The compressive load, R, , is spread over ap effective arc lengthof 10 ° to
determine an equivalent edge loading:

Repen

Vo

= 46.0/2

= 23in

arc length

Rpen x 6

23 X (10xm/180)
4.014 in

edge load
13,067 /4.014
3,2551bs / in

NAC
INTERNATIONAL

Performed by: (‘9/ Date: Caiculation No. 457-2003.2
HelS-9C Revision )

Checked by: Page 24 of 39
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Immersion Pail Calculation 457-2003.2 (Continued)

The maximum longitudinal bending stress, s,’, per Reference 7.4.6 is:

1,932V,
it

where: 't = 20in

. 3(1 - )
VoRE

_ 3 - w03
\/(23 0) (2.0
= 0.1895

(1.932) x (3255)
(0.1895) x (2.0)

= 8,296 psi
The maximum hoop membrane stress, sy , per Reference 7.4.6 is:

2V,
s, = I“AR

2—%@ (0.1895) (23.0)

= 14,186 psi
The maximum hoop bending stress, . per Reference 7.4.6 is:
5 = vV Xxs®

= 03 x 8296

= 2488 psi

Conservatively consider the maximum stress intensity (i.e., the largest principle

NAC Performed by: /&9— Date: Calculation No. 457-2003.2
INTERNATIONAL /-wtS 9C Revision | |

Checked by: Date Page 25 of 39
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56.6

stress difference) as the sum of 5", s, and 5" :

s +s;+sy = 8296 +14,186 + 2,488

= 24,970 psi
24970
Safety Margin = 1 - == = 0.17
aEgLtEs 30,000
Maximum Circumferential Shell Bending Stress

The maximum circumferential bending stress will be determined through the use
of a ring solution with diametrical radial loads applied (two point lift).

The compressive load, R, , will be considered as a diametric load on the ring. The
ring will be comprised of the flanged portion of the inner shell, eight (8) inches in
length and two (2) inches thick.

The ring bending moment, M; shear load, V; and tension load, T, will be
calculated for various locations of the ring. The flange is shaved on two (2) sides.
Therefore, the critical stress locations are:

o At the maximum applied load location (i.c., the lug attachment point); and
e The minimum section location (i.e., shaved region begins 39° from the lug
and extends to 65° from the lug).

8, = 39°
6, = 13°
0, = 13°
6, = 180-39-13-13 = 115°
NAC Performed by: Date: Calculation No. 457.2003.2
n INTERNATIONAL 9‘9/ //-25 9 | Revision |
Checked by: ,% Dater, Page 26 of 39
I f25{96
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Location Descriptin Angular Location ®
A Lug Location 0
B Shave Section Start 39
C ini Section 52
D Shave Section End 65
E Lug Location 180
5.6.6.1 Maximum Cjrcumferential Bending In Non-Shaved Areas
The properties of the flange section in the non-shaved areas are:
lengthy,, = (9.88 + 8.00)/2 (Reference 7.6.1, Detail 11)
= 894in
widthgy,. = (46 - 42)/2 (Reference 7.6.1, Section A-A)
= 2.00in
Amnge = 894 x2.00
= 17.88in’
Tange = 894 x(2.000°/12
= 596in’
lengthy,g = [(4.63-2.32) + (3.98-3.01))/2 (Reference 7.6.1. Section B-B)
= 1.64in
widthgye, = (42 - 41.25)/2 (Reference 7.6.1, Section A-A}
= 0.375in .
Agice = 168 x0375
= 0.615in’
Lguice = 1.64 x (03757 /12
= 0.007in*
Tengthyye,
"‘—’1 -qumh,,,,“
—_—
lengthyiu,,
NAC Performed by: Caiculation No. 457-2003.2

INTERNATIONAL

Date:
9@’ LII—JS‘?(«

Revision |

Checked by: ate;
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Acwic = 1788 + 0,615
= 18.495 in
Aspen = 23 Alms&k
= 1233in

The neuteal axis is:

sum of all moments
total area

(2 x 894 x 1) + (0375 x 164 x (2 + (0.375 / 2))

(2 x 894) < (0375 x 1.64)

= 104in
Yhmge = 1.04 -1.00 =

Yguide

I, =

0.04 in

= (2.0 + (0.375/2)) - 1.04

= 1.1475in

: 2
Tnange + (Anange X Yaange') + Tpuide + (Aguige X Yeuite)

= 596 + (1788 x (0.04)) + 0.007 + (0.615 x (1.1475)%)

= 6.806in’
Cinper = (2 — 0.375) - 1.04
= 1335in
Comer = 1.04in
(SJ = 1335/6.806
I man
= 0.19

Per Reference 7.4.5:

M = WR(0.3183 -0.55sin 8)
NAC Performed by: Date: Calculation Ne. 457-2003.2
n INTERNATIONAL 9@8’ 11-A5-96 Revision 1
Checked by: Date. Page 28 of 39
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T = 05 W (sinf)
V = 0.5 W (cos8)
where: W = 13,067 lbs
R = 22in
o, = tensile stress
= Mx(e/ D) + (T/ Agngid)
o, = shear stress
= V/Agea
Table 5.6.6-1
Angle Angle Momenl" Tension Shear .‘;:::l: 8 ::_:::
(degrees)  (radians) (in-lbsy i (lbs) (lbs) (psi) (os)
e o
0 0000 91,503 0 6,534 17935 530
13 0227 __ 59168 _ -1470 . 6,366 11,517 s16_ |
S 0454 2BA91 9864 . 5872 5429 476
38 0.663 3.007 -4,023 5148 | 372 418
66 1152 -39.810 . -5969 2,657 -8,125 216
78 1361 -49.094  -6,391 1,358 -9,968 i10
%0 1STI_ . -52234 6,533 0 -10,591
1125 1.964 141,289 -6,036 -2,501 -8419
135 235 . -10126 - 4620 4620  -2235
1575 2749 36,510 -2,500 -6,036 7.021
180 3.142 91,518 1 -6.533 [7.938

5.6.6.2 Maximum Circumferential Bending In Shaved Areas

The properties of the flange section in the shaved areas are:

lengthyang, = (9.88 + B.00)/2 (Reference 7.6.1, Detail 11)
= 89%4in
Widthgy,e = (44.75 - 42)/72 {Reference 7.6.1, Section A-A)
= 1375in .
Agunge 8.94 x1.375
12.29in"
Tfange = 894 x(1.375°/12
NAC Performed by: Date: Calculation No. 457-2003.2
n INTERNATIONAL ?(&’ 7145 -9, | Revision )
Checked by: Date: Page 29 of 39
< iif2s{ 96
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued)

= 1937in*
lengthyyg = [(4.63-2.32) + (3.98-3.01)]/2 (Reference 7.6.1, Section B-B)
= 1.64in
widthy;ye = (42 - 41.25)/2 (Reference 7.6.1, Section A-A)
= 0375in
Agise = 164 x0375
= 0615in’
Tpuise = 164 x(0375)°/12
= 0.007in’
length,
e _mem,_.,
Iwidth,.,,,,
lengthgumee »
Asensite = 1229 + 0615
= 12.905 in®
Agpear = 213 Ansye
= 8603 in

The neutral axis is:

sum of all moments
total area

(1.375 x 8.94 x 0.6875) + (0.375 x 164 x (L375 + (0.375 / 2))
(1375 x 894) + (0.375 x 1.64)

"

0.729in
Yoamge = 0.729 -0.6875 =0.0415in

¥, = (L3735 - (0.375/2)) -0.729 = 0.8335in

Yeuide

NAC Performed by: /?8’ Date: Calcutation No, 457-2003.2
INTERNATIONAL 2 {28 ~96 | Revision | |
Checked by: Date: Page 30 of 39
ZS Waslae | '
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued)

Is = lpange * (Apunge X y{]mggz) + Touige + (Aguive X Yguidez)
= 1937 + (12.29 x (0.0415)}) + 0.007 + (0.615 x (0.8335)%)
= 2392in’

Cinner = (1375 — 0.375) - 0.8335
= 09165in

Couer = 0.8335in

G) = 0.9165/2.392

= 0.383

Per Reference 7.4.5:

M = WR (03183 -0.5sin@)

T = 0.5 W (sin9)

V = 05 W (cos®)

where: W = 13,067 Ibs
R = 22m

a, = tensile stress
= (Mx©/Dwad + (T/ A

o, = shear stress
= V/Apa
Table 5.6.6-2
Angle Angle Moment  Tension Shear TSE(':;I: SS::::
i in-1 1bs
(degrees)  (radians) (in-tbs) (Jbs) (lbs) (psi) (osi)
39 0681 5071381 4R
52 0908 - 21,766 4022 545 32
65 1.135 -38,769 -5921 2,761 -7,919 224
NAC Performed by: Date: Calculation No. 457-2003.2
INTERNATIONAL gf&’ 1S 9 Revision 1 |
Checked by: Date: Page 31 of 39 |
2y ifos{5e
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5.6.7

5.6.6.3 Maximum Circumferential Bending Stress, Maximum Shear Stress

The maximum circumferential bending stress from Tables 5.6.6-1 and
5.6.6-2 is at 180°, a lug location.

o, = 17938 psi
Safety Margin = 1 - 1—7—‘—9»3—§ = 040
30,000

The maximum shear stress from Tables 5.6.6-1 and 5.6.6-2 is:
G, = 530 psi
The maximum shear stress is. insignificant.

Inner Shell Upper Flange Evaluation Under Stand Resting Conditions

The inner shell upper flange evaluation shall be performed for both the
NORMAL (4 point) and OTHER THAN NORMAL (2 point) conditions.

5.6.7.1 Normal Resting Condition (4 point’

The analysis of the upper flange under stand resting conditions using a
normal four (4) point lift will be conducted utilizing the principle of
superposition and ring equations as quoted in Reference 7.15. The case
to be analyzed involves uniform loads disposed symmetrically with
respect to the trunnion axis.

Considering Lift Condition IV, without stings and lift beam for design
of pail, and a four (4) point lift factor and a load factor of three (3):
P = (57,877-400-550) x 3 / 4 = 42,695 lbs*.

* Use of 43,288 Ibs from Revision 0 is conservative.

NAC Performed by & Date: Caiculation No. 457-2003.2
INTERNATIONAL R 127256 Revision 1
Checked by: Date: Page 32 of 39
A 12{2/96
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Calculation Of Ring Moment and Twist

Per Blake's Practical Stress Analysis In Engineering Design (Reference 7.15)

Table 30.4, Page 394

Mq=2q R (a + R) Cs - g R ' Z-bh'/6 P"hb’/i Notes: |
Tq=aR(2+ R C7-qRCg b= | 1375 b- l 1375 (1) [Shaved area of pail is shaded in table.
C5 — 0.7854 SIN(x) = \ 23.000 h= 1 23000 _
C7 = 1.5708 COS(x) g z= | 12123 Coa= T 1993 B )
Cg = 1.5708 - (x) i l ‘ ' c= | 71378 -
P=Load | i ; I ) ! - R o B
a=PieuR | imemyz - Tqxcil ’
Degrees | Radians | P R a q Cs C7 Mq T Z sy J st spst
0 000 [ 4778 | 3TeaTs | 8 | 635 [ 00000 | 13708 -29R832 [ 173,152 | 12023 | 2465 [ 1993 | 11046 [ 1411
13 023 | 43,288 | 216875 | 8 | 635 | 0.4767 | 15305 -154,288 | 224,487 | 12123 [ 1,273 | 7i9.93 | 15,087 | 16,760
26 045 | 43288 | 216875 | 8 635 | 03443 | 14118 47053 | 23,727 (1123 | -1 1993 | 168135 | 16956
38 066 | 43,288 | 216875 | 8 | 635 | 04835 ) 12378 96,766 | 235,130 | 12023 ) 798 | 1993 | 16222 | 17,020
39 068 143288 [ 216875 | 8 | 635 | 04943 | 12207 105,543.°| 233,364 -] 12123 | 8711 1993 | 16,100 }-16970
52 091 | 43288 | 216875 | 8 | 635 -1 06189 | 09673 207,510 1 197,404 | 12023: |+ 1,712 | 19937 ] 13,619 | 15331
65 113 [ 43288 | 216875 | 8 |. 635 | 07118 | 0.6638 283;523-( 141,165 |12023:{~ 2,339 | 1993 |-9,739 | 12078
66 Lis | 43288 | 216875 [ 8 | 635 | 07175 | 06389 288,174 | 136176 | 12123 | 2,377 | 1993 | 9395 | 11,772
78 136 | 43,288 | 216875 | 8 | 635 | 07682 | 0.3266 329,684 | 71007 | 12023 | 2,720 | 1993 | 4899 | 7608
90 157 [ 43.288 | 216875 | 8 | 635 [ 0.7854 | 0.0000 3 S el 3 37170 ) 283
nes 196 | 43288 | 216875 | 8 635 [ 07256 | -0.6011 128,346 | 121.23 | 2432 | 19937 8,868 | 11,300
135 236 | 43288 | 216875 | 8 | 635 | 65554 | 11107 155,525 | 219656 | 12023 | 1,283 | 1983 |T15154 | 16437
1575 | 275 | 43.288 | 216875 | 8 635 | 03006 | <1.45)2 ".52,936 41,594 | 12123 | 437 | 1993 | -16668 | 17,104
180 3.4 143288 | 216875 | 8 | 635 | 0.0000 | -t.5708 | -1.57 | 298,832 | “i73,155 | 12123 | -2.465 { (993 | -11946 | 14411
n NAC Performed by: e@/ Date: Calculation Ne. 457-2003.2
INTERNATIONAL 9 /-as % Revision |
Checked by: ,zgs Date: ”/Ls_/sp Page 33 of 39
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The maximum stress intensity is:
S t & = 17,104 psi

17,104

2 = 043
30,000

Safety Margin = 1 -

5.6.7.2  Other Than Normal Resting Condition (2 point)

The analysis of the upper flange under stand Testing conditions
conditions using a two (2) point lift is contained in a separate

calculation (Reference 7.16).

5.8 Lug Evaluation, Lifting Lug Region

5.8.1

582

Bearing Check
The pin bearing area is:
Bearingarea = 1xD hole
= 1.5x1.69
= 2.535 in"
The bearing stress is:
Stress = Ly, /area
= 90,680/2.535
= 35771 psi
The safety margin is:
Safety Margin= 1 - (stress / (1.5 S,)

= 1-(35771/(1.5 x 50,000))
= 052

Net Tension

Area = LDy - Dpie)
= 15(50-1.69)
= 4.965in"

Since S,/ 5 is controlling:

NAC
INTERNATIONAL

Performed by: S Date:
R 125~

Calculation No. 457-2003.2
Revision 1

Ch by: 3
S sl

Page 34 of 39
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Ly, = 90680x(5/3)
= 151,133 lbs
The stress is:

Stress = Ly, /(Area)
= 151,133 /(4.965)
= 30,440 psi

The safety margin is:
1- (stress/ S}

= 1-(30,440/80,000)
= 062

Shear Pul] Out At 45 Degrees

Shear Area =t (Ryy - Rygie)
= 1.5(2.5-0.845)
= 2483’

Safety Margin

The shear stress is:
Stress Liyp / 2 x (Shear Area)
151,133 /2 x(2.483)
30,434 psi

Weowo

The safery margin is:

Safety Margin = 1 -(stress /(0.6 S,))
= 1-(30,434 /(0.6 x 80,000))
= 037

5.9  Lug Evaluation. Stand Resting Lug Region

59.1

Bearing Check

The bearing area is:

The pin §s 1.5" x 1.25” with 1/ 8” chamfers. The bearing line is conservatively

determined to be:

NAC
INTERNATJONAL

Performed by Date: o,
1128~

Calculation No. 457-2003.2
Revision |

Checked by: ﬂ D?T[ZS/‘) C’
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w

B

1.0in

Bearing area

]

]

1.25-0.125-0.125

tx W
1.5% L0
15 in

The bearing stress is:

Stress = L, /area

90,680/ 1.5
60,453 psi

The safety margin is:

Safety Margin = 1 - (stress / (1.5 8,))
1 -(60,453 /(1.5 x 50,000))

0.19

Net Tension & Shear

The tensile and shear stress areas are larger than that evaluated in Section 5.8.
Therefore, tension and shear stresses are aceptable by comparison to stresses in

[
|
|

Section 5.8.
NAC Performed by: @/ Date: Calculation No. 457-2003.2
Bl NTERNATIONAL 9 #/-25 -9¢ | Revision |
Checked by: Date: Page 36 of 39
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6.0 SUMMARY OF RESULTS/CONCLUSIONS

Summary of Stress Analysis

Design Check - | Calcutated | Allowable | M.S.

Drawing | Item | Component | Applied
No. No. Load Loading
457-101 : 1 bottom 3w plate bending | 17,728 psi | 30,000 psi | 0.41
plate i
457-101 | 19,1 | pail shell to | 3W. net tension 3605 psi 30,000 psi | 0.88
bottom pressure
plate shell bending 16,636 psi | 30,000 psi | 0.45
interface & shear
457-101 {1010 | lug to shell [ 3W shear 90.68 kips | 594 kips | 0.85
11 weld i
457-101 {10 | flange shell | 3W lifting 24.970 psi ; 30,000 psi | 0.17
longitudinal n
bending
457-101 [ 10 flange shell | 3W lifting
! circumferential | 17,938 psi | 30,000 psi | 0.40
: bending +
torsion
circumferential | 530 psi 18,000 psi | large
shear i 1
457-101 110 flange shell  3W stand resting
; bending + 17,104 psi | 30,000 psi | 0.43
torsion
457-101 |11 lug plate 3w bearing: 35771 psi | 75,000 psi | 0.52
lifting lug |
§ Jocation
457-101 | 11 lugplate | 5W net tension: 30,440 psi | 75.000 psi | 0.62
lifting lug !
: location i
457-101 | 11 lug plate SwW . shear pull out: | 30,434 psi J 48,000 psi 037
 lifting lug i
location i
457-101 | 11 tug plate 3w bearing: guide | 60,453 psi | 75,000 psi | 0.19
! assembly | !
| location ! '

The immersion pail design meets the criteria defined in Section 4.2.

NAC Performed by: Date: Calculation No. 457-2003 2
. INTERNATIONAL ges’ VA A Revision |
Checked by: Date; Page 37 of 39
=9 02390
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ﬂ NAC CALCULATION Work Request/Cale No:
INTERNATIONAL
: PACKAGE 457-2003.3
COVER SHEET
PROJECT NAME: CLIENT:
K Basin Operations E Hanford (Transnuclear, Ing.
CALCULATION TITLE:

Immersion Pail Evaluation For Two (2) Point Lift Load

PROBLEM STATEMENT OR OBJECTIVE OF THE CALCULATION:

All other loadings of the immersion pail are evaluated in Calculation 457-2003.2.

This calculation analyzes the immersion pail upper pail region for a two (2) point lift load when the pail
is resting on the stand. The resulting stresses are evaluated against the lifting design criteria requirements
listed in ANSI N14.6 (Reference 7.3). The immersion pail is part of the TN-WHC Cask and
Transportation System to be used at the K-Basin Area of the Hanford site.

Revision |  Affected Revision Preparer Checker Project Manager
Pages Description Name, Initials, Name, Initials, Approval/Date
Date Date
0 1 thru 12 Original Issue | Michael C. Yaksh | Jeffrey R. Dargis | Thomas A. Danner
Al thru A1l 11-11-96 11-11-96 11-15-96
BI thru B37
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Di thru D12
1 1,3thru 13 | Revisedto | Michael C. Yaksh | Jeffrey R. Dargis | 7aesus B Do s
incorporate 25~ éé ﬂ
design load m 9 %’ e/
change. ”—’z (3 1a-eqe 12-2-9¢
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET

Work Request/Calculation No: 457-2003. Revision _0
Scope Of Analysis File: is calculation analyzes the immersion pail r region for.
point lift load when the pail is yesting on the stand. The resulting
str are evaluaf ainst the requirements of ANSI N14.6.
Review Methodology: Check Of Calculations grR&”
Alternate Analyses VAN/A
Other (Explain) N/A

Confirm That The Work Request / Calculation Package Reviewed includes:

1. Statement of Purpose 9_R9'__
2. Defined Method of Analysis 91!.9’
3. Listing of Assumptions : er=d
4. Detailed Analysis Record
5. Statement of Conclusions / Recommendations (if applicabie) 9&
Verification
_Step_ Activities. Yes  No NA _ Comments
1 For the scope of the defined analysis:
A. Are the required data input compiete? —
1. Material properties —
2. Geometry {drawing reference) e
3. Loading source term
1 a supporting analysis is required to
define the ioad state, has it basn
defined?
B__Are boundary conditions acceptable? -
2 Is the method of analysis adequate for the defined scope? =
3 |s the worst case loading/configuration documented?
=
4 Are the acceptance cntena defined and complete? >
5 { Has all concurent loading been considered? —
6 . [ Are analyses consistent with previous work for method and
approach? e
7 | Are the records for input and output complete? -
8 Is traceability to verified software complete? =
8 |lIsthe of ions and i =
and acceptable for the project and cbjectives of the defined
purpose?
Tapresu R, Dagets . e
Reviewer (N, agfre) Date
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET

Work Request/Caiculation No: 457-2003.3 Revision _1

Scape Of Analysis File:  This calculation anatyzes the immersion pail upper region for a two
point lift ioad when the pafl is resting on the stand. The resulting

stresses are evalyats j ments of ANSI N14.6.

Review Methodology: Check Of Calcutations 909"
Alternate Analyses r/A
Other (Explain) P

Confirm That The Work Request / Calculation Package Reviewed Includes:

Statement of Purpose

Defined Method of Analysis

Listing of Assumptions.

Detailed Analysis Record

Statement of Conclusions / Recommendations (if applicable) RS~

Varification
Activities Yo No N Comments
For the scape of the defined analysis:
A, Are the required data input complete? —
1 Material properties -
2. Geometry (drawing reference)
3. Loading source term =4
1f & supporting analysis is required {0
define the Joad state, has it been
defined?
8.__Are boundary it ?
is the method of analysis adequate for the defined scope?

Is the worst case loading/configuration documented?

Are the acceptance critefia defined and complete?

Has all concurrent loading been considered?

Are analyses consistent with previous work for method and
approach?

Are the records for input and output complete?

is traceability to verified software complete?

Is the of tusions and recomr
and acceptable for the project and objectives of the defined —
purpose?

EFFRE 43390

Revzewn( TN Date
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

1.0 SYNOPSIS OF RESULTS

Summary of Stress Analysis

Drawing | Item | Component | Applied | Design Check [ Calculated | Allowable ' M.S.
No. No. Load Loading
457-101 |10 flange shell | 3W stand resting 28,160 psi | 30,000 psi | 0.065
Von Mises,
membrane plus
bending

The immersion pail design meets the critetia defined in Section 5.5 for a two (2) point lift load.

2.0 INTRODUCTION/PURPOSE

This calculation analyzes the immersion pail upper pail region for a two (2) peint lifi load when
the pail is resting on the stand. The resulting stresses are evaluated against the lifting design
criteria requi listed in Ref 7.3. The i ion pail is part of the TN-WHC Cask
and Transportation System 1o be used at the K-Basin Area of the Hanford site. The immersion
pail design was initially evaluated in Reference 7.1. The design was revised as a result of
discussions documented in Reference 7.5.

3.0 METHOD OF ANALYSIS

ANSYS, Revision 5.2, a structural analysis finite element program, is used to generate a 130°
structural model of the upper immersion pail region. Input files and macros used to construct
the ANSYS models and perform a linear structural analysis are contained in Appendix A. All
work under this calculation designation was performed on the DEC ALPHA XL 266 computer
(NAC Serial No. 02207).

4.0  ASSUMPTIONS / DESIGN INPUTS

4.1  Assumptions

There are no unverified jons within this calculati
NAC Performed by: . Date: Calculation No. 457-2003.3
INTERNATIONAL /2% Revision 1
17
Checked by: 939, Dat;: e Page 5 of 13 i
PR
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Immersion Pail Calculation 457-2003.3 (Continued)

Design Inputs
42.1 Design Load (Reference 7.8, Section 5.3.4)
Loadyygign = 57.717* 1bs for Condition IV (Full Cask At Stand Height).

*  Revised load from Reference 7.9, Section 5.3.4 minus the weight of 1he slings and lift beam is
57,877 - 400 - 550 = 56,927 Ibs. Use of Revision 0 load is conservative.

4.2.2 Two Point Lift Load
Loadp,; = Total pail load
= Loadp;,, x Load Factor
= 57,717 x 3
= 173,151 lbs
Loadypr = Loady, / 2 Point Lift
= 173,151 /2
= 86,5751bs
= 86.5751bs
423 Applied Load
The load used in the analysis, Loadppyica, 15!
Loadppiied = 86,871 1bs

The load applied in the ANSYS analysis, 86,871 Ibs. is greater than the load
calculated for a two point lift, 86,575 Ibs (conservative).

4.2.4 Upper Pail Ring Configuration

The model was developed based on data contained on the drawing numbered
“Project 457, Drawing 101, sheet 1 / 1" (Reference 7.6.1).

NAC Performed by:, Date: Calculstion No. 457-2003.3
NAC
INTERNATIONAL m ({, 12f2)46 Revision |
Checked by: EB Date: Page 6 of 13
8 12-2-96
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

4.2.5 Material Yield Strepgth

A240 Type 304 Stainless Steel
{Reference 7.7.1)

Fy: 30 ksi

Fu: 75 ksi

5.0  ANALYSIS DETAIL
5.1 Modeling Considerations
‘This model has been developed for the sole purpose of performing a cross sectional stress

analysis. The model was not intended for evaluation of stress ions arising from
sharp discontunities.

5.2 Material Properties
Modulus of Elasticity, E = 27x 10°psi
Poisson’s ratio. v = 0.3

5.3 Model Description

The orgin of the model is located at the center line of the pail at the bottom surface of the
model (see Figure 5-1). The centerline of the pail corresponds to the global Z axis. Using
half symmetry, a 180 degree section of the cask is modeled.

Dimensions in the model correspond to nominal dimensions provided in Reference 7.6.1.

The pail ring model uses ¢lement SOLID45. The model was extended rwenty-six (267)

inches (26™) from the top of the pail. This corresponds to 3.3 +/ rt , which is sufficient to
represent the distribution of the load from the lugs into the pail.

The lug attachment was modeled with a spider of beam elements using element BEAM4,
a three (3) dimensiona) beam (See Figure 5-1). The center point of the spider corresponds
1o the location where the pail is pinned to the support structuse. This point also represents
the load reaction point. The beam elements are rigid, with input values of 1000 for the
cross sectional area and moments of inertia. The applied ioad of 86,871 Ibs (1/2 the total
load since only 1,2 of the pail was modeled) was distributed along the lower edge of the
model by point mass elements (i.e.. Element Type 21, using 3D, without rotational

inertia).
NAC Performed by Date: Calculation No. 457-2003.3
INTERNATIONAL, I 12)2{96 | Revision | !
Checked by: 7 Date: Page 7 0f 13 |
929’ et
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5.5

The method used to generate the model was to initiate a cross section in the XZ plane

with area elements and then fotate them about the Z axis for 180 degrees. The pail outer
diameter has a shaved section between 39° and 65°. The shaved section was modeled by
detaching the solid model and moving the nodes to form a flat surface (See Figure 5-1).

The input file to the model is ined in Appendix A. The output file
corresponding to the input file is contained in Appendix B.

Analysis Description

Symmetrical displacement boundary conditions were applied at the plane of symmetry.
(UY=0). The center point of one spider of beam elements was modeled with all
displ. degrees of freed: ined. The opposite centerpoint ined the UY

and‘ UZ degrees of freedom only, to aveid introductien of artifical stiffness into the pail.

Only 2 inertia load of 1G was applied, s'mr:e the real constants for the mass element was
in pounds (not slugs).

The input for the linear static analysis is contained in the file K_PAIL.MAC, which is
listed in Appendix A.

To generate the model, perform the analysis, and to obtain the plots and the section data,
enter ANSYS, then enter

k_pail
The output file is denoted kbas1.out and the plots are contained in the file kbasin.plt.
Stress Criteria

Per ANSI 14.6. the stress is not to exceed the yield stress with a safety factor of three (3).
For this application, stress linearization is used to determine the stress components acting
on a section. The stress comp: are then bined to d ine the Von Mises
Stress. which corresponds to a distortion energy siress criteria. ANSYS, upon selecting
the two nodes on the surface, detemines the Von Mises stress due to membrarne plus
bending components.

Local stress concentrations wijl occur next to the beam elements. These stress
concentrations are purely a result of techniques used in modeling. Local stress
concentrations will also arise at the radii of the juncture of the rib and the pail.

NAC Performed by: Date: Calculation No. 457-2003.3
INTERNATIONAL

my- 11/tf % | Revision 1

Checked by Date: Page 8of 13
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3.6

Stress Results

The section stresses resulting from the analysis are contained in the output file of
Appendix B. A series of sectional stresses were extracted. The output file contains the
stress results with the polar coordinates of the nodes forming the section. The polar '
system designation is:

]

X
Y ial angle ( d +Z rotation); and
Z = axial location (measured from the bottom of the model).

radial;

]

The maximium membrane plus bending Von Mises stress (SEQV) was determined to be
28,160 psi, which corresponds to a positive margin of +.065 when compared 1o a yield
strength of 30,000 psi for A240 stainless steel.

A plot of the Von Mises stress is shown in Figure 5-2. Each circumferential divison
ds to a 5 degree i

NAC

INTERNATIONAL h G

Performed by.

Date: Calculation No, 457-2003.3
/1/1./ 9% Revision 1
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

60 SUMMARY OF RESULTS/CONCLUSIONS

Summary of Stress Analysis
Drawing f Item | Component | Applied | Design Check | Calculated | Allowable | M.S.
No. No. Load Loading !
|
457101 | 10 flange shell | 3W stand resting 28,160 psi | 30,000 psi | 0.065
Von Mises,
membrane plus |
bending i

The immersion pail design meets the criteria defined in Section 5.5 for a two (2) point lift load.

NAC Performed by: Date: Calculation No. 457-2003.3
INTERNATIONAL n ! z/ zf9 | Revision 1 |
Checked by Date: Page 1201 13
e 12-2-9C '

A9.2-56



HNF-SD-SNF-FDR-003  gev. O E-15166

Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

7.0 REFERENCES

7.1 Preliminary Design Analysis Report For The TN-WHC Cask and Transporation System
Project 3035 .
Transnuclear, Inc.

73.1  Page A2-10.

7.1.2 Page A2-11.

7.1.3  Drawing 457-008.
714 Page A3-2

7.2 Not Used.
7.3 ANSINl4.6
American National Standard for Radioactive Materials
“special lifting devices for shipping containers weighing 10,000 lbs (4,500 kg) or
more”
7.3.1 Section4.2.1.1.
7.4  ANSYS, Revision 5.2 User Manual
7.5  Hanford ECN 191402

7.6 K Basin Immersion Pail Assembly TN WHC Transport Cask Drawings.
7.6.1 Project 457, Drawing 101, sheet 1/1.

7.7 ASME Boiler & Pressure Vessel Code, 1995 edition.
7.7.1  Section 11-D, page 440, Table U & page 530, Table Y-1.

7.8 Calculation 457-2003.2, Revision Q.

79 Calculation 457-2003.2, Revision 1.

~AC Performed by Dalc: Calculation No. 457-20033
INTERNATIONAL e ¥ 12ftf%6 | Revision
Checked by: 9 Efé_, Date: s Page 13 of 13 |
12-¢-56
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

APPENDIX A

List Of Input Files For The Finite Element Model

There a atotal of 1] pages in Appendix A.

Input Files
gFileiName Description
k_pail.mac Main Input File
mas2].mac Applies The Mass Elements
r_beam.mac Generates The Spider Of Beams To
Represent The Attachment Lug

NAC Performed by: Date: Calculation No, 457-2003.3
n INTERNATIONAL my 11 -11 -5 { Revision 0
Checked by: 9;90‘ D we | THEEATON T
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

k_pail.mac
Builds pail upper model of ring and attachment
solves/plots S_EQV stress

]
'
'
g
! macros used:

! mas2l.mac builds the mass elements

! r_beam.mac builds the attachement with stifl beams
'

!

/out, kbasl,out

/nerr,0,le5

*if,arqgl,eq,0,then

fini
/cle,all

/prep?

et,1,45

et,2,21 ! use real
et,3,4 . ! use real
et,4,63 ! use real =
et,5,21,,,2 ! use real =%
mp,ex,l,27e6

shpp, of £

local,11,0,-23,0

k,1,0,,26

k,2,,,18

k,3,.625,,16.125

k.4,.625,,3

2
3
q

’

0,2,,21.37
1,2.375,,22.02
2,2.375,,22.99
3,2,,23.68

FERRRNE A NAR?

»15,.625,,26
k,16,.625+.5,,26
k,17,.625+.5,,18
k,18,2,,18

*do,1l1,1,9

1,i1,i1+1
*enddo

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0

Page A2 of 11
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1,14,16
1,16,17
1,17,3
1,1,16
1,18,10
1,10,11
1,11,12
1,13,14
1,9,18
1,17,18
1,12,13
1,2,17

lsel,,,,1,11,10
lesi,all, .6
cm,c_13, line

1lsel,,,,13,21,8
lsel,a,,,2,12,10
lesi,all,,,1
cra,c_l11,line

lsel,,,, 14,17
lsel,a,,, 19,20
lsel,a,,,10
cm,c_12,line
lesi,all, .6
alls

cmsel,u,c_11
cmsel,u,c_12
lesi,all,2

alls
ldel, 9

! upper left
ksel,all
2,1,16,17,2

! upper right
ksel,,,, 10,14
ksel,a,,, 16,18
1lslk,,1

al,all

! triangle transition

NAC
INTERNATIONAL

Calculation No. 457-2003.3
Revision 0

Page A3 of 11
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

ksel,all
lsel,all
a,2,3,17,17

! lower
ksel,,,,3,9
ksel,a,,, 17,18
1slk,,1

al,all

alls

type, 4
mat, 1
real,l

ames,all
/vup,1,z
/view,1,1,1,1
eplo

csys
k,20

k,21,0,0,20

esize,,18

type, 1

real,l

mat, 1
vrot,all,,,,,,20,21,180,2

*endif

csys
nsel,,loc,y,-.01,1
d,all,uy

nsel,all

! add the mass elements for the weight
e+,5,21,,,2

*get, zmin,node, ,mnloc, z
nsel,,loc,z,zmin-1, zmin+, 01
mas2l,86871*2/2,5,5

/out, kbasl, out, , append

/gopr

alls

NAC ~ [ Calculeticn No. 457-2003.3
INTERNATIONAL . Revision 0

Page Ad of 1]
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

! add the beam elements for the attachments
*get, ndmx, node, , num, max

gndmx=ndmx+1

csys,11

n,gndmx,~5.24,,21.46

d, gndmx, ux

d, gndmx, uy

d, gndmx, uz

r,3,1000,1000,1000,1000,1000
csys

esel,all

nsle

*get,r_o,node, ,mnloc, x
nsel,,loc,y,~.01,1
nsel,r,loc,x,r_o-.1,r_o+.01
r_beam,gndmx,1,3,3

/out, kbasl, out,, append

/gopr

csys
*get,s_x,node,gndmx, loc,x
*get,s_z,node, gndmx, loc, z
n,gndmx+1,—s_x,,s_z

d, gndmx+1,uy

d,gndmx+1,uz

nsel,,loc,y,-.01,1
nsel,r,loc,x,-r_o-.l,-r_o+.01

r_beam, gndmx+1,1,3,3

alls

modm, detach

g move the nodes for the flat
csys,. 1 :

esel, ,ename,, 45

nsle

nsel,r,loc,y,~41,-39
nmod,all,, -39

nsie

*get, r_o,node, ,mxloc, x
nsel,r,loc,X,r_o~.1,r_o+i
nsel,r,loc,y,-66,-38
local,2,9,0,0,0,-52
nmod,all,44.75/2

esel, ,type,, 4

edel,all
NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

etdel, 4

alls
fini
/solu
acel,,,1
solve
fini
/postl

alls

£sum

/she, kbasin,plt,1

/title,K Basin Pail Ring Lift Analysis
/device, vector,on

/type, ,3

/num, ~1

/view,1,1,1,1

eplo

/num, 2

esel, ,ename,, 45
nsle

/aunt
/view,1,1,-1,1
/vup,1,z

csys, 1
nsel,r,loc,y,-161,-29
esln,,1

plns,s,eqv

dsys, 1

nlis, 2221,2630,2630-2221
dsys

lpath,2221,2630

prsect

dsys, 1

nlis, 2272,2596,2596~2272
dsys

lpath,2272,2596

prsect

dsys, 1
nlis, 1847,2392,2352-1847

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0

Page A6 of 11
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

dsys
lpath,1647,2392
prsect

dsys, 1

nlis, 129,742,742-129
dsys

lpath,129,742

prsect

dsys, 1

nlis, 231,912,912-231
dsys

lpath, 231,912

prsect

dsys, 1
nlis,333,861,861-333
dsys

lpath, 333, 861

prsect

dsys, 1
nlis,1367,1486,1486-1367
dsys

lpath,1367,1486

prsect

dsys, 1

nlis, 1373,1492,1492-1373
dsys

lpath,1373,1492

prsect

dsys, 1
nlis,3082,3201,3201-3082
dsys

ipath, 3082, 3201

prsect

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

dsys,1
nlis,2184,2474,2474-2184
dsys

lpath,2184,2474

prsect

/sho, xxx
/sho, term
/type,,3

INTERNATIONAL Revision 0
Page A8 of 1t
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/out,m21,out,, append

*msqg, info,argl,arg2

mas2] argl,arg2: %g %g

! mas2l.mac

8 Generates the mass elements off a surface of nodes
g and forms the real constant set so that the

8 total mass equals that of the input mass (weight}
'

1

'

!

argl = total weight to be simulated (lb)
arg2 = element type for the mass element
arg3 = real constant set for the mass element

! et,arg2,21,,0,2

type,arg2

real,arg3

cm,c_masn,node t{ curzent set of nodes for the mass generation
*get,ndmn,node, , num,min

*get,nmasse, node,, count

r,arg3,argl/nmasse

t define the node number array

alls

*get, ndmx, node, , num, max

cmsel, , c_masn

*set,_mskv
*dim, _mskv, ,ndmx

*vget, mskv(l),node,l,nsel
*voper,_mskv(l), mskv(1l},g%t,0
*set,nd_ns

*dim,nd_ns,,ndmx

*set,nd_nsg

*dim,nd_nsg,,ndmx
*vmask,_mskv (1)
*vfill,nd_ns(l),ramp,1,1

! write the nodes to generate the elements
*vmask, _mskv (1)

/nopr

/out,mas, tmp

*vwrize,nd ns(1}

(e, ,£15.0)
/out,mas,out,, append
/inp,mas, tmp

/gopr

/out, _mas,sum

*msg,info,argl

Total mass distributed:_ . g
*msg, info, nmasse

NAC Calculation No, 457-2003.3
INTERNATIONAL Revision 0
Pagc ASof 11
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Number of mass elements generated: %3
/out

*list,_mas,sum

! parsav,all,temp,par

NAC
INTERNATIONAL

Calculation No. 457-2003.3
Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

r_beam.mac

]

B argl = node to which all beams will be connected
8 arg2 = material

g arg3 = real

g arg4 = type

mat,arg2

real,arg3

type,argd

nsel,u,,,argl

cm, c_n,node

<m, c_nn, node
*get,ncnt,node, ,count
*do,il,1l,nent

*get, ndmx, node, , num, max
nsel,a,,,argl

e,argl, ndmx

emsel, ,c_nn
nsel,u,,,argl
nsel,u,,,ndmx

cm, c_nn, node

*enddo

cmsel,,c_n
nsel,a,,,argl

/pnum, mat, 1

/num, 1

/aut

eplo

Revision 0

Page ATl of 11
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APPENDIX B
Output File for the Finite Element Model

There a atotal of 37 pages in Appendix B.

Output Files

File Name

Description

kbasl.out

Output File For Model / Solution /

Stresses

Ins

Date: Calculation No. 457-2003.3
H1-11-54 | Revision 0
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INTERNATIONAL

Checked by: jgs,

Page Bl of 37
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

Computer Output Cover Sheet

Title of Analysi It ion Pail Evaluation For Two (2) Point Lift Load

Work Request And Report Number: 457-2003.3, Revision 0

Program: ANSYS Version: 5.2 Originator:  Michael C. Yaksh

Date of Verification:  06/28/96

Computer Identification/NAC Control Number: DEC ALPHA XL 266
NAC Serial No. 02207

Title of Case: Deadweight (Inertia Load = 1g).

Total Number of Pages: 35 (Not including this cover sheet).

Performed By: my Date:  [j-)1~G,
Checked By: 9 P(S’ Date: //-//-7¢C
NAC Calculation No. 457-2003.3
n INTERNATIONAL Revision 0
Page B2 of 37
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

NUMBER OF DISPLAYED ERRORS ALLOWED PER COMMAND= ¢
NUMBER OF ERRORS ALLOWED PER COMMAND BEFORE ANSYS ABORT= 100000

*IF argl (= 0.000000E+00 ) EQ
0 (= 0.000000E+00 ) THEN

EXIT THE ANSYS POSTI DATABASE PROCESSOR

*v#+* ROUTINE COMPLETED ***** CP=  562.727

*99 NOTE **+ CP= 562.727 TIME=21:59:57
A total of 347 warnings and errors written to flube.err.

CLEAR ANSYS DATABASE AND RESTART

seexs ANSYS ANALYSIS DEFINITION (PREP7) ##=*
ENTER /SHOW.DEVICE-NAME TO ENABLE GRAPHIC DISPLAY
ENTER FINISH TO LEAVE PREP7
PRINTOUT KEY SET TO /GOPR (USE /NOPR TO SUPPRESS)

ELEMENT TYPE 1ISSOLID45  3.D STRUCTURAL SOLID
KEYOPT(1-12)= 000 000 000 000

CURRENT NODALDOF SET I8 UX UY UZ
THREE-DIMENSIONAL MODEL

ELEMENT TYPE 2ISMASS21  STRUCTURAL MASS
KEYOPT(i-12y- 000 000 000 000

CURRENT NODAL DOF SETIS UX UY UZ ROTX ROTY ROTZ
THREE-DIMENSIONAL MODEL

ELEMENT TYPE 31S BEAM4 3-D ELASTIC BEAM
KEYOPT(1-12)= 000 000 000 000

CURRENT NODAL DOF SETIS UX UY UZ ROTX ROTY ROTZ
THREE-DIMENSIONAL MODEL

ELEMENT TYPE 4ISSHELL63 ELASTIC SHELL
KEYOPT(1-12)= 000 000 000 000

CURRENT NODAL DOFSETIS UX UY UZ ROTX ROTY ROTZ
THREE-DIMENSIONAL MODEL

ELEMENT TYPE S5ISMASS2I  STRUCTURAL MASS
KEYOPT(1-12)= 002 0006 000 000

CURRENT NODAL DOFSETIS UX UY UZ ROTX ROTY ROTZ

NAC Calcuiation No. 457-2003 .3
INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

THREE-DIMENSIONAL MODEL

MATERIAL 1 EX = 0.2700000E+08

TURN OFF ELEMENT SHAPE CHECKING

COORDINATE SYSTEM 11 DEFINITION. TYPE=0 (CARTESIAN)

XC,YCZC=-23.000 0.00000E+00 0.00000E+00

ANGLES= 000 000 0.00 PARAMETERS= 1.000 1.000

ORIENTATION= 1.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00

ACTIVE COORDINATE SYSTEM SETTO 11 (CARTESIAN)

KEYPOINT 1 X,Y,Z= 0.000000E+00 0.000000E-00 26.0000 I[N CSYS~ 11
-23.0000  0.000000E+00 26.0000 INCSYS= 0

KEYPOINT 2 X.Y,Z= 0.000000E+00 0.000000E+00 18.0000- [N CSYS=11
-23.0000  0.000000E+00 18.0000 INCSYS= 0

KEYPOINT 3 X,Y.Z= 0.625000 0.000000E+00 16.1250 IN CSYS=11
-22.3750  0.000000E+00 16.1250 INCSYS$S= 0

KEYPOINT 4 X)Y.Z= 0.625000 0.000000E+00 3.00000 INCSYS=11
-22.3750  0.000000E+00 3.00000 TN CSYS= ©

KEYPOINT § X.Y,Z= 2.00000 0.000000E+0C 0.000000E+00 IN CSYS= 11
-21.0000  0.000000E+0G 0.000000E+00 IN CSYS= 0

KEYPOINT 6 X.Y.Z= 2.00000 0.000000E+00 466000 INCSYS=11{
-21.0000  0.000000E+00 4.66000 INCSYS= 0

KEYPOINT 7 X,Y.Z= 3.00000 0.000000E+00 6.39000 [INCSYS~1]
-20.0000  0.000000E+00 639000 INCSYS= 0

KEYPOINT 8 XY,Z= 3.00000 0.000000E+00 8.22000 INCSYS=1]
-20.0000  0.000000E«0D 8.22000 IN CSYS= 0

KEYPOINT 9 X)Y,Z= 2.00000 0.000000E+D0 9.96000 IN CSYS=11
-21.0000  0.000000E+00 9.96000 IN CSYS= 0

KEYPOINT 10 X,Y.Z- 2.00000 0.000000E+D0 213700 IN CSYSw 11

-21,0000  0.0000C0E+00 21.3700 [N CSYS= 0

NAC Calculation No. 457-2003.3
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Immersion Pail Calculation 457-2003.3 (Continued)

KEYPOINT 11 XY, Z= 237500
-20.6250
KEYPOINT 12 X\Y.Z= 237500
-20.6250
KEYPOINT 13 XY.Z= 2.00000
-21.0000
KEYPOINT 14 XY.Z= 200000
-21.0000
KEYPOINT 15 X,Y.Z= 0.625000
-22.3750
KEYPOINT 16 X.Y.Z= 1.12500
-21.8750
KEYPOINT 17 X,Y,Z=~ 1.12500
-21.8750
KEYPOINT 18 X)YZ= 2.00000
-21.0000
*DO LOOP ON PARAMETER= 1]
LINE CONNECTS KEYPOINTS 1
LINENO= 1 KPl= | TANI=
KP2= 2 TAN2=
*ENDDO INDEX=11
LINE CONNECTS KEYPOINTS 14
LINENO.= 10 KPI= 14 TANI=
KP2=
LINE CONNECTS KEYPOINTS 16
LINENO= Il KPl= 16 TAN]=
KP2= 17 TAN2=
LINE CONNECTS KEYPOINTS 17

LINENO= 12 KPl1= 17 TANI=
Kp2=

0.000000E+00 22.9900

0.000000E+00 23.6800

0.000000E+00 26.0000

0.000000E+00 26.0000

0.000000E+00 18.0000

0.000000E+00  18.0000

0.000000E+00 220200 MNCSYS= 11

0.000000E+)0 22.0200 INCSYS=~ 0

0.000000E+00 229900 (N CSYS=11
IN C5YS= ¢
0.000000E+00 236800 INCSYS=11
INCSYS= 0

0.000000E+00 26.0000 INCSYS=11

0.000000E+00 26.0000 [NCSYS= 0

0.000000E+00 26.0000 INCSYS=1}
INCSYS= 0
0.000000E+00 26.0000 INCSYS=11
INCSYS= 0
0.000000E+00 18.8000 INCSYS=11
IN C5YS= 0
0.000000E+00 18.0000 INCSYS=11
IN CSYS= 0
FROM 1.0000 TO 9.0000 BY 1.0000

2
0.0000 0.0000 1.0000

0.0000 0.0000 -1.0000

16
1.0000 0.0000 0.0000

16 TAN2= -1.0000 0.0000 0.0000

17
0.0000 0.0000 1.0000

0.0000 0.0000 -1.0000

3
0.2577 0.0000 0.9662

3 TAN2= -0.2577 0.0000 -0.9662

NAC
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

LINE CONNECTSKEYPOINTS | 16
LINENO.=~ 13 KPl= | TANI= -L.0000 0.0000 0.0000
KP2= 16 TAN2= 1.0000 0.0000 0.0000

LINE CONNECTS KEYPOINTS  i8 10
LINENO= 14 XP)= 18 TANI= 0.0000 0.0000 -1.0000
KP2= 10 TAN2= 0.0000 0.0000 1.0000

LINE CONNECTS KEYPOINTS 10 11
LINENO= 15 KPI= {0 TANI~ -0.4997 0.0000 -0.8662
KP2= 11 TAN2= 0.4997 0.0000 0.8662

LINE CONNECTS KEYPOINTS 1) 12
LINENO.= 16 KPI= 11 TANI= 00000 0.0000 -1.0000
KP2= 12 TAN2= 0.0000 0.0000 1.0000

LINE CONNECTS KEYPOINTS 13 14
LINENO~ 17 KPl= 13 TAN{= 0.0000 0.0000 -1.0000
KP2= 14 TAN2= 0.0000 0.0000 1.0000

LINE CONNECTS KEYPOINTS 9 18
LINENO.= 18 KPI= 9 TANI= 0.0000 0.0000 -1.0000
KP2= (8 TAN2= 0.0000 0.0000 1.0000

LINE CONNECTS KEYPOINTS 17 18

LINENO~ 19 KPi= 17 TANI= -1.0000 0.0000 0.0000
KP2= 18 TAN2= 1.0000 0.0000 0.0000

LINE CONNECTS KEYPOINTS 12 13

LINENO.= 20 KPI= 12 TANI= 04775 0.0000 -0.8786
KP2= 13 TAN2= -04775 0.0000 0.8786

LINE CONNECTS KEYPOINTS 2 17

LINENO.= 21 KPI= 2 TANI= -1.0000 0.0000 0.0000
KP2= 17 TAN2= 10000 0.0000 0.0000

SELECT  FOR ITEM=LINE COMPONENT=
INRANGE 1TO I1ISTEP 10

2 LINES(OF 21 DEFINED)SELECTED BY LSEL COMMAND,

SET DIVISIONS ON ALL SELECTED UNMESHED LINES
FOR ELEMENT SIZE = 0.60000 SPACING RATIO = 1.0000

DEFINITION OF COMPONENT = C_L3 ENTITY=LINE

SELECT  FOR ITEM=LINE COMPONENT=
INRANGE 13TO 21 STEP 8

2 LINES(OF 21 DEFINED) SELECTED BY LSEL. COMMAND.

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

ALSO SELECT FOR ITEM=LINE COMPONENT=
INRANGE 2TO  12STEP 10

4 LINES(OF 2} DEFINED)SELECTED BY LSEL COMMAND.

SET DIVISIONS ON ALL SELECTED UNMESHED LINES
TO NDIV = 1, SPACING RATIO = 1.000

DEFINITION OF COMPONENT =C L1 ENTITY=LINE

SELECT  FOR ITEM=LINE COMPONENT=
INRANGE 14TO 17 STEP 1

4 LINES (OF 21 DEFINED) SELECTED BY LSEL COMMAND.

ALSO SELECT FOR ITEM=LINE COMPONENT=
INRANGE 19TO 20 STEP 1

6 LINES(OF 21 DEFINED)SELECTED BY LSEL COMMAND.

ALSO SELECT FOR ITEM=LINE COMPONENT=
INRANGE 10TO 10STEP i

7 LINES (OF 21 DEFINED) SELECTED BY LSEL COMMAND.
DEFINITION OF COMPONENT =C L2  ENTITY=LINE

SET DIVISIONS ON ALL SELECTED UNMESHED LINES
FOR ELEMENT SIZE = 0.60000 SPACING RATIO =  1.0006

SELECT ALL ENTITIES OF TYPE= ALL AND BELOW

ALL SELECT FOR ITEM=VOLU COMPONENT=
INRANGE 0TO O STEP !

0 VOLUMES (OF 0 DEFINED)SELECTED BY VSEL COMMAND.

ALL SELECT FORITEM=AREA COMPONENT=
INRANGE  0TO O STEP 1

0 AREAS (OF 0 DEFINED) SELECTED BY ASEL COMMAND.

ALL SELECT FOR ITEM=LINE COMPONENT=
MWNRANGE |1 TO 21 STEP 1

2) LINES (OF 21 DEFINED) SELECTED BY LSEL COMMAND.

ALL SELECT FORITEM=KP COMPONENT=
INRANGE 1TO I8STEP 1

18 KEYPOINTS (OF |8 DEFINED) SELECTED BY KSEL COMMAND.

NAC Calculation No. 457-2003.3
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

ALL SELECT FOR ITEM=ELEM COMPONENT=
INRANGE 0TO 0STEP 1

0 ELEMENTS(OF 0 DEFINED) SELECTED BY ESEL COMMAND.

ALL SELECT FOR ITEM=NODE COMPONENT=
INRANGE 0TO  OSTEP

0 NODES (OF 0 DEFINED) SELECTED BY NSEL COMMAND.
UNSELECT COMPONENTC_L1
UNSELECT COMPONENT C_L2

SET DIVISIONS ON ALL SELECTED UNMESHED LINES
FOR ELEMENT SIZE = 2.0000 SPACING RATIO=  1.0000

SELECT ALL ENTITIES OF TYPE= ALL AND BELOW

ALL SELECT FOR ITEM=VOLU COMPONENT=
INRANGE 0TO 0 STEP 1

0 VOLUMES (OF 0 DEFINED) SELECTED BY VSEL COMMAND.

ALL SELECT FOR ITEM=AREA COMPONENT=~
INRANGE 0TO  OSTEP 1§

0 AREAS(OF 0 DEFINED) SELECTED BY ASEL COMMAND.

ALL SELECT FOR ITEM=LINE COMPONENT=
INRANGE 1TO 21 STEP i

21 LINES (OF 21 DEFINED) SELECTED BY LSEL COMMAND.

ALL SELECT FORITEM=KP COMPONENT=
INRANGE 1TO {8 STEP 1

18 KEYPOINTS(OF 18 DEFINED) SELECTED BY KSEL COMMAND.

ALL SELECT FOR ITEM=ELEM COMPONENT=
INRANGE 0TO  OSTEP t

0 ELEMENTS(OF 0 DEFINED) SELECTED BY ESEL COMMAND.

ALL SELECT FOR ITEM=NODE COMPONENT=
INRANGE 0TO  OSTEP 1

0 NODES(OF 0 DEFINED) SELECTED BY NSEL COMMAND.
DELETE SELECTEDLINESFROM 9TO $BY 1

DELETED | LINES

NAC Calculation No. 457-2003.3
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

ALL SELECT FOR ITEM=KP COMPONENT=
INRANGE 1TO I8STEP |

18 KEYPOINTS (OF 18 DEFINED) SELECTED BY KSEL COMMAND,

DEFINE AREA BY LIST OF KEYPOINTS
KEYPOINTLIST= | 16 17 2

AREA NUMBER = |

SELECT  FORITEM=KP COMPONENT=
INRANGE 10TO 14 STEP 1

5 KEYPOINTS (OF 18 DEFINED) SELECTED BY KSEL COMMAND.

ALSO SELECT FOR [TEM=KP COMPONENT=
INRANGE 16TO I8 STEP 1

8 KEYPOINTS (OF 18 DEFINED) SELECTED BY KSEL COMMAND.
SELECT  ALL LINES COMPLETELY CONTAINED WITHIN KEYPOINT SET.

8 LINES(OF 20 DEFINED) SELECTED FROM
8 SELECTED KEYPOINTS BY LSLK COMMAND.

DEFINE AREA BY LIST OF LINES
LINE LiST = ALL SELECTED LINES
{TRAVERSED IN SAME DIRECTION AS LINE  10)
AREA NUMBER= 2

ALL SELECT FOR ITEM=KP COMPONENT=
INRANGE 1TO  18STEP 1

18 KEYPOINTS (OF 18 DEFINED) SELECTED BY KSEL COMMAND.

ALL SELECT FOR ITEM=LINE COMPONENT=
WNRANGE 1TO  2) STEP 1

20 LINES (OF 20 DEFINED) SELECTED BY LSEL COMMAND.

DEFINE AREA BY LIST OF KEYPOINTS
KEYPOINTLIST= 2 3 17 {7

AREANUMBER = 3

SELECT  FOR ITEM=KP COMPONENT=
INRANGE 3 TO 9 STEP 1

7 KEYPOINTS (OF 18 DEFINED) SELECTED BY KSEL COMMAND.
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Immersion Pail Calculation 457-2003.3 (Continued)

E-15166

ALSO SELECT FOR ITEM=KP COMPONENT=
IN RANGE

17TO  IBSTEP \

9 KEYPOINTS(OF 18 DEFINED)SELECTED BY KSEL COMMAND.
SELECT  ALL LINES COMPLETELY CONTAINED WITHIN KEYPOINT SET.

9 LINES(OF 20 DEFINED)SELECTED.FROM
9 SELECTED KEYPOINTS BY LSLK COMMAND.

DEFINE AREA BY LIST OF LINES
LINE LIST = ALL SELECTED LINES
(TRAVERSED IN SAME DIRECTION AS LINE  3)
AREANUMBER= 4

SELECT ALL ENTITIES OF TYPE= ALL AND BELOW

ALL SELECT FOR ITEM=VOLU COMPONENT=
IN RANGE

0TO 0 STEP 1

0 VOLUMES(OF 0 DEFINED) SELECTED BY VSEL COMMAND.,

ALL SELECT FOR ITEM=AREA COMPONENT=
IN RANGE

170 4 STEP 1

4 AREAS (OF 4 DEFINED) SELECTED BY ASEL COMMAND.

ALL SELECT FOR ITEM=LINE COMPONENT=
IN RANGE

1TO 21 STEP 1

20 LINES(OF 20 DEFINED)SELECTED BY LSEL COMMAND.

ALL SELECT FOR ITEM=KP COMPONENT=
IN RANGE

1TO 18 STEP 1

18 KEYPOINTS (OF 18 DEFINED) SELECTED BY KSEL COMMAND.

ALL SELECT FOR ITEM=ELEM COMPONENT=
IN RANGE

0TO  OSTEP 3

0 ELEMENTS(OF 0 DEFINED) SELECTED BY ESEL COMMAND.

ALL SELECT FOR ITEM=NODE COMPONENT=
IN RANGE

0TO 0 STEP 1

0 NODES (OF 0 DEFINED) SELECTED BY NSEL COMMAND.

ELEMENTTYPESETTO 4

MATERIAL NUMBER SETTO |
NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0

Page B10 of 37

A9.2-78



HNF-SD-SNF-FDR-003 Rev. 0 E-15166

Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

REAL CONSTANTNUMBER= |
GENERATE NODES AND ELEMENTS IN ALL SELECTED AREAS

** Meshing of area | in progress **
** Meshing of area | compicted ** 14 elements,

** Meshing of area 2 in progress **
** Initial meshing of area 2 complete **
** AREA 2MESHED WITH 32 QUADRILATERALS, 0 TRIANGLES **
** Meshing of area 2 completed ** 32 elements.
4* Meshing of area 3 in progress **
** Initial meshing of area 3 complete **
** AREA 3MESHED WITH 0 QUADRILATERALS, | TRIANGLES **
** Meshing of area 3 completed ** | elements.
** Meshing of arca 4 in progress **
*¢ Initia] meshing of arca 4 complete **

** AREA 4 MESHED WITH 13 QUADRILATERALS, 4 TRIANGLES **
** Meshing of area 4 compicted ** 22 elements.

NUMBER OF AREAS MESHED = 4
MAXIMUM NODE NUMBER = 95
MAXIMUM ELEMENT NUMBER = 69

VIEW UP DIRECTION FOR WINDOW 1 1S GCS Z AXIS

view point for window 1 1.0000  1.0000  1.0000

PRODUCE ELEMENT PLOT N DSYS = ©

ACTIVE COORDINATE SYSTEM SETTO 0 (CARTESIAN)

KEYPOINT 20 X.Y.Z= 0.D00CODE+00 0.000000E+00 0.000000E+00 IN CSYS= 0
KEYPOINT 2] X,Y.Z= 0.000000E+00 0.000000E+00 20.0000 IN CSYS= 0
DEFAULT ELEMENT DIVISIONS PER LINE = 18

ELEMENT TYPESETTO 1

REAL CONSTANT NUMBER= |

MATERIAL NUMBER SETTO |

ROTATE AREAS

1, 2 3 4
ABOUT THE AXIS DEFINED BY KEYPOINTS 20 21

NAC Calculation No. 457-2003.3
INTERNATIONAL ' Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

DEGREES OF ARC~ 180.00 NUMBER OF SEGMENTS= 2

MAXIMUM NODE NUMBER = 3515
MAXIMUM ELEMENT NUMBER = 2553

*ENDIF
ACTIVE COORDINATE SYSTEM SETTO 0 (CARTESIAN)

SELECT  FORITEM=LOC COMPONENT=Y BETWEEN-0.J0000E-01 AND 1.0000
KABS= 0. TOLERANCE={.000000E+00

190 NODES (OF 3515 DEFINED) SELECTED BY NSEL COMMAND.

SPECIFIED CONSTRAINT UY FOR SELECTED NODES ITO 3515BY 1
REAL=0. IMAG=0.

ALL SELECT FOR ITEM=NODE COMPONENT=
INRANGE 1TO 3515STEP 1

3515 NODES (OF 3515 DEFINED)SELECTED BY NSEL COMMAND.

ELEMENT TYPE 5I[SMASS21I  STRUCTURAL MASS
KEYOPT(1-12)= 002 000 000 000

CURRENT NODAL DOF SETIS UX UY UZ ROTX ROTY ROTZ
THREE-DIMENSIONAL MODEL

*GET zmin FROM NODE ITEM=MNLOZ VALUE= 0.000000000E+00

SELECT  FOR ITEM=LOC COMPONENT=Z BETWEEN-1.0000 AND 0.10000E-01
KABS= 0. TOLERANCE= 0.000000E+00

37 NODES (OF 3515 DEFINED) SELECTED BY NSEL COMMAND.

USE COMMAND MACRO MAS21
ARGS~= B6871. 50000  5.0000

JOUTPUT FILE= m21.out
PRINTOUT RESUMED BY /GOP
SELECT ALL ENTITIES OF TYPE= ALL AND BELOW

ALL SELECT FOR ITEM=VOLU COMPONENT=
INRANGE 1TO 8 STEP 1

8 VOLUMES(OF 8 DEFINED) SELECTED BY VSEL COMMAND.

ALL SELECT FOR ITEM=AREA COMPONENT=~
INRANGE VTO  52STEP 1

NAC Caleulation No. 457-2003.3
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

52 AREAS (OF 52 DEFINED) SELECTED BY ASEL COMMAND.

ALL SELECT FOR ITEM=LINE COMPONENT=
INRANGE (TO  94STEP 1

94 LINES (OF 94 DEFINED) SELECTED BY LSEL COMMAND.

ALL SELECT FORITEM=KP COMPONENT=
INRANGE 1TO 54 STEP 1

54 KEYPOINTS (OF 54 DEFINED) SELECTED BY KSEL COMMAND.

ALL SELECT FCR {TEM=ELEM COMPONENT=
INRANGE 1TO 2590 STEP i

2590 ELEMENTS (OF 2550 DEFINED) SELECTED BY ESEL COMMAND.

ALL SELECT FOR ITEM=NODE COMPONENT=
INRANGE 1TO 3515 STEP 1

3515 NODES (OF 3515 DEFINED) SELECTED BY NSEL COMMAND.
*GET ndmx FROM NODE ITEM=NUM MAX VALUE= 351500000
PARAMETER GNDMX = 3516.000
ACTIVE COORDINATE SYSTEM SET TO 11 (CARTESIAN)

NODE 3516 KCS= 11 X,Y.Z=-52400 0.00000E+00 21.460

SPECIFIED CONSTRAINT UX FOR SELECTEDNODES 3516 TO 3516 BY 1
REAL=0. 00 IMAG=0. 00

SPECIFIED CONSTRAINT UY FOR SELECTED NODES 3516 TO 3516BY I
REAL=0/ 00 IMAG= 0. 00

SPECIFIED CONSTRAINT UZ FOR SELECTED NODES 3516 TO 3516BY 1
REAL= 0. 00 TMAG= 0. 0!

REAL CONSTANTSET 3 ITEMS I1TO 6
10000 10000 10000 1000.0  1000.0  0.000ODE+0O

ACTIVE COORDINATE SYSTEM SETTO 0 (CARTESIAN)

ALL SELECT FOR ITEM~ELEM COMPONENT=
INRANGE 1TO 2590 STEP 1

2590 ELEMENTS (OF 2590 DEFINED) SELECTED BY ESEL COMMAND.
SELECT ALL NODES HAVING ANY ELEMENT IN ELEMENT SET.

3515 NODES (OF 3516 DEFINED) SELECTED FROM

NAC Calculation No. 457-2003.3
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

E-15166

2590 SELECTED ELEMENTS BY NSLE COMMAND.
*GET ro FROM NODE ITEM=MNLO X VALUE=-23.0000000

SELECT  FOR ITEM=LOC COMPONENT=‘Y BETWEEN-0.10000E-01 AND 1.0000
KABS= 0. TOLERANCE~ 0.000000E+00

191 NODES (OF 3516 DEFINED) SELECTED BY NSEL COMMAND.

RESELECT FORITEM=LOC COMPONENT=X BETWEEN-23.100 AND -22.990
KABS= 0. TOLERANCE= 0.000000E-00

15 NODES (OF 3516 DEFI'NED)SELECTEb BY NSEL COMMAND.

USE COMMAND MACRO R_BEAM
ARGS= 35160  1.0000 3.0000  3.0000

MATERIAL NUMBER SETTO |
REAL CONSTANT NUMBER= 3
ELEMENT TYPESETTO 3

UNSELECT FOR ITEM=NODE COMPONENT=
INRANGE 3516 TO 3516 STEP 1

15 NODES (OF 3516 DEFINED) SELECTED BY NSEL COMMAND.
DEFINITION OF COMPONENT =C_N  ENTITY=NODE
DEFINITION OF COMPONENT =C_NN  ENTITY=NODE
*GET nent  FROM NODE ITEM=COUN  VALUE= 15.0000000
*DO LOOP ON PARAMETER=11  FROM 1.0000 TO 15000 BY 1.0000
*GET ndmx FROM NODE ITEM=NUM MAX VALUE= 30.0000000

ALSO SELECT FOR ITEM=NODE COMPONENT=
INRANGE 3516 TO 3516 STEP !

16 NODES (OF 3516 DEFINED) SELECTED BY NSEL COMMAND.
ELEMENT 2591 3516 30 0
SELECT COMPONENT C_NN

UNSELECT FOR ITEM=NODE COMPONENT=
INRANGE 3516 TO 3516 STEP 1

15 NODES (OF 3516 DEFINED)SELECTED BY NSEL COMMAND.
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

UNSELECT, FOR ITEM=NODE COMPONENT=
INRANGE 30TO  30STEP 1

14 NODES (OF 3516 DEFINED) SELECTED BY NSEL éOMMAND.
DEFINITION OF COMPONENT =C_NN  ENTITY=NODE
*ENDDO INDEX=11
SELECT COMPONENTC N

ALSO SELECT FOR ITEM=NODE COMPONENT=
INRANGE 3516 TO 3516 STEP 1

16 NODES (OF 3516 DEFINED) SELECTED BY NSEL COMMAND.
MAT NUMBERING KEY = |
NUMBER KEY SET TO | -1=NONE 0=BOTH |=COLOR 2=NUMBER

AUTOMATIC SCALING FOR WINDOW
DISTANCE AND FOCUS POINT AUTOMATICALLY CALCULATED

PRODUCE ELEMENT PLOT INDSYS = 0

FOUTPUT FILE= kbas1.out

PRINTOUT RESUMED BY /GOP

ACTIVE COORDINATE SYSTEM SETTO 0 (CARTESIAN)

"GET s x FROM NODE 3516 ITEM=LOC X VALUE= -28.2400000
*GET s z FROM NODE 3516 ITEM=LOC Z VALUE= 21.4600000
NODE 3517 KC5= 0 X.Y.Z= 28.240 0.00000E+00 2).460

SPECIFIED CONSTRAINT UY FOR SELECTED NODES  3517TO 3517BY 1
REAL=0, 00 IMAG= 0.1 00

SPECIFIED CONSTRAINT UZ FOR SELECTED NODES 3517 TO 3517BY |
REAL= 04 00 IMAG=0. 00

SELECT  FORITEM=LOC COMPONENT=Y BETWEEN-0.10000E-D]1 AND 1.0000
KABS= 0. TOLERANCE= 0.000000E+00

192 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND.

RESELECT FORITEM=LOC COMPONENT=X BETWEEN 22900 AND 23010
KABS= 0. TOLERANCE= 0.000000E+00

15 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND.
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USE COMMAND MACRO R_BEAM
ARGS= 35170 10000 3.0000 3.0000

MATERIAL NUMBER SETTO |
REAL CONSTANT NUMBER= 3
ELEMENT TYPESETTO 3

UNSELECT  FOR ITEM=NODE COMPONENT=
INRANGE 3517TO 3517STEP 1

15 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND.
DEFINITION OF COMPONENT=C_N  ENTITY=NODE
DEFINITION OF COMPONENT = C_NN  ENTITY=NODE

*GET ncat  FROM NODE ITEM=COUN  VALUE= 15.0000000

*GET ndmx FROM NODE ITEM=NUM MAX VALUE= 1835.00000

ALSO SELECT FOR ITEM=NODE COMPONENT=
INRANGE 3517 TO 3517 STEP 1

16 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND.
ELEMENT 2606 3517 1835 0
SELECT COMPONENT C_NN

UNSELECT FOR ITEM=NODE COMPONENT=
INRANGE 3517 TO 3517 STEP §

15 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND.

UNSELECT FOR ITEM=NODE COMPONENT=
INRANGE 1835TO 1835 STEP 1

14 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND.
DEFINITION OF COMPONENT =C_NN  ENTITY=NODE
*ENDDO INDEX=1
SELECT COMPONENT C_N

ALSO SELECT FOR ITEM=NODE COMPONENT=
INRANGE 3517TO 3517 STEP 1

*DO LOOP ONPARAMETER=11  FROM 1.0000 TO 15000 BY 1.0000

NAC
INTERNATIONAL
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

—

16 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND.
MAT NUMBERING KEY = |
NUMBER KEY SET TO | -1=NONE 0=BOTH 1=COLOR 2~NUMBER

AUTOMATIC SCALING FOR WINDOW 1|
DISTANCE AND FOCUS POINT AUTOMATICALLY CALCULATED

PRODUCE ELEMENT PLOT INDSYS =
SELECT ALL ENTITIES OF TYPE= ALL AND BELOW

ALL SELECT FOR ITEM=VOLU COMPONENT=
INRANGE 1TO 8 STEP t

8 VOLUMES(OF 8 DEFINED)SELECTEDBY VSEL COMMAND.

ALL SELECT FOR ITEM=AREA COMPONENT~
INRANGE 1TO  52STEP !

52 AREAS (OF 52 DEFINED) SELECTED BY ASEL COMMAND.

ALL SELECT FOR ITEM=LINE COMPONENT=
INRANGE 1TO- %4 STEP 1

94 LINES (OF 94 DEFINED) SELECTED BY LSEL. COMMAND.

ALL SELECT FOR ITEM=KP COMPONENT=
INRANGE 1TO 54 STEP §

54 KEYPOINTS(OF 54 DEFINED) SELECTED BY KSEL COMMAND.

ALL SELECT FOR ITEM=ELEM COMPONENT=
INRANGE 1TO 2620 STEP 1

2620 ELEMENTS(OF 2620 DEFINED) SELECTED BY ESEL COMMAND.

ALL SELECT FOR ITEM=NODE COMPONENT=
INRANGE 17O 3517 STEP 1

3517 NODES(OF 3517 DEFINED) SELECTED BY NSEL COMMAND.

DESTROY ASSOCIATIVITY OF FINITE ELEMENT MODEL AND SOLID MODEL

NUMBER OF MESH ITEMS DISCONNECTED FROM NODES AND ELEMENTS = 154

ACTIVE COORDINATE SYSTEM SETTO 1 (CYLINDRICAL)

SELECT
INRANGE

FOR ITEM=ENAM COMPONENT=
45TQ A5 STEP 1

NAC Calculation No. 457-2003.3
INTERNATIONAL o Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

2484 ELEMENTS (OF 2620 DEFINED) SELECTED BY ESEL. COMMAND.
SELECT  ALL NODES HAVING ANY ELEMENT IN ELEMENT SET.

3515 NODES (OF 3517 DEFINED) SELECTED FROM
2484 SELECTED ELEMENTS BY NSLE COMMAND.

RESELECT FOR ITEM=LOC COMPONENT=Y BETWEEN -41.000 AND -39.000
KABS= 0. TOLERANCE= 0.000000E+00

95 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND.

MODIFY ALL SELECTED NODES IN COORDINATE SYSTEM |
NEW COORDS= Y= -39.00

SELECT  ALL NODES HAVING ANY ELEMENT IN ELEMENT SET.

3515 NODES (OF 3517 DEFINED) SELECTED FROM
2484 SELECTED ELEMENTS BY NSLE COMMAND.

*GET r.o0 FROM NODE ITEM=MXLO X - VALUE= 23.0000000

RESELECT FOR ITEM=LOC COMPONENT=X BETWEEN 22900 AND 24.000
KABS= 0. TOLERANCE~ 0.000000E+00

555 NODES {OF 3517 DEFINED) SELECTED BY NSEL COMMAND.

RESELECT FOR [TEM=LOC COMPONENT=Y BETWEEN-66.000 AND -38.000
KABS= 0. TOLERANCE= 0.000000E+00

90 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND.
COORDINATE SYSTEM 12 DEFINITION. TYPE= 0 (CARTESIAN)
XC,YC,ZC= 0.00000E+00 0.00000E+00 0.00000E+00
ANGLES= -52.00 0.00 000 PARAMETERS= 1.000 1.000
ORIENTATION= 0.62-0.79 0.00 0.79 0.62 0.00 0.00 0.00 1.00
ACTIVE COORDINATE SYSTEM SET TO 12 (CARTESIAN)

MODIFY ALL SELECTED NODES IN COORDINATE SYSTEM 12
NEW COCRDS= X= 2238

SELECT  FOR ITEM=TYPE COMPONENT=
INRANGE 4TO  4STEP t

69 ELEMENTS (OF 2620 DEFINED) SELECTED BY ESEL COMMAND
DELETE ALL SELECTED ELEMENTS,
DELETE ELEMENT TYPES FROM 4 TO 4 BY 1

CURRENT NODAL DOF SET1S UX UY UZ ROTX ROTY ROTZ

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

THREE-DIMENSIONAL MODEL
SELECT ALL ENTITIES OF TYPE= ALL AND BELOW

ALL SELECT FOR ITEM=VOLU COMPONENT=
INRANGE 1TO 8 STEP 1

8 VOLUMES (OF 8 DEFINED) SELECTED BY VSEL COMMAND.

ALL SELECT FOR ITEM=AREA COMPONENT=
INRANGE tTO  52STEP 1

52 AREAS(OF 52 DEFINED) SELECTED BY ASEL COMMAND.

ALL SELECT FOR ITEM=LINE COMPONENT=
INRANGE 1TO 94 STEP 1

94 LINES(OF 94 DEFINED)SELECTED BY LSEL COMMAND.

ALL SELECT FOR ITEM=KP COMPONENT=
INRANGE ITO 54 STEP ]

54 KEYPOINTS (OF 54 DEFINED) SELECTED BY KSEL COMMAND.

ALL SELECT FOR JTEM=ELEM COMPONENT=
INRANGE 1TO 2620 STEP i

2551 ELEMENTS (OF 2551 DEFINED) SELECTED BY ESEL éOMMAND,

ALL SELECT FOR ITEM=NODE COMPONENT=
INRANGE 1 TO 3517 STEP 1

3517 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND.

ss#++ ROUTINE COMPLETED ***** CP=  570.773

*** NOTE *** CP= 570.781 TIME=22:00:07
Aotal of 353 wamings and errors written to ftube.err.

ssest ANSYS SOLUTION ROUTINE *#***
ACEL=0.00000E+00 0.00000E-0C 1.0000

*e*** ANSYSSOLVE COMMAND *****

+** NOTE *** CP= 570.789 TIME= 22:00:07
There is no title defined for this apalysis.
*** NOTE *** CP= 571.820 TIME=22:00:08
NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

The mode! data was checked and warning messages were found.

Please review output or errors file { fube.err ) for these waming.
messages.

SOLUTION OPTIONS

PROBLEM DIMENSIONAL!TY. ........... 3-D
DEGREES OF FREEDOM. .UX UY UZ ROTXROTY ROTZ
ANALYSISTYPE.... ............ STATIC (STEADY-STATE)

*** NOTE *** CP~ 572.055 TIME=22:00:08
Present time O is less than or equal to the previous time.

Time will default to 1.

** Reordering still in progress **

** Reordering still in progress **

LOAD STEP OPTIONS

-1
STEP CHANGE BOUNDARY CONDITIONS ........ NO
INERTIA LOADS X Y z
ACEL............ 0.00000E+00 0.00000E+00 1.0600
PRINT OUTPUT CONTROLS . .NO PRINTOUT
DATABASE OUTPUT CONTROLS. .. .. ALL DATA WRITTEN
FOR THE LAST SUBSTEP

Element Formation Element= 10 Cum. lter.~ ] CP= 573.242
Time= 1.0000 Load Step= 1 Substep= ] Equilibrium lteration=~ 1.
Element Formation Element= 1810 Cum. lter.= 1 CP= 582.734
Time=1.0000 Load Step= | Substep= 1 Equilibrium Heration= 1.

***** CENTROID, MASS, AND MASS MOMENTS OF INERTIA ***+*
CALCULATIONS ASSUME ELEMENT MASS AT ELEMENT CENTROID

TOTAL MASS = 86871,

MOM. OF INERTIA MOM. OF INERTIA
CENTROID ABOUT ORIGIN ABOUT CENTROID

XC= 063009E-02 IXX = 0.IR62E+08 IXX= 0.3957E+07
YC=-12992 IYY = 0.1969E+08  IYY = 0.1969E+08
ZC = 0.00000E+00 1ZZ = 0.3831E+08 1ZZ= 0.2365E+08
IXY = -3448, IXY = -0.1056E+05
YZ = Q.00D0E+D0 1YZ = 0.0000E+00
1ZX = 0.0000E+00 1ZX = 0.0000E+00
ONLY THE X-DIRECTION MASS TERMS ARE USED FOR MASS21 ELEMENTS.

NAC Calculation No. 457-2003.3
INTERNATIONAL. Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

*** MASS SUMMARY BY ELEMENT TYPE ***

TYPE MASS
5 868710

Range of clement i matrix ients in global
Maximum= 2061031631 E+10 at element 2596.
Minimum= 7637221.94 at etlement 1754.

**¢ ELEMENT MATRIX FORMULATION TIMES
TYPE NUMBER ENAME TOTALCP AVECP

1 2484 SOLID4S 13250 0.005
3 30 BEAM4 0039 0.001
5 37 MASs21 0.008 0.000
Time at end of element matrix formulation CP= 586.632813.

Estimated number of active DOF= 10452.
Maximum wavefront= 397,

Equation Sciution Element= 500 Cum. " Iter.= | CP= 592.461

Time= 1.0000 Load Swep= | Substep= 1 Equilibrium Iteration= 1.
Equation Solution Element= 1920 Cum. Iter.= 1 CP=601.836
Time=1.0000 Load Step= | Substep~ | Equilibrium Iteration= 1.
Time at end of matrix triangularization CP= 605.734375.

Equation solver maximum pivot= 2.1605637E+11 at node 3517 ROTY.
Equation solver minimum pivor= 159079.15 at node 74 UX.

Element Ourput Elemenr= 900 Cum. Iter.= } CP=611.555

Time= 1.0000 Load Step~ | Substep= 1 Equilibrium Jteration= 1.

*** ELEMENT RESULT CALCULATION TIMES
TYPE NUMBER ENAME TOTAL CP AVECP

1 2484 SOLID45 8453 0.003
3 30 BEAM4 0.047 0.002
5 37 MASS2t 0.000 0.000

*** NODAL LOAD CALCULATION TIMES
TYPE NUMBER ENAME TOTAL CP AVECP

{ 2484 SOLID45 0664 0.000

3. 30 BEAM4 0.008 0.000

5 37 MASS21 0.008 0.000
*** LOADSTEP | SUBSTEP | COMPLETED. CUMITER= |
*** TIME = 1.00000 TIMEINC= 100000 NEW TRIANG MATRIX

*** PROBLEM STATISTICS
ACTUAL NO. OF ACTIVE DEGREES OF FREEDOM = 10452
RM.S. WAVEFRONT SIZE = 305.2

NAC Calculation No. 457-2003.3
INTERNATIONAL ' Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

¥*¢ ANSYS BINARY FILE STATISTICS

BUFFER SIZE USED= 8192
13.031 MB WRITTEN ON ELEMENT MATRIX FILE: fube.emat
9.063 MB WRITTEN ON ELEMENT SAVED DATA FILE: flube.esav
24.563 MB WRITTEN ON TRIANGULARIZED MATRIX FILE: ftube.tri
4.344 MB WRITTEN ON RESULTS FILE; fube.rst

FINISH SOLUTION PROCESSING

¢**¢* ROUTINE COMPLETED ***** CP=  617.820

*** NOTE *** CP= 617.828 TIME= 22:01:01
A total of 355 wamings and etrors written to fiube.esT.

+#¢4* ANSYS RESULTS INTERPRETATION (POST1) *2*+

ENTER /SHOW,DEVICE-NAME TO ENABLE GRAPHIC DISPLAY
ENTER FINISH TO LEAVE POST)

**% NOTE *** CP= 617.828 TIME=22:01:01
An active coordinate system is not zero.

RSYS=0CSYS= 12 DSYS=0.

SELECT ALL ENTITIES OF TYPE~ ALL AND BELOW

ALL SELECT FOR ITEM=VOLU COMPONENT=
INRANGE 1 TO 8 STEP 1

8 VOLUMES (OF 8 DEFINED)SELECTED BY VSEL COMMAND.

ALL SELECT FOR [TEM=AREA COMPONENT=
INRANGE 1TO  52STEP 1

52 AREAS (OF 52 DEFINED) SELECTED BY ASEL COMMAND.

ALL SELECT FOR ITEM=LINE COMPONENT=
INRANGE 1TO 94 STEP 1

94 LINES (OF 94 DEFINED) SELECTED BY LSEL COMMAND.

ALL SELECT FOR ITEM=KP COMPONENT=
INRANGE 1 TO 54 STEP 1

54 KEYPOINTS (OF 54 DEFINED)SELECTED BY KSEL COMMAND.

ALL SELECT FOR ITEM=ELEM COMPONENT=
INRANGE 1 TO 2620 STEP 1

NAC Calculation No. 457-2003.3
o INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

2551 ELEMENTS(OF 2551 DEFINED) SELECTED BY ESEL COMMAND.

ALL SELECT FOR ITEM=NODE COMPONENT=
INRANGE 1TC 3517 STEP 1

3517 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND.

***** SUMMATION OF TOTAL FORCES AND MOMENTS IN GLOBAL COORDINATES *****
FX = -0.4228059E-07
FY = 0.4213598£-07

FZ = -86871.00
MX = 1128610.
MY = 547.3622

MZ =-0.1312711E-05

SUMMATION POINT= 0.00000E+00 0. E+00 0. 00

DISPLAYS PUT ON PLOT FILE kbasinplt - VECTOR MODE,

TITLE=
K Basin Pail Ring Lift Analysis

DEVICE VECTOR KEY SET TO 1

HIDDEN DISPLAY (PRECISE) IN WINDOW 1

NUMBER KEY SET TO -1 -1=NONE 0~BOTH 1=COLOR 2=NUMBER

view point for window 1 1.0000  1.0000  1.0000

PRODUCE ELEMENT PLOT INDSYS = 0

CUMULATIVE DISPLAY NUMBER | WRITTEN TQ FILE kbasin pit - VECTCR MODE.
DISPLAY TITLE=

K Basin Pail Ring Lift Analysis

*** NQTE *** CP= 613.758 TIME=22:01:01

CUMULATIVE DISPLAY NUMBER | WRITTEN TO FILE kbasin.pk - VECTOR MODE.
DISPLAY TITLE= K Basin Pai! Ring Lift Analysis.

NUMBER KEY SETTO 2 -1=NONE 0~BOTH 1=COLOR 2=NUMBER

SELECT  FOR ITEM=ENAM COMPONENT=
INRANGE 45TO 45 STEP 1

2484 ELEMENTS (OF 2551 DEFINED) SELECTED BY ESEL COMMAND.
SELECT  ALL NODES HAVING ANY ELEMENT IN ELEMENT SET.

3515 NODES (OF 3517 DEFINED) SELECTED FROM
2484 SELECTED ELEMENTS BY NSLE COMMAND.

NaC Calculation No. 457-2003.3
INTERNATIONAL . Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

AUTOMATIC SCALING FOR WINDOW 1
DISTANCE AND FOCUS POINT AUTOMATICALLY CALCULATED

view point for window 1 1.0000 -1.0000 1.0000
VIEW UP DIRECTION FOR WINDOW 1iS GCS Z AXIS
ACTIVE COORDINATE SYSTEM SETTO 1 (CYLINDRICAL)

RESELECT FOR ITEM=LOC COMPONENT=Y BETWEEN-161.00 AND -29.000
KABS= 0. TOLERANCE= 0.000000E+00

2565 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND.
SELECT ONLY ELEMENTS COMPLETELY CONTAINED WITHIN NODE SET.

1821 ELEMENTS (OF 2551 DEFINED) SELECTED FROM
2565 SELECTED NODES BY ESLN COMMAND.

DISPLAY NODAL SOLUTION. ITEM=S COMP=EQV
CUMULATIVE DISPLAY NUMBER 2 WRITTEN TO FILE kbasin.plt - VECTOR MODE.
DISPLAY TITLE~
K Basin Pail Ring Lift Analysis
*** NOTE *** CP= 623.000 TIME=22:01:06
CUMULATIVE DISPLAY NUMBER 2 WRITTEN TO FILE kbasin.pit - VECTOR MODE.
DISPLAY TITLE= K Basin Pail Ring Lift Analysis.
DISPLAY COORDINATE SYSTEM SETTO 1 (CYLINDRICAL)
LIST ALL SELECTED NODES IN RANGE 2221 TO 2630 STEP 409 DSYS$~= |
NODE X Y z THXY THYZ THZX
2221 23.000 -30.000 22,571 000 000 0.00
2630 20625 30000 22505 000 000 0.00
DISPLAY COORDINATE SYSTEM SET TO 0 (CARTESIAN)

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES:
2221 2630

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND. DSYS= 0

*s*** POST1 LINEARIZED STRESS LISTING *****
INSIDE NODE = 2221 OUTSIDE NODE = 2630

LOADSTEP | SUBSTEP= 1
TIME= 10000  LOAD CASE= ¢

THE FOLLOWING X,Y.Z STRESSES ARE IN GLOBAL COORDINATES.

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

E-15166

** MEMBRANE **
sX sY Sz SXY SYZ SXZ
-580.5  -3439  -1355 4951 5219 -219.9
81 s2 83 SINT SEQV
4955 1399 -1106.  1602. 1397

** BENDING ** I=INSIDE C=CENTER O=OUTSIDE

8X sY k74 SXY sYz2 SXz
I-1002. -2782. 7258 -2057. O.1180E+0S 6852,
C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E~00 0.0000E+00 0.0000E-+00
O 1002, 27982 7258 2057. -0.1180E+05 -6852.

S1 s2 83 SINT SEQV
1 0.1217E+05 3360 -0.1556E+05 0.2773E+05 0.2410E+05
C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E~00
Q Q.15S6E+05 -3360  -0.121TE+05 0.2773E+05S 02410E+0S

** MEMBRANE PLUS BENDING ** I=INSIDE C=CENTER O=0UTSIDE
sX sY sz SXY SYZ SXz
1-1583.  -2816. 5903 -2552. 0.1128E+05 6632
C -5805 -3439 -1355 4951 -5219 -2199
O 4216  2747. -8613  1562. -0.1233E+05 -7072.
81 s2 83 SINT SEQV
1 0.1130E+05 331.6 -0.1544E+05 0.2675E+05 0.2329E+0S
C 4955 -139.9 -1106.  1602. 1397
O 0.1571E+05 -351.2  -0.1305E+05 0.2876E+05 0.2496E+05

** PEAK ** I=INSIDE C=CENTER O=OUTSIDE
8X sY 52 SXy SYZ $XZ
1-7176 2764 2729 1642 7046 3769
C 2307 1326 -10.07 -1304 -546.0 -291.8
O -105.5 1153 1587 1188 1143, 6114
$1 $2 $3 SINT SEQV
I 875.7 -1454 -7378 1614, 1414,
C 5739 1275 -675.1 1249. 1096,
O 1458. 1550 -1135. 2593, 2268

** TOTAL ** I=INSIDE C=CENTER O=QUTSIDE

sX sy sz SXY SYZ SXZ
1-1590. -2844. 617.6 -2388. 0.1199E+05 7009.
C -557.5 -2L13  -1456 -6255 -1068. . -511.7
O 3162 2862. -7026  1681. -0.111BE+0S -6461.

St s2 §3 SINT SEQV TEMP
1 0.1215E+05 172.9  -D.1614E+0S 0.2829E+05 0.2459E+05 0.0000E+(0
C 9949 -7.545 -1712. 2706, 2370,
O 0.1459E-05 -503.0  -0.1161E+0S 0.2621E+05 0.2278E+0S 0.0000E+00

DISPLAY COORDINATE SYSTEM SETTO ] (CYLINDRICAL)
LIST ALL SELECTED NODES IN RANGE 2272 TO 2596 STEP 324 DSYS= |

NODE X Y z THXY THYZ THZX

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

E-15166

2272 23.000 -30.000 20.357 0.00 000 0.00
2596 21.000 -30.000 20.808 0.00 0.00 0.00

DISPLAY COORDINATE SYSTEM SETTQ 0 (CARTESIAN})

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES:
2272 2596

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND. DSYS= ¢

****> POST] LINEARIZED STRESS LISTING *****
INSIDENODE = 2272 OUTSIDE NODE = 2596

LOAD STEP ! SUBSTEP= |
TIME= 1.0000 LOAD CASE= 0

THE FOLLOWING X,Y,Z STRESSES ARE IN GLOBAL COORDINATES.

** MEMBRANE **
sX SY SZ SXY SYZ $Xz
-85.87 1234 -1094 360 s 16.32
S1 s2 s3 SINT SEQV
1928 -7897 -1857 3786 3381

** BENDING ** I=INSIDE C=CENTER O=OUTSIDE

sX SY sz SXY SYZ sXz
1-805.1  -2385. 6947 -1732. 0.1237E+05 7148,
C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O 2051 2385, -694.7 1732, -0.1237E+05 -7148.

81 s2 S3 SINT SEQV
! 0.1304E+05 3004 -0.1S84E+0S 0.2888E+05 0.2507E+05
C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O 0.1584E+05 -300.4  -0.1304E+0S 0.2888E+05 0.2507E+0S

** MEMBRANE PLUS BENDING ** [=INSIDE C=CENTER O=OUTSIDE
SX sY sz SXY SYZ SXZ
1-891.0 -2262 5853  -1696. 0.1223E+05 7164.
C -8587 1234 -1094 3611 1418 1632
O 7193 2508. -804 1769.  -0.1251E+05 -7132.
St Sz s3 SINT SEQV
1 0.1291E+05 2386 -0.1572E+05 0.2863E+05 0.2485E+0S
C 1928 -7897 -I1857 3786 3381
O 0.1596E+05 -363.8  -0.1318E+05 0.2914E+05 0.2530E+0§

** PEAK ** [=INSIDE C=CENTER O=~OUTSIDE
sX sY Sz sXYy SYZ SXZ
1 8716 4986 -3567 6127 -3323 -208.0
C 8830 -4407 34019 5573 2897 180.8
O 8675 5861 -34.08 8229 5450 -343.0
S1 S2 83 SINT SEQV
1 4120 -103.1 -3819 7939 6976
C 3354 1005 3575 6929 6103

NAC Caiculation No. 457-2003.3
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

O 6909 -51.34 6063  1297.  1127.

** TOTAL ** [=INSIDE C=CENTER O=OUTSIDE

sX SY sz SXY SYZ SXz
19782 -2212. 5496 -1635.  0.J190E+05 6956.
C 2434 7934 7523 -19.62 1480 1971
0 7279 2567. -8382  185).- -0.1306E+05 -7475.

S1 S2 s3 SINT SEQV TEMP
1 0.1253E+05 132.6 -0.1531E+05 0.2784E+05 0.2416E+05 0.0000E+00
C 2221 67.78 -2833 5055 4487
O 0.1665E+05 4142 -0.1378E+05 0.3043E+05 0.2642E+05 0.0000E+00

DISPLAY COORDINATE SYSTEM SETTO 1 {CYLINDRICAL)
LIST ALL SELECTED NODES IN RANGE 1847 TO 2392 STEP 545 DSYS= 1
NODE X Y z THXY THYZ THZX
1847 23.000 -30.000 26.000 0.00 000 0.00
2392 21060 -30.000 26.000 0.00 0.00 0.00
DISPLAY COORDINATE SYSTEM SETTO 0 (CARTESIAN)

DEFINE'A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES:
1847 2392

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND. DSYS= 0

“s*** POSTI LINEARIZED STRESS LISTING **
INSIDE NODE = 1847 OUTSIDE NODE = 2392

LOADSTEP 1 SUBSTEP= |
TIME= 1.0000 LOAD CASE= 0

THE FOLLOWING X,Y.Z STRESSES ARE IN GLOBAL COORDINATES.

** MEMBRANE **
SX sy sz SXY SYZ SXZ
-7607.  3503. 3636 --5999.  -1738 -{115
S1 s2 s3 SINT  SEQV

6126.  364.1 -0.1023E+05 0.1636E+05 0.1437E+05

** BENDING ** [=INSIDE C=CENTER O=OUTSIDE

SX sy sz SXY syz SXz
L-1499. 9010 2910 -1803.  4276. 2445
C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E~00 0.0000E+00 0.0000E+00
O 1499. 9010 -291.0  1803. -4276. .2445.

S1 $2 §3 SINT  SEQV
1 4107. 2075 -6423. 0.1053E+05 9221,
€ 0.0000E+00 0.0000E+00 0.0000E+00 0.0D00E+D0 0.0000E+00
O 6423. -2075 -4107. 0.1053E~05 9221.

** MEMBRANE PLUS BENDING ** I~INSIDE C=CENTER O=OUTSIDE
‘ n NAC Caiculation No. 457-2003 3
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

SX sy sz SXY sYz §Xz
1-9106. 2602. 6546 -7B02. 4102 2334,
C -7607. 3503 363.6 -5999. -173.8  -l1115
O -6108. 4404, 7261 -4196. -4449. .2557,
S1 s2 83 SINT SEQV
1 7612, 6134 -0.1407E+05 0.2169E+05 0.1917E+03
C 6126,  364.1 -0.1023E+05 0.1636E+05 0.1437E+0S
O 7597. 9287 -9321. 0.1692E+05 0.146BE+0S

** PEAK ** I=INSIDE C=CENTER O=OUTSIDE
SX sy sZ 8Xy SYZ SXZ
[ 8760 -973.1 4863 5675 -7835 -45.63
C -746.5 8222 4184 4893 -6.043 -3962
O 1430. -1641. -7663 8778 8169 4796
S1 S2 S3 SINT  SEQV
1 1040. 4389 -1137. 2177, 1886,
C 9624 4185 -8866 1849, 1601
O 1906. -87.07 2106 4013. 3475,

** TOTAL ** [=INSIDE C=CENTER O=OUTSIDE

SX sy sz SXY syz $XZ
I-8230. 1629. 6059 -7235. 4023. 2288,
C -83s3. 4325, 4054  -6488. -1799 -1155
O 4678. 2763 4011 -3318.  -3266. -3037.

s1 $2 s3 SINT SEQV TEMP
1 6640. 5524  -0.1319E+05 0.1983E+05 0.1759E+05 0.0D00E+00
C 7059. 4059 -0.1I09E+05 0.1815E+05 0.1590E+0S
O 6886  29.11 -8834.  0.J572E+05 0.1365E+0S 0.0000E+00

DISPLAY COORDINATE SYSTEM SET TO | (CYLINDRICAL)

LIST ALL SELECTED NODES INRANGE 129 TO 742 STEP 613 DSYS= |

NODE X Y z THXY THYZ THZX
129 23000 -160.00 26000 000 000 0.00
742 21000 -160.00 26000 0.00 000 000

DISPLAY COORDINATE SYSTEM SETTO 6 (CARTESIAN)

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES:
129 742 |

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND. DSYS= ¢

**»#* POST| LINEARIZED STRESS LISTING *****
WNSIDENODE = 129 OUTSIDENODE= 742

LOAD STEP
TIME=  1.0000

1 SUBSTEP= |
LOAD CASE= 0

THE FOLLOWING X,¥'.Z STRESSES ARE N GLOBAL COORDINATES.

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0

Page B28 of 37

A9.2-96



Appendix A9.2.2

NODE X
231 23.000

O 0.1141E+05 -179.6

O 0.1058E+H05 -306.3

-160.00

HNF-SD-SNF-FDR-003

-8659.

$X sY SZ sXY
1 6687 -895.9 -128.2 -1043.
C -560.1 7694 1165  889.1
O 1181, -1382. -1453 -1702
S1 S2 $3 SINT
I 1195 -129.8 .1421. 2616
C 1218, 1164 -1006. 2220.
-0 2327, -1802 2493, 4820.

-8056.

DISPLAY COORDINATE SYSTEM SET TO

Y

z
24.286

0.2007E+05 0.1745E+05

** PEAK ** I=INSIDE C>=CENTER O=OUTSIDE

SYZ
-102.5

-6.203
. -1052,

SEQV
2266.
1923

** TOTAL ** I=INSIDE C=CENTER O=OUTS{DE

0.1864E+05 0.1622E+05 0.0000E+00

THXY THYZ THZX

4176.

1 (CYLINDRICAL)

Rev. O

** MEMBRANE **
SX sY 52 SXY SYZ SXzZ
-5907, 3233, 5241 8449, 3172 2793
St $2 53 SINT  SEQV
8277. 5185 -0.1095E+05 0.1922E+05 0.1675E+0S
** BENDING ** |=~INSIDE C=CENTER O=OUTSIDE
sX sY sz SXY SYZ SXz
1-1151.  -4246. 6789  3276.  5389. -195%.
C 0.0000E+00 0.0000E-00 0.0000E+00 0.0000E+00 0.0000E-00 0.0000E+00
O 1151, 4246, 6789 -3276. -5389.  1959.
81 $2 S3 SINT  SEQY
1 4146, 5969 -9460.  0.1361E+0S 0.1222E+05

C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

O 9460. -3969 -4146. 0.1361E+05 0.1222E+05
** MEMBRANE PLUS BENDING ** |=INSIDE C=CENTER O=OUTSIDE
$X sY Sz SXY SYZ SXZ
I-7058.  -t013.  1203. O.JI73E+05 5072. -1931.
C -5907. 3233 5241 8449, 3172 2793
O 47s6. 7478 -1548 5173. -5707. 1986,
S1 52 s3 SINT SEQV
19192 1263, -0.1732E+05 0.2651E+05 0.2357E+05
C 8277. 5185 -0.1095E+05 0.1922E+05 0.167SE+05

sXz
44.28
-2.096
4088

SX sY sz SXY sYZ SXZ
1-6389. -1909. 1075. O0.1068E+05 4970. -1886.
C -6467.  4002. 6405 9338. -3234 2583
O -3576.  6097. -300.1 3472, -6759. 2395
81 S2 83 SINT  SEQV TEMP
I 7960.  1119. -0.1630E+05 0.2426E+05 0.2167E+05 0.0000E-00
C 9481 6353 -0.1194E+05 0.2142E+05 0.1865E+05

LIST ALL SELECTED NODES IN RANGE 231 TO 912 STEP 68i DSYS$= 1

000 000 0.00

Immersion Pail Calculation 457-2003.3 (Continued)
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Appendix A9.2.2

HNF-SD-SNF-FDR-003 Rev. 0

Immersion Pail Calculation 457-2003.3 (Continued)

E-15166

912 21.000 -160.00 24260 060 000 0.00

DISPLAY COORDINATE SYSTEM SET TO ¢ (CARTESIAN)

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES:
231 912

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND. DSYS= ¢

***++ POST| LINEARIZED STRESS LISTING *****
INSIDENODE= 23] OUTSIDENODE= 912

LOAD STEP
TIME= 1.0000

| SUBSTEP= )
LOAD CASE= 0

THE FOLLOWING X,Y,Z STRESSES ARE IN GLOBAL COORDINATES.

** MEMBRANE **
sX sY sz SXY SYZ SXZ

-1014. -1129. 1224 1802. -8795 1922
51 52 83 SINT SEQV
1028. 1269 -3062.  4090.  3689.

** BENDING ** }=INSIDE C=CENTER O=OUTSIDE

SX sY sz SXY SYZ sXzZ
15332 -5151. 3925  2619. 0.1423E+05 -5183.
C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0D.0000E+00
O 5332 SIS, -392.5 -2619. -0.1423E+05 5183,

$ s2 s3 SINT SEQV
1 0.1257E+05 6098 -0.1847E+05 0.3104E+05 0.2712E+05
C 0.6000E+0¢ 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O 0.1847E-05 -609.8 -0.1257E+05 0.3104E+05 0.2712E+05

** MEMBRANE PLUS BENDING ** [=INSIDE C=CENTER O=OUTSIDE
SX sy sz SXY SYZ SXZ

1-1548. -6280. 5149  4420. 0.1335E+05 -4991.

C -1044. -1129. 1224 1802, -87935 1922

O -481.0 4022,  -270.1 -8169 -D.ISTIE+05 5375
St s2 s3 SINT SEQV o

1 0.1103E+05 767.7 -0.1911E+05 0.3014E+05 0.2655E+05

C 1028 1265 -3062.  4090.  3689.

O 0.1808E+05 -490.7 -0.1432E+05 0.3240E+05 0.2816E+05

** PEAK ** I=INSIDE C=CENTER O=OUTSIDE
SX SY sz SXY sYZ $XZ

1 3560 -9644 6536 -2611 4103  160.0

C-1228 8701 2268 2170 3339 1297

O 2300 -1130 6751 -501.1 8581 3387
s1 S2  S3  SINT  SEQV

tOS410  -1172 4781 1019, 8949

C 3994 1100 4324 8N8 7314

O 1199. -1067 -9082 2108. 1843

Calculation No. 457-2003.3
Revision ¢
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

** TOTAL ** [=INSIDE C=CENTER O~OUTSIDE

SX sY sz SXY sSYZ SXZ
1-1512.  -8377. 3214 4159.  0.1294E+05 -4831.
C -1027. -1042. 1246 2019. -5455 6250
0 -251.0  3909. -202.6 -131B. -0.1597E+05 5714.

§1 52 s3 SINT  SEQV TEMP
1 0.1062E+05 617.2 -0.1863E+0S 0.2923E+05 0.2573E+05 0.0000E+00
C 1108.  $8.80 -3111.  4219. 3804,
O 0.1915E+05 -614.9  -0.1508E+05 0.3422E+05 0.2976E+05 0.0000E+D0

DISPLAY COORDINATE SYSTEM SETTO | (CYLINDRICAL)
LIST ALL SELECTED NODES IN RANGE 333 TO 861 STEP 528 DSYS= 1

NODE X Y z THXY THYZ THZX
333 23.000 -160.00 20857 €00 000 0.00
861 21.000 -160.00 20.308 000 000 000

DISPLAY COORDINATE SYSTEM SET TO 0 (CARTESIAN)

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES:
333 861

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND. DSYS= 0

****» POST] LINEARIZED STRESS LISTING *****
INSIDENODE ~ 333 OUTSIDENODE = 861

LOAD STEP | SUBSTEP= |
TIME=  1.0000 LOAD CASE= 0

THE FOLLOWING X,Y,Z STRESSES ARE IN GLOBAL COORDINATES.

** MEMBRANE **
X sY sz SXY SY2 Xz
49.17 3560 2027 -89.04 -3439  162.0
S1 82 s3 SINT SEQV
678.5 4277 -1135 7920 7266

** BENDING ** I=INSIDE C=CENTER O~OUTSIDE

sX sy sz SXY sYz SXZ
L6246 -6017. -2948 2703,  0,1426E+05 -5234.
C 0.0000E+00 0.0000E-+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O 6246  6017. 2948 -2703. -0.1426E+05 5234.

S1 52 S3 SINT SEQV
1 0.1186E+05 483.7 -0.1928E+05 0.3114E+05 0.2730E+05
C 0.0000E+00 (.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O 0.1928E-05 -483.7 -0.1186E~05 0.3114E+05 0.2730E+05

** MEMBRANE PLUS BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX sy SZ SXY SYZ SXZ
NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
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HNF-SD-SNF-FDR-003 Rev. 0

Immersion Pail Calculation 457-2003.3 (Continued)

E-15166

O 0.1996E+05 -457.0

O 0.2094E+05 -526.6

I -5754  -5661. -92.14  2614.  0.1392E+05 -5073.

C 49.17 3560 2027 -89.04 -3439 1620

O 673.8 6372 4975 .2792, -0.1460E+05 5396.
S1 2 S3 SINT  SEQV

I 0.1177E+05 510.1 -0.1860E+05 0.3037E+0S 0.2659E+05

C 6785 4277 1135 7920 7266

-0.1196E+05 0.3192E+05 0.2800E+0S

** PEAK ** [=INSIDE C=CENTER O=QUTSIDE
SX sy SZ SXY SYZ SXzZ

1-1038 1847 5917 -7221 4033 1426
C 1027 -1622 4238 6265 349.7. -125.1
O -1855 2684 1739 -1329 6942 2332
St s2 $3 SINT SEQV
1 5630 -1155 -3074 3704 7971
C 2732 1104 4854 7586 6917
O 9828 -69.48 -489.7 1472 1314,
** TOTAL ** I~INSIDE C~CENTER O=OUTSIDE

$X sY sSZ SXY SYZ SXZ

1-6793 -5476. -32.97 2542. 0.1351E+05 4930,
C 1519 1938 1603 -2639 5800 3685
O 6552 6641. 6714 2925 .0.]1530E+0S $5630.
S1 s2 53 SINT SEQV TEMP
[ 0.1146E+05 3939  -0.1804E+05 0.2951E+05 0.2582E+05 0.0000E+00
C 2102 1838 1120 9813 8795

-0.1244E+05 0.3338E+05 0.2930E+05 0.0000E+00

DISPLAY COORDINATE SYSTEM SET TO

1 (CYLINDRICAL)

LIST ALL SELECTED NODES IN RANGE 1367 TO 1486 STEP

DISPLAY COORDINATE SYSTEM SET TO

NODE X Y z THXY THYZ THZX
1367 20.000 -160.00 63900 0.00 0.00 0.00
1486 22375 -160.00  6.7500 0.00 000 000

0 (CARTESIAN)

119 DSYS= |

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES:
1367 1486

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND. DSYS- 0

»**** POST1 LINEARIZED STRESS LISTING *****
INSIDE NODE = 1367 OQUTSIDE NODE = 1486

LOAD STEP 1 SUBSTEP= 1
TIME=  1.0000 LOAD CASE= 0

THE FOLLOWING X,Y Z STRESSES ARE IN GLOBAL COORDINATES.

** MEMBRANE **

NAC .
INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

sX SY sz SXY sYz SXZ
1146. 4760, 860.t -7928 6532 -3010
St 82 $3 SINT SEQV
1504. 6724  -4930. 6433,  6061.

** BENDING ** [=INSIDE C=CENTER O=OUTSIDE

sX sy sz SXY SYz SXZ
1-8194 -0.1003E+05 -1645.  2069. -8455. 3117.
C 0,000CE+00 0.0000E+00 0.0000E+00 0.00D0E+00 0.0600E+00 0.0000E+00
O 8194 -0.1003E+05 1645. -2069.  8455. -3117.

S1 s2 $3 SINT SEQV
I 4154, -608.0 -0.1604E+05 0.2020E+05 0.1829E+05
C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O 0.1604E+05 608.0 -4)54.  D2020E+05 0.1329E+05

** MEMBRANE PLUS BENDING ** [=INSIDE C=CENTER O=OUTSIDE
SX SY SZ SXY SYZ  SXZ

1 3266 -0.1479E+05 -784.6 1276, -7797. 2816

C 1146, -4760. 8601 -7928 6582 -301.0

O 1966, 5274. 2505, -2862. O113. -3418.
S s2 S3  SINT SEQV

13940, 6355 -0.1356E+DS 0.2250E+05 0.2059E+05

C 1504 6724  -4930. 6433 6061

O 0.1464E+05 5190 -5412.  0.2005E+05 0.1784E+05

** PEAK ** I=INSIDE C=CENTER O=OUTSIDE
5X sy SZ SXY sYzZ SX2Z
I 3971 9599 -333.7 .504.1 4563 -169.1
C -81.94 8427 1983 440.1 -335.1 170
O 1599 -1212. -1154 -6128 3802 -131.2
S1 s2 83 SINT  SEQV
! 4144  -3583  -1310. 1724, 1496.
C N2, 2217 3643 1466, 1278,
0O 5095 -1614 -1515.  2025. 1787.

** TOTAL ** [=INSIDE C=CENTER O=OUTSIDE

sX sy Sz SXY SYZ SXZ
1 3663 -0.1575E+0S -1118. 7722 -7341. 2647,
C 1064 -3917. 1058, -352.7 3230  -1839
O 2125, 4062. 2389, -3475. 9494. -3549.

Sl s2 s3 SINT SEQV TEMP
1 3479, -1027. -0.1896E+05 0.2244E+05 0.2056E+05 0.00DDE-D
C 1289. 8774  -3961.  5250.  S0S7.
O 0.1471E+05 1808  -6315.  0.2103E+05 0.1865E+05 0.0000E+00

DISPLAY COORDINATE SYSTEMSETTO 1 (CYLINDRICAL)
LIST ALL SELECTED NODES IN RANGE 1373 TO 1492 STEP 119 DSYS= |
NODE X Y z THXY THYZ THZX

1373 20000 -130.00 6.3%00 000 000 000
1492 22375 -13000 67500 000 000 0.00

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

E-15166

DISPLAY COORDINATE SYSTEM SETTO 0 (CARTESIAN)

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES:
1373 1492

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND. DSYS= 0

#4+%+ POST! LINEARIZED STRESS LISTING *****
INSIDE NODE = 1373 OUTSIDE NODE = 1492

LOADSTEP | SUBSTEP= 1
TIME= 10000 LOAD CASE= ¢

THE FOLLOWING X,Y,Z STRESSES ARE IN GLOBAL COORDINATES.

** MEMBRANE **
SX sY sz SXY SYZ SXz
3316, -1474. 4461 -4199 9073 8458
St s2 s3 SINT SEQV
3353 446.1  -1510. 4863,  4238.

** BENDING ** [=INSIDE C=CENTER O=OUTSIDE

SX sY Sz SXY SYZ SXz
I 5315, 5522 141, 2029, -7795.  9465.
C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O -5315.  -552.2  -1411.  2029. 7795,  -9465.

Si 52 §3 SINT SEQV
1 D.1596E+05 509.3 -9191.  0.2515E-05 0.2197E+05
C 0.0000E+00 0.00DDE+00 0.00COE+00 0.0000E+00 0.0000E~00
O 9191. -509.3 -0.1596E+05 0.2515E+05 C.2197E+05

** MEMBRANE PLUS BENDING ** [=INSIDE C=CENTER O=OUTSIDE
SX sY sz SXY sYZ sXz
1 8632, -921.7  i857. -2449. -T7786. 9474,
C 3316, -1474. 4461 4199 9073  B.458
O -1999.  -2026. -964.5 1609 T804, -9457.

s1 s2 83 SINT SEQV
t G.1770E+05 674.1  -8811.  0.2652E-05 0.2327E+0S
C 3353. 4461 -1510. 4863, 4238

O 0.l006E+03 -435.7 -0.1461E+0S 0.2467E+05 0.2144E+05

** PEAK ** I=INSIDE C=CENTER O=QUTSIDE
$X sy Sz SXy SYZ SXZ
1 9932 6354 2700 1478 4712 .-5459
C -9008 6009 9365 1197 -3589 4034
O 1341, -907.5 19.10 1577 4304 4754
S1 S2 S3 SINT SEQV
11232, 7452 9756  2207. 1912
C 8188 -5531 -1054. 1873, 1623,
O 1494, 7864 -1120. 2615. 2267

Calculation No. 457-2003.3
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

*# TOTAL ** |=INSIDE C=CENTER O=OUTSIDE

SX sy sz SXY SYZ SXZ
1 9625, -1557. 1830. -2304. -7314. 8928,
C 2416. -8729 4554 -539.6 -349.8 4I18
0 -6579 2934, .9454 1767, 8234, 9932,

st $2 S3 SINT SEQV TEMP
1 0.1743E+05 869.3 -B407.  0.2584E+Q5 0.2267E+(5 (.0000E+00
C 2602. 4108 -1015.  3617. 3156.
O 0.1091E+05 -279.0  -0.IS17E+05 0.2607E+05 0.2266E+05 0.0000E+00

DISPLAY COORDINATE SYSTEM SETTO | (CYLINDRICAL)
LIST ALL SELECTED NODES IN RANGE 3082 TO 3201 STEP 119 DSYS= |

NODE X Y z THXY THYZ THZX
3082 20000 -45000 6.3900 000 000 0.00
3201 22.375 45000 6.7500 0.00 000 0.00

DISPLAY COORDINATE SYSTEM SETTO 0 (CARTESIAN)

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES:
3082 3201

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND, DSYS= 0

***2* POST! LINEARIZED STRESS LISTING *****
INSIDE NODE = 3082 OUTSIDE NODE - 3201

LOAD STEP 1 SUBSTEP= |
TIME= 1.0000 LOAD CASE~ 0

THE FOLLOWING X,Y,Z STRESSES ARE IN GLOBAL COORDINATES.

** MEMBRANE ** 0
SX sY Sz SXY SYZ sXz
2926,  -2054. 463.8 408.5 240.6 229.0
Si s2 s3 SINT SEQV
2984, 4585  -2106.  5050.  4408.

** BENDING ** 1=INSIDE C=CENTER O=OUTSIDE

SX SY. sz SXY sYZ $X2
I 3497, 7000 9267 1137. -9210. -9286.
C 0.0000E+00 0.0000E+00 0.0000E+00 0.0600E~00 0.0000E+00 0.0000E+00
O -3497. 7000 -926.7 -1137. 9210, 9285,

s) 52 s3 SINT SEQV
1 0.1500E+05 261.1  -0.1154E+05 0.2654E+05 0.2303E+05
C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O 0.1154E+05 -261.1  -0.1500E+05S 0.2654E+05 0.2303E+05

** MEMBRANE PLUS BENDING ** 1=INSIDE C=CENTER O=OUTSIDE
SX sY sz SXy SYZ®© SXZ
1 6423, .2754.  1390.  1546. -8969.  -9057.

NAC " | Calcularion No. 457-2003.3
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Immersion Pail Calculation 457-2003.3 (Continued)

E-15166

C 2926. -2054. 4633 4085 2406 2290
0 -571.3  -1354. 4628 -7289 9450. 9515,
Si S2 §3 SINT SEQV
I 0.1593E+08 377.1 -0.1125E+05 0.271BE+05 0.2362E+05
C 2984. 4585 -2106. 5090.  4408.

O 0.1235E+05 -236.5 -0.1451E+05 0.26B6E+05 0.2328E+0S

** PEAK ** I=INSIDE C=CENTER O=OUTSIDE

SX SY SZ sXY SYz Sxz
1 9563 71901 -83.09 -8789 S519 5409
C 8775 T293 4603 2945 4177 -400.1
© 1311 -1088. -1665 2106 4978 4704

S S2 §3  SINT SEQV
11210 1856 -1129. 2340 2026
C 9440 6025 -1040. 1984 1719,
0 1473 2655 -1203. 2766, 2396

** TOTAL ** I=INSIDE C~CENTER O=OUTSIDE

SX SY SZ SXY SYZ SXZ
17379 3544, 1307. 1537. -8417. -8516.
C 2048 -1325. 5098 4055 17701 -170.1
0 7396 -2442. 479.5 -707.9 9948, 9985,

st s2  S3 SINT SEQV  TEMP
1 0.15S4E+05 489.1 -0.1089E+05 0.2642E+05 0.2296E+0S 0.0000E+00
C 2119, 5000 -1386. 3505. 3038

O 0.1318E+05 -1534 -0.152]E+05 0.2839E+05 0.2460E+0S 0.0000E+00
DISPLAY COORDINATE SYSTEM SETTO 1 (CYLINDRICAL)

LIST ALL SELECTED NODES IN RANGE 2184 TO 2474 STEP 290 DSYS= t
THXY THYZ THZX

0.00 0.00 0.00
000 000 0.00

NODE X Y z
2184 22.550 -44.860 23.714
2474 21000 -45.000 23.680

DISPLAY COORDINATE SYSTEM SETTO 0 (CARTESIAN)

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES:
2184 2474

***** POST! LINEARIZED STRESS LISTING ***+*
INSIDENODE = 2184 OUTSIDE NODE = 2474

LOAD STEP
TIME=  1.0000

t SUBSTEP= I
LOAD CASE= 0

THE FOLLOWING X,Y,Z STRESSES ARE IN GLOBAL COORDINATES.

+* MEMBRANE **

SX sy SZ 5XY sYzZ 5XZ

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND. DSYS= 0

NAC
INTERNATIONAL

[ﬁ

Calculation No. 457-2003.3
Revision 0
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-3637. 4140 -1731 1318, -1045. -606.1
$1 82 83 SINT SEQV
1361. -384.1 4218,  S$580. 4944,

** BENDING ** I=INSIDE C=CENTER O=0OUTSIDE

sX SY sz SXY syz §X2
11528, -1088.  1616. 2035  9201.  0.1008E+05
C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O -1528. 1088, -1616. -2035 -9201. -0.100BE+0S

S1 s52 S3 SINT SEQV
1 0.1470E+05 95.24 -0.1274E+05 0.2744E+05 0.2378E+05
C 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E-00 0.0000E+00
O 0.1274E+05 9524  -0.1470E+05 0.2744E+05 0.2378E+05

** MEMBRANE PLUS BENDING ** [=INSIDE C=CENTER O=OUTSIDE
SX sy Sz SXY s8YZ sXz

1-2109. 6733 1599, -1297. 8I56. 9470,

C -3637. 4140 -1731 -1318. -1045. -606.1

O -5166.  1502. -1634. -1333. -0.1025E+05 -0.1068E+05
S1 S2 s3 SINT SEQV

1 0.1211E+05 0.5126  -0.1329E+0S 0.2540E+05 0.2200E+05
C 1361. -384.1 4218,  5580. 4944,
O 0.1275E+05 416.6 -0.1763E+05 0.3037E+05 0.2638E—0S

** PEAK ** [~INSIDE C=CENTER O~OUTSIDE
SX sY sz SXY SYZ SXZ

1-550.5 1956 2313 -1209 4706 -362.5

C 3786 -1340 1598 82.16 3377 2709

0 -536.7 1888 4023 -1194 9430 -875.8
S s2 S3 SINT SEQV

I 5086 -178.7 -9160 1425, 1234

C 6547 1150 -3652 1020, 883.7

O 1021. -1068 -1665. 2686.  2336.

** TOTAL ** i=INSIDE C=CENTER O=OUTSIDE

SX sY sz sXY SYZ SXz
-2660. -478.1  1368. -1418.  7685. 9107
C -3259. 2800 1425 -1236. -707.1 -3352
0 -5702.  1691. -2036. -1457. -0.1119E+0S -0.1136E+05
st 2 S3 SINT SEQV TEMP
1 0.1126E+05 18.89 -0.1305E+05 0.2432E+05 0.2108E+05 0.0000E+00
C 1055, -169.2 -37122. 4777 4298,

O 0.1375E+05 -509.1  -0.1929E+05 0.3304E+05 0.2870E+0S’0.0000E+00

DISPLAYS PUT ON PLOT FILE xxx - RASTER MODE.
/SHOW SEY WITH DRIVER NAME= WIN32 , RASTER MODE, GRAPHIC PLANES = 8

HIDDEN DISPLAY (FACE SORT} IN WINDOW 1|

Calculation No. 457-2003.3
Revision 0

Page B37 of 37

NAC
INTERNATIONAL

A9.2-105



HNF-SD~-SNF-FDR-003

Rev. 0

Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

E-15166

Therea a total of 2 pages in Appendix C.

APPENDIX C

List of Files on 3.5” Diskette

NAC Performed by: Date. Calculation No. 457-2003.3
n INTERNATIONAL wmy 1V =11 -%| Revision 0
Checked by: Date: Page Clof 2
QRS- 1 =119
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07/17/96
11/06/96
11/07/96
11/01/96
11/07/96
11/07/96
11/07/96

03:
02:
09:
:20p
148p
:36p
:01lp

Directory of A:\

25p
57p
59p

15 File(s}

Volume in drive A is EF4572003_3
Volume Serial Number is 0000-0000

1,242
421
3,588
100
577
863
75,593

MAS21.MAC
R_BEAM.MAC
k_pail.mac
MABBR.MAC
NDIS.MAC
TEST1.MAC
kbasl.out

828,116 bytes
627,200 bytes free

NAC
INTERNATIONAL

Calculation No. 457-2003.3
Revision &
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

APPENDIX D
ANSYS Software Verification

There aatotal of ]2 pages in Appendix D.

Provided in Attachment D is the software verification package for ANSYS 5.2 on DEC-ALPHA
XL266 Computer Serial No. 02207. The verification test runs arc listed in a table provided on page 11.
Due to the enormous number output pages, actual p run ion has not been included
with this dix. Comp run d is maintained in files located at NAC International in
Noreross, Georgia.

NAC Performed by: Date: Calculation No. 457-2003.3
ﬂ INTERNATIONAL YY\&\ W~} ~b | Revision 0
" [ Checked by: gzé_ D||7: 96 Page D1 of 12
r1etl-
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R Earuariona
Ve Workmqumandmpon
Date of Raquest: 11-Mer-08 wou...
| Sublect/Projest UMS Design. Ansiyeis wd Liceraing mw
Description of Werk s b Performed:
Complete sty -umamnmmm
wmnnmdw:m—-m Evaluste aromting 10 MAC Quaily Asaursnce
 sgruaemact ot e ANEYS Rovaion .3 sensins mmmmmmumnnnmsw
5.2 Verifomkon Masual. ovaiustion Ravieon 5.2 Verticahon
Nasual
.
ADM @ 327 To e w.-g-mal w\‘& <2 S,i ou.\\gto
:::.” Cawnpubers M sl'-pa v aidecare
as - 5 &.\*m‘ - ooﬂu&u—u.o
Requested Compleson Dete: 20-Mus-98
Nefarsnce CodeaSpactficstions:

EDS Dacument NO. 850-3-01 - UMS™ Design Specificaton, Deted Januay 23, 1598

QAM 22.1 - Sofwers Contre, Rev 2, Darted Feburary 15, 1993
Estimand Charges Budget Charges. Actual Work Charges. Actual Raview
—loptonsl) °
Werk Man-hours {hr.) E)
Review Man-hours 10
_ o)
: Camputer (SUA)
¥ roauirec)
Other (if required)
Compists Dets:
Charge Number: EATIO1008 - ANSYS 5.2 smpueer code verécaton
Funcstona! ianeger Approval: Project Manager Approval W.IL O e
Reaults Synopeis (Complets and work Atschad)
Poformed By, Independent Review By: Approved by Fy ] A
Ty Aom \ - L . 2 Mzt
ey
G/ /2 Wit A amm
e 642£2C om Susho " |om é/;‘g/% o 16 22000
Lo ¥
Swme-projavarkreqls 008, doc
NAC Caleulation No. 457-2003.3
ﬂ INTERNATIONAL Revision 0
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A9.2-109



Appendix A9.2.2

HNF-SD-SNF-FDR-003 Rev. 0

Immersion Pail Calculation 457-2003.3 (Continued)

E-15166

DESIGN REVIEW CHECKUIST

Work Raquest Number: _/ODipg
Scope of Analyaia Flle: AN\SY S '\re.n;i ca,Clon

Review y:  Check of C

Alemate Analysis:

Othars (explain):

Confirm that the Work Request and Report includss:

Statement o PUMPOSE® .. ... ... .iietii e i e e
Defined Method of Analysis . .
Listing of Assumptions . ...,.
Detailed Analysis Record

[ T

ot G

Step Activiies Verificetion
Yes No N/A  Commants

1 | Forthe scope of the defined analyses: M

® Are the required input data complate?
¢ Material Propertias
o Geomatry (Drawing Referance)
e Loading/Source Term
It & supporting anaiysis is requited to define the
load state, has & been verified?

+ Are Boundary conditions acceptable?

2 | Is the method of anaiysis adequate for the defined
scope?

\

Is the worst casa loading/configuration documented? [

Are the acceptance critens defined and compiets? /

Has all concurrent loading baen considered? "

@ o |s {w

‘| Ars analyses consistent with previous WRR for method
and approach?

~

Ara Ihe racords for input and Output complate?

& | Is tracsability to validated software compiete?

9 [ Is the S of C and
comglets and acceptabie for the project and objectives of ‘ﬂ
‘the defined purpose?

Aathony D Mooce ofifae 4om

e D, shefre

n-vymr (Name/Signature)

W

INTERNATIONAL : Revision 0

NAC Calculation No. 457-2003.3

Page D3 of 12

A9.2-110



Appendix A9.2.2

HNF-SD-SNF-FDR-003 Rev. 0

Immersion Pail Calculation 457-2003.3 (Continued)

E-15166

m:@ 2 (circle Applicable Catagry) Projact No:
Cepastar Program Nema: Amza,eum\— 5.2

Aathor: Amao, e
N /A
Barckare Systam(s) whare ingtalled:
TEC - 8YHA XL 246
(Bvevmi no ot2oT)

Progran Description:

A SMAM.AL puepert T 2l wpe
App*h-urﬁu.'{’b rmub mm,vbnamca)
SRR g, fusnifon ot

AT EUNLLLS.

User’s Guide Document No: N/—A— o

Manager, Design and Analysis

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision ¢
- Page D4 of 12
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ERTIFICATE OF VESONICKITON/VALIDKTION

Y Verification —  Validation
Titla of Anndws
o 5.7

Origin of Progrm
Amkyo, ING, Howson . 04 .

Brief Description of Program

%ﬁa&w@w_w%
Apy SLE peCBlimas \\\ STATIED, Dimswucs
e TORMARR|, MNgnence , Pluodlol), ACaumca, %A

TeRusiRR ], 1w LD

Teatad For Wnich Nplication
e Rpd. + THATL AN

Uzp UNeouED Apud DR Fopu~ Tt fdud \SRuedion. wgiet
etfueol T MBravs Mlys CobUTuns 80 Tte. Com oodld
B © TRt U TR ADUS VIR F, MapuBL R Aﬁ‘ﬁmiﬂ:_
Refervnoss/Docmants To Suppart Verificition/validation
g,%wamm Manual (Pew. 520
z,_Q Wated Wwemual , (WL Tl /pev. 52
7. Wl NlnBed Jwmo- oo G

Title of User’s Mamal
&m%a IAEOS b wnl.

Description of Teats /A Crimnl

N A

T £ fose
Chackad By = P Date _SAK/ym— /i

wwﬁb@&é oen 2 J22/%0
Manager, Design and Analysis

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
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ANSYS, REVISION 5.2, COMPUTER CODE
VERIFICATION ON DEC-ALPHA
XL-266 COMPUTER,; SERIAL NO: 02207

Proparsd By | > Dear: 0411011996 WRR Noc100ka

Cosor QDA oe_ g/ % he_L o 30

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
Page D6 of 12
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TABLE OF CONTENTS
Centents Page
Objective ]
Methodology ’ i
Result Comparison iv
Conclusion v
Test Cases and Result Comparison Table vi
References il
Test Cases Input and Output Listing 1
List of ANSYS Element in the Verification Procedure App. A
Propared By ﬂ" Deta: 0671011996 WRE Nex }006a.
Cckad By YN Deas: 1.‘)3 [ Toge L of 343
NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
Page D7of 12
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1.0 OVERVIEW

* ANSYS, Revision 5.2 (ANSYS), an unpublished, general purpose finite element computer code

developed by ANSYS, Inc., is curently installed on two DEC-ALFHA, XL-266 computer
workstations serial sumbers 02207 and 02209. ANSYS is delievered to NAC precompiled, with

inaccessible source codes and horoug, idelines on installation and
hardware requirements. The ANSYS code on DEC-ALPHA, XL-266 computer platform serial
number 02207 is verified in this work request for I and thermal disciplines in

. with NAC ional Quality A d

2.0 OBJECTIVE

ANSYS, Inc. documented the verification of & wide range of ANSYS elements and capabilities in
the ANSYS Verification Manual (Ref. 1) for straightforward problems with classical or readily-
availabie theoretical solutions. The vetification of the program, according 1o ANSYS Inc, is
conducted in line with written procedure that form part of an overall Quality Assurance program
at ANSYS, Inc. The main objective of this package, therefore, is to further verify the quality of
ANSYS solutions ottained on DEC-ALPHA XL-266 computer platform serial number 62207 to
similar ANSYS solutions docurnented in the ANSYS Verification Manual {Ref. 1).

3.0 METHODOLOGY
A sct of thermal and I el (Appendix A) that are ly used for I and

heat transfer analyses in the EDS group are selected from the ANSYS Revision 5.2 element
library for verification. The ANSYS Vernification Manual (Ref.1) demonstrates a wide range of

ANSYS el and ilities in simple problems which have classical or readily obtainable
heoretical soluti and it d futh the close agr of the ANSYS
to the theoretical results ie., texb of technical publications. The applicable

problems documented in the ANSYS Verification Manual serve as the basis for additional

[ | ; Dute: 06101996 WRR Nec1006s

Coked By QW /W /% P’ of 343

P

NaC

Calculation No. 457-2003 3

INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

verification and qualification of ANSYS capabilities for structural and heat transfer applications
on the DEC-ALPHA XI1.-266 computer platform serial sumber 02207.

The selected ANSYS elements and capabilities that are specific to EDS engineering applications
are verified using the input data from the ANSYS Verification Mamual for all applicable elements.
The relevant input data used for the verification were extracted from the ANSYS Verification
Marwal davabase (Ref. 2), and executed for ANSYS solution without any modification to the
input data. The ANSYS solution obtained on the DEC-ALPA XL266 computer platform serial
number 02207 for selected ANSYS el ad bilities were then compered to similar
sohstions documented in the ANSYS Verification Manual. Total of 50 structural and heat transfer
test cases, some involving more than one slement type in 2 single analysis pass, were examined.

4.0 RESULT COMPARISON

The verification of the ANSYS code on DEC-ALPHA X1.266 computer platform serial mumber
02209 is completed and documented in work request number UMS-1006 (Ref 3). The
verification package in work requast number UMS 1006 compares analyses solutions from the
DEC-ALPHA X1.266 computer platform serial sumber 02209 to similar solutions in the ANSYS
Verification Manual and presented the result in terms of percentage differences between the two
ANSYS solution outputs. The DEC-ALPHA X1.266 computer platform serial number 02207
upon which the ANSYS verification is performed in this work request is identical to the DEC-
ALPHA X1.266 computer serial number 02209 upon which ANSYS is verified in work request
number UMS 1006, It follows, therefore, that the ANSYS solutions obtained from DEC-ALPHA
X1.266 serial number 02207 in this work request (WRR 1006a) must be identical to the ANSYS
solution obtained from DEC-ALPHA X1L266 computer serial number 02209 in work request
number UMS-1006 (Ref 3), given identical problems and hierachy of ANSYS commands in the
analysis input streams. This is the corollary upon which the verification of the ANSYS code on
DEC-ALPHA X1.266 computer serial mumber 02209 in this work request is based. In line with
the asserted .gmnuy the verification test case and result table below shows that there is no
difference in the ANSYS solution in this package for DEC-ALPHA X1.266 computer platform

Praparsd By, l 2 Dume: 0610/199%6 'WRR No:1006a
Cmcked By: __ A DM\ Dute: (.{;‘I% ek oo

NAC Calculation No. 457-2003.3
INTERNATIONAL Revision 0
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued)

seris] pumber 02207 and the ANSYS solution in the analysis package number UMS-1006 for
DEC-ALPHA XL.266 computer platform serial mumber 02209,
5.0 CONCLUSION

ANSYS, Revision 5.2 finite element computer code that is currently instalied on the DEC-
ALPHA X1.266 computer platform, serial munber 62207, gives solution that are in agreement
with the ANSYS solution documented in the ANSYS Verification Manual for all related identified .
NAC verification test cases.

Propured By: s Dese: OK/10/1996 WRR Nocl006a

Chacked By__ADM Dute; k‘llﬂ! MS_HW

NAC Calculation No. 457-2003.3
n INTERNATIONAL Revision 0
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VERIFICATION TEST CASES AND RESULTS TABLE
(DEC-ALPHA XL266 COMPUTER SERIAL ¥ 02207)

Toul Case Nusnber | Pags Loostion | ANSVS Emman Typals) ANSYS [ Rems o' |
R No 11 IhWAR Php. VM Caes 8
LINKY
COMB14-COMBAO
SH| 3]
54 A
u&!
2% Pun:l;-conru
» BEAM 23 F)]
] _PLANER
5 e NI CONT12 T
4 LINKYO 3
PLANESS
8 B 1) )
& — e —
] al 1
164 SOLDEILIDTZ SOUDTY _ 37
124 PLANEDS =)
— SHELLST -
'] R ]
T FLAN s
1% 5 =
3
0
[}
1]

§
d

&
-
5

i
§
¢
G

bt

266 PUANETY EYT)
210 I@j 127
218 [F7)
) NESS
k) mmun%%ms&
24 F) LIC4E-304
£ Frd
% 261 scum%-umn 148
37 _covaxMagsa Y58
") 1 “UABSTI-LINA-COMBIT 150
) ) $OLIDSC 161
= I PLANE 1 3-COMBIZ 171
E<7) COMDT-SEAN 178
30 PLANE £2-CONT48-SOLIDS-CONT 40 Y91
367 HYPESS-CONT20-HYPET4-CONTABHYPESS-BH] 20
SKELLZS =]
PLAVE 2. PLANER? s
SOUDS SHELLAY 7
408 MABSZ1 13
) soubssm%ﬂm 184
) &7 COMBY-COMBY&-LINKI | 195
% 4 SHELLGY F=)
Note:
! The reioof. 3 (WRR UMS-1006)
? Tha razio of it 1 (ANSYS Varificatios Manual)
* ™ paciage in Ret. 3 (VRR UMS-1006). They are, theratery, considered imeievent
Propursd By: (’1‘? Dete: 06/10/1996 < WRRNx1006a
ottty AV e Gfii/tp ez of 363
- W
NAC Calculation No. 457-2003.3
n INTERNATIONAL Revision 0
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. REFERENCES
1.0 ANSYS Revision 5.2 Verification Manual, ANSYS, In¢.

2.0 DEC-ALPHA X1266 Computer Platform; D:\ansys52\datatverift
{Computer Serial No 02207)

3.0 “ANSYS Revision 5.2 Verification” DEC-ALPHA X1.266 Computer; Serial No. 02209,
WRR No. UMS-1006, Dated 5/2/96, Prepared By Anthony Moore.

Proparnd By ‘& Dete: DE10/1986 WRR Ne:1006s
Comckmt 8y__ADM owe__fiL/9% ot o 303

e
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n INTERNATIONAL Revision 0
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NAC
INTERNATIONAL

CALCULATION PACKAGE | Work RequestCale No:

COVER SHEET 45720052
PROJECT NAME: TELENT:
K Basin Operations Equipment Hanford (Transnuclear, Inp?y
CALCULATION TITLE:

Immersion Pail Stand

PROBLEM STATEMENT OR OBJECTIVE OF THE CALCULATION:

This calculation evaluates the immersion pail stand wtilizing the load factor requirements defined in
ANSI N14.6 (Reference 7.3). The immersion pail stand is part of the TN-WHC Cask and Transportation
System 1o be used at the K-Basin Area of the Hanford site.

Revision | Affected I Revision Preparer Checker Project Manager
Pages Description Name, Initials, Name, Initials, Approval/Date
Date Date
0 1 thru 22 Original Issue Jeftrey R. Dargis Ravi Singh Thomas A. Danner
11-10-96 11-14-96 11-15-96
1 1,3th | Revised method | Jeffrey R. Dargis Ravi Singh Fhonees ) Q o 1
23 of caleulating R % =< %
margin of safety. 9 2/z[76
¢ ’ 1R-24c /27 e/

Total Pages ___ 23
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INDEPENRDENT DESIGN VERIFICATION CHECK SHEET
Work Réquesthalculation No: 457-2005.2 Revision _Q

Scope Of Analysis File:  This calculation evaluates the immersion pail d stand utilizin:

the load factor requirements defined in ANSI N14.6.

Review Methodology: Check Of Calculations
Alternate Analyses e
Other (Explain) —

Confirm That The Work Request / Calculation Package Reviewed Includes:

1. Statement of Purpose <N
2. Defined Method of Analysis s —
3. Listing of Assumptions e =
4. Detailed Analysis Record =3
5. Statement of Conclusions / Recommendations {if applicable) E
Verificstion
Step Activitiss Yes No Na& Comments.
4 For the scope of the defined analysis:
A. Are the required data input compiete? v
1. Material properties
2. Geometry (drawing reference) /
3. loading source term
if a supporting analysis is requirad to vV
define the load state, has it been
defined? v
B. Are boundary conditions acceptable?
2 Is the method of analysis adequate for the defined scope? —
3 Is the worst case loading/configuration documented? v
4 Are the accaptance criteria defined and complete? v
5 | Has all concurrent ioading been considered? v
6 | Are analyses consistent with previous work for method and NBW CALC
approach? v PACLAGE -
7 Are the records for input and output compiete? e
8 |is itity ‘0 verified software w v S
VSED.
9 [Isthe of and r dations
and acceptabie for the project and objectives of the defined
purpose?
RAV| | g ) Iﬂ‘? [
Reviewer (Name/Signature; Daze
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET
Work Request/Caiculation No: 457-2005, Revision _1_
Scope Of Analysis File:  This calcuiation evaluates the immersion pail stand stand utilizin
the lo ctor requiremen fined in ANSIN14.6,
Review Methodology: Check Of Calculations zs
Alternate Analyses —
Other (Explain) —
Confirm That The Work Request / Calculation Package Reviewed Includes:
1. Statement of Purpose AN
2, Defined Method of Analysis =X N
3. Listing ef Assumptions =4S
4. Detailed Analysis Record -
5. Statement of Conclusions / Recommendations (if applicable)
Verification
Ste) Activities Yes  No NA Comments
1 For the scope of the defined analysis:
A Are the required data input complete?
1. Material properties v
2. Geometry (drawing reference) v
3. Loading source term
If @ supporting analysis is required to v~
define the load state, has it bean
defined?
B. Are boundary conditions acceptable? v
2 Is the method of analysis adequate for the defined scope? N
3 | s the worst case loadingiconfiguration documented? 7
4 Are the acceptance criteria defined and complete? vz
5 Has alt concurrent loading been considered? v
6 Are analyses consistent with previous work for method and
approach? v
7 | Are the records for input and output complete? 4
F] Is traceability to verified software complete? v 0 SOFTWARE]
. VSED,
9 is the of ¢ ns and r compiete
and acceptable for the project and objectives of the defined /
purpose? o
_RAVI < _12/2) 9%
FEviewer (Name/S:gnatore] Tate
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TABLE OF CONTENTS
Section Description Page
— Calculation Package Cover Sheet 1
— Independent Design Verification Check Sheet 2
- Table of Contents 4
1.0 psis of Resuits s
2.0 Introd /Puspose 5
3.0 Method of Analysis 5
4.0 A ions/Design input 8
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Appendix A9.2.3 Support Structure Calculation 457-2005.2 (Continued)

1.0 SYNOPSIS OF RESULTS

Summary of Stress Analysis
Drawing | ftem | Component : Applied | Design Calculated | Allowable | M.S.
No. No. Load Check Loading
457-102 {98, | framestand |5W buckling 300 kips 1,064 kips | 0.72 }
99 assembly
457-102 [ 4,7, | tie plates SW compression | 480 psi 694 psi 0.31 |
8,9, f
15, [
16,
17,
18
457-102 |5 | comer post | 5W buckling 72,500 1bs | 75,000 Ibs | 0.03
i
457-109 | 4 lock pin W double shear ! 49.0 ksi 81.0 ksi 040 ]
457109 |10 | guide [3W [ boaring 160kst | 54ks | 070 ||
assembly [ i

The immersion pail support structure design meets the criteria defined in Section 4.2.

2.0 INTRODUCTION / PURPOSE

This calculation evall the i ion pail stand utilizing the load factor requirements defined
in Reference 7.3. The immersion pail stand configuration is part of the TN-WHC Cask and
Transportation System to be used at the K-Basin Area of the Hanford site. The immersion pail
stand design was initially evaluated in Reference 7.1.

3.0 METHOD OF ANALYSIS

Hand calculations using classic textbook solutions are used to structurally evaluate the
immersion pail support structure. Per Reference 7.14, the design considers the entire pail
resting weight will be distributed to two (2) of the four (4) corner column supports.

The design will be assessed using the load factors discussed in Section 4.2, The acceptance
criteria defined in Reference 7.3 limits the lifting induced tensile stresses to the lesser of:

NAC Performed by: Date: Calculation No. 457-2005.2
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(a) one-third material yield strength; or
{b) one-fifth the material ultimate strength.

Shear stresses will be limited to 0.6 times the tensile stress limits.

Buckling loads will be determined based on a load factor of 5.0. The critical buckling load will
be determined per Reference 7.10.

el

The following evaluations are dc d within this

Frame Stand Buckling Evaluation;

Tie Plate Evaluation;

Corner Post Assembly Buckling Evaluation;

Guide Assembly Evaluation; and

Base Assembly - Upper Assembly Joint Evaluation.

3.1 [Frame Stand Buckling Evaluation

This evaluation will determine the critical buckling load for the stand assembly as a
single unit, (simultaneous buckling of the entire assembly using the combined cross
section of all eight tube steel columns, tie plates excluded). The buckling criteria of
Reference 7.10.2 will be used. The applied load will be 5 x the dead weight loading.

To evaluate net stand buckling, the following steps are performed:

The net cross section properties are determined;

The kVr parameter is determined;

The maximum allowable section axial stress is determined;

The critical buckling load is determined: and

The applied axial load (5W) is compared to the critical buckling load.

3.2 Tie Plate Evalyation

Tie plates are used to reduce the buckling potential of the corer assemblies by making
the mid-section (upper-to-lower stand section joint) behave as a frame unit and to assist
in the installation/fabrication of the stand.

The tie plates are concentrated at the mid stand height to ensure the midpoint can be
weated as an inflection point (pinned-pinned end condition, no tendency for lateral
movement under load) for the comer assembly buckling evaluation (See Section 3.3).

‘n

NAC Performed by: Date: Calculation No. 457-2005.2
INTERNATIONAL QQB’ 1-Q8 3L | Revision 1

Checked by: Zf D‘a‘tk s[? " Page 6 of 23.

A9.2-125



E-15166
HNF-SD-SNF-FDR-003  ReV- ©

Appendix A92.3 Support Structure Calculation 457-2005.2 (Continued)

The following steps are performed:

» The size of the tie plates is determined;

e The required spacing between tie plates is determined:
= The tie plate design Joad is determined;

¢ The compression load on the tie plates is evaluated; and
* The tie plate welds are evaluated.

3.3 Upper Frame Corner Post Assemblv Buckling Evaluation

Each corner post assembly is composed of two 4x4 tubing sections connected by corner
plates. The corner plates are installed in pairs of two,

The buckling capacity is evaluated by determining the critical buckling length of the 4x4
tubing only. The length determined is then compared to the existing maximum fength
available 10 buckle in the critical mode.

The buckling length is determined by the following steps:

o The tube cross section properties are determined;
o The axial load is determined: and
» The maximum allowable load is determined and compared to the axial load.

3.4  Guide Assemblv Evaluation

The guide assembly is comprised of & solid block element and a slide lock pin
arrangement. By inspection the solid block guide and lock pin flange (with bolting) are
adequate. Only the lock pin requires evaluation. For the lock pin, bearing and double
shear design checks are evaluated,

3.5 Base Assembly-Upper Assembly Joint Evaluation

The base and upper stand assemblies are connected by a solid connector plug inserted
within the 4x4 column tubing. The connector is full penetration welded to the base side
tubing. The load path under loading conditions is through bearing at the tube steel-to-tube

steel interface. The and its welds serve ali and connectivity
functions only. No structural evaluation is required.

INTERNATIONAL. +-2E-FC | Revision | |
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Appendix A9.2.3 Support Structure Calculation 457-2005.2 (Continued)

40  ASSUMPTIONS / DESIGN INPUTS
4.1 Assumptions
There are no unverified ptions within this calculati
42 Design Criteria
4.2.1 Tensile Stresses
Calculated tensile stress (based on load factorof 3) < Sy (Ref. 7.3}
Calculated tensile stress (based on load factor of 5) < S umme  (Ref. 7.3)
422 Shear Stresses
Calculated shear stress (based on load factor of 3) < 0.6 x S04
Calculated shear stress (based on load factor of 5) < 0.6 X Syimate
423 Bearing stresses
Calculated bearing stress  <1.5x 8, (Ref.7.7.3)
4.24 Buckling Design
Calculated buckling load (based on load factor of 5) <P,
425 Material Properties / Stress Design Checks
All components evaluated within this WRR are made of A500, A36 or AG54
carbon steel.
Poison’s ratio = 0.3
Modulus of Elasticity . E = 28.3 x10° psi (Ref. 7.7)
Normalizing the material yield and ultimate strengths by the Reference 7.3 load
factors yields the following (See Section 4.2.1 for load factors):
AS00 GR B Carbon Stec|
{Reference 7.10.7)
Fv: 46 ksi
Fu: 58 ksi
Fy3 = 46,000/3 = 15333 psi
FJ/S = 358000/5 = 11,600 psi
NAC Performed by: Date: Calculation No. 457-2005.2
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Appendix A9.2.3 Support Structure Calculation 457-2005.2 (Continued)

ASTM A36 Carbon Steel
(Reference 7.10.8)

Fy: 36 ksi

Fu: 58 ksi

F,/3 = 36,0003 = 12,000 psi
FJ/5 = 58,000/5 = 11,600 psi

STM A564 n Steel

Guide Pin Only

{Reference 7.15)

Fy: 105 ksi

Fu: 135 ksi

F,/3 = 105.000/3 = 35,000 psi
F/5 = 135,000/ = 27,000 psi

Based on the above comparisons of yield and ultimate allowables for the three (3)
materials, comparing a factor (LF) of 5 against ultimate is more restrictive. Only |
the limiting condition is evaluated within this WRR.

4.3  Design Conditons

Load: 60,000 Ibs
Temperature:  Ambient, 100 °F
Lifting: Two Point Lift (set) condition is design controlling per Reference 7.14.

4.4 Component Properties

441 Tubesteel
(Reference 7.10.1)
size: 4x4x05

I 123 in*
r 13%in
area:  6.36 in’
matl: A36

442 Tie Plates
size:  1/2” plate

NAC Performed by: Date: Calculation No. 457-2005.2
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4.5 Elevations of the Fue| Pit

“»

Pit floor elevation:

Fuel floor elevation:
Load pit floor elevation:
Top of pit wall elevation:
Water elevation:

5.0 - ANALYSIS DETAIL

ce 7.1

- 259"
- 209"
00"

<2ng"
- 419"

5.1

Frame Stand Buckling Evaluation

5.1.1 Net Cross Section Properties

The frame stand consists of eight (8) vertical 4” x 4” x 0.5” tube steel members.
Since the T and r of a tube are the same for any orientation, consider the effective

section as follows (Reference 7.6.2):

36.87"

Centerline
of wbe
steel

Per Reference 7.6.2:

48.06”

L, = 5687"-(2x6.18")
= 4451in
L, = 4806"-(2x6.657)
= 3476in
NAC Performed by: Date: Calcutation No. 457-2005.2
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The moment of inertia of the effective section, I, is:

1 = ZAy +Zl
= [(Bx636)x (34.76 / 2"} + (8x (12.3))
= 15467m"

= 1744
5.1.2 ki Parameter

Due 1o the location of struts at each corner assembly of the upper stand, consider
k = 0.8 (Reference 7.10.3). The length, 1, is:

I = 160"+156.5" (Reference 7.6.2)
= 316.5" :

= 317in

Therefore:

Klifr = 08x(317)/17.44

= 14.54

5.1.3  Maximum Aliowable Section Axial Stress

Per Reference 7.10.2 and conservatively using the A36 allowable in lieu of the
A500 Gr B allowable (i.e., AS00 Gr B has a yield strength of 42 ksi compared to

36 ksi for A36):
atklr = 14.54,
F, = 2092 ksi
NAC Performed by: Date: Calculation No. 457.2005.2
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Appendix A9.2.3 Support Structure Calculation 457-2005.2 (Centinued)

5.1.4 Critical Buckling Load

P, = F,xA
= 20,920 x (8 x 6.36)
1,064,410 Tbs

]

5.1.5  Axial Load (5W, for buckling consideratiol
Axial load = 5x60,000
= 300,000 lbs
The axial load is less than the critical buckling load, P, :
300,0001bs < 1,064,410 Ibs

The stand will not buckle as a frame assembly if the tie plate bracing is
demonstrated to be adequate (Section 5.2).

5.2 Tie Plate Evaluation

5.2.1 Sizing Of Tie Plates

The frame will be braced using 1/2" tie plates on all four (4) sides. The upper
frame (stand) assembly is designed with one (1) open side for placement and
removal of the immersion pail.

The tie plate requirements per Reference 7.10.9 are:

... the end tie plates shall have a length of not less than the distance between the
tines of fasteners or welds connecting them to the components of the member.
Intermediate tie plates shall have a length not less than 1/2 of this distance. The
thickness of tie plates shall not be less than 1/50 of the distance between the lines
of fasteners or welds connecting them to the components of the member.”

L; = maximum distance between welds of tie plates.
= 44in

L; = minimum width of end tie plates
= L1
= 44in

Checked by Date, Page 12 0123 |
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Ly = width of diate tie plates
= 12L,
= 22in
t = minimum thickness of tie plates
= 150L,
= 0.88in

Tie plates used in this design are 0.5 in thick. Note that this is in violation of the
requirements stated in the A1ISC Code. However, the AISC allows exception to
these requirements, provided that stress allowable reduction factors for slender
compression elements are applied (See Section 5.2.4).

Spacing Between Tie Plates
The tie plate spacing requirements per Reference 7.10.9 are:

“Compression members composed of two or more shapes separated by
intermittent fitlers shall be connecied at these fillers at intervals such that the
slenderness ratio kl/r of either shape, between the fasteners, does not exceed 3/4
times the governing slendemness ratio of the built-up member. The least radius of
gyration r shall be used in computing the slenderness ratio of each component
part.”

kUrcamposie = kl/r of composite section from 5.1.2
= 14.54
KVtcomponen. = kI/T of component section

Per Reference 7.10.9:

KVl pmponem < 0.75 xk]/rq,,,“,‘,siXe

r = radius of gyration of component section
= 139
k = effective length factor for component section
= 1.0
Lecmponert = maximum length of comp section (i.e., di between tie
plates)
0.75x 14.54 x 1.39
15.15n
NAC Performed by: Date: Calculation No, 457-2005.2
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Appendix A9.2.3 Support Structure Calculation 457-2005.2 (Continued)

Therefore. the maximum permissible spacing between tie plates is 157

5.2.3 Tie Plate Design Load

The tie plates are not subject to any side loads. therefore they will be designed to
the load requirements of Reference 7.10.9:

“...resist a shearing stress normal to the axis of the member equal o0 2% of the
total pressive stress in the ber.”

w = Load on frame.
= 60,000 lbs

LF = Load factor for uitimate.
= 5

f = Two point lift criteria reduction factor
= 2

Fesign = Frame Design Load
= 60,000x5x2
= 600.000 Ibs

Fiepme =  Tie Plate Design Load
= 002X Fagy
= 0.02 x 600,000
= 12,000 Ibs

524 Tig Plate Evatuation
For the evaluation of a tie plate of mimimum width equal to 22” and maximum

width equal to 507, both with a thickness of 1/2”, the AISC Code (Reference 7.10,
page 5-36) contains the following limitations:

5 5
b/t £ —= < -ii— < 16
JE V36
For 50" plate:
alt = 100
NAC Performed by: P S- Date: Calculation No. 457-2005.2
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Appendix A9.2.3 Support Structure Calculation 457-2005.2 (Continued)

For 22" plate:
it = 44

Since b/t > 16 in both cases, a stress reduction factor must be applied. Note that
this falls in line with thickness conclusion in Section 5.2.1 of this calculation.

The stress reduction factor is calculated per Equation A-B5-4 of AISC Code:
when: b/t >
where: k. = 4.05/(h/ 0" for h/t>70; and
ke = 1.0forh/t<70.
h = b
then: Q; =  stress reduction factor
= 26200k /[F,x o)}
For 50” plate: % - 27
|
4.05 _
(100)°%
For 22" plate: ]2 = 325
}6
1.0

Since b/t is greater for both size plates, for the 50" plate

Qso = 26200k /[F, x (b)’)
= 0.036
For the 22” plate:

26,200k / [F, x (b))
0376

NAC Performed by: Date: Catculation No. 457-2005.2
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Appendix A9.2.3 Support Structure Calculation 457-2005.2 (Continued)

For 22" plate:
bt = 44

Since b/t> 16 in both caécs, a stress reduction factor must be applied. Note that
this falls in line with thickness conclusion in Section 5.2.] of this calculation.

The stress reduction factor is calculated per Equation A-B5-4 of AISC Code:

195

when: b/t >

where:k, = 4,05/ (h/0™* for h/t> 70; and
ke = 10forh/t<70.
h = b

then: Q, stress reduction factor

26,200k, / [F, x (b/t)*]

i

For 50 plate: ?132,= - m7
\

4.05
(100)°%
195

36

10

For 22" plate:

Since b/t is greater for both size plates, for the 50” plate

Qo = 26,200k, / [F, x (b4)}]
= 0.036

For the 22" plate:

Q= 26200k, [F, x (b1))]
= 037
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From Reference 7.10, page 5-101,

Q = Qs 0.036
Qu = 037
—
oL o |2x 7 xE
30 J QxF,

_ [2x 7’ x29E3
0.036 x 36
647

2x 7' xE

QxF,

_ }2 x 7 x 20E3
0.376 x 36
205

Cop =

For a plate with both ends welded:

k= 065
1 = [
= d4in

= 0289x1

= 0.289x0.5
= 0.1445

Klir = 65x44/.1445
= 198

(Reference 7.10)
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INTERNATIONAL yf & 112596 | Revision |
Checked by: Date; Page 16 of 23
£2 nzs/5e

A9.2-136



Appendix A9.2.3

HNF-SD-SNF-FRD-003 Rev. O

Support Structure Calculation 457-2005.2 (Continued)

E-15166

Since klUr < C’, for both the 50" and 22 plates:

Fup = Stress allowable in compression, 50" plate
m)z
r
x[1- xF,
g 2xc |

_—
] 3x(kxl] [kxl)
+ T r

3 8xC, gxC,;’

{198y
036 x [1- 2 |x36
0.0 x[l Tvieany X

5, 3x(198) (19%)’
3 Bx647 | 8x(647)

= 0.694 ksi
Fa, = Stressallowable in compression, 22” plate
0.376 x lﬂ) x36
2x(205

C s, 3x(es (%)
3 8x205  8x(205)
= 3.769ksi

The actual axial stresses are:

Oaiat 0= 12,000/ (50 x 0.5)
= 480 psi

Swimn= 12,000/(22x0.5)
= 1091 psi

Both actual stresses are less than the allowable, therefore the plates ranging from
22710 50” wide with a 1/2” thickness are acceptable,

Checked by Date;, Page 17 of 23
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Since kUr < C, for both the 50” and 22" plates:

FISO

Stress allowable in compression, 30" plate

kxlj’

T
Qx I-ZXC'Z xF,

_‘
, o (=
+ r r

3 8xC, 8xC;}

2
0.036 x [ = 7(—] 98) :, x36

2 x (647)
RIS e
s, 3x(19%8)  (198)

3 8x647  Bx(647)

0.694 ksi

Stress allowabte in compression, 227 plate

0376 x |:l = (198) f—J x36

2x (205)°

5, 3x(198) (198
3 8x205  8x(205)
3.769 ksi

The actual axial stresses are:

Oaxial 50 =

Saxial 22~

Both actual stresses are less than the allowable, therefore the plates ranging from

12,000/ (50 x 0.5)
480 psi

12,000/ (22 x 0.5)
1091 psi

22" to 50” wide with a 1/2” thickness are acceptable.
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52.5 Tie Plate Weld Evaluation
The plates will be welded on both edges with double line fillet welds. For 50"
plate, the weld length is = 34", which is twice the AISC Code requirement of 1/3
the plate width = 50/3 = 16.7”. Similazly, the 227 plate weld length is 147, which
is twice the AISC Code requirement of 22/3 = 7.3".
Therefore, the weld design is adequate.

53 C t Assembly Buckling Ev: ion
5.3.1 Tube Cross Section Properties

Per Section 4.4.1:

Tube steel

size = 4x4x0.5
1 = 123’

r = l.39in’

area = 6.36in"

5.3.2 Axial Load

Per Reference 7.16, the maximum lift load for Condition I and IV is < 58,000 Ibs.
For eight tube columns, the axial load per column is:

Foowmn = LFXWx2/8(2 point set)
= §$x58000x2/8
= 72,500 lbs

5.33 Buckling [ oad Evaluation

The bracing configuration was designed 10 ensure the stand will effectively
behave as a frame assembly. However, due to the non braced section on the upper
frame assembly, a localized buckling evaluation is performed. The upper / lower
frame assembly connection will serve as a pinned connection point (k= 1.0
applies).

Per drawing Reference 7.6.2. the maximum actual length, L, ,

La = 156in
= 130f .
NAC Performed by Date: Calculation No. 457-2005.2
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Per Reference 7.10.6, with k1 =1.0x 13 =13.0:

The 1 allowable ic load is = 75 kips.

Since the applied load is less than the maximum allowable concentric load. the
corner tube will not buckle and is adequately designed against buckling failure.

54 Guide Assembly Evaluation
5.4.1 Bearing Check
The pin bearing area is;

Consider Jock pin extends 90% thru guide, therefore extension length per item 98
of Reference 7.6.4,

L [0.9 x (10.58 - 0.5 end pin chamfer )] - 1.5 (gap)
7.572in

[}

Pin bearing width, W , is

W = 15-2(0.13).
= 124in
Bearingarea = LxW
= 7572x1.24
= 939 in’

Therefore, the bearing stress (guide assembly is A36 material, pin is 17-4PH) is:

StresSpearing = LFx(W/2)/area
5 x (60,000 /2)/ 9.39
15,974 psi

now

Safety Margin= 1 - (stress / {1.5 x $,))
1-(16.0/(1.5 x 36))

0.70
NAC Performed by: y Date: Cateulation No. 457-2005.2
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542 Double shear of the Lock Pin

- E

shear area = W
= 1.24x124
= 1530’
shear stress = LF x (W /2)/(2x shear area)
= 5x(60.000/2)/(2x 1.53)
= 49,020 psi
Safety Margin = 1 - (shear stress / (0.6 x S,))
= 1-(49.0/(0.6x135)
= 1-(49.0/81.0)
= 040
NAC Performed by: Date: Talculation No. 457-3005.2
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60 SUMMARY OF RESULTS/CONCLUSIONS

Summary of Stress Analysis

Drawing | Item | Component | Applied | Design Calculated | Allowable | M.S.
No. No. | Load | Check Loading
457-102 |98, |framestand |SW f buckling 300 kips 1,064 kips | 0.72 ]
59 bly
457-102 14,7, | tie plates 5w compression | 480 psi ! 694 psi 031 ]
8,9, | : )
15, i
16,
17, {
18
457-102 {5 i corner post  SW buckling 72,500 1bs | 75,000 ibs | 0.03
i
457-109° | 4 lock pin 5w double shear | 49.0 ksi ~§ 81.0 ksi 040 ]
457-109 110 guide 5w bearing 16.0 ksi l 54 ksi 0.70 [
+ assembly | i

The immersion pail support structure design meets the criteria defined in Section 4.2,
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7.1 Preliminary Design Anal);sis Report For The TN-WHC Cask and Transporation System
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Transnuclear, Inc.
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73 ANSIN14.6
American National Standard for Radioactive Materials
“special lifting devices for shipping containers weighing 10,000 Ibs (4,500 kg) or
more” :

74  Roark’s Formulas for Stress and Strain, 3rd edition.
7.5 Hanford ECN 191402.

7.6 K Basin Immersion Pail Assembly TN WHC Transport Cask Drawings.
7.6.1 Project 457, Drawing 101, sheet 1 /1.
7.6.2  Project 457, Drawing 102, sheets 1,2/2.
7.6.3 Project 457, Drawing 103, sheets 1,2 /2.
7.6.4 Project 457, Drawing 109, sheet 1/ 1.

7.7 ASME Boiler & Pressure Vessel Code, 1995 edition.
7.7.1  Section II-D, page 99, Table 1A.
7.7.2  Section I-D, page 6, Table 1A.
7.7.3 Section 111, NB-3227.1(a).
7.7.4 Section II-D, page 432, 496.

78 Blodgett’s Design Of Welded Structures, 1966.
7.8.1 Page3.2-16
7.82 Page3.2-1
783 Page3.2-14

7.9 Not Used.

NAC Ferformed by: Due: Calcvlation No. 457-2005.2
INTERNATIONAL el J/wE G | Revision | |

Checked by Date; Poge 22 o1 23
L i 2596 I
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7.10  AISC Manual Of Steel Construction, 9th edition.
7.10.1 Page 1-96
7.10.2 Page 3-16
7.10.3 Page 5-135
7.10.4 Page 5-37 (Section B7) and 5-42
7.10.5 Page 1-103
7.10.6 Page 3.43
7.10.7 Page 1-92
7.10.8 Page 1-7
7.10.9 Page 5-43

7.11  Not Used.

i
7.12  Machinery's Handbook, 22" Edition.
7.12.1 Page 287

7.3 Mark’s Standard Handbook for Mechanical E
< 7.13.1 Page5-30

7.14  Meeting Minutes, NAC/TN, September 1996.
7.15  ASTM Annual Book of ASTM Siandards.
Volume 01.01, Page 404
1010 Drawn Tubing.

7.16 WRR-457-2003.2,

NAC Performed by: Date: Calcuiation No. 457-2003.2
n INTERNATIONAL Fre /1n25—5¢ | Revision |
. ' Checked by 7_7( Daltlezly[ﬁﬁ Page 23 of 23
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NAC CALCULATION PACKAGE | Work Request/Caic No:
ﬂ INTFRNATIONAL COVER SHEET TPTRY
PROJECT NAME: CLIENT:
K Basin Operations Equipment ) Hanford (T
CALCULATION TITLE:
Lift Beam Evaluation

K-Basin Area of the Hanford site.

PROBLEM STATEMENT OR OBJECTIVE OF THE CALCULATION:

This calculation evaluates the lift beam wtilizing the load factor requirements defined in ANSI N14.6
(Reference 7.3). The lift beam is part of the TN-WHC Cask and Transportation System to be used at the

Revision | Affected Revision Preparer Checker Project Manager
Pages Description Name, Tnitials, Name, Initials, Approval/Date
Date Date
0 1 thru 13 Original Issue | Jeffrey R Dargis Ravi Singh Thomas A. Danner
11-13-96 11-14-96 11-15-96
1 1.3thru | Revised method | Jeffrey R. Dargis Ravi Singh
14 | of calculating Re ¢ %—J&ﬂo
margin of safety.
& Y| fes-ae wzshe #fesfre

Total Pages 14
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET
Work Request/Calculation No: 457-2005.3 Revision _0
Scope Of Analysis File:  This calculation structurally evaluates the lift beam utilizing the load
factor requirements defined in ANSI N14.6.
Review Methodology: Check Of Calculations ES
Alternate Analyses -
Other (Explain) =
Confirm That The Work Request / Calculation Package Reviewed Includes:
1. Statement of Purpose (=S
2 Defined Method of Analysis es
3 Listing of Assumptions
4. Detailed Analysis Record =
5. Statement of Conclusions / Recommendations (if applicable) BS
Verification
E Activities Yes  No NIA Comments
1 For the scope of the defined analysis:
A. Are the required data input complete?
1. Material properties v
2. Geometry {drawing reference) v
3. Loading source term
i a supporting analysis is required to \/
define the load state, has it been
defined? I/
B. Are boundary conditions acceptable?
2 Is the method of analysis adequate for the defined scope? v
3 Is the worst case loading/configuration documented? v
4 Are the acceptance criteria defined and complete? /
5 Has all concurrent loading been considered? v
6 Are analyses consistent with previous work for method and NEW cALT
approach? v PACRAGE
7 Are the records for input and output compiete? v
8 | s traceability to verified software complete? /1 ND SOFT WRRE |
V5ED.
9 | Is the statement of 1s and
and acceptable for the project and objectives of the defined \/
purpose?
_RAVL Sivak GtamndsSee/ | iafs
Reviewer (Name/Sionatuter [ T Bhte

2
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET
Work Request/Calculation No: 457-2005.3 Revision _1
Scope Of Analysis File:  This calculation structurally evaluates the lift beam utilizing the load
factor requirements defined in ANSI N14.6,
Review Methodology: Check Of Calculations ==
Alternate Analyses =
Other (Explain) —
Confirm That The Work Reguest / Caiculation Package Reviewed Includes:
1. Statement of Purpose s
2. Defined Methad of Analysis 25
3. Listing of Assumptions =T
4. Detailed Analysis Record B
§. Statement of Conclusions / Recommendations (if applicable) =AY
Verification
Stop Activities Yoz No NA Comments
1 For the scope of the defined analysis:
A. Are the required data input complete?
1. Material properties. / P
2. Geometry (drawing reference) /
3. Loading source term
If a supporting analysis is required to /
define the load state, has it been
defined?
B. Are boundary conditions acceptable? Vv
2 Is the method of analysis adequate for the defined scope? -
3 Is the worst case loading/configuration documented? —
4 Are the acceptance criteria defined and complete? o
5 Has all concurrent loading been considered? v
6 | Are analyses consistent with previous work for method and
approach? v’
7 Are the records for input and output complete? v
8 Is traceability to verified software complete? N
@ | Is the statement of conclusions and recommendations complete
and acceptable for the project and cbjectives of the defined v’
purpose?
Wes/96
Revizwer Name/S.gnaturd] Tate
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Section

20
3.0
4.0
50
6.0

7.0

TABLE OF CONTENTS

Calculation Package Cover Sheet 1
Independent Design Verification Check Sheet 2
Table of Contents. 4
Synopsis of Results 5
Introd /Purpose 5
Method of Analysis 5
A p /Design Input 6
Analysis Detail 7

y of Results / Concl 13
Refe 14

A rac Performed by: RS- Date: Calculation No. 457-2005.3
il INTERNATIONAL 9 1-a8 1L Revision 1
Checked by Date, Page 4 of 14
25 nzs{96
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Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued)

1.0 SYNOPSIS OF RESULTS

Summary of Stress Analysis

Drawing | Item | Component | Applied Design Check | Calculated | Allowable [ M.S.
No. No. Load Loading
457-112 |1 weldment | 180 kips beam bending | 25,447 psi { 30,000 psi | 0.15 l
(plate) i
1 150 kips beam shear 2,769 psi | 18,000 psi | 0.85 ,
| (trunnion)
trunnion shear | 11,933 psi | 40,200 psi | 0.70 ||
457-112 | 10 eye plate 180 kips tension 14,400 psi | 30,000 psi | 0.52 ‘
bearing 10,650 psi | 45,000 psi { 0.76 ||

The lift beam design meets the criteria defined in Section 4.2.

2.0 INTRODUCTION / PURPOSE
This calculation evaluates the lift beam utilizing the load factor requirements defined in ANSI
N14.6 {Reference 7.3). The lift beam is part of the TN-WHC Cask and Transportation System to
be used at the K-Basin Area of the Hanford site.

3.0 METHOD OF ANALYSIS

Hand calculations using classic textbook solutions are used to structurally evaluate the lift
beam.

The design will be assessed using the load factors discussed in Section 4.2. The acceptance
criteria defined in Reference 7.3 limits the lifting induced tensile stresses to the lesser of:

(a} one-third material yield strength; ot
(b) one-fifth the material ultimate strength.

The foliowing e are dc d within this cal ion

@ Design Load Development;
& Lift Beam Evaluation; and
& Pad Eye Evaluation.

NAC Performed by: Date: Calculation No. 457-2005.3
INTERNATIONAL QRS/ PRS- | Revision 1

Checked by: Date: Page S of 14 |
“ZS Wes{ae
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Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued)

4.0  ASSUMPTIONS/ DESIGN INPUTS

4.1 Assumptions

There are no unverified ions within this calculati

4.2 Design Criteria
4.2.1 Tensile Siresses

Calculated tensile stress (based on Joad factor of 3) < F 4 (Ref. 7.3)
Calculated tensile stress (based on load factor of 5)  <Fyymee (Ref 7.3)

422 Shear Stresses

Calculated shear stress (based on load factor of 3) <0.6% Fyies
Calculated shear stress (based on load factor of 5) < 0.6 X Fypimare

4.2.3 Bearing stresses
Calculated bearing stress < 1.5 X Fyjeia.
424 Material Properties / Swress Design Checks

All components evaluated within this calculation are made of A516 GRS5 or
AS588 GR A carbon steel.

Poison’s ratio = 0.3
Modulus of Elasticity , E = 28.3 x10°psi (Ref. 7.7)

Normalizing the material yield and ulti hs by the Ref 7.3 load
factors yields the following (See Section 4.2.1 for load factors):

AS516 GR 55 Carbon Stee]
{Reference 7.10)

Fy: 30 ksi

Fu: 55 ksi

F/3 = 30000/3 = 10,000 psi
FJ/5 = 55000/5 = 11,000 psi

NAC Performed by Date: Calculation No. 457-2005.3
n INTERNATIONAL 926/ -2 56 Revision |
Checked by Date:, Page 6 of 14 |
B nf2sfec
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Lift Beam Calculation 457-2005.3 (Continued)

ASTM A588 GR A Carbon Steel
(Reference 7.10)

Fy: 46 ksi
Fu: 67 ksi
FJ/3 = 460003 = 15333psi
FJ/5 = 67,000/5 = 13,400psi

Based on the comparisons of yield and ultimate allowables for the two (2)
materials, comparing a factor (LF) of 3 against yield is more restrictive for AS16,
while using a factor (LF) of 5 against ultimate is more restrictive for A588. Only

lation

Fiitt neam

pany

where:

Frrammion =

the limiting condition is evaluated within this cal

50 ANALYSIS DETAIL

5.1 Design Load Development

The design loads, F, for the lift beam and trunnion are as follows:

60,000 x 3

180,000 lbs

(60,000/2) x §

150,000 Ibs

5.2 Lift Beam Evaluation

The load is applied by the eye plate to the lift beam as follows:
L
4

L = 3681+ ((3/2) x2)
= 3u8lin

NAC Performed by: Date: Calculation No. 457-2005.3
INTERNATIONAL 25~ 14259 | Revision 1 |
Checked by: Date: Page 70l 14 |
=/ w2590
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F = 180,000 1Ibs

FxL
4

180,000 x 39.81

4

= 1,791.450 in-lbs

The effective cross section is:

x
'

2 xbxh
I, = ———T
12
_ 2x125x13
12
= 457.7in°
S, = I/c
= 457.7/(13/2)
= 704 in’
NAC Performed by Date: Calculation No. 457-2005.3
1 n INTERNATIONAL g,?@/ 71335 96 | Revision |
Checked by Date: Page 8 of 14
=3 Wzs/9L
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The maximum bending stress is:
@ = M/S,
= 1,791,450/70.4

= 25,447 psi

Ms = 1.2

= 0.15
The maximum shear stress is:
oy = (Fi2)/ Agpenr

= (180,000/2) /(13 x1.25x2)

2.769 psi

MS = 1 - L
(06xF,)

; 2,769
(0.6 x 30,000)

= 085

The maximum shear stress for the trunnion section:

2
Ay = T X Fiunnion
= 2 x @2
= 12570’
NAC Performed by: Date: Calculation No. 457-2005.3
INTERNATIONAL RE&— 7/~35-9¢, | Revision 1
Checked by: Dare; - Page 9 of 14
wzs/stL
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Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued)

F/(2xA)

150,000/ (12.57)

11,933 psi
The maximum allowable shear stress is:
F, = 06xF,

40,200 psi

The margin of safety is:

Ms

Eve Plate Evaluation
Per Reference 7.6.1, the minimum tensile area of the eye plate is:
A= 500 x 250

125 in’

The maximum tensile stress in the eye plate is:

F
o, =
A

180.000
12.5

14,400 psi

—

NAC Performed by: Date: Calculation No. 457-2005.3
INTERNATIONAL 9/? & s/ w5-56 | Revision |

Checked by: Date:
“72£ wWzs[a6

Page 10 of 14
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Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued)

The maximum allowable tensile stress is:

F'- F,

30,000 psi

The margin of safety is:

Ms = 1.2
F
_ o, 14400
30,000
- 052

The eye plate bearing area, Aeuing » iS:
Apearing = 3-38in x Sin

= 169in’

The maximum bearing stress in the eve plate is:

F
Cearing ry
beanng
180,000
Cbearing 16.9
= 10,650 psi

The maximum allowable bearing stress is 1.5 F,:

F = 15xF,
= 45,000 psi
NAC Performed by Date: Calculation No. 457-2005.3
INTERNATIONAL FrE~ J/as3¢ | Revision | |
Checked by: @C Date;, Page 11 of 14 |
Wzs{1e
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The margin of safety is:
O pexing
M§ = 1. =%
F
~ B 10,650
45,000
= 0.76

NAC Performed by:
INTERNATIONAL

Jee—

Date:
1128 "%¢

Caiculation No. 457-2005.3
Revision |

‘Checked by: F<

Weslok

Page 12 of 14
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6.0

SUMMARY OF RESULTS/CONCLUSIONS

Summary of Stress Analysis

Drawing | lem | Component | Applied Design Check | Calculated | Allowable | M.S.
No. No. Load Loading
457-112 |1 weldment | 180 kips | beam bending | 25,447 psi | 30,000 psi | 0.15
(plate)
150 kips | beam shear 2,769 psi | 18,000 psi [ 0.85 ||
{trunnion)
trunnion shear | 11,933 psi | 40,200 psi | 0.70 l
457-112 [ 10 eye plate 180 kips | tension 14,400 psi | 30,000 psi | 0.52
bearing 10,650 psi | 45,000 psi | 0.76

The [ift beam design meets the criteria defined in Section 4.2.

NAC Performed by: Date: Calculation No. 457-2005.3
INTERNATIONAL 9/? S a8 -%¢ Revision 1
Checked by: Date: Page 13 of 14
w74 W25/
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Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued)

7.0 REFERENCES

7.1 Preliminary Design Analysis Report For The TN-WHC Cask and Transporation System
Project 3035
Transnuctear, Inc.

7.2 Not Used.

7.3 ANSINI14.6
American National Standard for Radioactive Materials
“special lifting devices for shipping containers weighing 10,000 Ibs (4,500 kg)or
more”

74 Roark’s Formulas for Stress and Strain, 3rd edition.

1.5 Hanford ECN 191402.

7.6 K Basin Immersion Pail Assembly TN WHC Transport Cask Drawings.
7.6.1 Project 437, Drawing 112, sheets 1,2 /2.

7.7 ASME Boiler & Pressure Vessel Code, 1995 edition.
7.8 Blodgett’s Design Of Welded Structures, 1966.
7.9 AISC Manua! Of Steel Construction, 9th edition.

7.10  ASTM Annual Book of ASTM Standards.

Volume 01.04.
NAC Performed by Date: Calculation No. 457-2005.3
n INTERNATIONAL FRE- 1+35 -5z | Revision |
Checked by: Date: Page 14 0f 14
S W25 /ot !
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2

m NAC CALCULATION PACKAGE | Work Request/Calc No:
INTERNATIONAL COVER SHEET 45720012

PROJECT NAME: CLIENT:

K Basin Operations Equipment Hanford (T lear, Inc.)

CALCULATION TITLE:

Cold Vacuum Drying Lid

PROBLEM STATEMENT OR OBJECTIVE OF THE CALCULATION:

‘This calculati 1i 1l the cold vacuum drying lid for internal pressure and lid llmng load
condmons The cold vncuum drying lid is used during the MCO vacuum drying operation in the

g facility i diately after the MCO is loaded. The internal pressure load is developed as a
result of cm:ulatmg hot water between the MCO outer surface and the inner surface of the cask. Once the
cask is within the conditioning facility, the cask lid is removed and the cold vacuum drying lid installed. ]
The lid provides pressure boundary ( two seals) and pressure restraint during MCO draining/drying in
addition to providing additional shielding during the streaming operation.

The cold vacuum drying 1id is part of the TN-WHC Cask and Transportation System to be used at the K- |

Basin Area of the Hanford site.
Revision | Affected Revision Preparer Checker Project Manager
Pages Description Name, Initials, Name, Initials, Approval/Date
Date Date
0 1thru 13 Original Issne Jeffrey R. Dargis Ravi Singh Thomas A. Danner
11-10-96 11-14-96 11-15-96
1 1,3thru | Revised to Jeffrey R. Dargis Ravi Singh Thewtas ) Dawior
14 incorporate 9?8’ =% WQ&
change in lid \\"Ls'ﬁ " " frs/re
terminology from 125 -9

conditioning lid
to cold vacuum
drying lid. Also,
revised method
of calculating
margin of safety.

1 Total Pages ___ 14
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5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued)

ORWN

Work Regquest/Calculation No: 457-2001.2

This calculation structurally evaluates the conditioning lid for
internal pressure and lid lifting load conditions.

Scope Of Analysis File:

Review Methodology: Check Of Caiculations

INDEPENDENT DESIGN VERIFICATION CHECK SHEET

Revision 0

e

Alternate Analyses

Other (Explain)

Statement of Purpose
Defined Method of Analysis
Listing of Assumptions
Detailed Analysis Record

Statement of Conclusions / Recommendations (if applicable)

Activitios

Vaerlfication

For the scope of the defined analysis:
A. Are the required data input compiste?
1 Material properties.
2. Geometry (drawing reference)
3. Loading source term
If @ supporting analysis is required to
define the load state, has it been
defined?
B. Are boundary conditions acceptable?

Yea No
—_—

Confirm That The Work Request / Calculation Package Reviewed Includes:

—£2
_ER
es
s =N

NA

Comments

Is the method of analysis adequate for the defined scope?

Is the worst case loading/configuration documented?

Are the acceptance criteria defined and complete?

Has all concurrent loading been considered?

N Y8 N SIS

Are analyses consistent with previous work for methed and
approach?

NEW CALC
PACKAGE

Are the records for input and output complete?

Is traceability to verified software complete?

4

NO dFrNAx‘s{
UsED.

and acceptabie for the project and objectives of the defined
purpose?

Is the statement of canclusions and recommendations complete

v

RAVI Sing 2 7 “l'ﬁ%
Reviewer (Name/Signatuzer Cate

A9.2-160



Appendix A9.2.5

HNF-SD-SNF-FRD-003 ey,

0

Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued)

E-15166

INDEPENDENT DESIGN VERIFICATION CHECK SHEET
Work Request/Calculation No: 457-2001.2 Revision _1_
Scope Of Analysis File: is calculation rally eval s the acyum d
for internal pressure and lid lifting load conditions.
Review Methodology: Check Of Calculations s
Altenate Analyses =
Other (Exptain) -
Confirm That The Work Reg / Calculation Pach Revi d Includes:
1. Statement of Purpose 23
2. Defined Method of Analysis =
3. Listing of Assumptions
4. Detailed Analysis Record
5. Statement of Conclusions / Recommendations (if applicable) P
Verification
Step Activities Yes  No WA Comments
1 For the scope of the defined analysis:
A Are the required data input complete?
Material properties v~
2. Geometry (drawing reference)
3. Loading source term v
If & supporting analysis is required to /
dafine the foad state, has it been
defined?
B.  Are boundary conditions acceptable? /
2 Is the method of analysis adequate for the defined scope? v
3 | Isthe worst case tion J/
4 Are the acceptance criteria defined and complete? v
5 | Has all concurrent loading been considered? Vv
) Are analyses consistent with previous work for method and
approach? v
7 | Are the records for input and output complete? v
8 | Is traceability to verified software complete? | MO SoFTWARE
USED «
9 |listhe of ions and recomr
and acceptatile for the project and objectives of the defined N
purpose?
RAYL SINGH Hlza ' wes[ag
Reviewer Name/Signaturer | Tate
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued)

TABLE OF CONTENTS

Description

Calculation Package Cover Sheet

Independent Design Verification Check Sheet

Table of Content:

Synopsis of Results

Introduction/P

wpose

Method of Analysis

A ions/Design Input

Analysis Detail

Summary of Results / C

Refe

NAC Performed by P Date: Calculation No. 457-2001.2
INTERNATIONAL 9 HraS < Revision |

Checked by’ Dae: Tageaor1a
S 2596
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Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued)
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1.0 SYNOPSIS OF RESULTS
Summary of Stress Analysis
Drawing | ltem | Component | Applied | Design Calculated Allowable | M.S.
No. No. Load Check Loading
457-106 |1 lid flange pressure | torsion 5,031 psi 16.7 ksi 0.70
457-106 {2 bolt pressure | tension 13,590 psi 16.7 ksi 0.19
457-106 |8 lifting Jug | 3 times | bearing 4,093 psi 30ksi 0.86
the
weight | tension 4,093 psi 30ksi 0.86
shear 8,187 psi 18 ksi 0.55
457-106 | tiem | weld 3times | shear 620 psi large large
8 the compared
to weight to
Item actual
1 stress
Therefore the cold vacuum drying lid design meets the criteria defined in Section 4.2,
2.0 INTRODUCTION / PURPOSE
This calculation ily eval the cold vacuum drying lid for internal pressure and lid
lifting load conditions. The cold vacuum drying Iid is used during the MCO vacuum drying
operation in the conditioning facility immediately after the MCO is loaded. The intemal pressure
load is developed as a result of circulating hot water between the MCO outer surface and the
inner surface of the cask. Once the cask is within the conditioning facility, the cask lid is removed
and the cold vacuum drying lid installed. The lid is a “Z” shaped ring. The lower leg of the Z
rests on the top of the cask. Three (3) lid bolts are used to join the cold vacuum drying Iid to the
cask. The upper Z leg bears against the MCO top surface. The lid provides pressure boundary (
two seals) and pressure restraint during MCO draining/drying in addition to providing additional
shielding during the streaming operation.
The cold vacuum drying lid is part of the TN-WHC Cask and Transportation System to be used at
the K-Basin Area of the Hanford site. The cold vacuum drying lid was initially evaluated in
Reference 7.1.
NAC Performed by: Date: Calculation No. 457-200].2
INTERNATIONAL 929‘ n-as 4¢ Revision 1
Checked by: Dete; Page 5 of 14
“SN 253 ¢

|

|
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued)

3.0 METHOD OF ANALYSIS

Hand calculations using classic
vacuum drying lid design.

are used 1o str y eval the cold

The lid design will be assessed utilizing a pressure loading of 60 psi (Reference 7.10). Only the
1id bolting and the upper Z leg of the lid are influenced by pressure loading. The pressure
induced bolt stress will be compared to the ASME Code Class 2/3 stress allowable, S. For
upper Z leg flange rotation, the pressure induced torsional stress wilt also be limited to S.

The lifting lug acceptance criteria is to limit tension and bearing stresses to the lesser of:
(a) one-third material yield strength; or
(b) one-fifth the material ultimate strength,

Shear stresses will be limited to 0.6 times the tensile stress limits.

The following evaluations are d d within this calculati

e Lid Hold Down Evaluation; and
o Lifting Lug Assessment.

3.1.1 Lid Hold Down Evaluation

The lid is connected to the cask by three (3} 1-1/2 6UNC fabricated bolts. The bolts
attach the lower lid flange to the cask shell. The lid-to-shell contact is metal-to-metal.
An O-ring seal is used to maintain the pressure boundary between the lid and the cask.
A silicone seal is also incorporated to maintain the pressure boundary between the cold
vacuum drying lid and the MCO shell. The MCO seal is located on the vertical leg of
the Z cold vacuum drying lid design. Sealing is achieved by pressurizing the silicon
seal internaily.

To evaluate the lid hold down, the following steps will be performed:
s The net pressure cross section and pressure load will be determined;
s The lid bolt load will be determined; and

* The maximum upper flange stress due to rotation under pressure loading will be
determined.

3.1.2 Lifting Lug Evatuation
The 1id has three (3) lifting lugs attached to the top surface of the lid. These lugs are

used to install/remove the lid to/from the cask. The lug bearing stress, net tensicn and
shear pull out will be assessed. The lifting criteria of Reference 7.3 will be used to

NAC Performed by: Date: Calculation No. 457-2001 2
INTERNATIONAL GRS 1-a3-96 | Revision ] |

Checked by: Date; Page 6 of 14 |
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determine the adequacy of the lug design. The Jug-to-lid weld wilt also be assessed.

4.0 ASSUMPTIONS / DESIGN INPUTS

4.1 Assumptions

There are no unverified within this calculati
42  Design Criteria
4.2.1 Bolt and Flange Bending Evaluation
Calculated bolt tensile stress (due to pressure)
Calculated flange torsional stress (due to p )
422 Lift Lug Evaluation

Calculated tensile stress (based on load factor of 3)
Calculated tensile stress (based on load factor of 5)

Calculated shear stress (based on load factor of 3)
Calculated shear stress (based on load factor of 5)

Calculated bearing stress (based on load factor of 3)
Calculated bearing stress (based on load factor of 5)

4.3 Design Conditions

Pressure:
Temperature:

60 psi (Reference 7.10)
Ambient, 100 °F

44  Component Properties

Bolts: (Reference 7.6.1)
Size: 1.22” diameter
Material: A276 TP304 S8
Area: = xxD!/4
= L17in
Threading:  1-1/2 6UNC-2A

<S (Ref. 7.7)
<s (Ref. 7.7)
<Syae  (Ref 7.3)

< Sulimae  (Ref. 7.3)

<0.68,
<0.68

yield
‘ultimate

< Sy
< Sunimate

(Reference 7.6.1)

NAC Performed by: RB_ Date: Calculation No. 457-2001.2
INTERNATIONAL 9 NS G Revision 1
Checked by: /g" Date Page 7of 14
i fzS[ 96
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued)

Lid flange:  (Reference 7.6.1)

(upperleg)  Size: 3.5” thick
Dige: 1848 in
Dy g’ 31.5in
Material:  ASTM A240, Type 304
Lid flange:  (Reference 7.6.1)
{vertical leg) Size: 11 - 3.5 - 4=3.5 axial length
Digg: 255in
Dy g 315in

Material: ASTM A240, Type 304

Lid flange:  (Reference 7.6.1)

(lowerleg)  Size: 4.0” thick
Digg: 25.5in
Dy g 3981 in
Material: ASTM A240, Type 304

Lift Lug: (Reference 7.6.1)
Thickness:  0.375in

Dy 2.0in
Dhoie? 1.0in
Material:  ASTM A240, Type 304

Lid Weight: W = 1535 lbs. (Reference 7.6.1)
O-ring: Diameter: 31.8 in (Reference 7.6.1)

4.5  Material Properties

. ASTM A240 (Reference 7.7.1,7.7.2)
(Note: use SA240, Type 304 SS properties)
Fy: 30ksi
Fu: 75ksi (100°)

. SA276 TP304 (Reference 7.5)
Fy: 30ksi
Fu: 75 ksi

. SA240, Type 304 (Reference 7.7.4)
S: 16,700 psi (at 200 degrees)

NAC Performed by: Y Date: Calculation No. 457-2001.2
INTERNATIONAL 9£ 178 F& | Revision | |

Checked by Date; Page Bof 14
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5.0

ANALYSIS DETAIL

5.1  Lid Hold Down Evaluation

5.1.1

Lid Bolt Pressure Load Evaluation

The o-ring diameter is used as the pressure load development area. This area ,
A, s

A=1/4(D,.,,)
A=T1/4 (318)
A =795in’

The net pressure load, F, with no reduction for the weight of the MCO is;

F = pressure x area

1]

60x 795

= 47,700 lbs.
The lid bolt load, Fy, , is;
F / no. bolts
F/3

47,700/3
15,900 1bs.

Fboll

]

nmon

The bolt tensile stress is:

Stress = [,/ area
15.900 7 1.17
= 13,590 psi

The botlt allowable stress, S is:
S = 16,700 psi

Safety Margin = 1 - (stress / S)
= 1-{13,590/16,700
= 019

NAC
INTERNATIONAL

Performed by: Date: Calculation No. 457-2001.2

QRS- 1-259¢ | Revision 1 |
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued)

A

Lid Flange Pressure Stress Evaluation

Conservatively, consider the pressure load is reacted at the cold vacuum drying
1id upper flange. The maximum lid stress will then be developed by the rotation
of the upper flange. The reaction along the inner edge of the upper flange per
circumferential inch, F, , is:

Fo

i

= 47,700/ (2 x TIx (18.48/2))
= 822 Ibsfin
The uniform torque about the upper flange center of gravity due to F, is:
T, = FoX (Roupperng = Riupper fig)

822 [(31.5/2) - (18.48/2)]

[

= 5,351in-lbs/in

Per Reference 7.8.1, for a ring under distributed torque:

Corque

where R is equal to the mean radius of the ring.

The effective section I/c is:

Irc

o

The torsional stress, G oy, - 1S therefore:

Ouvgue = ToxR/(I/¢)
5351 x((31.5+18.48)/4)/13.29
5,031 psi

N

Safety Margin

F /(2 xT1x Riyppernig)

T,xR/(1/¢)

(Revupper g = Riagperagd X116
«31.57/2)- (1848 /2y x (3.5)/ 6
13.29in’ 2

1-(stress/ S)
1-(5,031/16,700)

= 0.70
NAC Performed by: 9/ Date: Calculation No. 457-2001.2
INTERNATIONAL R 125496 | Revision 1 |
Checked by: Date, Page 10 of 14 |
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued)

52  Lifting Lug Evaluation
52,1 Bearing Check
The pin bearing area is:
Bearingarea = 1xD g,
= 0375x1.0
= 0375 i’

To determine the most conservative load factor, the material yield and ultimate
strengths will be normalized.

For SA240 Type 304 SS

F,/3 = 30,000/3 = 10,000 psi

F,/5 = 75000/5 = 15,000 psi

Therefore, comparing a factor (LF) of 3 against yield is more restrictive.
The bearing stress is;

Stress LF x (W/ 3 lugs) / area

= 3x(1,535/3)/0.375
= 4,093 psi

The safety margin is:
Safety Margin = 1 - (stress/S,)

1-(4,093/ 30,000}
0.86

522 Net Tension

Area = t(Dyy, - Dpoie)
= 0375(2.0-1.0)
= 0375in?

Performed by: Calculation No. 457-2001.2

NAC Date;
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Cold Vacuum Drying Lid Calculation 457-2001.2 {(Continued)

5.23

524

The tensile stress is:
Stress = LF x (W /3 lugs)/ (Area)
= 3x(1,535/3)/(0.375)
= 4,093 psi
The safety margin is:
Safety Margin = 1-(stress/S,)
= 1-(4,093/30,000)
= 0.86
Shear Puil Out At 45 Degrees
Shear Area =t (Ryyg ~ Ry
= 0.375(1.0-0.5)
= 0.1875in’

The shear stress is:

Stress = LF x (W /3 lugs) / (Shear Area)
= 3x(1.535/3 lugs) / (0.1875)
= 8,187 psi
Safety Margin =~ = 1 -(stress /(0.6 S,))
= 1-(8,187/18,000)
= 055

Lug To Lid Weld

The tug to lid is welded all-around with a 0.25” fillet. Consider the entire lug
load is carried in shear along the vertical weld section:

Ashear = 2x0.707x 0257 x (117 -47)
= 2475in"

Oweld = LF x (W/no. of lugs) /! Ay
= 3x(1535/3)/2475
= 620 psi

Allowabie is large compared to actual stress. Therefore, weld is adequate.

NAC Performed by: Date: Caleulation No. 457-2001.2
INTERVATIONAL ges H-aS5¢ | Revision 1
Checked by: ﬁ Date: Page 120f 14 |
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6.0 SUMMARY OF RESULTS / CONCLUSIONS

Summary of Stress Analysis
Drawing | Item | Component | Applied | Design Calculated Aliowable | M.S.
No. No. Load Check Loading
457-106 |1 lid flange | pressure { torsion 5,031 psi 16.7 ksi 0.70
457-106 |2 bolt pressure | tension 13,590 psi 16.7 ksi 0.19
457-106 |8 lifting lug | 3 times | bearing 4,093 psi 30 ksi 0.86
the .
weight | tension 4,093 psi 30 ksi 0.86
shear 8,187 psi 18 ksi 0.55
457-106 | Item | weld 3times | shear 620 psi large large
. 8 the compared
to weight to
Item actual
1 stress

Therefore the cold vacuum drying lid design meets the criteria defined in Section 4.2.

NAC
INTERNATIONAL

Performed by; S Date: Calculation No. 457-2001,2
9Q 11-aS-9¢ Revision |
Checked by: Page 13 of 14
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Immersion Pail Lid
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This calculation structurally eval the immersion pail seal lid for internal pressure and lid lifting
load conditions. Maximum internal pressure is developed by the positive pressure anti-c water system.
Additionally, the lid lifting lugs and welds are designed and evaluated to carry lid weight loading.

The immersion pail lid is part of the TN-WHC Cask and Transportation System to be used at K-basin
area at the Hanford site.
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Seal Lid Calculation 457-2004.2 (Continued)
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2.0

3.0

SYNOPSIS OF RESULTS
Summary of Stress Analysis

Drawing | Item | Component | Applied [ Design Calculated | Allowable | M.S.

No. No. Load Check Loading
457-103 2 lid flange | pressure | bending | 8,936 psi 25.05ksi [ 0.64
457-103 20 bolt p tension 4,201 psi 16.7 ksi 0.75
457-103 3 lifting lug | 3times | bearing 1600 psi 30 ksi 0.95
$:ight tension 1600 psi 30 kst 0.95
shear 3200 psi 18 ksi 0.82

The immersion pail lid design meets the criteria defined in Section 4.2.

INTRODUCTION / PURPOSE

This calculation structurally evaluates the immersion pail seal lid for internal pressure and lid
lifting load diti Maxi internal p load is developed as by the positive
pressure anti-c water system. Additionally the lid lifting lugs and welds are designed and
evaluated to carry lid weight loading.

The immersion pail lid is part of the TN-WHC Cask and Transportation System to be used at
K-basin area at the Hanford site. The immersion pail system was initially evaluated in
Reference 7.1.

METHOD OF ANALYSIS

Hand calculations using classic textbook sotutions are used to structurally evaluate the
immersion pail lid design.

The lid design will be assessed for an internal pressure loading of 5 psi (Reference 7.4). Only
the lid bolting and adjacent flange are influenced by a pressure loading of this level. For the
bolting, the pressure induced stress will be compared to the ASME Code Class 2/3 (Reference
7.7) bolting allowable, S. For flange bending. the pressure induced stress will be limited to
1.58.

NAC Performed by: & Date: Calcutation No. 457-2004.2
INTERNATIONAL 9 1195 9 Revision 1

Checked by: Page 5 of 14
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Seal Lid Calculation 457-2004.2 (Continued)

The lifting lug acceptance criteria is to limit tension and bearing stresses to the lesser of:

(a) one-third material yield strength; or

(b) one-fifth the material ultimate strength.

Shear stresses will be limited to 0.6 times the tensile stress limits

1 Tersbags

are d d within this

The following

o Lid Hold Down Evaluation; and
s Lifting Lug Assessment.

3.1 Lid Hold Down_Evaluation

The lid is connected 1o the upper flange of the pail shell by four (4) %-10 bolts. The
bolts attach the lid flange to the pail shell flange. The lid-to-pail shell contact is metal-
to-metal. Two (2) silicon seals are also used in the lid design. The seal at the outer lid
diameter seals the lid-to-pail shell connection. The inner seal seals the lid-to-MCO
canister joint. The sealing is achieved by pressurizing the seals internally.

To evaluate the lid hold down, the following steps will be performed:

® The net pressure cross section and pressure load will be determined;
o The lid bolt load will be determined; and
o The maximum lid flange bending stress due to pressure will be determined.

3.2 Lifi Evaluation

The lid has three (3) lifting lugs attached o the top surface of the }id. These jugs are
used to install/remove the lid to/from the immersion pail. The lug bearing stress, net
tension and shear pull out will be assessed. The lifting criteria of Reference 7.3 will be
used 1o determine the adequacy of the lug design.

4.0 ASSUMPTIONS / DESIGN INPUTS
4.1 Assumptions
There are no unverified assumptions within this calculation.
NAC Performed by: Date: Calculation No. 457-2004.2
ﬂ INTERNATIONAL RS- Has -5 Revision 1 |
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Seal Lid Calculation 457-2004.2 (Continued)

42

421

422

4.3

44

Pressure:
Temperature:

Eye Bolts:

- Lid flange:

Lift Lug:

Design Criteria

Bolt and Flange Bending Evaluation

Calculated bolt tensile stress (due to pressure)
Calculated flange bending stress {due to pressure)

Lift Lup Evaluation

Calculated tensile stress (based on Joad factor of 3)
Calculated tensile stress (based on load factor of 5)

Calculated shear stress (based on load factor of 3)
Calculated shear stress (based on load factor of 5)

Calculated bearing stress (based on load factor of 3)
Calculated bearing stress (based on load factor of 5)

Design Conditions

5psi  (Reference 7.4)
Ambient, 100 °F

Component Properties

(Reference 7.6.3)

Size: Ya-10

Material: Commercial S§

Area: 0.334 in”

Threading:  %-10 UNC -2A

Supplier: McMaster-Carr
Part No. 8891T84

Size:
D,

o fg”
Material:

3/8 plate
41.78 - (2x 0.07) =
45.75in
ASTM A240, Type 304

i ng”

(Reference 7.6.3)

Thickness:  0.375in

Dy 2.0in

Dhoe: 1.0in

Material: ASTM A240, Type 304

4192 in (Reference 7.6.3)

<S (Reference 7.7)
<1.5xS (Reference 7.7)

<S8y (Ref. 7.3)
<Syuimme  (Ref. 7.3)

<0.68yie14
<0.631imae

< Syiae
< Sutimate

(Reference 7.9.1)
{Reference 7.6.3)

NAC
INTERNATIONAL

Date:
128550

Ferlormed by:

RS

Calculation No. 457-2004 2
Revision 1 {

Thecked by’
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4.5

53

Lid Weight: 600 1bs. (Reference 7.6.3)

Material Properties

. ASTM A240
(Note: use SA240, Type 304 SS properties)
(Reference 7.7.1, 7.7.2)
Fy: 30ksi
Fu: 75ksi (100°)

. SA240, Type 304
(Reference 7.7.4)
S: 16,700 psi (at 200 degrees)

. 304 SS, commercial grade
(Note: SA240. Type 304 properties used.)

5.0 ANALYSIS DETAIL

Lid Hold Down Evaluation
5.1.1 Lid Boh Pressure Load Evaluation
The lid pressure surface area , A, is:
A =1'1/4(D02 ~-D} )

A =T1/4 (4575 ~2577%)
A=1122in’

The net pressure load, F, is;

F = pressure x area
= 5x122

= 5,610 Ibs.

The lid bolt foad, Fy, , is:

NAC Performed by: Date: Calcularion No. 457-2004.2
INTERNATIONAL e 11-2&—9¢ | Revision |
Checked by: Date; Page R of 14
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S81E2

Fpor = F/no.bolts
= F/4
= 5610/4
= 1,403 Ibs.

The bolt tensie stress is:
Stress = Fyy/area

1403/ 0.334
= 4,201 psi

#

The bolt allowable stress, S is:

S = 16,700 psi

The safety margin is:

Safety Margin = 1 - (stress/ )

= 1-(4,201/16,700)
= 075

Lid Flange Pressure Stress Evaluation

The lid flange is a tab type extension from the center ring. The bending of the
1ab due to the pressure load is determined below.

Consider the tab as a cantilever beam of length L where;

L = O'S(Duﬂg' Diﬂg)

0.5 (45.75 - 41.92)

= 1915 in

= 20in,
The bending moment , M, is (considering the bolt location at %3 L),
M = Fyyx L2

= 1403x2/2

= 1403 in-Ibs

NAC
INTERNATIONAL

Performed by P Date: Calculation No. 437-2004.2
? T Revision | |
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Only four bolts are used to connect the lid. The bending moment, M, is reacted
by the effective flange arc length which is estimated to be ¥ the geometric arc
associated with each bolt.

Therefore the bolt arc angle is;

arc £ = 38°-[(1.25/(45.75/2)) x (180°/ TT)]
= 3487°

Therefore the effective arc angle is:

arc Zygane = 34.87/2
= 1744°

The arc length is:
arc length = Fogp X 16 Loy

{44/ 2)x(17.44x 11/ 180°%)
6.7 in

I

The effective section l/c is:
i bi/12
6.7(0.375)°112
0.0294 in®

oo

bt’/6
6.7 (0.375)/6
0.157 in’

lic

W

The bending stress. o, , is therefore:
ay = Mxc/l

= 1403 x(1/0.157)

= 8936psi

The safety margin is:

Safety Margin = 1-(stress/(1.5x8))
= 1-(8,936/(1.5x16,700))
= 064
NAC Performed by: & Date: Calculation No. 457-2004.2
n INTERNATIONAL I3 /-5 & | Revision |
Checked by: Datg; Page 10 of 14 |
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S2.1

Conservatively computing the deflection of the flange:
A = Foux(LR2’/GED

= 1403 x(272y /(3 x 28.3x10°x0.0294)

0.00056 in

The deflection of the flange is negligible.

5.2  Lifiing Lug Evaluation

Bearing Check
The pin bearing area is:
Bearing area = tx D,

0375x 1.0
= 0375 in’

[}

To determine the most conservative load factor, the material yield and ultimate
strengths will be normalized.

For SA240 Type 304 SS

F,/3 = 30,000/3 = 10,000 psi

F,/5 = 75000/5 = 15,000 psi

Therefore, comparing a factor (LF) of 3 against yield is more restrictive.
The bearing stress is:

Stress = LFx(W/3lugs)/area

= 3x(600/3)/0.375
1,600 psi

The safety margin is:

Safety Margin = 1 - (stress / S,)
= 1-(1,600/30,000)

= 095
NAC Performed by: & Date: Calculation No. 457-2004.2
INTERNATIONAL -2 96 Revision !
Checked by: Datg: Page 11 of 14
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5.22

524

Net Tension

Area = t(Dy, - Dyy,)
= 0375(2.0-1.0)
= 03750’

The stress is:

Stress = LF x (W/3 lugs)/ (Area)
= 3x(600/3)/(0.375)
= 1,600 psi

The safety margin is:

Safety Margin L - (stress/S,)

= 1-(1,600/30,000)
= 095

Shear Pull Qut At 45 Degrees
Shear Area = t(Ry, - Roye)
= 0.375(1.0-05)
= 0.1875in’
The shear stress is:
Stress = LF x (W /3 lugs)/ (Shear Area)
= 3x(600/3tugs)/ (0.1875)
= 3.200 psi
The safety margin is:

Safety Margin 1 -(stress /(0.6 x S,)

= 1-{3,200/(0.6 x 30,000))
= 082

LugtoLid Weld

The lug to lid weld is a2 0.25” all-around weld and is negligibly loaded.

Allowable is very large compared to actual stress. Therefore, weld is adequate.

e Performed by: Dare: Calculation No. 43720042
INTERNATIONAL e Jr-aS-9a | Revision |
Checked by. Daty: Page 12of 14
=3 s/t
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6.0

SUMMARY OF RESULTS / CONCLUSIONS

Summary of Stress Analysis
Drawing | ltem | Component | Applied | Design Calculated | Allowable | M.S,
No. No. . | Load Check Loading
457-103 2 lid flange | pressure | bending | 8,936 psi 25.05ksi | 0.64
457-103 20 bolt pressure | tension 4,201 psi 16.7 ksi 0.75
457-103 3 lifting lug | 3 times | bearing 1600 psi 30ksi 0.95
the
weight tension 1600 psi 30 ksi 095
shear 3200 psi 18 ksi 0.82

The immersion pail lid design meets the criteria defined in Section 4.2.

NAC
INTERNATIONAL

Performed by: Dare: Calculation No. 457-2004 3
gf & 118~ Revision |

Thecked by: Date: Fage 13 of 14
ES Ws{9b
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Seal Lid Calculation 457-2004.2 (Continued)

7.0 REFERENCES
7.1 Preliminary Design Analysis Report For The TN-WHC Cask and Transporation System
Project 3035
Transnuclear, Inc.
7.2 NotUsed.
7.3  ANSINI46
American National Standard for Radioactive Materials
“special lifting devices for shipping containers weighing 10,000 Ibs (4,500 kg) or
more”
74 Memo to Project File From T. A. Danner, dated July 31, 1996.
7.5 Hanford ECN 191402.
7.6 K Basin Immersion Pail Assembly TN WHC Transport Cask drawings
7.6.1 Project 457 drawing 106 sheets 1, 2/2
7.6.2 Project 457 drawing 102 sheets 1,2/2.
76.3 Project 457 drawing 103 sheets 1,2/2.
7.64 Project 457 drawing 104 sheet 1/1
7.7 ASME Boiler & Pressure Vessel Code, 1995 edition.
7.7.1 Section II-D, page 530, Table Y-1
7.7.2  Section LI-D, page 441,Table U
7.7.3  Section II-D, page 392 Table 3
7.7.4 Section II-D, page 432, 496
7.8  Shigley’s Mechanical Engineering Design, McGraw Hill, 1963, Page 603
79 AISC Manual Of Steel Construction, Sth edition.
7.9.1 Page4-147.
NAC Performed by: Date: Calkulation No. 457-2004 2
n INTERNATIONAL 9/?‘9/ /4235 -9% | Revision 1
Checked by: Date: Page 14 of 14
=S Whs/b ]
I ———
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NAC
INTERNATIONAL

CALCULATION PACKAGE
COVER SHEET

Wark Request/Calc No:

457-2007.2

PROJECT NAME: | CLIENT:

X Basin Operations Equip Hanford (Transnucl
CALCULATION TITLE:

Loadout Pit Work Platform

PROBLEM STATEMENT OR OBJECTIVE OF THE CALCULATION:

This calculation evaluates the loadout pit work platform for design loads based on OSHA requirements
defined in Title 29 of the Code of Federal Regulations. The loadout pit platform is part of the TN-WHC
Cask and Transportation System to be used at the K-Basin Area of the Hanford site.

Revised method
of calculating
weld allowable.

Revision | Affecred Revision Preparer Checker Project Manager
Pages Description Name, Initials, Name, Initials, Approval/Date
Date Date

0 1 thru 14 Original Issue Jeffrey R. Dargis Ravi Singh Thomas A. Danner
11-16-96 11-14-96 11-15-96

1 1,3 thru | Revised method | Jeffrey R. Dargis Ravi Singh % aﬂ ( :

15 of calculating RS- <
margin of safety. 9 I'/rr (L
)-2S -0 “/Lg/%é 4

Total Pages 15
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET

Work Request/Calculation No: 457-2007.2 Revision _0_

Scope Of Analysis File:  This calcylation evaluates the loadout pit work platform for desian
loads based on QSHA requirements defined in Title 29 of the CFR.

Review Methodology: Check Of Calculations L
Alternate Analyses —
Otner (Expiain) -

Confirm That The Work Request / Calculation Package Reviewed Includes:
K3

1. Statement of Purpose Es
2. Defined Method of Analysis —ps
3. Listing of Assumptions ‘BS
4. Detailed Analysis Record
5. Statement of Conclusions / Recommendations (if applicable) Ay
Verffication
Stey Acthvities Yeos No NiA Comments.
1 For the scape of the defined analysis:
A. Are the required data input complete? :
1. Material properties Vv
2. Geometry (drawing reference) t/
3. Loading source term .
if a supporting analysis is required to v
define the load state, has it been
defined? Vv
B. Are boundary conditions acceptable?
2 Is the method of analysts adequate for the defined scope? v/
3 | Is the worst case loading/configuration documented? Y%
4 | Are the acceptance criteria defined and complete? v
5 Has all concurrent loading been considered? v
& | Are analyses consistent with previous work for method ang REW CALC
approach? V | pack AGE
7 Are the records for input and output complete? v
8 | Is traceability to venfied saftware complete? V1 NC  SOFTWARE]
VSED -
] Is the statement of conclusions and recommendations complete 2
and acceptable for the project and objectives of the defined
purpose?

TAVI Sike# ” - . “l/#ib
Reviewer [(Name/ST ure; Date
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Loadout Pit Work Platform 457-2007.2 (Continued)

INDEPENDENT DESIGN VERIFICATION CHECK SHEET

Work Request/Calculation No: 457-2007.2 Revision _1 _

This calculation evalu: I
loads based on OSHA

Scope Of Analysis File:
uirements defin

it work
in Titl

latform for design
f the CFR.

Review Methodology: Check Of Calculations =S
Alternate Analyses —
Other (Explain} —

Confirm That The Work Request / Calculation Package Reviewed Includes:

Statement of Purpose

Defined Method of Analysis

Listing of Assumptions

Detailed Analysis Record

Statement of Conclusions / Recommendations (if applicable)

qRON=

Verification

Step Activities Yes  No
1 For the scope of the defined analysis:
A, Are the required data input complete?
1. Material properties
2. Geometry (drawing reference)
3. Loading source term
If a supporting analysis is required to
define the load state, has it been
defined?
B. Are boundary conditions acceptable?

NIA

B8

S

S

Comments

2 Is the method of analysis adequate for the defined scope?

3 Is the worst case loading/configuration documented?

4 Are the acceptance criteria defined and complete?

5 Has all concurrent loading been considered?

6 | Are analyses consistent with previous work for method and
approach?

7 | Are the records for input and output compiete?

NEANESESANAY AN AN

8 Is traceability to verified software complete?

\/NW

ueE D

9 Is the statement of conclusions and recommendations complete
and acceptable for the project and objectives of the defined \/
purpose?

- N
IN . vzs
Peviewer :Name/Signature) Date
3
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TABLE OF CONTENTS
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- Calculation Package Cover Sheet 1
- Independent Design Verification Check Sheet 2
-— Table of Contents. 4
1.0 Synopsis of Results 5
2.0 Introd /Puspose 5
3.0 Method of Analysis 5
4.0 A ptions/Design Input 6
5.0 Analysis Detail 8
6.0 Summary of Results / Concl 14
7.0 Ref 15
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2.0

30

SYNOPSIS OF RESULTS

Summary of Stress Analysis

Drawing | Item | Component | Applied | Design Check | Calculated | Allowable | M.S.
No. No. .| Load Loading
457-111 | 4,5, | brace, 2000 Ibs | tube bending 22,077 pst | 27,600 psi | 0.20

3 extension,

brace shear 2,000psi | 18,400 psi | 0.89

457-111 {510 | weld 2000 lbs | combined 1,824 2,545 0.28

9 shear and lbs/in Ibs/in

tension
457-111 1 9to | weld 2000 Ibs | weld shear 0.133ksi | 14.4 ksi 0.99
17

The loadout pit work platform design meets the criteria defined in Section 4.2.

INTRODUCTION / PURPOSE

This calculation evaluates the loadout pit work platform against the criteria requirements listed in
Section 4.2. The loadout pit work platform is part of the TN-WHC Cask and Transportation
System to be used at the K-Basin Area of the Hanford site. The loadout pit work platform design
was initially evaluated in Reference 7.1.

METHOD OF ANALYSIS

Hand calculations using classic textbook solutions are used to structurally evaluate the loadout
pit work platform.

The design will be assesed using the design load developed in Section 5.1. The design loading
considers OSHA requirements defined in Title 29 of the Code of Federal Regulations
(Refe 7.5). The T criteria limits the induced loads to the requirements of the
AISC Code (Reference 7.7).

The work platform configuration consists of a tubing frame arrangement covered by steel
decking. The frame is cantilevered off a wall plate and utilizes a brace for additional strength.
The wall plate consists of three (3) plates welded in an inverted “U” configuration for
suspension uf the platform from the pit beam support structure. Drawing details are provided in
Reference 7.6. .

NAC Performed by: 29, Date: Caleutation No. 457-2007.2
INTERNATIONAL 115 s Revision 1
Checked by: Date: Page Sof 15
2509 ©
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The following evaluations are documented within this calculation.

Design Load Development;

Brace Evaluation;

Extension / Brace Evaluation;

Frame / Wall Plate Interface Weld Evaluation;
Wall Plate Weld Evaluation; and

Wall Plate Saddle Evaluation.

ASSUMPTIONS / DESIGN INPUTS
4.1  Assumptions
There are no unverified assumptions within this calculation.
42 Desiga Criteria
421 Loading
See Section 5.1.
422 Bending Stress Limits
Bending stress <0.6 x 8, (Reference 7.7.2)
4.2.3  Shear Stress Limits
Shear stress < 0.4 x S, {Reference 7.7)
4.2.4 Weld Limits

Weld Allowable Stress Limits < 0.4 x Fy of base metat (fillet, penetration)
(Reference 7.7, AISC Table 12.5, page 5-70)

425 Platform Parameters (Reference 7.6.1)

Brace: Tube steel
2" x47x0.25" x 45.50 in long
ASTM AS00 GR B

NAC Performed by Date: Calculation No. 457-2007.2
INTERNATIONAL

Re/ N-25-9% Revision |

Checked by Deat
i

A Page 6 of 15
wfzsfﬁb
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426

Extension: Tube steel
2”x47% 025" x 14.22 in long
ASTM AS00 GR B

Brace: Tube steel *
2”x4"x0.25” x 15.33 in long
ASTM AS00 GR B

Wall Plate: 24" x 30” x 0.625 in

ASTM A36
Toe Kick
Plate /
End Caps:  0.25 in thick
ASTM A36
Decking

Surface: 0.375™ x 46.0” x 14.22 in diamond plate

Section Properties (Reference 7.7.3)

Tube Steel 27 x 4” x 0.25 in
Area = 259’
o 4.69 in*
N 2.35in°
1, 1.54 in*
S, 1.54 in’

bq

Material Properties

ASTM A36 Carbon Steel
(Reference 7.7.4)

Fy: 32 ksi

Fu: 58 ksi

ASTM A500 GR B Carbon Steel
(Reference 7.7.5)

Fy: 46 ksi

Fu: 58 ksi

NAC

Performed by Date:

INTERNATIONAL R&~ V2§ —te Revision 1

Calculation No. 457-2007.2

Checked by: Page 7 of {5
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50

ANALYSES DETAIL

5.1

52

Design Load Development
The design load, F. is based on the larger of the following two (2) conditions:

Condition A:  The heavy duty uniform loading of 29CFR1910 (Reference 7.5.2)

multiplied by a load factor (LF) of four (4). The uniform distributed
load, p, is 75 Ibs / £,

Condition B:  Each platform section carrying a load equal to the maximum intended

load muitiplied by a load factor (LF) of four (4). The maximum intended
load, P, shall be considered to be equal to two men, each weighing 250
Ibs.

p x (area) x LF

46.0 x 14.22

= 78x( 1%

x4

= 1363 1bs
Fa = Px4
= (2x250)x4
= 2000 tbs
Greater of Fy or Fg
= 2000 Ibs
Brace Evaluation
The critical brace stress is located at the interface point with the extension. The notch
connection will develop the full capacity of the brace (i.e., interface weld is full

penetration on top and bottom, fillet on sides).

5.2.1 Bending Stress Evaluation

Conservatively considering the brace as a cantilevered structure fixed at the
extension interface with the design load applied as a concentrated load at the
platform’s edge:

NAC
INTERNATIONAL

Performed by: Date: Calculation No. 457-2007.2
RS- 1-26-9G | Revision 1 |
Checked by S Date,, Page 8 of 15 |
2. w2515
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L
m—
= F
where:
L = (46.0-12.0)/2
= 17.0in
F = 2000 Ibs
M= LxF
= 17.0 x 2000
= 34,000 in-lbs

The bending stress is:
o, = M/S§,
= 34,000/1.54
= 22,077 psi

The allowable bending stress is:

F, = 06xF,
= 0.6 x 46,000
= 27,600 psi
NAC Performed by Date: . Calculation No. 457-2007.2
INTERNATIONAL 28~ 1-25-9% | Revision |
Chiecked by 7S Daic; Page 9 of 15
nfzsfae
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Gv

F,

MS

i

]

= 020

The shear stress is:

F /(2 x area)

The margin of safety is:

5.2.2 Shear Stress Evaluation

2000/ (2x 0.25x 2)

2000 psi

04 x F,
0.4 x 46,000

18,400 psi

The allowable shear stress is:

The margin of safety is:

Ms = 1-%
F,
2,000
18,400

= 089
e Performed by: Date: Calculation No. 457-20073
n INTERNATIONAL 929‘ 1-2s-10 Revision 1
Checked by, Date; Page 100715
e wzs[q6
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Appendix A9.2.7 Loadout Pit Work Platform 457-2007.2 (Continued)

5.2.3 Defiection Evaluation

DPer Reference 7.4.1, the platform deflection, A, is:

1 (2000)(17.09
3 (28.3x 10°)(1.59)

= 0.075in
The platform deflection is insignificant.
5.3 'Extension;/ Brace Evaluation
Two (2) extensions are cantilevered from the wall, each a distance 14.22". This is less
than the distance of 17" previousty evaluated in Section 5.1 for the brace. Therefore, the

results from Section 5.1 are conservative for the extension pieces. No further evaluation
is required.

Frame / Wal| Plate Interface Weld Evaluatiog
The kicker is welded to the wall plate via a 0.25 in all-around fillet.

The shear stress in the weld is:

Sy = F/ Lyea

where:

Loag = 2+2+4+4

= 12 in (per kicker)
Therefore:

2000 / (2x12)

Oy

83 Ibs/in

The tensile stress in the weld is:

NAC Performed by. Date: Calculation No. 457-2007.2
INTERNATIONAL R I~ 25 96 Revision | |
Checked by Daie; Page 11 of 15 |
“ES Yesl9e
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Appendix A9.2.7 Loadout Pit Work Platform 457-2007.2 (Continued)

o, = M/ (2x8,) (for both kickers)
where:

M = 34000in-lbs  (from Section 5.2.1)

b
—
7
|

2
S, = bd+ % (Reference 7.10)

= @x2+ {23
= 933in’
Therefore:

o, = 34,000 / (2x9.33)

1822 1bs / in
The resultant weld stress, o, , is:
Z) 1”2

G = (g,°+ Sy

= ((83% + (1822)

1824 Ibs/in |
The allowable weld stress per Section 4.2.4 is: |
Fu= 04 xF, X Ly |
= 04 x 36.000 x (0.707 x 0.25) |
= 2,5451bs/in |

The margin of safety is:

NAC Performed by Date: Calculation No. 457-2007.2
INTERNATIONAL foli=d -25-9% | Revision |
Checked by: Date: Page 12 0f 15 f
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Appendix A9.2.7 Loadout Pit Work Platform 457-2007.2 (Continued)

Wall Plate Weld Evaluation

The waill mounting plate is constructed by welding Items 7, 8, and 9. The 9 to 7 weld
stress for the full penetration weld of a 0.625 in plate is as follows:

6y = F/ Ay

where:

t = plate thickness
= 0.625in

I = weld length
= 240in

Ayas = txl

= 0.625 x 240

= 1500’

2000 / 15.0

133 psi

The weld stress is insignificant compared to the weld allowable, F,, :
F, = 0.4xF, (base metal) = 14,400 psi.

Wall Plate Saddle Evaluation

The calculation per[omied under Section 5.5 demonstrates that the saddie itself will
develop insignificant stresses.

NAC Performed by: Date: Calculation No. 457-2007.2
INTERNATIONAL 9‘2&- H-25-9, | Revision | |
Checked by: e Date;; . Page 13 of 15 |
Wzs(ak
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60 SUMMARY OF RESULTS/CONCLUSIONS

Summary of Stress Analysis

Drawing | Item | Component | Applied | Design Check | Calculated ; Allowable ' M.S.
No. No. Load Loading '
457-111 | 4,5, | brace, 2000 1bs | tube bending | 22,077 psi | 27,600 psi | 0.25
3 extension, !
brace shear 2,000psi | 18,400 psi | 0.89
457-111 {510 | weld 2000 Ibs | combined 1,824 2,545 0.28
shear and tbs /in ibs /in
tension
457-111 [ 910 | weld 2000 1bs | weld shear 0.133 kst | 14.4 kst 0.99
7 L

The loadout pit work platform design meets the criteria defined in Section 4.2.

NAC
INTERNATIONAL

Performed by
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Date:
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Calculation No. 457-2007.2
Revision 1
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Appendix A9.2.7 Loadout Pit Work Platform 457-2007.2 (Continued)

7.0 REFERENCES

7.1 Preliminary Design Analysis Report For The TN-WHC Cask and Transparation System
Project 3035
Transnuclear, Inc.

7.2 Not Used.
73  ASME Code Case N-71-16, Table 2.

74 Roark’s Formulas for Stress and Strain, 3rd edition.
74.1 Table I, Case 1, page 100.

7.5  Code Of Federal Regulations
Title 29, Part 1910.28
Safety Requirements For Scaffolding .
7.5.1  Page 114, (d)8, Tubular Welded Frame Scaffolds.
7.52  Page 112, Table D-9.

7.6 K Basin Immersion Pail Assembly TN WHC Transport Cask Drawings.
7.6.1 Project 457, Drawing 111, sheets 1,2 /2,

7.7 AISC Manual Of Steel Construction, 9th edition.
7.7.1 Table J2.5.
7.7.2  Page 5-45, Chapter F, Equation F1-1 (bending).
7.7.3 Page 1-103.
7.74 Page 1-7, Table 1.
7.7.5 Page 1-92, Table 3.
7.7.6 Page 5-135, Table C-C2.1.
7.7.7 Page3-52.

7.8 ASME Boiler & Pressure Vessel Code, 1995 Edition, Section 111, Division 1.
7.9 Hanford ECN 191402,

7.10  Blodgett's Design Of Welded Structures, 1966.

NAC Performed by: Date: Calculation No. 457-2007.2
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Appendix A9.2.8 Trailer Work Platform 457-2002.2

ﬂ NAC CALCULATION Work Request/Calc No:
INTERNATIONAL
PACKAGE 457-2002.2
COVER SHEET
PROJECT NAME: CLIENT:
K Basin Operations Equipment Hanford (T,
CALCULATION TITLE:

Transport Trailer Work Platform

PROBLEM STATEMENT OR OBJECTIVE OF THE CALCULATION:

This calculation I the port trailer work platform for design loads based on OSHA
requirements defined in Title 29 of the Code of Federal Regulations. The acceptance criteria limits the
induced loads to the requirements of the AISC Code.

The transport trailer work platform is part of the TN-WHC Cask and Transportation System to be used at
the K-Basin Area of the Hanford site.

Revision | Affected Revision Preparer Checker Project Manager
Pages Description Name, Initials, | Name, Initials, Approval/Date
Date Date
0 1 thru 12 Original Issue Ravi Singh Jeffrey R. Dargis | Thomas A. Danner
Al thru A4 11-11-96 11-11-96 11-15-96
1 1, 3 thru 13 | Revised method Ravi Singh Jeffrey R. Dargis
of calculating 7L 2o "Yas/9¢

margin of safety. \\/ZEH [ G,

1 Total Pages 17 |
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET

Work Reguest/Caiculation No: 457-2002.2 Revision _0

Scope Of Analysis File:  This_calculation evaluates the transport trailer piatform for design
loads based on OSHA requirements defined in Tile 28 of the CFR,

Review Methodology: Check Of Calculations 96
Altemmate Analyses N/
Other (Explain) NiA

Confirm That The Work Request / Calcutfation Package Reviewed Includes:

1. Statement of Purpose &
2. Defined Method of Analysis &
3. Listing of Assumptions gt&

4. Detailed Analysis Record o~
5 Statement of Conclusions / Recommendations (if applicable) 9&

Verification

Sta, Activities Yos  No NA Comments
1 For the scope of the defined anaiysis:
A. Are the required data input complete?
1.

Material properties
2. Geometry (drawing reference)
3. Loading source term
If @ supporting analysis is required to
define the ioad state, has it been
defined?
8. Are boundary conditions acceptable?

AN

Is the method of analysis adequate for the defined scope?

is the worst case loading/configuration documented?

Are the acceptance criteria defined and complete?

Has all concurrent loading been considered?

Are analyses consistent with previous work for method and OAKINAL DESMGA
approach? - |NO PREVIOLS
ANALYS S Preroened |

7 Are the records for input and output compiete?

is traceability to verified software complete? [Cont pUTRR SOFTINC
) v MoT usED

9 [Isthe ment of and
and acceptabie for the project and gbjectives of the defined —
purpose?

Jarecey R ) e

Peviewed | gnature) Date
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Appendix A9.2.8 Trailer Work Platform 457-2002.2 (Continued)

INDEPENDENT DESIGN VERIFICATION CHECK SHEET

Work Request/Calculation No: 457-2002.2 Revision _1

Scope Of Analysis File:  This calculation evaluates the transport trailer platform for design
loads based on QSHA requirements defined in Titie 29 of the CFR.

Review Methadology: Check Of Calculations ges
Alternate Analy AA
Other (Explain) it

Confirm That The Work Request / Calculation Package Reviewed Includes:

1. Statement of Purpose 9(9‘
2 Defined Method of Analysis g
3. Listing of Assumptions B
4. Detailed Analysis Record
5. Statement of Conclusions / Recommendations (if applicable) 9&
Verification
Step Actlvities Yes __ No NA Comments
1 For the scope of the defined analysis:
A Are the required data input complete?
Materia! properties »
2. Geometry (drawing reference) e
3. Loading source term [
If a supporting analysis is reguired to
define the load state, has it been
defined?
B. Are boundary conditions acceptable? [
2 Is the method of analysis adequate for the defined scope?
-
3 Is the worst case loading/configuration documented?
-
4 Are the acceptance criteria defined and complete?
-
5 Has all concurrent loading been considered? >
8 | Are analyses consistent with previous work for method and
approach? -
7 | Are the records for input and output complete? —
8 | Is traceability to verified software complete? A Compier whlwon
At Useet.
9 |[Isthe of ions and recomr v
and acceptable for the project and objectives of the defined
purpose?

Jerree ? ARGy 1-AS 26
Rev;!»el iNar Lure‘ Date
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Appendix A9.2.8 Trailer Work Platform 457-2002.2 (Continued)

1.0 SYNOPSIS OF RESULTS
Summary of Stress Analysis
Drawing | Item | Component | Applied | Design Check | Calculated | Allowable | M.S.
No. No. Load Loading
457-105 | 24 channel 125 Ib/ft | bending 8,676 psi |21,000psi | 0.59 I
shear 820 psi 14,000psi |0.94 ||
457-105 |26 | plank hook Bl Ibs | bearing 1,182 psi | 35000psi | 057 ||
The transport trailer work platform design meets the criteria defined in Section 4.2.
2.0 INTRODUCTION / PURPOSE
This calculation evaluates the transport trailer work platform for design loads based on OSHA
requirements defined in Title 29 of the Code of Federal Regulations. The transport trailer work
platform is part of the TN-WHC Cask and Transportation System to be used at the K-Basin Area
of the Hanford site.
3.0 METHOD OF ANALYSIS

Hand calculations using classic textbook solutions are used to structurally evaluate the
transport trailer work platform,

The design will be assessed using the design load developed in Section 5.1. The design loading

iders OSHA requi defined in Title 29 of the Code of Federal Regulations
(Refi 71.5). The P criteria limits the induced loads to the requirements of the
AISC Code (Reference 7.7).

The work platform configuration evaluated herein consists of a plank 113.45” long and 29.29”
wide supported by 4 x 0.180 aluminum channels. The channels will rest on the platform pipe
when in use.

The framing components of the platform are catalog P pplied to the
requirements of Reference 7.5. Maximum unbraced lengths in the design are limited to 6°-0” as
specified in Reference 7.2 (Appendix A). Therefore, these items do not require specific stress

evaluations. Drawing details are provided in Reference 7.6.1.

NAC Performed by: Date: Calculation No, 457-2002.2
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Trailer Work Platform 457-2002.2 (Continued)
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4.0

The following evaluations are d d within this
e Design Load Development;

e Channel 4 x .180 Evaluation;
.
L]

Supporting Pipe Evaluation; and
End Cap Evaluation.

ASSUMPTIONS / DESIGN INPUTS

4.1 Assumptions

There are no unverified within this caleculati

4.2 Design Criteria
4.2.1 Loading
See Section 5.1.
422 Stress Limits
Bending stress < 0.6 x S (Reference 7.7)

Shear stress < 0.4 x S, (Reference 7.7)

4.2.3 Platform Parameters (Reference 7.6

Channel: 47 x0.180"x 11345 in long
ASTM B308

Pipe: 1 1/2"NPS
ASTM AS3

4.24 Material Properties

ASTM B308 Aluminum
(Reference 7.3}
Fy: 35 ksi
Fu: 38 ksi

“FL 1f25[q(, | Revision 1
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5.0

ANALYSIS DETAIL

5.1 Design Load Development

The design load, F, is the based on the larger of the following two (2) conditions:

The light duty uniform loading of 29CFR1910 (Reference 7.5)

multiplied by a load factor (LF) of four (4). The uniform distributed
load, p, is 25 Ibs / £,

load multiplied by a load factor (LF) of four (4). The maximum intended
load, P, shall be considered to be equal to two men, each weighing 250

Condition A:
Condition B:
lbs.
F, = px(area)xLF

Fp =

25x113.45x29.29x4/144

2308 Ibs
Px4
(2x250)x 4

2000 Ibs

Greater of F, or Fy

2308 lbs

Each platform section carrying a load equal to the maximum intended

For the channel evaluation. an equivalent loading equal to 25 x 4 = 100 psf will be
applied. Converting this to a linear loading per channel:

5

—

100 1befe?

w o=

NAC
INTERNATIONAL

100 psfx 29.9in/ [(12 in/ft) x 2 channels] = 125 Ibs fi.
Performed by: Date: Cakulation No. 457-2002.2
Wes{9L | Revision
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Trailer Work Platform 457-2002.2 (Continued)

5.2 valuation

The channel is supported by the scaffolding pipe at each end by caps, thus developing a
simply supported beam loading configuration:

where:
L = 945f
w = 125 Ibs/ft
M= wP
3
= 125x%945°
8
= 1,395 fi-lbs
= 16744 in-lbs

The bending stress is:

o, = M/S,
= 16,744 /1.93 (use C4 x 5.4 section modulus from Reference 7.7)
= 8,676 psi

The allowable bending stress is:

F, = 06 x F,

= 0.5 x 35,000 psi

P

= 21,000 psi
NAC Performed by: Date: Calculation No. 457-2002.2
INTERNATIONAL KL ‘Wezs{9p | Revision 1 |
Checked by: ? e Date: IR Page 8 of 13 |
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Appendix A9.2.8 Trailer Work Platform 457-2002.2 (Continued)

The margin of safety is:
Ms = 1.2
Fiv
_ . 8676
21,000
= 0.59

The shear stress is:

o, = (w x L) / (2 channels x width of channel web x web thickness)
= 125x945/(2 x 4 x 0.18)
= 820 psi

The allowable shear stress is:

F, = 04 xF,

= 0.4 x 35,000 psi

n

14,000 psi

The margin of safety is:

(<8

Ms = 1.

F

820
14,000
= 094
NAC Performed by Date: Calculation No. 457-2002.2
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Trailer Work Platform 457-2002.2 (Continued)

5.2 Pipe Evaluation

10CFR29, Part 1910.28 specifies nominal two inch (27) O.D. tbe for scaffolding. The
drawing calis out 1.5 inch commercial pipe with a schedule 40 designation. The
acceptance of the 1.5 inch pipe will be justified by comparing its sectional properties to

those of the 2 inch tube.

PROPERTIES

2 IN TUBE

1.5 N SCH 40 PIPE

Metat Area

0.7087 in®

0.799 in”

Section Modutus

0314 in’

0326 i’

This comparison shows that 1.5 inch schedule 40 pipe is slightly stronger than the two
inch (2”) tube with a maximum wall thickness of 0.120 inches. Therefore, the 1.5 inch
schedule 40 pipe will perform as well as the two inch (2™) tube.

The tube properties are based on 2” tube with a 0.120 inch wall thickness (Page 8-213 of
Reference 7.4). The section modutus is based on the hollow circle formulas referenced on
page 6-20 of Reference 7.7. The properties for 1.5 inch pipe are from page 1-93 of

Reference 7.7,

5.4 End Cap Evaluation

The end cap is a 1/4 inch thick aluminum plate. Its basic loading scheme is in direct

bearing.
Oy = F / Apearing
where:

F

591 ibs

w x L /2 channels
= 125x945/2

NAC Performed by:

INTERNATIONAL
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Appendix A9.2.8 Trailer Work Platform 457-2002.2 (Continued)

Section Vlev\

Bearing Area

I*———-i_gm
<

Avewig = 2% 0325
= 0.5inch’

The bearing stress is:
G, = 591/05
= 1182 psi
The allowabie bearing stress is:

F, = F,

35,000 psi

The margin of safety is:

Ms = 1.2
Fb
., s
35,000
= 097

The plate is welded with 1/4 inch fillet weld on both sides. Therefore, the weld stress is
insignificant. No further evaluation is required.

NAC Performed by: Date: Calculation No. 457-2002.2
INTERNATIONAL @ |( /’bS{ 94 | Revision |
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Appendix A9.2.8 Trailer Work Platform 457-2002.2 (Continued)
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6.0 SUMMARY OF RESULTS/CONCLUSIONS

Summary of Stress Analysis
Drawing | Item | Component | Applied | Design Check [ Calculated | Allowable : M.S.
No. No. Load Loading 8
i
457-105 |24 channel 125 lb/ft | bending 8,676 psi | 21,000 ps: | 0.59
shear 820 psi 14,000 psi | 0.94
457-105 |26 | plank hook | 391 Ibs | bearing 1,182 psi | 35,000 psi | 0.97

The transport trailer work platform design meets the criteria defined in Section 4.2.

NAC Performed by: Date: Calculation No, 457-2002.2
INTERNATIONAL " /M/ 9L |Revision! .
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Appendix A9.2.8 Trailer Work Platform 457-2002.2 (Continued)

7.0 REFERENCES

7.1 Preliminary Design Analysis Report For The TN-WHC Cask and Transporation System
Project 3035
Transnuclear, Inc. *

7.2 Kee Industrial Products.

Test Report: Ultimate Load Capacities of Set Screws,
(Provided in Appendix A)

73 1989 Annual Book of ASTM Standards, Volume 02.02, page 330.

74  Standard Handbook for Mechanical Engi B ister & Marks, 7th edition.

7.5  Code Of Federal Regulations
Title 29, Part 1910.28
Safety Requirements For Scaffolding

7.6 K Basin Immersion Pail Assembly TN WHC Transport Cask Drawings.
7.6.1 Project 457, Drawing 105.

7.7 AISC Manual Of Steel Construction, 9th edition.
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APPENDIX A .
Kee Industrial Products Load Data

There aa tota) of 4 pages in Appendix A.
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PART B: PACKAGE EVALUATION

B1.0 INTRODUCTION

B1.1 SAFETY EVALUATION METHODOLOGY

This section of the Design Analysis Report (DAR) presents the structural evaluation of the cask.
This package evaluation describes the design features and presents the safety analyses which
demonstrate that the cask complies with applicable requirements of the Hanford Specification!”.

Detailed structural analyses of various cask components subjected to individual loads are provided
in the Appendix B4.5C. The limiting results from these analyses are used in Section B4.3 to
quantify package performance in response to the normal condition of transport load combinations
and Section B4.4 to quantify package performance in response to the accident condition of
transport load combinations. Tables B4.3-1 and B4.4-1 provide an overview of the performance
evaluations reported in each load combination subsection for normal and accident conditions,
respectively. Each subsection provides the limiting structural analysis result for the affected cask
component(s) in comparison to the established design criteria. This comparison permits the
minimum margin of safety for a given component subjected to a given loading condition to be
readily identified. In all cases, the acceptability of the cask design with respect to established
criteria and consequently with respect to the Specification performance requirements is
demonstrated.

Several other items should be noted. In the cask, thermal stresses occur due to the effects of
differential thermal expansion. When evaluating stresses, these thermal stresses are conservatively
treated as primary stresses and the combined stresses due to primary loads (like pressure) and
differential expansion (such as heating from 70°F to hot thermal conditions) are evaluated as
primary stresses. In addition, some individual load cases in Appendix B4.5C were performed for
the corresponding unit load (1G) condition (like the end drop and side drop) and are factored for
the normal and accident conditions.

The stress results for the individual load case tables reported in Appendix B4.5C are the
maximum stresses for each individual load cases. Two or more individual load cases must be
combined to determine the total stresses at the standard stress reporting locations for the various
load combinations. This is accomplished using the ANSYS® postprocessor which algebraicly
adds the stress components at each of the standard locations. The membrane stress intensity is
then found from the membrane stress components and the inner and outer surface membrane plus
bending stress intensities are determined from the membrane + bending stress components.

Figure B4.3-1 shows the selected locations on the cask body where stress results for these
analyses are reported. Detailed stresses are actually available at as many locations as there are
nodes in the finite element model. However, for practical considerations, the reporting of stress
results is limited to those locations shown on Figure B4.3-1. These locations were selected to be

Bl1-1
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representative of the stress distribution in the cask body with special attention given to areas
subject to high stresses. The maximum stress may occur at a different location for each
individual load.

The shielding analysis of the cask is performed using industry standard codes and conservative
‘modeling assumptions. An evaluation of the shiclding performance of the cask was performed
assuming dry cask conditions. This evaluation is based on the maximum source term payload.
The bounding source term used for the shielding evaluation is the Mark IV fuel clements, 0.95 U-
235 irradiation to 16% Pu-240, thirteen years after discharge from the N reactor.

The gamma and neutron analyses are performed using the one dimensional SAS1 module of
SCALE-4, with the 27n-18¢g coupled cross-section library. This uses the codes XSDRNPM and
XSDOSE to calculate surface flux and translate the flux into dose rates away from the cask
surface. ANSI standard flux-to-dose factors, within SCALE-4, are used for the dose calculation
at the selected points. The method in which the cask and its contents are modeled for the
shielding analysis and the shielding analysis results are described in the Section B3.0.

The thermal evaluation is described in Section B5.0. The ANSYS computer code is used to
performed the analysis. The design input for decay heat load, ambient conditions and MCO
geometry were obtained from the Hanford Specification.

B1.2 EVALUATION SUMMARY AND CONCLUSIONS

Appendix B4.5C provides the detailed description of the structural analyses of the cask body.
That appendix describes the detailed ANSYS model used to analyze various applied loads.
Tables B4.3-2 and B4.4-2 identify the individual loads (IL) analyzed which are applicable to
normal and accident conditions of transport.

Detailed stresses and displacements in the ANSYS model of the cask body are obtained and
stored (on magnetic tape) for every node location for each individual load case. These stored
results are postprocessed to printout the stresses at the standard stress reporting locations.

Since the individual load cases are linearly elastic, their results can be scaled and superimposed as
required in order to perform the normal and hypothetical accident condition load combinations.

Shielding for the cask is provided mainly by the thick-walled cask body. This provides adequate
shielding for both normal and accident conditions. Figures B3.3-1 and B3.3-2 illustrate the one-
dimensional SAS1 models used for the analysis and Table B3.3-1 lists the compositions of the
shielding materials.

The temperature distribution from the thermal analyses is uscd to evaluated the thermal stresses in
the cask. The structural integrity of the cask is maintained during normal and accident thermal
environments.
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Normal Condition of Transport

The maximum stresses due to the 1 foot free drop event are presented in Section B4.3.4.3.5. In
nearly all of the load cases, the maximum stresses are less than the membrane allowable stress
with large margin of safety.

The lid bolt stresses do not exceed 2/3 times the yield strength during the 1 ft drop normal
conditions as shown in Section B4.3.4.3.8.

The cask body is a solid stainless steel cylinder, the thermal stresses due to differential thermal
expansion are insignificant. Thermal stresses of the cask body due to the differential thermal
expansion under the hot and cold environment conditions are evaluated in Section B4.3.4.2.

From the analyses presented in Section 4.3, it can be shown that the normal structural and
thermal loads will not result in any structural damage of the cask and the containment function of
the MCO will be maintained.

Accident Condition of Transport

The maximum stresses due to the 30 foot drop cvent are also presented in Section B4.4-4.3. In
nearly all of the load cases, the maximum stresses are less than the membrane allowable stress
with large margins of safety.

The lid bolt stresses do not exceed the ultimate strength during the hypothetical 30 ft drop
accidents as shown in Section B4.4.4.3.4.

During the 40 inch drop onto a 6.0 inch diameter puncture bar, the cask body may deform locally
at the contact point. It has been shown by analysis (Section B4.4.4.3.5) that the cask will not be
punctured and that the MCO will be confined.

The thermal stresses in the stainless steel cask body due to differential thermal expansion are
insignificant. Thermal stress of the cask body due to the differential thermal expansion under the
thermal accident conditions (between lid and lid bolts) is evaluated in Section B4.4.4.2.

From the analyses presented in Scction 4.4, it can be shown that the accident structural and

thermal loads will not impact the structural integrity of the cask, and the cask maintains the
confinement function of the MCO.

B1-3
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References For B1.0

1. Performance Specification For TN-WHC Cask And Transportation System, WHC-8-0396,
Rev. 1, September 1995.

2. ANSYS Engineering Analysis System, User’s Manual Volumes 1&2, Rev. 5.2.
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B2.0 CONTAINMENT EVALUATION
This Section will be written by DESH
B2.1 INTRODUCTION
B2.2 CONTAINMENT SOURCE SPECIFICATION
B2.3 NORMAL TRANSFER CONDITIONS
B2.3.1 Conditions to be Evaluated
B2.3.2 Containment Acceptance Criteria
B2.3.3 Containment Model
B2.3.4 Containment Calculations
B2.4 ACCIDENT CONDITIONS
B2.4.1 Conditions to be Evaluated
B2.4.2 Containment Acccptance Criteria
B2.4.3 Containment Model
B2.4.4 Containment Calculations
B2.5 CONTAINMENT EVALUATION AND CONCLUSIONS

B2.6 APPENDIX
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B3.0 SHIELDING EVALUATION

B3.1 INTRODUCTION

An evaluation of the shielding performance of the TN-WHC cask was performed assuming dry
cask conditions. This evaluation is based on the maximum source term payload.

The most significant shielding design features of the cask are the thick walled forged carbon steel
cask body and lid. The cask body has a minimum wall thickness of 7.25 inches and a bottom
thickness of 6.13 inches. A minimum cask lid thickness of 3.0 inches was used. Additional
shielding is provided by the [uel assemblies, the baskets, and the MCO. The cask design does
not included separate neutron shielding because of the relatively low neutron source term in the
spent fuel. The method in which the cask and its contents are modeled for the shielding analysis
are described in the Sections B3.3 and B3.4.

The shielding analysis of the cask is performed using industry standard codes and conservative
modeling assumptions. The expected dose rates for the cask have been evaluated for the design
basis fuel.

B3.2 DIRECT RADIATION SOURCE SPECIFICATION

The bounding source term used for the shielding evaluation is the Mark IV fuel elements, 0.95 U-
235 irradiation to 16% Pu-240, thirteen years after discharge from the N reactor. The source
term, gamma spectra, and neutron spectra are provided in Reference 1.

B3.2.1 Gamma Source

Table B3.2-1 shows the gamma source spectra. The spectra from 0.35 to 2.25 MeV was used
since these energy levels are the primary contributors to the dose rate. The gamma source spectra
provided in Reference 1 was generated from the ORIGEN2 code. However, this spectra was
converted into the gamma energy groups of the SCALE 27n-18y library® by conserving energy.
Appendix B3.7.1 details the conversion of the gamma source spectra for use in the SCALE code.



HNF-SD-SNF-FDR-003 Rev. O E-15166

Table B3.2-1 Gamma Source Spectra

Average Energy Level
(MeV) Photon/sec/MCO Fraction
2.25 ' 8.88E+09 0.00000
1.83 6.828E+11 0.00024
1.495 1.009E+13 0.00348
1.165 2.415E+13 0.00833
0.9 3.727E+13 0.01286
0.7 9.045E+14 0.31211
0.5 1.868E+15 : 0.64458
0.35 5.300E+13 0.01829
Total 2.898E+15 0.99989

B3.2.2 Neutron Source

The Neutron Source for Mark IV Fuel 16% Pu 240 at 13 years decay was also provided in
Reference 2. The spontaneous fission source is 7.317E+06 neutrons/sec/MCO with an (alpha,n)
neutron source of 3.578E+06 neutrons/sec/MCO.

The neutron spectra for both sources were also provided in Reference 2.  Similar to the gamma
source spectra, this spectra must be converted into the proper neutron energy groups of the
SCALE 28n-18y library. This is accomplished by apportioning the provided spectra into the
SCALE energy groups. This analysis and conversion is detailed in Appendix B3.7.2. The
spectrum used for the analysis is provided in Table B3.2-2 below.
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Table B3.2-2 Neutron Spectra

Spontaneous
SCALE Group No (alpha,n) Fission Combined

Group 1 0.02184 0.01463
Group 2 0.16137 0.22278 0.20251
Group 3 0.41486 0.22655 0.28869
Group 4 0.14594 0.12795 0.13389
Group 5 0.11620 0.15740 0.14380
Group 6 . 0.11214 0.15633 0.14175
Group 7 0.04767 0.08316 0.07145

Total: 0.99818 0.99601 0.99672

B3.3 SUMMARY OF SHIELDING PROPERTIES OF MATERIALS

One-dimensional SAS1 models (of the SCALE code®®) were used for the gamma and neutron
shielding calculations of the top, bottom, and side of the cask.

For the doses at the top and bottom of the cask, one-dimensional plane geometry XSDRNPM
models are used. The fuel region is assumed to consist of uranium dioxide, zircaloy and steel
basket. These are assumed to be homogenized throughout the fuel zone. The model assumes only
the active fuel region. No consideration is given to the presence of a plenum or top fitting. The
configurations of the top and bottom model are shown in Figure B3.3-1.

For the gamma and neutron doses on the side of the cask, a cylindrical one-dimensional model is
used in XSDRMPM as shown in Figure B3.3-2. The central fuel region is considered to consist
of uranium dioxide. The fuel cladding and steel basket are included in the homogenized fuel
region. The fuel region is modeled as a cylinder with the actual cavity diameter. Subsequent
regions are modeled as cylindrical shells corresponding to actual dimensions.

Materials and their densities used in the XSDRNPM models are provided in Table B3.3-1.
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Figure B3.3-1 Axial Models

Axial, Cask Top - Shield Plug and Lid

‘7462 cm Lid - SS304

¢ 30.48 cm Shield Plug - SS304

186.29 cm  Fuel + Clad + Basket

Axial, Cask Bottom

186.29 cm  Fuel + Clad + Basket

# 4.47 cm MCO Bottom

¢ 1556 e¢m TN-WHC Bottom
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Figure B3.3-2 Radial Model

MCO

Wl 1 \3/60 lgm
1.27 cm ’
Y|/

2937 cm 18.42 cm
F‘fl TN-WHC
Clad Outer Wall

+

Basket
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Table B3.3-1 Material Densities

Location Material Density (g/cc)
Fuel + Clad + Basket Uranium 6.28
(assuming St:zzl]()et is 100% Zircaloy 0.41
Steel (§8304) 0.338
Cask Wall Steel (SS304) 7.92
Cask Lid Steel (SS304) 7.92
Shield Plug Steel (88304) 7.92

B3.4 NORMAL TRANSFER CONDITIONS

B3.4.1 Conditions to be Evaluated

Under normal conditions the shielding of the cask is evaluated assuming an undamaged cask and
the worst case fuel.

B3.4.2 Acceptance Criteria
The shielding acceptance criteria for normal conditions for the cask is the following:
-the maximum surface dose on the accessible surface of the cask shall be less than or equal to

100 mrem/hr @; and
-the dose rate 2 meters from the surface of the cask shall be less than or equal to 10 mrem/hr®.

B3.4.3 Shielding Model

The gamma and neutron analyses are performed using the one dimensional SAS1 module of
SCALE-4, with the 27n-18g coupled cross-section library. This uses the codes XSDRNPM and
XSDOSE to calculate surface flux and translate the flux into dose rates away from the cask
surface. ANSI standard flux-to-dose factors, within SCALE-4, are used for the dose calculation
at the selected points.

For the axial calculations, the DISK geometry is chosen and buckling corrections, using the cask
diameter, are used to correct for a finite dimension rather than an infinite plane.

Because of the irregular bottom in the MCO, the 3-dimensional QAD-CGGP® code was utilized
to evaluate two models of the bottom; one with a cut-out and one without. Ratios of the

B3-6
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calculated dose rates (1.32 @ contact and 1.01 @ 2 meters) were used to correct the SAS1 dose
calculation for the bottom of the cask.

An additional dose rate calculation was performed to evaluate the dose rate at the drain port at
the lower end of the cask. The 3-dimensional, monte carlo SAS4 module of the Scale-4 code

was utilized to perform the calculation. Shielding from the quick connect coupling was
conservatively neglected as shown in Figure B3.3-3.

The inputs for the SAS1 and SAS4 modules are included in Appendix B3.7.3.
B3.4.4 Shielding Calculations
Dose points, shown in Tables B3.4-1 and B3.4-1, are taken axially on the centerline of the cask

and radially on the midplane.

Table B3.4-1 Summary of Maximum Dose Rates - Cask Surface

(mrem/hour)
Top, Top, Cask Lid
Sides Shield Plug & Shield Plug Bottom*
Gamma 54.2 0.71 0.04 85.4
Neutron 5.10 2.39 1.31 7.26
Total 59.3 3.10 1.35 92.7

Table B3.4-2 Summary of Maximum Dose Rates - 2 meters from the Cask Surface

(mrem/hour)
Top, Top, Cask Lid
Sides Shield Plug & Shield Plug Bottom*
Gamma 8.54 0.09 0.005 7.88
Neutron 0.61 0.12 0.06 0.28
Total 9.15 0.21 0.065 8.16

* - on cask centerline, below MCO sump (B3.4.3)

The dose rates on the drain port cover were calculated by SAS4 to be 167 mrem/hr y and 2.5
mrem/hr neutron. At one foot from the drain port cover, the calculated dose rates were 62.7
mrem/hr and 1.1 mrem/hr y and neutron respectively.
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Figure B3.3-3 Drain Port Model

30.64

5037 320 3795 el
0.00 \ \ 50.42
e \\\
uel and \
0
basket material \\
/i \\
d \\\
18629 —— \
MCO
[§
19076 — S === 1802
drain
\ \ \ \ port (void)
198.12
\\\ Cask Bod\\
20633




HNF-SD-SNF-FDR-003 Rey. g E-15166

B3.5 ACCIDENT CONDITIONS

B3.5.1 Conditions To Be Evaluated

Briefly, the accidents to be evaluated are:

- Impact, the worst case credible impact for the packaging system may be simulated by a free
drop of 30 ft. onto a concrete surface, the package shall impact in an orientation to cause
maximum damage;

- Puncture, the worst case credible puncture is equivalent to a free drop of the packaging
through a distance of 1 meter (40 in) in a position for which the maximum damage is

expected; and

- Thermal, the éxposure of the packaging system for not less than 30 minutes to a 800°C fire
that has an emissivity coefficient of 0.9.

The impact, puncture and thermal scenarios will result in no loss of shielding. Thércfore, the
accident dose rates are the same as the normal conditions dose rates.

B3.5.2 Acceptance Criteria

The shiclding acceptance criteria for accident conditions for the cask is the following:

- the dose rate 1 meter from the surface of the cask shall not exceed 1 rem/hr®®.

B3.5.3 Shielding Model

See Section B3.4.3 shielding model for normal conditions.

B3.5.4 Shielding Calculations

See Section B3.4.4 shielding calculations for normal conditions.

B3.6 SHIELDING EVALUATION AND CONCLUSIONS

Shielding for the cask is provided mainly by the thick-walled cask body. This provides adequate
shielding for both normal and accident conditions. Figures B3.3-1 and B3.3-2 illustrate the one-
dimensional SAS1 models used for the analysis and Table B3.3-1 lists the compositions of the
shielding materials.

The expected dose rates were calculated using the source term provided in Reference 1 and the
results of the shielding analyses are provided in Tables B3.4-1 and B3.4-2.
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B3.7-1 DETERMINATION OF THE GAMMA SOURCE SPECTRA

The gamma source for the worst case fuel is provided in Reference 1. The gamma source spectra
is shown below in Table B3.7-1.

Table B3.7-1 Photon Source for Mark IV Fuel 16% Pu 240 at 13 years decay

Energy (MeV) Photons/sec/MCO
0.015 1.67E15
0.025 3.54E14
0.038 3.99E14
0.058 3.35E14
0.085 1.85E14
0.125 1.38E14
0.225 1.57E14
0.375 7.42E13
0.662 2.33E15
0.850 5.92E13
1.250 3.41E13
1.750 1.05E12
2.250 8.88E9
2.750 6.34E8
3.500 8.31E7
5.000 3.94ES
7.000 4.50E4
11.000 5.14E3

TOTAL 6.09E15

For the gamma source term, the energy levels from 0.375 to 2.25 McV were used since these
energy levels are the primary contributors to the gamma dose. The 0.662 MeV energy level was
converted to the 0.575 MeV energy level:

0.662 MeV = 2.33E15 photon/sec/MCO (0.662/0.575) = 2.68E15 photon/second/MCOk

B3.7-1
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The energy groups significant to the dose are from 0.375 MeV to 2.50 MeV. The table below
summarizes these energy groups:

Table B3.7-2 Photon Source for Mark IV Fuel 16% Pu 240 at 13 years decay

ORIGEN2 ORIGEN2
Energy Range Average Energy (MeV) y/sec/MCO
0.3-045 0.375 7.42E+13
0.45-0.7 0.575 2.68E+15
07-1.0 0.850 5.92E+13
1.0-1.5 1.250 3.41E+13
1.5-2.0 1.750 1.0SE+12
2.0-25 2.250 8.88E+09
Subtotal: 2.85E+15

The energy groups from this ORIGEN2 output need to be translated into the appropriate energy
groups for the SCALE 27n-18g library. This is done by conserving energy. The following
calculations illustrate the conversion between the ORIGEN?2 energy levels to the SCALE code
energy levels.

Seale Group 35, 1.66-2.0:

. 0-166) | (175, eps
(2.0-1.5) 1.83

6.828E£+11

I

Scale Group 36, 1.33 -1.66 MeV:

_ (66215 (LIS gopagg o (L5-133) (1250 e
(20-15) 1495 (I5-1.0) 1495
= 1.009E+13

B3.7-2 DETERMINATION OF THE NEUTRON SOURCE SPECTRA

The neutron source in spent fuel is from either spontaneous fission of the actinides or from (o,n)
reactions. For this fuel, the spontaneous fission source and (o, n) reactions are present. The

B3.7-2
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spontaneous neutron source is due primarily to six nuclides: Cm-242, Cm-244, Cm-246, Pu-238,
Pu-240, and Pu-242.

From Reference 2, the following fission source is tabulated below:

Table B3.7-3 (a,n) and Spontaneous Fission Source for Mark 1V Fuel

Component of Source Source Strength %
(neutrons/sec/MCO)
(ot,n) 3.578E+06 33%
Spontaneous Tission 7.317E+06 67%
Total 1.090E+07
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Table B3.7-4 Spontaneous Fission Specrta

Upper Energy (MeV) Fraction
0.00 0.00000
0.10 0.01194
0.20 0.01972
0.30 0.02424
0.40 0.02726
0.50 0.02934
0.60 0.03076
0.70 0.03167
0.80 0.03218
0.90 0.03238
1.00 0.03232
1.20 0.06368
1.40 0.06140
1.60 0.05832
1.80 0.05475
2.00 0.05090
2.20 0.04695
2.40 0.0430]
2.60 0.03917
2.80 0.03549
3.00 0.03202
3.20 0.02876
3.40 0.02574
3.60 0.02297
3.80 0.02043
4.00 0.01812
4.20 0.01603
4.40 0.01415
4.60 0.01246
4.80 0.01095
5.00 0.00960
5.50 0.01907
6.00 0.01354
6.50 0.00953
7.00 0.00665
7.50 0.00461
8.00 0.00318
9.00 0.00366
10.00 0.00169
11.00 0.00076
12.00 0.00034
13.00 0.00013
14.00 0.00007
15.00 0.00003
Total 0.99999
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Table B3.7-5 (a,n) Fission Spectra

Rev. O

Upper Energy (MeV) Fraction
0.00 0.00000
0.10 0.01059
0.20 0.01184
030 0.01133
0.40 0.01371
0.50 0.01869
0.60 0.02103
0.70 0.02305
0.80 0.02523
0.90 0.02414
1.00 0.01994
1.10 0.02087
1.20 0.02259
1.30 0.02539
1.40 0.02741
1.50 0.02804
1.60 0.02944
1.70 0.03193
1.80 0.03551
1.90 0.03692
2.00 0.03879
210 0.03894
220 0.04065
2.30 0.04128
240 0.03956
2.50 0.03785
2.60 0.03645
2,70 0.03474
2.80 0.03209
290 0.03115
3.00 0.02928
3.10 0.02586
3.20 0.02430
330 0.02087
340 0.01698
3.50 001433
3.60 0.01231
3.70 0.00997
3.80 (.00857
3.90 0.00748
4.00 0.00607
4.10 0.00545
4.20 0.00358
4.30 0.00280
4.40 0.00171
4.50 0.00109

1.00000

E-15166
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FOR SPONTANEQUS FISSION SPECTRA
For Group 1, 6.434 -20.0 MeV"
_ ((6.434~6‘0) N

(823 3 & 0.00953) +0.00665 +0.00461 +0.00318
65-60) 1123

+0.00366 +0.00169 +0.00076 +0.00034 +0.00015 +0.00007 +0.00003
0.02184 :

It

For Group 2, 3.00 -6.434:

il

0.02876 +0.02574 +0.02297 +0.02043 +0.01812 +0.01063 +0.01415 +0.01246

+0.01095 +0.00960 +0.01907 +(_6.6'_4_53§__£'_0.9 * 0.00953 =* 6.25 )+0.1354

-6.00 4.7117
0.22278

FOR (a,ny SPECTRA

For Group 2, 3.0-6.434 Mev:
= 0.02586 +0.02430 +0.02087 +0.01698 +0.01433 +0.01231 +0.00997

+0.00857 +0.00748 +0.00607 +0.00545 +0.00358 + 0.00280 +0.00171 +0.000109
= 0.16137

For Group 3, 1.85-3.0 MeV:

= 0.02928 +0.03115 +0.03209 +0.03474 +0.03645 +0.03785 +0.03956 +0.04128
+0.04065 +0.03894 +0.03879

L 1.90-185 0.03692 * 1.85
1.90-1.80 2.425
= 0.41486

B3.7-6
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B3.7-3 SAS1 INPUT FILES
Axial Model, Top

=SASI

K-BASIN FUEL 5/96 - NEUTRON WHC-ST-TP-SARP-017, GAMMA ECN 191402
27N-18COUPLE INFHOMMEDIUM

> FUEL MODELED, 6.34 MTU PER MCO - SS304 BASKET - ZIRC CLAD
URANIUM 1 DEN=628 1.0 293 92235 1.0 92238 99.0 END
ZIRCALLOY 1 DEN=0.441 END

SS304 1 DEN=0.338 END
SS304 2- 10 END
END COMP

END

LAST

TOP MODEL 12" SHIELD PLUG ONLY

DISC REFLECTED

1 130.0 40 -1 0 0O 10.8 287E9

1 18629 40 -1 0 0O 10.8 2.878E9

2 21677 31 0

END ZONE

0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 26Z
0.00000 0.00024 0.00348 0.00833 0.01236 0.31211 0.64458
0.01829 47

0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 26Z
0.00000 0.00024 0.00348 0.00833 0.01236 0.31211 0.64458
0.01829 4Z

NDETEC=4 DY=103.06 DZ=103.06

READ XSDOSE

51.53

0.0 2.0 0.0 100. 0.0 200. 0.0 300.

END

=SAS1

K-BASIN FUEL 5/96 - NEUTRON WHC-ST-TP-SARP-017, GAMMA ECN 191402
27N-18COUPLE INFHOMMEDIUM

> FUEL MODELED, 6.34 MTU PER MCO - SS304 BASKET - ZIRC CLAD
URANIUM 1 DEN=6.28 1.0 293 92235 1.0 92238 99.0 END
ZIRCALLOY 1 DEN=0.441 END

SS304 1 DEN=0.338 END

SS304 2 1.0 END
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END COMP

END

LAST

TOP MODEL 12in MCO SHIELD PLUG AND 3in TN-WHC LID
DISC REFLECTED

1 1300 40 -1 0 O 10.8 287E9

1 18629 40 -1 0 0 108 2878E9

2 21677 31 0

2 22439 8 0

END ZONE

0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 26Z
0.00000 0.00024.0.00348 0.00833 0.01236 0.31211 0.64458
0.01829 47

0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 267
0.00000 0.00024 0.00348 0.00833 0.01236 0.31211 0.64458
0.01829 47

NDETEC=4 DY=103.06 DZ=103.06

READ XSDOSE

51.53

0.0 2.0 0.0 100. 0.0 200. 0.0 300.

END

Axial Model, Bottom

=SAS1

K-BASIN FUEL 5/96 - NEUTRON WHC-ST-TP-SARP-017, GAMMA ECN 191402
27N-18COUPLE INFHOMMEDIUM

> FUEL MODELED, 6.34 MTU PER MCO - SS304 BASKET - ZIRC CLAD
URANIUM 1 DEN=6.28 1.0 293 92235 1.0 92238 99.0 END
ZIRCALLOY 1 DEN=0.441 END

SS304 1 DEN=0.338 END
SS304 2 10 END
END COMP

END

LAST

BOTTOM MODEL TN-WHC 6.125in THICK AND MCO 1.76in THICK
DISC REFLECTED

1 1300 40 -1 0 0 10.8 287E9

1 18629 40 -1 0 0 108 2.878E9

2 190.76 4 0O

B3.7-8
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2 20632 17 0

END ZONE

0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 26Z
0.00000 0.00024 0.00348 0.00833 0.01236 0.31211 0.64458
0.01829 4z

0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 26Z
0.00000 0.00024 0.00348 0.00833 0.01236 0.31211 0.64458
0.01829 4Z

NDETEC=4 DY=103.06 DZ=103.06

READ XSDOSE

51.53

0.0 2.0 0.0 100. 0.0 200. 0.0 300.

END

Radial Model

=SAS1

K-BASIN FUEL 5/96 - NEUTRON WHC-ST-TP-SARP-017, GAMMA ECN 191402
27N-18COUPLE INFHOMMEDIUM

> FUEL MODELED, 6.34 MTU PER MCO - SS304 BASKET - ZIRC CLAD
URANIUM I DEN=6.28 1.0 293 92235 1.0 92238 99.0 END
ZIRCALLOY 1 DEN=0.441 END

SS304 1 DEN=0.338 END
SS304 2 1.0 END
END COMP

END

LAST

RADIAL MODEL TN-WHC 7.25in THICK AND MCO 0.5in THICK
CYLINDRICAL

1 2937 30 -1 0 0 108 2.87E9

2 3064 20

0 320010

2 5042 20 0

END ZONE

0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 26Z
0.00000 0.00024 0.00348 0.00833 0.01236 0.31211 0.64458
0.01829 47

NDETEC=4 DY=103.06 DZ=103.06

READ XSDOSE

372.57

52.00 18629 152.00 186.29  252.00 186.29 367.64 186.29

B3.7-9
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END

B3.7-10



HNF-SD-SNF-FDR-003  Rev. 0

SAS4 INPUT FILES

Radial Gamma

=sas4

Westinghouse Hanford Cask 3-D Shielding Analysis 7/96
27N-18couple infhommedium

> Fuel modeled, 6.34 MTU per MCO - SS304 basket - Zr clad
uranium 1 den=6.28 1.0 293 92235 1.0 92238 99.0 end
zircalloy 1 den=0.441 end

ss304 1 den=0.338 end

$s304 2 1.0 end

end comp

idr=0 ity=2 izm=4 frd=29.37 end

29.37 30.64 32.00 50.42 end

1 202 end

xend

tim=20.0 nst=500 nod=3 sfa=2.898+15 f{r2=0.7 {r3=0.7 fr4=0.7
igo=0 mfu=] nit=800 end

soe 34z 0.00024 0.00348 0.00833 0.01286 0.31211 0.64458
0.01829 4z end

det 52.0 0. 194.16 81.0 0. 194.16 81.0 0. 206.0 end
gend

E-15166

TN-WHC Cask Radial Gamma Dose Rate around drain port with cover(HOLE)

fue 186.29 186.30 end
fend

cav 0 32.00 190.77 end
ins 2 30.64 190.76 end
inn 2 37.95 190.80 end
rst 2 48.51 190.20 end
our 2 50.42 206.33 end
asl 2 37.95 198.12 end
cend

end

Radial Neutron

=sas4

B3.7-11
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Westinghouse Hanford Cask 3-D Shielding Analysis 7/96
27N-18couple infhommedium

> Fuel modeled, 6.34 MTU per MCO - SS304 basket - Zr clad
uranium 1 den=6.28 1.0 293 92235 1.0 92238 99.0 end
zircalloy 1 den=0.441 end

$s304 1 den=0.338 end

ss304 2 1.0 end

end comp

idr=0 ity=1 izm=4 frd=29.37 end

29.37 30.64 32.00 50.42 end

120 2 end

xend o

tim=30.0 nst=100 nod=3 sfa=1.09+7 fr2=0.7 fi3=0.7 fr4=0.7
igo=0 mfu=1 nit=100 end

soc 0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145
20z end

det 52.0 0. 194.16 81.0 0. 194.16 &1.0 0. 206.0 end
gend

TN-WHC Cask Radial Neutron Dose Rate around drain port with cover(HOLE)
fue 186.29 186.30 end

fend

cav 0 32.00 190.77 end

ins 2 30.64 190.76 end

inn 2 37.95 190.80 end

rsl 2 48.51 190.20 end

our 2 50.42 206.33 end

asl 2 37.95 198.12 end

cend

end

B3.7-12
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B4.0 STRUCTURAL EVALUATION

B4.1 INTRODUCTION

This Section, including its appendices, presents the structural evaluation of the cask. This
evaluation demonstrates that the cask structural design satisfies the Hanford Specification.

B4.2 STRUCTURAL EVALUATION OF PACKAGE
B4.2.1 Structural Design and Features

The structural integrity of the cask under normal conditions of transport and hypothetical accident
conditions specified in Hanford Specification is shown to meet the design criteria described in
Sections B4.3 and B4.4. The cask is a transport packaging which consists of two major structural
components: the shell or cask body assembly and the lid assembly. These components are
described in Section A2.0 and are shown on drawings provided in Section A9.1, Appendix.

The shell or cask body cylinder assembly is an open ended (at the top) cylindrical unit with an
integral closed bottom end. This assembly consists of a 7.31 inch thick ASME SA336 Type
F304 stainless steel shell welded to a massive stainless steel bottom closure. The cask bottom is
6.13 in. thick.

The lid assembly is a 3.50 in. thick platc made of ASME SA336 Type F304 stainless steel. The
lid is grooved to retain the closure seal. Two trunnions with brackets and gussets, welded to the
lid, are used to lift the cask during handling. The lid, lid seal, vent and drain covers, their seals
and bolts complete the packaging containment boundary. The lid assembly is bolted to the shell
or body cylinder assembly with twelve (12) 1.5" high strength closure bolts.

The wall thickness of the outer shell, bottom plate and the lid enable the packaging to withstand
the hypothetical puncture accident. The shell and lid are designed to be both strong and ductile
in order to be capable of withstanding the punch loading.

Appendix B4.5A provides the impact analysis of the cask. Appendix B4.5B describes the lid

bolt analysis. Appendix B4.5C presents the structural analysis of the cask body. Appendix
B4.5D presents the stress analysis of the cask lifting attachment.

B4.2.2 Mechanical Properties of Materials

B4-1
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The mechanical properties of structural materials used in the cask is shown on Table B4.2-1 and

the effects of temperature on these properties are also shown on Table B4.2-1. The materials are
identified and procured by reference to ASME and corresponding ASTM specifications. The
yield and ultimate strengths of the structural steels shown on Table B4.2-1 are the minimum
values specified in the material specifications. The ASME design stress intensity values (S,,) for
Class 1 components are used to establish allowable stresses for the elastic analyses performed for
the cask. Values of S are provided on Table B4.2-1. Stress intensity limits for the various
stress categories are discussed in Sections B4.3 and B4.4.

Table B4.2-1 Temperature Dependent Material Properties

Component Material Temp. | Ultimate Yield Allow. E o
°F S, (ksi) S,(ksi) | S,(ksi) | (E®psi) | (E®

Cask Body SA-336 70 70 30 20 28.3 8.55
and Type F304 17000 66.2 25 20 276 | 879
300 61.5 22.5 20 27.0 9.0

400 60.0 20.7 18.7 26.5 9.19

Lid Bolt SA-479 70 135 105 283 8.87
Ho)t(l\lgcl)lgled 200 27.6 9.02

300 27.0 9.10

400 26.5 9.14

* Mean Coefficient of Thermal Expansion (in/in-°F) From 70°F to the Indicated Temperature.

B4.2.3 Chemical and Galvanic Reaction

The materials of fabrication are summarized in section B4.2.2. All structural components are the

same or similar alloys of stainless steel and therefore are not subject to chemical or galvanic
interaction.

B4.2.4 Size of Package and Cavity

B4-2
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The basic structure of the cask is a right circular cylinder. The cask is 170.25 inches long and
39.81 inches in diameter except at the lid end where the diameter is 31.50 inches. The cask
cavity has a length of 160.50 inches. The general arrangement of the cask is depicted in Figure
B4.2-1. Component terminology used in this DAR is also identified on Figure B4.2-1. The
closure lid end is referred to as the top with the packaging in the vertical orientation. Detailed
design drawings for the cask are provided in Appendix A9.1. Table B4.2-2 summarizes the
materials of construction used in the cask.

The basic components of the cask arc the cask body, closure lid, and lid bolts. The cask body
consists of the cylindrical shell assembly and bottom plate. The closure lid is attached to the cask
body with twelve 1.5 inch diameter bolts. Two lifting trunnions with brackets and gussets are
welded to the lid-and are a 180° apart. Two penetrations into the containment are provided to
support cask operations. One is located in the Jid and the other is located in the cask bottom.
The maximum gross weight of the loaded cask is 57,910 pounds including a payload of 18,950
pounds. The cask is transported in the vertical orientation with the lid end facing the up-
direction. During transport, the cask is supported on the trailer by a tiedown system.

Table B4.2-2 Material of Construction

Component Material
Shell Assembly SA-336, Type F304
Lid SA-336, Type F304
Lid Bolt SA-479 XM19 Hot Rolled
Trunnion SA-182, GR. F304
Brackets and Gussets Type 304 SS
Vent & Drain Covers SA-240 Type 304
Bolts for Vent & Drain Covers SA-193-B8
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Figure B4.2-1 General Arrangement of TN-WHC CASK
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B4.2.5 Weights and Center of Gravity

The calculated gross weight of the cask in the transport configuration (including dry payload of
18,950 Ibs) is 57,910 pounds. Approximate weights of major individual components or
subassemblies are tabulated below:

Weight of Lid: 1,890 lbs
Weight of Shell: 34,300 lbs
Weight of Bottom: 2,270 lbs
Weight of Lifting Attachment: 500 lbs
Weight of Dry MCO: 18,950 Ibs
Gross Package Weight (Dry): 57,910 lbs

The center of gravity of the unloaded cask is located on the cylindrical axis at 82.29 inches from
the outer bottom surface.

The center of gravity for a loaded cask (dry) is located on the cylindrical axis at approximately
83.6 inches from the outer bottom surface.

B4.2.6 Tamper - Indicating Feature

The tamper indicating feature is not required.

B4.2.7 Positive Closure

Positive containment closure is accomplished entirely by the bolted design. Twelve bolts are used
to close the cask closure lid. Four bolts are used to close the drain port cover and the vent port
cover. This extensive bolting configuration prevents unintentional opening of the containment
system.

B4.2.8 Cask Lifting Attachments and Tiedown System

The detailed stress calculations of the cask lifting attachment and tiedown system are presented in
Appendix B4.5D and B7.3, respectively.

B4.2.9 Brittle Fracture

Brittle fracture of the cask body components is precluded by the choice of austenitic stainless
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steel for fabrication of the cask.

B4.3 NORMAL TRANSPORT CONDITIONS

This section describes the response of the cask to the loading conditions specified by the Hanford
Specification. The design criteria established for the cask for the normal conditions of transport
are described in Section 4.3.2. These criteria are selected to ensure that the package performance
standards specified by the Hanford Specification is satisfied. Under normal conditions of
transport there will be no loss or dispersal of radioactive contents, no significant increase in
external radiation levels, and no substantial reduction in the effectiveness of the packaging.

Detailed structural analyses of various cask components subjected to individual loads are provided
in the Appendices to this section. The limiting results from these analyses are used in this
Section to quantify cask performance in response to the normal condition of transport load
combinations selected for typical transport cask design. Table B4.3-1 provides an overview of
the performance evaluations reported in each load combination subsection. Each subsection
provides the limiting structural analysis result for the affected cask component(s) in comparison to
the established design criteria. This comparison permits the minimum margin of safety for a
given component subjected to a given loading condition to be readily identified. In all cases, the
acceptability of the cask design with respect to established criteria and consequently with respect
to the Hanford Specification standards is demonstrated.

The impact analysis results for the cask structure can be taken directly from the analysis in
Appendix B4.5A. The structural analysis of the cask body is presented in Appendix B4.5C and
covers a wide range of individual loading conditions. The stress results from the various
individual Joads must be combined in order to represent the stress condition in the cask body
under the specified condition evaluated in this section. An explanation of the results reporting

format and stress combination technique used to apply the results from Appendix B4.5C is
provided here.

Reporting Method for Cask Body Stresses

Appendix B4.5C provides the detailed description of the structural analyses of the cask body.
That appendix describes the detailed ANSYS® model used to analyze various applied loads.
Table B4.3-2 identifies the individual loads (IL) analyzed which are applicable to normal
conditions of transport. Some of these individual loads are axisymmetric (e.g. pressure) and
others are asymmetric (e.g. free drop).

Figure B4.3-1 shows the selected locations on the cask body where stress results for these
analyses are reported. Detailed stresses are actually available at as many locations as there are
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nodes in the finite element model. However, for practical considerations, the reporting of stress
results is limited to those locations shown on Figure B4.3-1. These locations were selected to be
representative of the stress distribution in the cask body with special attention given to areas

subject to high stresses. The maximum stress may occur at a different location for each
individual load.

The stress results for the individual load case tables reported in Appendix B4.5C are the
maximum stresses for each individual load case. Two or more individual load cases must be
combined to determine the total stresses at the standard stress reporting locations for the various
load combinations. This is accomplished using the ANSYS postprocessor which algebraicly adds
the stress components at each of the standard locations.

Several other items should be noted. In the cask, thermal stresses occur due to the effects of
differential thermal expansion. When evaluating stresses, these thermal stresses are conservatively
treated as primary stresses and the combined stresses due to primary loads (like pressure) and
differential expansion (such as heating from 70°F to hot thermal conditions) are evaluated as
primary stresses. In addition, some individual load cases in Appendix B4.5C were performed for

the corresponding unit load (1G) condition (like the end drop and side drop) and are factored for
the normal condition.

For the axisymmetric cases, the stress is constant around the circumference of the cask at each
stress reporting location. For asymmetric analyses with significant differences in stress
magnitudes on the extreme opposite sides of the cask (usually top and bottom for a horizontal
cask) the stresses at locations on both sides are reported in separate tables.

Table B4.3-3 provides a matrix of the individual loads and how they are combined to determine
the cask body stresses for the specified normal conditions of transport. The thermal stresses due
to the hot and cold conditions are actually secondary stresses that could be evaluated using higher
allowables than for primary stresses. They are conservatively added to the primary stresses and
the combined stresses are evaluated using primary stress allowables. An "x" in Table B4.3-3
indicates that the stress results for the individual load case are used directly. A quantitative
number (F) indicates the load factor applied to the individual stresses.

For the increased external pressure load combination, it is conservatively assumed that the cask
cavity is at 0 psia. Since the specified load combination condition is 20 psia., the net differential
pressure acting on the cask body is 20 psi.
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Overview

Loading DAR Scope of Evaluation
Conditions Section

Thermal - Hot B4.3.42 | Cask Body Stresses due to Different Thermal
Expansion - Hot

Thermal - Cold B4.3.42 | Cask Body Stresses due to Different Thermal
Expansion - Cold

Maximum B4.3.4.2 Cask Body Stresses due to Maximum Internal pressure

Pressure

Increased External | B4.3.4.3.1 | Cask Body Stresses (External Pressure = 20 psi)

Pressure

Reduced External B4.3.4.3.2 | Cask Body Stresses (Internal Pressure = 161.2 psi)

Pressure

Vibration B4.3.4.3.3 | Cask Body Stresses for Vibration Normally Incident to
Transport

Water Spray B4.3.4.3.4 | Negligible

Free Drop B4.3.4.3.5 | Cask Body Stresses for Bottom End and Lid End
Drops

B4.3.4.3.5 | Cask Body Stresses for Side Drop
B4.3.4.3.5 | Cask Body Stresses for C.G. Over Lid End Corner

Drop

Penetration B4.3.4.3.6 | Negligible

Fatigue Analysis B4.3.4.3.7 | Fatigue Analysis Under Normal Transport Condition

Lid Bolt Analysis B4.3.4.3.8 | Lid Bolt Stresses - Lid End Corner Impact

Conclusions B4.3.43.9 | Summary of the Results
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Table B4.3-2 Normal Conditions of Transport, Individual Load Cases for Cask Body

Analysis
Load Case Individual load Description Stress Results
Table
IL-1 Bolt Preload B4.5C-3
1L-2 Thermal Stress at Hot Environment B4.5C-11
IL-3 Thermal Stress at Cold Environment B4.5C-12
iL-4 Internal Pressure B4.5C-4
IL-5 External Pressure B4.5C-5
IL-6 1G Down Cask Supported by Tie-Down B4.5C-7
System
IL-7 Vibration Load Cask Supported by B4.5C-6
Tie-Down System
IL-8 One Foot End Drop on Bottom End (1G) B4.5C-7
IL-9 One Foot End Drop on Lid End (1G) B4.5C-8
IL-10 One Foot Side Drop (1G) B4.5C-9
IL-11 One Foot C.G. Over Lid End Corner Drop B4.5C-10
(16
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Table B4.3-3 Summary of Load Combinations for Normal Conditions of Transport

Load Combinations Applicable Individual Load Stress Result
Table No.
IL- | IL- | IL- | IL- j IL- | IL- | IL- } IL- | IL- | IL- | IL-
i 2 3 4 5 6 7 8 9 10| 11
Hot Environment X X X X B4.3-5
Cold Environment X X X X B4.3-6
Transport X X X X B4.3-7
Vibrations
X X X X B4.3-8
1 Foot Bottom End X X X X B4.3-9
Drop (25G) =
25
X X X X B4.3-10
25
1 Foot Lid End Drop X X X X B4.3-11
(25G) 5
25
X X X X B4.3-12
25
1 Foot Side Drop X X X X B4.3-13
(24G) = B4.3 -14
24
X X X X B4.3-15
= B4.3-16
24
1 Foot Lid Corner X X X X B4.3-17
Drop (18G) = B4-3-18
18
X X X X B4.3-19
[F= B4.3 -20
18
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B4.3.1 Conditions To Be Evaluated

The cask will be designed to withstand each of the normal transport conditions specified in
Hanford Specification as listed below:

B4.3.1.1 Environmental Conditions
The design temperature limits for the individual components, parts, and materials of the package
will be determined by analyses. The analyses will be based upon the conditions listed below.

The operational temperatures will be shown to not exceed the design limits.

a) Maximum heat generation rate of worst-case source (for normal conditions) plus maximum
solar heat load plus maximum air temperature of 115 °F.

b) Minimum air temperature of -27 °F and zero heat generation rate.

B4.3.1.2 Reduced External Pressure

An external pressure of 3.5 psi absolute.

B4.3.1.3 Increased External Pressure

An external pressure of 20 psi absolute.

B4.3.1.4 Internal Pressure

An internal working pressure of 161.2 psi will be used for stress calculations.

B4.3.1.5 Vibration

The casks will be evaluated to confirm containment integrity when exposed to normal vibration
due to the transportation from the 100 K West and East basins to the CSB in the 200 East Area
by the transport vehicle. The cask is heavy and rigid and attached directly to the trailer bed.
Trailer bed shock and vibration levels are applied directly to the package. The shock and
vibration design limits by truck/trailer are those stated in Hanford Specification.
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B4.3.1.6 Water Spray

The cask will be evaluated to confirm containment integrity through a water spray that simulates
exposure to rainfall of approximately 2 in. (5 cm) per hour for at least one hour.

B4.3.1.7 Free Drop

The package will be evaluated to demonstrate containment after to a 1-ft (0.3-m) free drop onto a

horizontal, yielding surface. During the free drop, the MCO will not be exposed to greater than
100g’s.

B4.3.1.8 Penetration

Impact of the hemispherical end of a vertical steel cylinder of 1.25 in. (3.2 ¢cm) diameter and 13
1b (6.00 kg) mass, dropped from a height of 40.00 in (1.00 m) onto the exposed surface of the
package which is expected to be most vulnerable to puncture. The long axis of the cylinder must
be perpendicular to the package surface.

B4.3.2 Acceptance Criteria

The packaging consists of two major components:

. Cask Body Cylinder Assembly
. Lid Assembly

The structural design criteria for these components are described below.

Containment Boundary

The containment boundary consists of the cask body cylindrical shell , bottom plate and closure
flange out to the seal seating surface and the lid. The lid bolts and seals are also part of the
containment boundary as is the drain and vent cover plates, bolts and seals. The containment
boundary is designed to the maximum practical extent as an ASME Class I component in
accordance with the rules of the ASME"™ Boiler and Pressure Vessel Code, Section 111,
Subsection NB (1992 Edition). The Subsection NB guidelines for materials, design, fabrication
and examination are applied to the above components as required by the Specification.
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The acceptability of the containment boundary under the applied Joads is based on the following
criteria:

. ASME Code Design Stress Intensities

. Fatigue Failure to be Precluded
. Brittle Fracture to be Precluded
. Buckling to be Prevented

The values for material properties, design stress intensities (S,,) and design fatigue curves for
Class 1 components given in Part D of Section II of the ASME B&PV Code will be used for the

containment boundary materials. Allowable stress levels for containment components are outlined
in Table B4.3-4 of this Section.

The design properties of other materials will be based on industry-recognized specifications, or
standards, or on appropriate test data.

Bolting

In the special case of bolting, the average bolt stress is limited to 2/3 S, and the maximum
combined stress is limited to 0.9 S, for normal condition of transport.

Brittle Fracture

The containment vessel is entirely austenitic stainless steel (Type 304) which is ductile even at
low temperature. Thus, brittle fracture is precluded.
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Table B4.3-4 Containment Structure/Fastener Aliowable Stress

STRESS CATEGORY CONTAINMENT STRUCTURE ALLOWABLE
STRESS
Normal Conditions Accident Conditions
Primary Membrane Lesser of :
General P, S 248, 0or 078, (1)
Local P 1.5 S, 36S,0rS, (1)
Primary Membrane + Bending Lesser of :
(P, orP) +P, 158, 3.6 S, or S, (1)
Range of Primary + Secondary 3.08, 2 x 8§, for 10 Cycles
(P, or P) + P, +Q (Code Sect. III, App. I)
Bearing Stress S, S, for Seal Surface
S, Elsewhere
Pure Shear Stress 0.6 S, 0.42 S,
Fatigue Cumulative Fatigue Not Applicable
Usage Factor < 1
STRESS CATEGORY CONTAINMENT FASTENER ALLOWABLE
STRESS
Normal Conditions Accident Conditions
Average Tensile Stress 2/3 S, Lesser of:
0.78, or§,
Average Shear Stress 0458, Lesser of:
0.42S 0r 0.6 S,
Maximum Combined Stress 0.9 8, S,

(D When evaluating the results from the nonlinear elastic plastic analysis for the accident
conditions, the general primary membrane stress intensity, P_. shall not exceed 0.7 S, and
the maximum primary stress intensity at any location (P, or P, + P,) shall not exceed 0.9
S, These limits are in accordance with Appendix F of Section III of the Code.
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B4.3.3 Structural Model

The cask body consists of the cylindrical shell, the bottom, the lid and the lid bolts, The
elements used to model the bolts are ANSYS STIF3, beam elements. The cylindrical shell, the
bottom end closure and the lid are modeled using either ANSYS STIF25 axisymmetric solid
elements or ANSYS STIF42 axisymmetric solid elements. The loading applied to this type of
elements may be either axisymmetric for some cases and asymmetric for other cases. The model
geometry is based on Drawings H-1-81535, sheets 1 to 5. The contact surface at the lid and
cylindrical shell is modeled using separate nodes in the interfacing components. These nodes are
coupled or left uncoupled for specific constraint conditions as discussed below. All the analyses
were performed using the model shown in Figures B4.5C-1 and B4.5C-2. The mechanical
properties for the materials in this model are the linear values described in Section B4.2.2.

B4.3.4 Initial Conditions

B4.3.4.1 Environmental Heat Loading

Section B5.0 describes the thermal analyses performed for the cask subjected to hot environment
conditions. These thermal analysis results are used to support various aspects of the structural
evaluations as described in the following .

Maximum Temperature

Stress allowables for packaging components are a function of component temperature. Stress
allowables are based on actual maximum calculated temperatures or conservatively selected higher
temperatures. Section B5.0 summarizes significant temperatures calculated for the cask subjected
to hot environment conditions. These temperatures are used to establish the allowables for every
normal accident (except the thermal accident which has higher temperatures) load combination
evaluated in this DAR.

Maximum Pressure

For purposes of the structural analysis of containment, a value of 150 psig is used for MNOP.
The structural analysis performed assuming the same outward pressure different across the cask
wall as during the reduced external pressure case, (150 + 14.7 - 3.5) 161.2 psi.
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B4.3.4.2 Maximum Thermal and Pressure Stresses

Maximum Thermal Stress - Hot Environment

The thermal analysis of the cask is performed as described in Section B5.0. The temperature

distribution from that analysis is used to perform an ANSYS structural analysis of the cask body
thermal stresses.

Cask body stresses for the hot environment normal condition of transport are obtained by a
combination of individual loads as summarized in Table B4.3-3. For this condition, it is assumed
that the cask is in its normal transport configuration, mounted vertically on the trailer, and

support by the tie-down system. Lid bolt preload effects and the dead weight loading are
included.

Table B4.3-5 lists the total nodal stress intensity at each of the standard stress reporting locations.
It may be noted that these stress intensities are the peak nodal stress intensities, the membrane
and membrane plus bending stress intensities at the same locations are less than the peak nodal
stress intensities. The maximum stress intensity calculated for this load combination is 1440 psi
which occurs at node number 94. This stress intensity is well below the allowable membrane

stress intensity of 20,000 psi, and membrane plus bending stress intensity of 30,000 psi (at 150°F
temperature).

Maximum Thermal Stress - Cold Environment

Containment vessel thermal stresses do occur in the cold environment due to the differential
thermal expansion. The thermal stresses are determined in load case IL-3 with results tabulated
in Table B4.5C-12. The cask cavity pressure at the cold environment condition is conservatively
assumed to be 0 psia. This results in a net external pressure loading of 20 psi, load case IL-S

with results in Table B4.5C-5. Again, lid bolt preload and gravity load are included for cold
environment load combinations.

Brittle fracture of the cask body components is precluded by the choice of austenitic stainless
steel for fabrication of the cask.

Table B4.3-6 lists the total nodal stress intensity at each of the standard stress reporting locations.
It may be noted that these stress intensities are the peak nodal stress intensities, the membrane
and membrane plus bending stress intensities at the same locations are less than the peak nodal
stress intensities. The maximum stress intensity calculated for this load combination is 369 psi
which occurs at node number 34. This stress intensity is well below the allowable membrane
stress intensity of 20,000 psi. and membrane plus bending stress intensity of 30,000 psi.
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Maximum Pressure Stresses

For purposes of the structural analysis of containment, a value of 161.2 psi is used. This pressure
loading is analyzed using the ANSYS model of the cask body as described in Appendix B4.5C
and the results are reported in Table B4.5C-4 of that Appendix. This load case and

corresponding results are designated as individual load IL-4. IL-4 is used to support various load
combination evaluations as listed in Table B4.3-3.

B4.3.4.3 Structural Evaluations and Conclusions
B4.3.4.3.1 Increased external pressure

Cask body stresses for the increased external pressure, 20 psia, normal condition of transport are
obtained by a combination of individual loads as summarized in Table B4.3-3 (same as cold
environment). The conservatively assumed minimum cask cavity pressure of 0 psia results in a
net external pressure loading of 20 psi.

This load case is combined with stresses due to bolt preload, gravity and cold thermal stresses.
Table B4.3-6 lists the total nodal stress intensity at each of the standard stress reporting locations.
It may be noted that these stress intensities are the peak nodal stress intensities, the membrane
and membrane plus bending stress intensities at the same locations are less than the peak nodal
stress intensities. The maximum stress intensity calculated for this load combination is 369 psi
which occurs at node number 34. This stress intensity is well below the allowable membrane
stress intensity of 20,000 psi, and membrane plus bending stress intensity of 30,000 psi.

B4.3.4.3.2 Reduced External Pressure

Cask body stresses for the 3.5 psia ambient normal condition of transport are obtained by a
combination of individual loads as summarized in Table B4.3-3 (same as hot environment). The
conservatively assumed MNOP of 150 psig results in a net internal pressure loading of
(150+14.7-3.5) 161.2 psi. The lid bolt preload and gravity load are included. The thermal stress
for the hot thermal condition are included in the load combination.

Table B4.3-5 lists the total nodal stress intensity at each of the standard stress reporting locations.
It may be noted that these stress intensities are the peak nodal stress intensities, the membrane
and membrane plus bending stress intensities at the same locations are less than the peak nodal
stress intensities. The maximum stress intensity calculated for this load combination is 1440 psi
which occurs at node number 94. This stress intensity is well below the allowable membrane
stress intensity of 20,000 psi, and membrane plus bending stress intensity of 30,000 psi.
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B4.3.4.3.3 Vibration

The input loading conditions used to evaluate the cask for transport vibration are obtained from
truck bed accelerations in ANSI N14.23®), The peak inertia values used are 0.30 G, 0.30 G, and
0.60 G for the longitudinal, lateral and vertical directions, respectively. The stress due to the
transport vibration load case are presented in Table B4.5C-6.

The combined stress results for this load case are provided in Tables B4.3-7 and B4.3-8. The
highest nodal stress intensity is 1415 psi which occurs at node number 94. This stress intensity is
well below the allowable membrane stress intensity of 20,000 psi, and membrane plus bending
stress intensity of 30,000 psi.

B4.3.43.4 Water Spray

All exterior surfaces of the cask are metal and therefore not subject to soaking or structural

degradation from water absorption. The water spray condition is therefore of no consequence to
the cask.

B4.3.43.5 Free Drop

Four drop orientations are considered credible for the normal condition of transport one-foot free
drop. The structural response of the cask body is evaluated for a one-foot end drop on the
bottom end, lid end, one-foot corner drop on lid end and a one-foot side drop. The nodal stress
intensities calculated from the finite element model analysis (Appendix B4.5C) for the above
loading conditions are reported in Tables B4.5C-7, 8, 9, and 10.

The load combinations performed to evaluate these drop events are indicated in Table B4.3-3. In
all case, bolt preload effects are included. For the hot environment condition, the thermal stress
load case for that temperature, the 161.2 psi pressure load case and the impact load case factored
for the normal condition G level are combined. For the cold temperature evaluation, the cold

thermal stress case, the 20 psi external pressure case, and the impact load case factored for the
normal condition G level are combined.

Table B4.3-9 lists the total nodal stress intensity at each of the standard stress reporting locations
for the bottom end drop under hot environment conditions. The maximum stress intensity
calculated for this load combination is 2436 psi which occurs at node number 214. This stress
intensity is well below the allowable membrane stress intensity of 20,000 psi. and membrane plus
bending stress intensity of 30,000 psi.
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Table B4.3-10 lists the total nodal stress intensity at each of the standard stress reporting locations
for the bottom end drop under cold environment conditions. The maximum stress intensity
calculated for this load combination is 1228 psi which occurs at node number 214. This stress
intensity is well below the allowable membrane stress intensity of 20,000 psi, and membrane plus
bending stress intensity of 30,000 psi.

Table B4.3-11 lists the total nodal stress intensity at each of the standard stress reporting locations
for the lid end drop under hot environment conditions. The maximum stress intensity calculated
for this load combination is 3361 psi which occurs at node number 45. This stress intensity is

well below the allowable membrane stress intensity of 20,000 psi, and membrane plus bending
stress intensity of 30,000 psi.

Table B4.3-12 lists the total nodal stress intensity at each of the standard stress reporting locations
for the lid end drop under cold environment conditions. The maximum stress intensity
calculated for this load combination is 3958 psi which occurs at node number 51. This stress
intensity is well below the allowable membrane stress intensity of 20,000 psi, and membrane plus
bending stress intensity of 30,000 psi.

Table B4.3-13 lists the total nodal stress intensity at each of the standard stress reporting locations
for the side drop under hot environment conditions (contact side). The maximum stress intensity
calculated for this load combination is 3408 psi which occurs at node number 157. This stress
intensity is well below the allowable membrane stress intensity of 20,000 psi, and membrane plus
bending stress intensity of 30,000 psi.

Table B4.3-14 lists the total nodal stress intensity at each of the standard stress reporting locations
for the side drop under hot environment conditions (opposite contact side). The maximum stress
intensity calculated for this load combination is 1691 psi which occurs at node number 94. This
stress intensity is well below the allowable membrane stress intensity of 20,000 psi, and
membrane plus bending stress intensity of 30,000 psi.

Table B4.3-15 lists the total nodal stress intensity at each of the standard stress reporting locations
for the side drop under cold environment conditions (contact side). The maximum stress
intensity calculated for this load combination is 3025 psi which occurs at node number 427. This
stress intensity is well below the allowable membrane stress intensity of 20,000 psi, and
membrane plus bending stress intensity of 30,000 psi.

Table B4.3-16 lists the total nodal stress intensity at each of the standard stress reporting locations
for the side drop under cold environment conditions (opposite contact side). The maximum
stress intensity calculated for this load combination is 1551 psi which occurs at node number 157.
This stress intensity is well below the allowable membrane stress intensity of 20,000 psi, and
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membrane plus bending stress intensity of 30,000 psi.

Table B4.3-17 lists the total nodal stress intensity at each of the standard stress reporting locations
for the lid end corner drop under hot environment conditions (contact side). The maximum
stress intensity calculated for this load combination is 12,252 psi which occurs at node number
51. This stress intensity is well below the allowable membrane stress intensity of 20,000 psi, and
membrane plus bending stress intensity of 30,000 psi.

Table B4.3-18 lists the total nodal stress intensity at each of the standard stress reporting locations
for the lid end corner drop under hot environment conditions (opposite contact side). The
maximum stress intensity calculated for this load combination is 10,111 psi which occurs at node
number 74. This stress intensity is well below the allowable membrane stress intensity of 20,000
psi, and membrane plus bending stress intensity of 30,000 psi.

Table B4.3-19 lists the total nodal stress intensity at each of the standard stress reporting locations
for the lid end corner drop under cold environment conditions (contact side). The maximum
stress intensity calculated for this load combination is 13,796 psi which occurs at node number
51. This stress intensity is well below the allowable membrane stress intensity of 20,000 psi, and
membrane plus bending stress intensity of 30,000 psi.

Table B4.3-20 lists the total nodal stress intensity at each of the standard stress reporting locations
for the lid end corner drop under hot environment conditions (opposite contact side). The
maximum stress intensity calculated for this load combination is 11,263 psi which occurs at node
number 74. This stress intensity is well below the allowable membrane stress intensity of 20,000
psi, and membrane plus bending stress intensity of 30,000 psi.

B4.3.4.3.6 Penetration

Due to lack of sensitive external protuberances, the one meter (40 in.) drop of a 13 pound
hemispherical-headed. 1-1/4 inch diameter. steel cylinder is of negligible consequence to the cask.

B4.3.4.3.7 Fatigue Analysis

The purpose of the fatigue analysis is to show quantitatively that the containment vessel stresses
are within acceptable limits under normal transport conditions. The highest cyclical loading is the
vibration loading. The highest nodal stress intensity under vibration loading in the containment
boundary is +138 psi (Table B4.5C-6, node number 133).

[f we apply a stress concentration factor of 4 for the structural discontinuities. the total peak
stress intensity range is £552. As shown in Figure 1-9.2.2 of the ASME Code Section III,
Appendix 1, austenitic steel can withstand an alternating stress of 23,700 psi for 10" cycles.
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Therefore the containment vessel alternating stress of 552 psi is well below the range where
fatigue failure can occur.

A separate fatigue analysis of the lid bolts is presented in Appendix B4.5B.

B4.3.4.3.8 Lid Bolt Analysis

The lid bolts are analyzed for normal condition loadings in Appendix B4.5B. The analysis is
based on NUREG/CR-6007®. The bolts are analyzed for the following normal conditions:

operating preload, internal pressure, external pressure, temperature changes, impact loads and
vibration loads.

The worst combined loading is due to a one foot end drop and 161.2 psi internal pressure. This
results in a maximum stress intensity of 67,330 psi, which is below the allowable stress of 90,900
psi (0.9 S)) at 150°F temperature. The fatigue analysis of the lid bolt is presented in Appendix

B4.5B. The analysis shows that based on 400 round trip shipments of the cask, the total usage
factor is less than one.

B4.3.4.3.9 Conclusion

From the analyses presented in Section B4.3, it can be shown that the normal loads will not result
in any structural damage of the cask and the containment function of the MCO will be
maintained.
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Figure B4.3-1 Standard Stress Reporting Locations
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Table B4.3-5 Cask Body Stresses Under Hot Environment
(Bolt Preload, Hot Thermal,161.2 psi Internal Pressure,1G Gravity)

Location Nodal Stress Intensity
Cask Body Component Node Number® (psi)
Cask Bottom 133 676
131 840
214 1300
157 1077
142 489
220 849
Cask Cylinder 460 445
427 422
395 550
369 904
283 715
316 712
348 813
256 1004
Cask Flange 1111 212
112 503
1115 309
1114 724
Lid 34 596
33 650
51 1296
47 401
74 975
76 722
48 911
45 449
94 1440
92 1288
61 1264,

* See Figure B4.3-1 for node locations.
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Table B4.3-6 Cask Body Stresses Under Cold Environment
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 1G Gravity)

Location Nodal Stress Intensity

Cask Body Component Node Number (psi)
Cask Bottom 133 30
131 67

214 49

157 66

142 87

220 33

Cask Cylinder 460 70
427 66

395 67

369 5]

283 51

316 39

348 28

256 14

Cask Flange 1111 53
1112 51

1115 29

1114 241

Lid 34 369

33 328

Sl 367

47 162

74 237

16 220

48 206

43 148

94 245

92 228

rAl

120

* See Figure B4.3-1 for node locations.
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Table B4.3-7 Cask Body Stresses Under Hot Environment Vibrations
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, Vibrations)

Location Nodal Stress Intensity
Cask Body Component Node Number® (ps)
Cask Bottom 133 678
131 853
214 1279
157 1206
142 483
220 863
Cask Cylinder 460 433
427 418
395 550
369 894
283 713
316 709
348 826
256 1008
Cask Flange 11 211
1112 503
1115 304
1114 722
Lid 34 590
33 651
51 1303
47 399
74 980
76 726
48 913
45 451
94 1415
92 1292
61 1265

* See Figure B4.3-1 for node locations.
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Table B4.3-8 Cask Body Stresses Under Cold Environment Vibrations
(Bolt Preload, Cold Thermal, 20 psi External Pressure, Vibrations)

Location Nodal Stress Intensity
Cask Body Component Node Number® si)

Cask Bottom 133 165
131 30

214 8

157 136

142 104

220 15

Cask Cylinder 460 68
427 68

395 58

369 51

283 47

316 44

348 15

256 15

Cask Flange 111 59
i112 46

1115 36

1114 237

Lid 34 365

33 328

51 361

47 160

74 232

76 216

48 200

45 145

94 240

92 224

61 119

* See Figure B4.3-1 for node locations.
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Table B4.3-9 Cask Body Stresses Under Hot Environment 1 Foot Bottom End Drop
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 1 Foot Drop 25G)

Location Nodal Stress Intensity

Cask Body Component Node Number” (si)
Cask Bottom 133 1627
131 1847

214 2436

157 202

142 888

220 1837

Cask Cylinder 460 1342
427 1035

395 887

369 1059

283 1038

316 747

348 813

256 848

Cask Flange 1111 253
1112 524

1115 366

1114 714

Lid 34 706

33 599

51 1060

47 412

74 765

76 542

43 836

45 379

94 1147

92 1044

61 1132

* See Figure B4.3-1 for node locations.
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Table B4.3-10 Cask Body Stresses Under Cold Environment 1 Foot Bottom End Drop
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 1 Foot Drop 25G)

Location Nodal Stress Intensity

Cask Body Component Node Number” (psi)
Cask Bottom 133 923
131 1157

214 1228

157 1025

142 1199

220 1148

Cask Cylinder 460 968
427 672

395 364

369 295

283 949

316 652

348 365

256 168

Cask Flange 1i11 66
1112 133

1115 97

il14 366

Lid 34 474

33 347

St 616

47 205

74 447

76 412

48 362

45 221

94 507

92 472

61 252

* See Figure B4.3-1 for node locations.

B4-28



-SNF-FDR- .0
HNF-SD-SNF-FDR-003  Rev B BIGE

Table B4.3-11 Cask Body Stresses Under Hot Environment 1 Foot Lid End Drop
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 1 Foot Drop 25G)

Location Nodal Stress Intensity

Cask Body Component Node Number” (psi)
Cask Bottom 133 462
131 749

214 1238

157 972

142 366

220 871

Cask Cylinder 460 723
427 1010

395 1432

369 2070

283 715

316 722

348 1009

256 959

Cask Flange 1111 2696
1112 2016

1115 2820

1114 2380

Lid 34 2533

33 2846

S1 2529

47 3238

74 165

76 261

48 2951

45 3361

94 2259

92 2120

61 2377

* See Figure B4.3-1 for node locations.
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Table B4.3-12 Cask Body Stresses Under Cold Environment 1 Foot Lid End Drop
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 1 Foot Drop 25G)

Location Nodal Stress Intensity
Cask Body Component Node Number’ (psi)

Cask Bottom 133 244
131 122

214 36

157 173

142 217

220 23

Cask Cylinder 460 349
427 647

395 928
369 1326

283 331

316 627

348 920
256 1136
Cask Flange 1111 2606
1112 1834
1115 2857
1114 3256

Lid 34 2445

33 3023
51 3958
47 3056
74 1048
76 1035
48 2997
45 2810

94 606

92 615
61 2300

* See Figure B4.3-1 for node locations.
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Table B4.3-13 Cask Body Stresses Under Hot Environment 1 Foot Side Drop

(contact side)
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 1 Foot Drop 24G)

Location Nodal Stress Intensity
Cask Body Component Node Number” (psi)
Cask Bottom 133 2357
131 1810
214 1318
157 3408
142 1999
220 782
Cask Cylinder 460 2882
427 2977
395 2780
369 2116
283 939
316 1023
348 898
256 1129
Cask Flange 1111 1907
1112 830
1115 2217
1114 729
Lid 34 1565
33 872
51 917
47 176
74 1312
6 946
48 702
45 59
94 2135
92 1631
61 1251

* See Figure B4.3-1 for node locations.
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Table B4.3-14 Cask Body Stresses Under Hot Environment 1 Foot Side Drop

(opp. contact side}
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 1 Foot Drop 24G)

Location Nodal Stress Intensity

Cask Body_Component Node Number” (s
Cask Bottom 133 - 1403
131 538

214 851

157 1591

142 560

220 535

Cask Cylinder 460 1126
427 1219

395 1020

369 842

283 727

316 1100

348 931

256 896

Cask Flange 1 500
1112 519

1115 742

1114 635

Lid 34 637

33 522

S1 1116

47 343

74 961

76 967

48 666

45 378

94 1691

92 1473

61 1270

* See Figure B4.3-1 for node locations.
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Table B4.3-15 Cask Body Stresses Under Cold Environment 1 Foot Side Drop

( contact side)
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 1 Foot Drop 24G)

Location Nodal Stress Intensity

Cask Body Component Node Number” (psi)
Cask Bottom 133 2345
131 946

214 701

157 3050

142 2303

220 806

Cask Cylinder 460 2898
427 3025

395 3001

369 2558

283 1681

316 1761

348 1738

256 1504

Cask Flange 1111 1948
1112 814

1115 1950

1114 1163

Lid 34 1435

33 955

Sl 1632

47 490

74 339

76 333

48 1368

45 615

94 507

92 229

4] 582

* See Figure B4.3-1 for node locations.
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Table B4.3-16 Cask Body Stresses Under Cold Environment 1 Foot Side Drop

{opp. contact side)
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 1 Foot Drop 24G)

Location Nodal Stress Intensity

Cask Body Component Node Number” (ps)
Cask Bottom 133 1151
131 336

214 425

157 1553

142 81

220 315

Cask Cylinder 460 1142
427 1265

395 1240

369 921

283 831

316 1221

348 1001

256 593

Cask Flange 1111 503
1112 247

1115 471

1114 570

Lid 34 396

33 463

St 566

47 129

74 618

76 477

48 503

435 195

94 1413

92 655

6] 188

* See Figure B4.3-1 for node locations.
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Table B4.3-17 Cask Body Stresses Under Hot Environment 1 Foot Corner Drop

{contact side)
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, | Foot Drop on lid side 18G)

Location Nodal Stress Intensity

Cask Body Component Node Number” (psi)
Cask Bottom 133 1218
131 571

214 1073

157 1350

142 659

220 755

Cask Cylinder 460 498
427 717

395 1282

369 2390

283 764

316 790

348 952

256 1302

Cask Flange 1t 3912
1112 2796

1115 4161

1114 4203

Lid 34 4892

33 4534

51 12252

47 2353

74 10462

76 8496

48 8284

45 986

94 5307

92 7955

4721

6]
* See Figure B4.3-T for node locations.
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Table B4.3-18 Cask Body Stresses Under Hot Environment 1 Foot Corner Drop

{opp. contact side)
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 1 Foot Drop on lid side 18G)

Location Nodal Stress Intensity
Cask Bodv_Component Node Number” (psi)
Cask Bottom 133 1065
131 978
214 1423
157 1998
142 408
220 983
Cask Cylinder 460 765
427 951
395 1045
369 1148
283 709
316 762
348 789
256 687
Cask Flange 1 928
1112 996
1115 1249
1114 1065
Lid 34 1693
33 1189
51 1548
47 961
74 10111
76 3770
48 1659
45 813
94 7337
92 3207
1666

41
* See Figure B4.3-1 for node locations.
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Table B4.3-19 Cask Body Stresses Under Cold Environment 1 Foot Corner Drop
{ contact side)
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 1 Foot Drop on lid side 18G)

Location Nodal Stress Intensity
Cask Body Component Node Number® (psi)
Cask Bottom 133 1062
131 299
214 200
157 1283
142 261
220 99
Cask Cylinder 460 124
427 354
395 802
369 1875
283 22
316 255
348 830
256 1490
Cask Flange 1111 3829
1112 2645
1115 4199
1114 5087
Lid 34 4840
33 4546
51 13796
47 2285
74 10652
76 4268
48 9060
45 1131
94 6148
92 9351
61 6004

* See Figure B4.3-1 for node locations.
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Table B4.3-20 Cask Body Stresses Under Cold Environment 1 Foot Corner Drop

{opp. contact side)
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 1 Foot Drop on lid side 18G)

Location Nodal Stress Intensity
Cask Body Component Node Number' (s)
Cask Bottom 133 1050
131 166
214 151
157 1278
142 466
220 138
Cask Cylinder 460 391
427 587
395 542
369 477
283 486
316 664
348 486
256 370
Cask Flange 1111 860
1112 757
1115 1t
1114 1126
Lid 34 1467
33 1163
51 2704
47 933
74 11263
76 4363
48 2496
45 1003
94 8841
92 3884
41 2462

* See Figure B4.3-1 for node locations.
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B4.4 ACCIDENT CONDITIONS

This section describes the response of the cask to the accident loading conditions specified by the
Hanford Specification. The design criteria established for the TN-WHC for the hypothetical
accident conditions are described in Section B4.4.2. These criteria are selected to ensure that the
package performance standards specified by the Hanford Specification are satisfied.

The presentation of the hypothetical accident condition analyses and results is accomplished in the
same manner as that used for the normal condition of transport. The detailed analyses of the

various packaging components under different loading conditions are presented in the Appendices
to this Section. The limiting results for the specified hypothetical accident loading conditions are

taken from the Appendices and summarized here with a comparison made to the established
design criteria.

Table B4.4-1 provides an overview of the performance evaluations presented in this section.
Stress analysis results for the cask body and lid bolts are taken directly from the corresponding

analysis appendix.

Reporting Method for Cask body Vessel Stresses

The structural analysis of the cask body was performed using an ANSYS finite element model.
Stress results are reported at selected representative locations as described in Section B4.3.
Because of the asymmetric characteristic of most of the hypothetical accident loads, stress results
are generally reported on two opposite sides of the cask body.

Appendix B4.5C provides the detailed description of the structural analyses of the cask body.
That appendix describes the detailed ANSYS model used to analyze various applied loads. Table
B4.4-2 identifies the individual loads (IL) analyzed using the ANSYS model which are applicable
to the hypothetical accident conditions. Some of these individual loads are axisymmetric (e.g.
pressure) and others are asymmetric (e.g. side impact).

Figure B4.3-1 shows the selected locations on the cask body where stress results for these
analyses are reported. Detailed stresses are actually available at as many locations as there are
nodes in the finite element model. However, for practical considerations, the reporting of stress
results is limited to those locations shown on Figure B4.3-1. These locations were selected to be
representative of the stress distribution in the cask body with special attention given to areas
subject to high stresses. The maximum stress may occur at a different location for each
individual load.

The stress results for the individual load case tables reported in Appendix B4.5C are limited to
the maximum stress components. Two or more individual load cases must be combined to
determine the total stresses at the standard stress reporting locations for the various load
combinations. This is accomplished using the ANSYS postprocessor which algebraicly adds the
stress components at each of the standard locations. The membrane stress intensity is then found
from the membrane stress components and the inner and outer surface membrane plus bending
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stress intensities are determined from the membrane + bending stress components.

Several other items also described in Section B4.3 should be noted. For the axisymmetric cases
such as the end drop on the lid and bottom, the stress is constant around the circumference of the
cask at each stress reporting location. For asymmetric analyses with significant differences in
stress magnitudes on the extreme opposite sides of the cask, the stress at locations on both sides
of the cask are reported in separate tables.

Table B4.4-3 provides a matrix of the individual loads and how they are combined to determine
the cask body stresses for the hypothetical accident conditions. The thermal stresses due to the
hot and cold conditions are actually secondary stresses that could be evaluated using higher
allowables than for primary stresses. They are conservatively added to the primary stresses and
the combined stresses are evaluated using the primary stress allowables. An x in Table B4.4-3
indicates that the stress results for the individual load case are used directly. A quantitative
number ( F ) indicates the load factor applied to the individual stresses.

For the minimum internal pressure load combination, it is conservatively assumed that the cask

cavity is at 0 psia. The net differential pressure acting on the cask body is then 20 psi (external
pressure).
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Table B4.4-1 Accident Conditions of Transport, TN-WHC Performance Evaluation

Overview
Loading DAR Scope of Evaluation
Conditions Section i
Thermal Accident B4.4.42 Cask Body Stresses due to Different Thermal
Expansion
Maximum Pressure B4.4.4.2 Cask Body Stresses due to Maximum Internal
pressure
Impact B4.4.43.1 Cask Body Stresses for Bottom End and Lid
End Drops

B4.4.43.2 Cask Body Stresses for Side Drop

B4.4433 Cask Body Stresses for C.G. Over Lid End
Corner Drop

Lid Bolt Analysis B4.4434 Lid Bolt Stresses - Lid End Corner Drop

Puncture B4.4.43.5 Cask Body Evaluation for 40 inch Drop onto
the Puncture Bar

Conclusions B4.4.43.6 Summary of the Results
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Table B4.4-2 Accident Conditions of Transport, Individual Load Cases for Cask Body

Analysis
Load Case Individual load Description Stress Results
Table"
IL-1 Bolt Preload B4.5C-3
IL-2 Thermal Stress at Hot Environment B4.5C-11
IL-3 Thermal Stress at Cold Environment B4.5C-12
IL-4 Internal Pressure B4.5C-4
IL-5 External Pressure B4.5C-5
IL-8 End Drop on Bottom End (1G) B4.5C-7 .
1L-9 End Drop on Lid End (1G) B4.5C-8
IL-10 Side Drop (1G) B4.5C-9
IL-11 C.G. Over Lid End Corner Drop (1G) B4.5C-10

* These tables are presented in Appendix B4.5C
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Table B4.4-3 Summary of Load Combinations for Accident Conditions of Transport

Load Applicable Individual Load Stress
Combinations Result
IL- | IL- §{ IL- [ IL- } IL- | IL- | IL- [ IL- | IL- | Table No.
1 2 3 4 5 8 9 10 11
30 Foot Bottom X X X X B4.4-4
End Drop (30G) =
30
% X X X B4.4-5
30
30 Foot Lid End X X X X B4.4-6
Drop (30G) =
30
X X X X B4.4-7
30
30 Foot Side Drop | x X X X B4.4-8
(40G) = B4.4-9
40
X X X X B4.4-10
= B4.4-11
40
30 Foot Lid X X X X B4.4-12
Corner Drop = B4.4 -13
(20G) 20
X X X X B4.4-14
= | B44-15
20
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B4.4.1 Conditions To Be Evaluated

The cask is designed to withstand each of the accident transport conditions specified in Hanford
Specification” as listed below:

B4.4.1.1 Impact

The response of the cask is evaluated for a free drop from a height of 30 feet onto an yielding
surface at various orientations. The inertial loading applied to the cask components is determined
Appendix B4.5A. The 30 foot drop is measured from the impact surface to the bottom of the
impact limiter; the C.G. of the cask is much higher than 30 feet.

Cask body stresses are reported for the standard drop orientations of lid end and bottom end
drops, side drop, center-of-gravity over lid end corner drop.

B4.4.1.2 Puncture

The worst case credible puncture incident is equivalent to a free drop of the cask through a
distance of 40 in (1 m) in a position for which the maximum damage is expected, onto the upper
end of solid, vertical, cylindrical, mild steel bar mounted on an essentially unyielding, horizontal
surface. The bar must be 6 in (15 cm) in diameter, with the top horizontal and its edge rounded
to a radius of not more than 1/4 in (6 mm) and of a length as to cause maximum damage to the
package, but not less than 8 in (20 cm) long.

B4.4.1.3 Thermal
An ANSYS transient thermal analysis for the 30 minute thermal accident is reported in Section
B5.0. The initial condition is steady state at 115° F ambient with maximum decay heating. The
initial steady state condition is followed by 0.5 hour severe thermal transient which is then
followed by a cool-down period. The temperature through the cross section of the package at the
time where individual temperatures peak (0.5 hours)are summarized below:

Cask inner surface temperature = 727°F

Cask outer surface temperature = 1068°F

Lid bolt temperature = 1068°F
B4.4.2 Acceptance Criteria

Containment Boundary

The cask shall be designed so that during accident conditions the cask maintains confinement of
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the MCO, as demonstrated by analysis. Elastic-plastic analysis may be performed to demonstrate
maintenance of confinement after the accident conditions. ASME B&PV Code Section III,
Service Level D allowables will be used for acceptance. After any accident condition, as a
minimum, the containment function of the MCO shall be maintained. Allowable stress levels for
containment components are outlined in Table B4.3-4 of Section 4.3.

Bolting

In the special case of bolting, the maximum combined stress is limited to S, for accident
condition of transport.

Brittle Fracture

The containment vessel is entirely austenitic stainless steel (Type 304) which is ductile even at
low temperature. Thus, brittle fracture is prectuded.

B4.4.3 Structural Model

The cask body consists of the cylindrical shell, the bottom, the lid and the lid bolts. The
elements used to model the bolts are ANSYS STIF3, beam elements. The cylindrical shell, the
bottom end closure and the lid are modeled using either ANSYS STIF25 axisymmetric solid
elements or ANSYS STIF42 axisymmetric solid elements (Puncture Analysis). The loading
applied to this type of elements may be either axisymmetric for some cases and asymmetric
for other cases. The model geometry is based on Drawings H-1-81535, sheets 1,2,3, 4, and 5
provided in Section A9.1. The contact surface at the lid and cylindrical shell is modeled
using separate nodes in the interfacing components. These nodes are coupled or left
uncoupled for specific constraint conditions as discussed in Appendix B4.5C. All the analyses
were performed using the model shown in Figures B4.5C-1 and B4.5C-2. The mechanical
properties for the materials in this model are the linear values described in Section B4.2.2.

B4.4.4 Initial Conditions

B4.4.4.1 Environmental Heat Loading

Section B5.0 describes the thermal analyses performed for the cask subjected to thermal
accident conditions. These thermal analysis results are used to support various aspects of the

structural evaluvations as described in the following .

Maximum Temperature

Stress allowables for packaging components are a function of component temperature. Stress
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allowables are based on actual maximum calculated temperatures or conservatively selected
higher temperatures. Section B5.0 summarizes significant temperatures calculated for the cask

subjected to thermal conditions. These temperatures are used to calculate the cask body
thermal stress.

Maximum Pressure

For purpose of the structural analysis of containment, a value of 150 psi is used for MNOP. The
structural analysis is performed assuming the same outward pressure differences across the cask
wall as during the reduced external pressure case, (150 + 14.7 - 3.5) 161.2 psi.

B4.4.4.2 Maximum Thermal and Pressure Stresses
Maximum Thermal Stress

For the accident load combinations, the normal thermal stresses as described in Section B4.3.4.2
are used for the accident load combinations. The thermal expansion bolt stresses due to the
thermal accident condition (fire condition) are presented in Appendix B4.5B.

Maximum Pressure Stresses

For purposes of the structural analysis of containment, a value of 161.2 psi as described above is
used. This pressure loading is analyzed using the ANSYS model of the cask body as described in
Appendix B4.5C and the results are reported in Table B4.5C-4.

B4.4.4.3 Structural Evaluations and Conclusions
B4.4.4.3.1 Bottom End and Lid End Drops

The impact analysis of the cask shows that the maximum expected inertia loading from the
30-foot end drop is 25 G’s for the 90° orientation.

The structural analysis of the cask body for this loading condition was performed using an inertial
loading of 30 G (90° bottom end drop and lid end drop). As shown in Table B4.5C-7 of

Appendix B4.5C, the maximum stresses due to the bottom end drop is 1.440 psi and 4,350 psi for
the lid end drop.

The load combinations performed to evaluate these drop events are indicated in Table B4.4-3. In
all case, bolt preload effects are included. For the hot environment condition, the thermal stress
load case for that temperature, the 161.2 psi pressure load case and the impact load case factored
for the accident condition G level are combined. For the cold temperature evaluation, the cold
thermal stress case, the 20 psi external pressure case, and the impact load case factored for the
accident condition G level are combined.
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Table B4.4-4 lists the total nodal stress intensity at each of the standard stress reporting locations
for the bottom end drop under hot environment conditions. The maximum stress intensity
calculated for this load combination is 2,674 psi which occurs at node number 214. This stress
intensity is well below the allowable membrane stress intensity of 47,670 psi, and membrane plus
bending stress intensity of 68,1000 psi (at 150°F temperature).

Table B4.4-5 lists the total nodal stress intensity at each of the standard stress reporting locations
for the bottom end drop under cold environment conditions. The maximum stress intensity
calculated for this load combination is 1,434 psi which occurs at node number 214. This stress
intensity is well below the allowable membrane stress intensity of 47,670 psi, and membrane plus
bending stress intensity of 68,1000 psi (at 150°F temperature).

Table B4.4-6 lists the total nodal stress intensity at each of the standard stress reporting locations
for the lid end drop under hot environment conditions. The maximum stress intensity calculated
for this load combination is 3,950 psi which occurs at node number 45. This stress intensity is
well below the allowable membrane stress intensity of 47,670 psi, and membrane plus bending
stress intensity of 68,1000 psi (at 150°F temperature).

Table B4.4-7 lists the total nodal stress intensity at each of the standard stress reporting locations
for the lid end drop under cold environment conditions. The maximum stress intensity
calculated for this load combination is 4,681 psi which occurs at node number 51. This stress
intensity is well below the allowable membrane stress intensity of 47,670 psi, and membrane plus
bending stress intensity of 68,1000 psi (at 150°F temperature).

B4.4.4.3.2 Side Drop

The analysis of the 30-foot side drop provided a inertial loading of 37 -G for side drop and 39 G
for slap down (Appendix 4.5A). The structural analysis of the cask body for this loading
condition was performed using an inertial loading of 40 G to envelop the worst side drop and
slap down conditions. As shown in Table B4.5C-9 of Appendix B4.5C, the maximum stresses
due to the side drop is 5,152 psi. This maximum stress value in the containment is much less
than the allowables for general membrane stress intensity of 47,670 psi.

Table B4.4-8 lists the total nodal stress intensity at each of the standard stress reporting locations
for the side drop under hot environment conditions (contact side). The maximum stress intensity
calculated for this load combination is 5,085 psi which occurs at node number 157. This stress
intensity is well below the allowable membrane stress intensity of 47.670 psi, and membrane plus
bending stress intensity of 68,1000 psi (at 150°F temperature).

Table B4.4-9 lists the total nodal stress intensity at each of the standard stress reporting locations
for the side drop under hot environment conditions (opposite contact side). The maximum stress
intensity calculated for this load combination is 2,598 psi which occurs at node number 157.
This stress intensity is well below the allowable membrane stress intensity of 47,670 psi, and
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membrane plus bending stress intensity of 68,1000 psi (at 150°F temperature).

Table B4.4-10 lists the total nodal stress intensity at each of the standard stress reporting locations
for the side drop under cold environment conditions (contact side). The maximum stress
intensity calculated for this load combination is 5,086 psi which occurs at node number 427.

This stress intensity is well below the allowable membrane stress intensity of 47,670 psi, and
membrane plus bending stress intensity of 68,1000 psi (at 150°F temperature).

Table B4.4-11 lists the total nodal stress intensity at each of the standard stress reporting locations
for the side drop under cold environment conditions (opposite contact side). The maximum
stress intensity calculated for this load combination is 2,586 psi which occurs at node number
157. This stress intensity is well below the allowable membrane stress intensity of 47,670 psi,
and membrane plus bending stress intensity of 68,1000 psi (at 150°F temperature).

B4.4.43.3 C.G. Over Corner Drop

The response of the cask to the 30-foot corner drop was analyzed for impact on the top or lid end
corner which is the more critical cask orientation (than the bottom corner) because it is the
closure end. The analysis was performed using the ANSYS model as described in Appendix
B4.5C. The center-of-gravity over corner drop occurs at a drop angle of approximately 80°.

That is, the longitudinal axis of the cask is at an angle of 80° from the impact surface. The
analysis (Appendix B4.5A) of the 80° drop orientation resulted in maximum inertia loading of
19.7 G (axial) along the cask longitudinal axis and 3.5 g transverse to the longitudinal axis at the
cask CG. The maximum stress result for the 30 foot lid end corner drop is 14,964 psi.

Table B4.4-12 lists the total nodal stress intensity at each of the standard stress reporting
locations for the lid end corner drop under hot environment conditions (contact side). The
maximum stress intensity calculated for this load combination is 13,747 psi which occurs at node
number 51. This stress intensity is well below the allowable membrane stress intensity of 47,670
psi, and membrane plus bending stress intensity of 68,1000 psi (at 150°F temperature).

Table B4.4-13 lists the total nodal stress intensity at each of the standard stress reporting locations
for the lid end corner drop under hot environment conditions (opposite contact side). The
maximum stress intensity calculated for this load combination is 11,338 psi which occurs at node
number 74. This stress intensity is well below the allowable membrane stress intensity of 47,670
psi, and membrane plus bending stress intensity of 68,1000 psi (at 150°F temperature).

Table B4.4-14 lists the total nodal stress intensity at each of the standard stress reporting locations
for the lid end corner drop under cold environment conditions (contact side). The maximum
stress intensity calculated for this load combination is 15,293 psi which occurs at node number
51. This stress intensity is well below the allowable membrane stress intensity of 47,670 psi, and
membrane plus bending stress intensity of 68,1000 psi (at 150°F temperature).

Table B4.4-15 lists the total nodal stress intensity at each of the standard stress reporting locations
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for the lid end corner drop under hot environment conditions (opposite contact side). The
maximum stress intensity calculated for this load combination is 12,490 psi which occurs at node
number 74. This stress intensity is well below the allowable membrane stress intensity of 47,670
psi, and membrane plus bending stress intensity of 68,1000 psi (at 150°F temperature).

B4.4.4.3.4 Lid Bolts

The lid bolts were analyzed in accordance with NUREG/CR-6007, Stress Analysis of Closure
Bolts for Shipping Casks'®. This analysis is presented in Appendix B4.5B. The governing
hypothetical accident load is the combination of maximum internal pressure and a near
perpendicular, oblique 30-foot drop in which the lid end strikes the target first and the cask
contents impact on the inner side of the lid. This drop orientation is the most severe because,
based on the impact analysis (Appendix B4.5A), this drop orientation results in the highest axial
inertia forces that result in the highest lid bolt tensile stresses. The results in Appendix B4.5B
show that the maximum stress intensity due to tension plus shear plus bending is 72,900 psi
which is less than the allowable maximum stress intensity of 133,000 psi (at 150°F).

The fire accident results in a maximum bolt and lid temperature of 1068°F (1091°F is
conservatively used for calculation). The thermal stress at the bolt due to this differential thermal
expansion is 20,154 psi. The maximum combined stress including stresses due to preload and
shears 49,386 psi. This stress is less than the bolt yield stress of 82,500 psi. The MCO will
therefore be secure inside the cask during the fire accident.

B4.4.4.3.5 Puncture

Puncture Force

The most severe damage to the cask resulting from the puncture drop will occur on the outer
center of the lid. The analysis is based on the Nelms'” equation. The Nelms puncture relation is
given as:

t=(W/S,)""

Where:
= lid thickness = 3.5"
W = package weight = 57,910 lbs
S, = ultimate tensile strength of the lid = 70,000 psi

The package weight that can result in puncture is:

W =S, t"*" = 70,000 (3.5)"*" = 409,482 lbs
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The actual package weight is 57,910 lbs, Therefore, the factor of safety for puncture resistance on
the energy basis is:
F.S. = 409,482/57,910 = 7.07

When the package contacts the puncture bar, the force applied to the package is:
F, = impact force = o A,
o, = dynamic flow pressure of stainless steel = 45,000 psi (reference 8)
A, = area of the puncture bar = /4 (6)° = 28.27 in’
F, = 45,000 x 28.27 = 1.272 x 10° Ibs
This force produces a cask deceleration:
G = cask deceleration = F/W = 1.272 x 10%/57,910 = 22
This deceleration is smaller to that which will occur during impact on end after the 30 foot free

drop (25G). Therefore, global stresses that result from the inertial force will be smaller. The
bending stress at the center of the lid will be calculated using the above finite element model.

Lid Stresses

The lid stresses are computed using the 2-D model as described in Appendix B4.5C-4. The
loading distribution and boundary conditions are shown on Figures B4.5C-21 and B4.5C-22.
The 22 G inertia load due to 40" drop is applied as body acceleration. The content’s inertia load
is applied as equivalent pressure on the lid as follows:

Contents weight = 19,120 lbs

P = 19,120 x 22 /n (12.595) = 844.05 psi

Elastic Analysis:

ANSYS computer Code is used for the analysis. A stress run was made using the above noted
loads and boundary conditions. STIF 42 (Axisymmetric) finite element was used in the analysis.

The stresses are linearized at critical sections. The maximum membrane and maximum
membrane plus bending stress intensities are as follows:
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Location (Node number) P, (psi) P, + P, (psi)
(Figure B4.5C-23)
84 12,560 83,280
94 10,880 85,010
93 5,275 70,560
92 30,780 57,550
91 25,430 59,960

The maximum membrane stress intensity calculated for this load is 30,780 psi at node number 92.
This stress is below the allowable membrane stress intensity of 47,670 psi. The maximum
membrane plus bending stress intensity is 85,010 psi at node number 94. This stress exceeds the
allowable membrane plus bending stress intensity of 68,100 psi. Therefore, an elastic - plastic
analysis was performed to recalculate the stresses.

Plastic Analysis:
A plastic analysis was performed (using the same finite element model, boundary conditions, and
loads). The stress - strain properties used for the stainless steel is given in Figure B4.5C-24. The

total load (22 G inertia and 844.05 psi) was divided in eight load steps for proper converged
solution.

The maximum membrane and maximum membrane plus bending stress intensities are as follows:

Location (Node number) P., (pst) P, + Py (psi)
(Figure B4.5C-23)
84 2,934 45,030
94 3,326 46,620
93 6,889 42,140
92 25,470 36,060
91 26,350 40,780

The maximum membrane stress intensity calculated for this load is 26,350 psi at node number 91.
This stress is below the allowable membrane stress intensity of 47,670 pst (0.7S)). The
maximum membrane plus bending stress intensity is 46,620 psi at node number 94. This stress
is below the allowable membrane plus bending stress intensity of 61,290 psi (0.9S,). The
analysis shows the stresses are within the ASME Code allowables.
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B4.4.4.3.6 Conclusions

From the analyses presented in Section B4.4 above, it can be shown that the accident load
conditions will not result in any significant structural damage of the TN-WHC cask.

The maximum combined stresses due to the 30 foot drop event are also presented in Tables B4.4-
4 to B4.4-15. In nearly all of the load cases, the maximum stresses are less than the membrane
allowable stress with a large margin of safety.

The lid bolt stresses do not exceed the ultimate strength during the hypothetical 30 ft drop
accidents as shown in Appendix B4.5B.

During the 40 inch drop onto a 6.0 inch diameter puncture bar, the packaging may deform locally
above the punch. It has been shown by analysis that the package will not be punctured and that
the MCO will be confined.

The cask body material is a stainless steel. The thermal stresses due to the differential thermal
expansion are insignificant. Thermal stress of the lid bolt due to the differential thermal
expansion under the thermal accident conditions is less than the yield stress.

From the analyses presented in Section 4.4, it can be shown that the accident loads will not result

in any significant structural damage of the cask. The cask maintains the confinement function of
the MCO.
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Table B4.4-4 Cask Body Stresses Under Hot Environment 30 Foot Bottom End Drop
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 30 Foot Drop 30G)

Location Nodal Stress Intensity
Cask Body Component Node Number” (psi)
Cask Bottom 133 1826
131 2067
214 2674
157 199
142 1121
220 2067
Cask Cylinder 460 1529
427 1163
395 957
369 1091
283 1225
316 874
348 813
256 817
Cask Flange 111t 265
1112 536
1115 384
1114 712
Lid 34 729
33 588
51 1012
47 414
74 722
76 505
48 821
45 365
94 1093
92 993
61 1105

* See Figure B4.3-1 For Node Locations.
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Table B4.4-5 Cask Body Stresses Under Cold Environment 30 Foot Bottom End Drop
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 30 Foot Drop 30G)

Location Nodal Stress Intensity

Cask Body Component Node Number” (psi)
Cask Bottom 133 1121
131 1384

214 1474

157 1225

142 1434

220 1380

Cask Cylinder 460 1155
427 800

395 454

369 237

283 1137

316 780

348 435

256 200

Cask Flange 1111 87
1112 151

1115 118

1114 392

Lid 34 496

‘ 33 352

51 669

47 215

74 491

76 451

48 396

45 237

94 562

92 523

61 230

* See Figure B4.3-1 For Node Locations.
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Table B4.4-6 Cask Body Stresses Under Hot Environment 30 Foot Lid End Drop
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 30 Foot Drop 30G)

Location Nodal Stress Intensity
Cask Body Component Node Number* (psi)
Cask Bottom 133 427
131 733
214 1233
157 944
142 333
220 875
Cask Cylinder 460 786
427 1133
395 1161
369 2305
283 715
316 844
348 1189
256 1178
Cask Flange 1111 3223
1112 2369
1115 3393
1114 2981
Lid 34 2950
33 3384
51 3235
47 3877
74 33
76 420
48 3499
45 3950
94 2427
92 2285
61 2747

* See Figure B4.3-1 For Node Locations.
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Table B4.4-7 Cask Body Stresses Under Cold Environment 30 Foot Lid End Drop
Condition
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 30 Foot Drop 30G)

Location Nodal Stress Intensity

Cask Body Component Node Number* (psi)
Cask Bottom 133 279
131 139

214 41

157 203

142 251

220 27

Cask Cylinder 460 412
427 769

395 1108

369 1592

283 395

316 750

348 1101

256 1364

Cask Flange 1l 3135
1112 2194

1115 3430

1114 3861

Lid 34 2861

33 3579

51 4681

47 3699

74 1212

76 1200

48 3569

45 3400

94 773

92 778

61 2855

* See Figure B4.3-1 For Node Locations.
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Table B4.4-8 Cask Body Stresses Under Hot Environment 30 Foot Side Drop
{contact side)
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 30 Foot Drop 40G)

Location Nodal Stress Intensity

Cask Body Component Node Number* (psi)
Cask Bottom 133 3921
131 2464

214 1373

157 5085

142 3503

220 1201

Cask Cylinder 460 4858
427 5038

395 4825

369 3742

283 2042

316 2180

348 2038

256 1751

Cask Flange 1111 3213
1112 1339

115 3525

1114 1198

Lid 34 2523

33 1535

51 1431

47 367

74 1553

76 1092

48 1315

45 367

94 2628

92 1854

1341 136

* See Figure B4.3-1 For Node Locations.
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Table B4.4-9 Cask Body Stresses Under Hot Environment 30 Foot Side Drop

{opp. contact side)
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 30 Foot Drop 40G)

Location Nodal Stress Intensity
Cask Body Component Node Number* (psi)
Cask Bottom 133 1922
131 341
214 577
157 2598
142 578
220 326
Cask Cylinder 460 1932
427 2108
395 1891
369 1209
283 1260
316 1905
348 1538
256 971
Cask Flange i1y 819
1112 555
1115 1056
1114 578
Lid 34 722
33 548
St 1001
47 327
74 973
76 1127
48 533
45 335
94 2372
92 1592
61 1269

* See Figure B4.3-1 For Node Locations.
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Table B4.4-10 Cask Body Stresses Under Cold Environment 30 Foot Side Drop
(contact side)
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 30 Foot Drop 40G)

Location Nodal Stress Intensity

Cask Body Component Node Number” (ps)
Cask Bottom 133 3909
131 1600

214 1169

157 508

142 3813

220 1335

Cask Cylinder 460 4874
427 5086

395 5045

369 4297

283 2784

316 2918

348 2879

256 2498

Cask Flange itil 3261
1112 1352

1115 3261

1114 1792

Lid 34 2389

33 2389

S1 2521

47 769

74 553

76 526

48 2196

45 940

94 990

92 405

61 97

* See Figure B4.3-1 For Node Locations.
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Table B4.4-11 Cask Body Stresses Under Cold Environment 30 Foot Side Drop

{opp. contact side)
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 30 Foot Drop 40G)

Location Nodal Stress Intensity
Cask Body Component Node Number” (psi)
Cask Bottom 133 1917
131 536
214 702
157 2586
142 102
220 523
Cask Cylinder 460 1948
427 2156
395 2112
369 1569
283 1376
316 2026
348 1659
256 980
Cask Flange 1111 851
1112 406
1115 796
1114 797
Lid 34 561
33 607
51 735
47 207
74 891
76 782
48 758
45 245
94 2355
92 1025
61 270

* See Figure B4.3-1 For Node Locations.
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Table B4.4-12 Cask Body Stresses Under Hot Environ. 30 Foot Corner Drop
{contact side)
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 30 Foot Drop on lid side Corner 20G)

Location Nodal Stress

Intensity (psi)

Cask Bottom

Cask Cylinder

Cask Flange

Lid

* See Figure B4.3-1 For Node Locations.
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Table B4.4-13 Cask Body Stresses Under Hot Environ. 30 Foot Corner Drop

{opp. contact side)
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 30 Foot Drop on lid side corner 20G)

Location Nodal Stress Intensity
Cask Body Component Node Number” (psi)
Cask Bottom 133 1181
131 994
214 1441
157 2097
142 419
220 998
Cask Cylinder 460 805
427 1012
395 1102
369 1175
283 708
316 835
348 786
256 673
Cask Flange 1111 1026
1112 1061
1115 1363
1114 1166
Lid 34 1817
33 1299
51 1806
47 1051
74 11338
76 4228
48 1897
45 912
94 8290
92 3588
61 1932

* See Figure B4.3-1 For Node Locations.
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Table B4.4-14 Cask Body Stresses Under Cold Environ. 30 Foot Corner Drop
(contact side)
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 30 Foot Drop on lid side corner 20G)

Location Nodal Stress Intensity

Cask Body Component Node Number’ ps)
Cask Bottom 133 1180
131 328

214 222

157 1426

142 293

220 110

Cask Cylinder 460 134
427 390

395 895

369 2084

283 27

316 285

348 924

256 1657

Cask Flange 1111 4259
1112 2935

1115 4667

1114 5626

Lid 34 5337

33 5048

Si 15293

47 2539

74 11831

76 10274

48 10046

45 1247

94 6816

92 10367

61 6760

* See Figure B4.3-1 For Node Locations.
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Table B4.4-15 Cask Body Stresses Under Cold Environ. 30 Foot Corner Drop

(opp. contact side)}
(Bolt Preload, Cold Thermal, 20 psi External Pressure, 30 Foot Drop on lid side corner 20G)

Location Nodal Stress Intensity
Cask Body Component Node Number’ (psi)
Cask Bottom 133 1167
131 187
214 168
157 1420
142 S12
220 154
Cask Cylinder 460 431
427 649
395 598
369 531
283 538
316 736
348 539
256 411
Cask Flange 1111 961
1112 838
1115 1126
1114 1237
Lid 34 1592
33 1291
5% 2968
47 1048
74 12490
76 4828
48 2760
45 1103
94 9799
92 4296
61 2728

* See Figure B4.3-1 For Node Locations.
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APPENDIX B4.5A

G LOAD CALCULATION

B4.5A-1 INTRODUCTION

This Appendix evaluates the effects of a hypothetical drop of the cask on the concrete storage pad.
The following cases are evaluated:

* 30.0 ft. end drop onto the concrete slab.
* 30.0 ft. side drop onto the concrete slab.
» 30.0 ft. C.G. over corner drop onto the concrete slab.

* 30.0 ft. shallow angle impact (slap down) onto the concrete slab.

The impact analysis is based on methodology of EPRI NP-4830( and NP-7551%. This appendix
considers the mass and geometry of the cask but assumes it to be rigid compared to the concrete
storage pad. The storage pad properties and the cask geometry are used to determine the pad hardness
parameter. The report provides graphs that show the force on the cask as a function of storage pad
hardness. Scale model drop testing at Sandia National Laboratories and full scale cask drop testing in
England have recently been performed in an attempt to "benchmark” the EPRI methodology. The
preliminary results of the tests (end drops) show excellent correlation with the predicted results.

B4.5A-2 GENERAL APPROACH

The EPRI reports give Force (applied to the cask) vs. Deformation (of the target) curves for different
magnitudes of target hardness. The target hardness is defined as a set of parameters times the area of
the impact surface. This impact area usually depends of the deformation. The following procedure is
used to determine the maximum deceleration of the cask and deformation of the target:

1. A small target deformation is taken.

2. The geometry of the cask relative to the target is used to compute the impact area for the
given deformation.

[9%)

The target hardness is then computed for this target area.

4. The data in the EPRI report is used to determine the force associated with the
deformation.
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S. The energy absorbed in the ix-lcrements in deformation is evaluated as the area under the
force vs. deformation curve for the increment in deformation.
6. The deformation is increased and step 2-5 repeated.
7. This process is continued until the absorbed energy equals to weight times drop height.

This is the final solution for the force and deformation.

B4.5A-3 CASK AND CONCRETE PAD/SOIL DESCRIPTION

The geometry of the cask is shown on drawing H-1-81535 sheet 1 of 5. The technical data used
for cask and concrete slab/soil are :

W = Weight of cask = 60,000 lbs

E. = Concrete elastic modules = 3.6E6 psi
o, = Ultimate concrete strength = 4,000 psi
v, = Poisson’s ratio of concrete = 0.17

= Concrete pad thickness = 8 inches

= Rebar yield strength = 60,000 psi

E, = Sub-soil modulus = 28,000 psi

v,= Poisson’s ratio of soil = 0.49

The concrete slab contains 7/8 inch diameter rebar (#7) on 12 inch spacing top and bottom, two-
way, with 2" coverage. The design criteria of the rebar are listed in the Table B4.5A-1. The
ultimate moment capacity of the slab is required for the analysis. This is evaluate using standard
method (reference 3, pages 85-86) and is calculated in table B4.5A-2.

Table B4.5A-1
Mechanical Properties of Rebar

Rebar Size 7 (718"
Spacing 12"

Rebar Dia. 0.875"

Area 0.6 in
Yield Strength - S, 60,000 psi
Modulus of Elasticity - E | 29 x 10° psi
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M, Calculation - 8" Concrete Slab With 7/8" Diameter Rebar

_ 1

O

—
—— 0. —>

Size of Rebar = 7/8"

Ag = Cross Section Area of rebar = 0.6 in’

S, = Rebar Yield Strength = 60,000 psi

f’. = Ultimate Concrete Strength = 4,000 psi

d = Average Depth of Steel = 8" - 2" -7/8" = 5.125"
By 2XF=0 C=T

AS,=085f ba

a=AgS, /085 b=0.6x 60,000/0.85 x4000 x 12 = 0.8824"
2M=0

M, = AgS, (d - a/2) = 0.6 x 60,000 (5.125-0.8824/2) = 168,618 lbs/in

u
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B4.5A-4 END DROP .

The results of the EPRI reports are presented in term of a target hardness number (S). In general
this is given by:

Where
M, = Ultimate moment capacity 1foot section of slab = 168,624 #/in.
o, = Ultimate concrete strength = 4,000 psi

A = Area of impact surface.

W = Weight of cask = 60,000 lbs.

8, = Deflection of cask under weight of cask (1G).
For the end drop, the area A= Area of the cask

A =1 R* =7 (40.57/2)* = 1292.7 in’

The deflection ( 3,) is given as:

W
B, = e ( 1- ™ cos BR)
2 Rk
Where
nE, = (28,000)
K = = = 115,758 psi/in
1o 1_)52 1- 0492
E. h 3.6 (10)%(8)°
D, = - = 158,171,146 in-Ibs
12 (1-v2)  12(1-017%)
E, 114 28000 1
B= ( ) =( )y = 0.0816
4 D 4 x 158,171,146

©
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W ’ 60000
8 = =-mnv (1- €™ cos BR) = ---mmmmmemmeceeeeneee (1 - e 0162028 05 0.0816x20.285)
2 Rk 2x20.285x115758
=0.013"

Then

M, o, A 168618 x 4000 x1292.7
S = =

= 18,656
W2 3, 600007 x 0.013

The force-deformation curve is obtained by interpolating the data shown on Figure 14 of EPRI
report (reference 1) and is shown on figure B4.5A-1. The peak force is 25G (times weight) and
the displacement at the end of elastic phase is 0.39".

We now use energy method to compute final deformation:

Let x = final deformation. Then energy absorbed by the target equals area under force vs.
displacement curve to x

E,p=WF(0392+(x-039))
W = 60,000 lbs
F=25
The potential energy of the drop is
Epop = W (H + x) H = drop height
For 1 foot (12") drop
W (12 + x) = W (25) (0.39/2 + x - 0.39)
x = 0.7031"
The total energy is
Eyp = W (H + x) = 60000 (12 + 0.7031) =762,186 in-lbs

E,=WF (0392 +x-0.39) = 60000 (25) (0.39/2 + 0.7031 - 0.39) = 762,150 in-Ibs

B4.5A-5
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For 30 foot (360") dro
W (360 + x) = W (25) (0.39/2 + x - 0.39)
x = 15.203"
The total energy is
Egop = W (H + x) = 60000 (360 + 15.203) = 22,512,180 in-lbs

E,=WF (0392 +x-0.39)=60000 (25) (0.39/2 + 15.203 - 0.39) = 22,512,000 in-lbs

The results of end drop:

1foot Drop  Peak Acceleration = 25 G
Target Displacement = 0.7031"

30 foot Drop Peak Acceleration =25 G
Target Displacement = 15.2"

B4.5A-6
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Figure B4.5A-1
Force vs. Displacement Curves
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B4.5A-5 Side Drop

The side drop analysis is conducted in the same manner as for the end drop except that the
expression for 8, varies and the target impact area changes as the depth of the penetration
increase. 8, is given as:

W B
N
2k
Where
E 1/4
N )
4 E 1,
I=1/12L h* =1/12 (168.5) (8)’ = 7189 in*
28,000 L
B=( ) = 0.0228
4x3.6x10°x 7189
k = E, = 28,000 psi
W B
S = 60000 x 0.0228/(2 x 28000) = 0.0244"
2k
Mo, A (168618) (4,000) A
Then S = =
W2 B (60,000)* (0.0244)
= 7678 A

The impact area A = L x d, where d depends on the deformation x and is shown on Table
B4.5A-3.

B4.5A-8
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Table B4.5A-3
Side Drop Area Calculation

! X

<€ d/2 >
SIN © = (R-X)/R © = SIN' (R-X)R
R? = (R-X)? + (d/2)*
&2 = (2RX - X*)'? d =2(2RX - X2)"?

A=Lxd=2L (2RX - X}

S=7.678 A=17.678 (2) (L) 2RX - X} = 15.356 (L) (2RX - X?)'?

B4.5A-9
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From Table B4.5A-3, S = 15.356 (L)(2Rx - x*)"?. Since the elastic portion of the force vs.
deflection curves are shown to be unimportant, only the perfectly plastic part is used for the side
drop analysis.

The following data is obtained from Figures 14 and 16 of the EPRI report (reference 1).

S - Hardness F - Force Remark

12,900 21G Figure 14
25,800 29G Figure 14
86,000 48.5G Figure 16

These are plotted in the Figure B4.5A-2. A spread sheet solution is carried out to increment x,
and calculate absorbed energy with solution selected at the point where absorbed energy equals
W(H + x).

The following steps are carried out in calculation of absorbed energy:

Select deformation x

Calculate S, S = 15356 (L)(2Rx - x*)"?.

Calculate F, F= [ 18 + S(48.7-18)/80000 ] W

Calculate energy increment aE, aE = (x; - x.)(F; + F,.,)/2

Add aE to the previous energy to obtain current total energy
6. Increment x until total energy equals W(H + x)

The spread sheet results are given on Table B4.5A-4.

kN =

For 1 foot (12") drop
Letx =1"
Potential Energy = W (H + 1) = 60000 (12 +1)} = 780,000 in-lbs
E jpsorbed by the rarget = 1,037,026 in-lbs (from Table A-4) ) 780,000 in-lbs
G = F/W = 1,454,766/60,000 = 24 G’s

For 30 foot (360") drop

Let x = 12.5"
Potential Energy = W (H +12.5) = 60000 (360 + 12.5) = 22,320,000 in-lbs
E prsoted b e arger = 23,284,539 in-lbs (from Table A-4) ) 22,320,000 in-lbs

G = F/W = 2,195,973/60,000 = 36.6 G’s

B4.5A-10



HNF~SD-SNF~FRD- . 0
>D-SNF-FRD-003 Rev E-15166

Figure B4.5A-2
Force vs. Target Hardness Curve
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Table B4.5A-4
Calculation of Absorbed Energy for Side Drop
X d S Foree Encrgy Iner  Totl Energy
(inches) {inches) {Ibs) (in-1bs) (in-1bs)
0 0.00 0 0 0
0.5 895 11,582 1,346,669 336,667 336,667
1 12.58 16,277 1,454,766 700359 1,037,026
1.5 - 1531 19,808 1,536,084 747,713 1,784,739
2 17.57 22,726 1,603,260 784,836 2,569,575
25 19.51 25243 1,661,218 816,119 3.385,694
3 21.23 27470 1,712,498 843429 4,229,123
35 2278 29473 1,758,614 867,778 5,096,901
4 24.19 31,295 1,800,560 889,794 5,986,695
45 2548 32,965 1,839,027 909,897 6,896,591
5 26.67 34,507 1,874,520 928,387 7824978
55 27.78 35936 .+ 1,907,422 945,485 8,770,463
& 2880 37265 1,938,031 961,363 9,731,826
6.5 29.76 38,505 1,966,585 976,154 10,707,980
7 30.66 39,665 1,993,277 089,965 11,697,946
15 31.50 40,750 2,018,265 1,002,885 12,700,831
8 3228 41,767 2,041,682 1,014,987 13,715818
85 33.02 42,721 2,063,641 1,026,331 14,742,148
9 33.71 43,615 2,084,237 1,036,969 15,779,118
9.5 34.36 44,454 2,103,552 1,046,947 16,826,065
10 3497 45240 2,121,659 1,056,303 17,882,368
10.5 3554 45,977 2,138,617 1,065,069 18,947,437
11 36.07 46,666 2,154483 1,073,275 20,020,712
115 36.57 47310 2,169,304 1,080,947 21,101,659
12 37.03 47910 2,183,122 1,088,106 22,189,765
125 37.46 48,468 2,195973 1,094,774 23,284,539
13 37.86 48,986 2207892 1,100,966 24,385,505
13.5 3823 49,464 2,218,908 1,106,700 25492,206
14 38.57 49,904 2,229,046 1,111,989 26,604,154
145 38.89 50307 2,238330 1,116,844 27,721,038
15 39.17 50,674 2,246,779 1,121,277 28842315
155 39.43 51,006 2,254412 1,125,298 29,967,613
16 39.65 51,303 2,261,246 1,128915 31,096,528
16.5 39.86 51,565 2,267,292 1,132,134 32,228,662
17 40.03 51,794 2,272,565 1,134.564 33,363,626
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B4.5A-6 C.G. Over Corner D}'Op

The C. G. over corner drop is performed in a similar manner as the side drop: Calculation of 3,
and evaluation of the impact area as a function of the deformation into the target. Some
geometry relations used to evaluate of the impact area as a function of the deformation into the
target are shown in Figure B4.5A-3. Table B4.5A-5 tabulates the results of the area vs. the
deformation of the target. The next quantity that is needed is the deflection, 8,. This deflection
will occur as a result of the cask resting on a small portion of the cask with the area increasing as
 increases. This is similar to the side drop condition and we use that as the basis for the
evaluation. Figure B4.5A-4 illustrates this relations. From page B4.5A-8:

Where

L=112LH =1/12(L) @) =426L

28,000 "
= ( ) = 0.21/(1)"
4x3.6x10°x1,

k = E, = 28,000 psi
8, = W B/2k = 60000 x B/2 x 28000 = 1.071 B

L=2[2R8, /cos © - 8Ycos’® ['2=12(173.376 &,- 5.20.0548)"

This equation is solved iteratively

inisat s 5, L fnal
10 0.0462 0.0495 5.84
8 0.0489 0.0523 6.00
6.5 0.0515 0.055 6.16
6.2 0.0521 0.056 6.20(solution)

B4.5A-13
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From the above table, the solution of 8, = 0.056, then
S =M, o, A/W2 §, = 168618 x 40000 x A/60000% x 0.056 = 3.346A
The solution is obtained on spread sheet by the following steps and is shown on Table B4.5A-5:

Calculate S, S = 3.346A (reference Table B4.5A-5 for value of A)
Calculate F, F= [ 18 + S(48.7-18)/80000] W

Calculate energy increment aE, aE = (x; - x,)(F; + F,,))/2

Add AE to the previous energy to obtain current total energy
Increment x until total energy equals W(H + x)

NN =

For 1 foot (12") drop
Let x = 1" (reference Table B4.5A-6)
Potential Energy = W (H + 1) = 60000 (12 +1) = 780,000 in-1bs
Epsorbed by the target = 512,430 in-1bs ) 780,000 in-lbs
G = F/W = 1,085,654/60,000 = 18.09 G’s

For 30 foot (360™) drop

Let x = 20 " (reference Table B4.5A-6)
Potential Energy = W (H +20) = 60000 (360 + 20) = 22,800,000 in-1bs
E osorbed by the rget = 22,865,514 in-lbs ) 22,800,000 in-lbs

G = F/W = 1,180,536/60,000 = 19.7 G’s

B4.5A-14
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Figure B4.5A-3
Geometry of CG Over Corner Drop

kd/ P

T A—>Y
l///////////bgll T

SIN © =R/ oc COS © =bc/oc © =76.46"
be=0c COS © =R (COS &/ SIN © )
ac=ab-bc=a/SIN© -R(COS ©/SIN &)

ad = ab/COS & = a /SIN ©CO0S ©

s, =a -bcSINS = a -RCOS ©

3

(= 0¢ + acCOS © = R/SIN © +acCOS © =R/SIN © + a, (COS ©/SIN © )

=ad-o,,= a/SINOCOS©O-RSINS - »_(COS &/SIN &)

max

-4, (1/SIN ©COS © - COS ©/SIN &)

3

[¢3

min

B4.5A-15



_sp_SNF-FRD-003  Rev. 0
HNF-S0-S E-15166

Figure B4.5A-3
Geometry of CG Over Corner Drop-Continue

The area of the impact surface is obtained by first writing equation for intersection curves between
cylinder and plane surface. We set up the following coordinate systems with origin at bottom center
of cask.

By transforming coordinates:

o = XSING + ZCOS® X = aSING - BCOSH
B =-XCOSO +ZSING  Z = aCOSO +BSING

Equation of cylinder is X*+ Y?=R? or by transforming coordinates:

«2SING? - 20BSING COSO + B*COS8’ + Y? = R?

By setting the intersection of this surface with target surface, p = a _
Then equation of intersection curve is:

a?SING? - 2aa . SING COSO + 4 2COSE* + Y? = R?

BA 43

B8=76.46°

¥
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Figure B4.5A-3
Geometry of CG Over Corner Drop-Continue
The area as a function of the deformation is calculated by integrating the:

a?SIN®? - 20, SING COS6 +a  2COSO”* + Y* = R’

U‘mu
Area A=2 J Yda
Crnin
Where Y is given as above equation

This is numerically integrated using 100 divisions and the trapezoidal rule. The results are tabulated
in Table B4.5A-5.

I

l

I
4 X
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Figure B4.5A-4
CG Over Corner Drop - L Dimension Calculation

(L72)* = R? - (R- §/COS0Y L = 2 (2R8,/COSH - 3 2/COS?9)"*

CoSesl

|

8
8
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DELTA
.500
1.000
1.500
2.000
2.500
3.000
3.500
4.000
4.500
5.000
5.500
6.000
6.500
7.000
7.500
8.000
8.500
9.000
9.500
10.000
10.500
11.000
11.500
12.000
12.500
13.000
13.500
14.000
14.500
15.000
15.500
16.000
16.500
17.000
17.500
- 18.000
18.500
19.009
19.500
20.000

HNF-SD-SNF-FRD-003

Area Calculation For CG Over Corner Drop

DELTA CL
-4.249
-3,749
-3.249
-2.749
-2.249
-1.749
-1.249

-.749
-.249

.251

.751
1.251
1.751
2.251
2.751
3.251

. 3.751

*4.251

4.751
5.251
'5.751
6.251
6.751
7.251
7.751
8.251
8.751
9.251
9.751
10.251
10.751
11.251
11.751
12.251
12.751
13.251
13.751
14.251
14.751
15.251

Table B4.5A-5

AMAX

19.842
19.962
20.082
20,203
20.323
20.444
20.564
20.684
20.805
20.925
21.046
21.166
21.287
21.407
21,527
21.648
21.768
21.889
22.009
22.129
22.250
22.370
22.491
22.611
22.731
22.852
22.972
23,093
23.213
23.333
23.454
23.574
23.695
23.815
23.935
24.056
24.176
24.297
24.417
24.538
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AMIN
17,645
15.569
13.492
11.416

9.340
7.263
5.187
3.111
1.035
-1.042
-3.118
=5.194
-7.271
~9.347
-11.423

- ~13.499
-15.576

~17.652
-19,728
-21.805
-23.881
-25.957
-28.033
-30.110
-32.186
~34.262
-36.339
-38.415
-40.491
~42.568
-44.644
-46.720
-48.796
-50.873
-52.949
-55.025
-57.102
-59.178
-61.254
-63.330

E-15166

AREA
26.822
74.604

134.708
203.698
279.381
360.141
444.618
531.663
620.218
709.248
797.786
884.820
969.272
1049.996
1125.637
1194.561°
1254.594
13082.268
1328.276
1328.715
1329.000
1329.051
1328.454
1329.087
1329.036
1329.041
1328.458
1328.827
1327.639
1328.146
1328.158
1327.657
1326.475
1328.746
1327.546
1328.635
1326.881
1328.259
1328.477
1326.558
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Table B4.5A-6
Calculation of Absorbed Energy for CG Over Corner Drop

x Arca $ Foree Encrgy Incr  Total Encrgy
(inches) (sq in) {1bs) {in-1bs) (in-1bs)
0.5 26.82 20 1,082,033 270,508 270,508
1 74.60 250 1,085,654 541,922 812,430
1.5 13471 45) 1,090,209 543,966 1,356,396
2 203.70 682 1,095,438 546,412 1,902,807
25 27938 935 1,101,173 539,153 2,451,960
3 360.14 1,205 1,107,294 552,117 3,004,077
3.5 44162 1,488 1,113,696 555,218 3,559,325
4 531.66 1779 1,120,293 558,497 4,117,822
4.5 620.22 2075 1,127,004 561,824 4,679,646
5 709.25 2373 1,133,752 565,189 5244835
55 79779 2,669 1,140,462 568,553 5,813,389
6 884.82 2,961 1,147,058 571,880 6,385,268
6.5 969.27 3,243 1,153,458 575,129 6,960,397
7 1,050.00 3,513 1,159,576 578,259 7,538,656
7.5 1,125.64 3,766 .'1,165309 581,221 . 8,119,877
8 1,194.56 3,997 1,170,532 583,960 8,703,837
85 1,254.59 4,198 1,175,082 586,403 9,290,241
9 1,302.27 4357 1,178,695 588,44 9,878,685
9.5 1,328.28 444 1,180,666 589,840 10,468,525
10 1,328.92 4,446 1,180,699 550,341 11,058,866
105 1,329.00 4,447 1,180,721 590355 11,649,221
11 1,329.05 4,447 1,180,725 590361 12,239,583
11.5 1,328.45 4,445 1,180,679 590,351 12,829,934
12 1,329.09 4,447 1,180,727 590,352 13,420,285
12.5 1,329.04 4,447 1,180,724 590,363 14,010,648
13 1,329.04 4,447 1,180,724 590,362 14,601,010
13.5 1,328.46 4,415 1,180,680 590,351 15,191,361
14 1,328.83 4,416 1,180,708 590,347 15,781,708
145 1,327.64 4,442 1,180,618 590,331 16,372,039
15 1,328.15 444 1,180,656 590,318 16,962,357
155 1,328.16 4,443 1,180,657 590,328 17,552,686
16 1,327.66 4,442 1,180,619 590319 18,143,005
16.5 1,326.48 4,438 1,180,529 550,287 18,733,292
17 1,328.75 4,446 1,180,702 550,308 19,323,600
175 1,327.55 4,442 1,180,611 590,328 19,913,928
18 1,328.64 4,446 1,180,693 590326 20,504,254
185 1,326.88 4,440 1,180,560 590,313 21,094,567
19 1,328.26 4,444 1,180,665 590,306 21,684,873
19.5 1,328.48 4,445 1,180,681 590,336 22,275,210
20 1,326.56 4,439 1,180,536 590,304 22,865,514
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B4.5A-7 SHALLOW ANGLE> IMPACT - SLAP DOWN

The energy balances used for the end, side, and corner drop cases cannot be applied to the
slapdown cases since the kinetic energy in the cask is now divided between vertical velocity and
rotational velocity. For the first three cases, there is a simple energy transfer between the kinetic
energy (due to only vertical velocity) and the energy absorbed in the target. For the slapdown
case, the additional possibitily of transferring energy to the cask rotational velocity requires that a
time history analysis be performed. This is possible, but the numerical procedures required are
complex and one questions whether the target mode! presented in the EPRI report contains
adequate detail for such a use. Rather slapdown data for transport casks (rigid cask with limiters
impacting on a rigid target) are used to develop reasonable upper bounds for the slapdown effect.

Larger deceleration forces than found for the side drop can occur when a cask with impact
limiters strikes a rigid target with the cask oriented at a small angle to the horizontal. This could
occur for the problem of interest here and is discussed in this section. Some of the results found
for the transport casks with limiters are discussed and results are then applied to the present
problem.

When the first end of the cask impacts the target (designated end 1 for the purposes of this
discussion with the other end designated end 2), the kinetic energy of the cask results from the
vertical velocity of the cask. After this impact this energy is partitioned into three parts: the
vertical cask velocity, the rotational velocity of the cask, and the energy absorbed by the impact
limiter at this end of the cask. The vertical CG velocity of the cask decreases and the rotational
velocity of the cask increases. Both of these effects reduce the vertical velocity of end 1.
However, the vertical velocity of end 2 is reduced by the decrease in cask CG velocity but
increased by the increase in rotational velocity of the cask. The vertical velocity of end 2
therefore could be larger than the initial velocity of the cask, and in this case the impact force for
the end 2 limiter would be larger than the force which occurs for the side drop (where the end 2
limiter impacts the target at the initial cask velocity). The magnitude of this effect and the drop
angle causing the maximum slapdown effect is a function of the mass and geometric
characteristics of the cask, and the stiffness characteristics of the impact limiter. A generic study
of this problem for transport casks is report in reference 4 and the results of that study are
presented in the Table B4.5A-7. The following definitions are given for the parameters in the
table.

R, = Cask Radius

oy = Crush Strength of Limiter

B = Length of Limiter Along Cask axis

L = Cask Length

W = Cask Weight

A = Length of Limiter Protruding Beyond End Cask
H = Drop Height
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Table B4.5A-7
Energy Absorbed By Second Limiter During Slapdown

RL  oR2/W  (B-A)/R.  H/L  CRITICALANKE  ENERGY RATIO(P)
(Dogrees)
0.25 25 0.25 1.7 18 0.704
S0 30 0.7214
75 20 0.725
100 ’ 18 0.725
033 25 0.25 1.75 6.9 0.682
S0 4.1 0.695
75 24 0.702
100 13 0719
0.50 25 0.25 175 2.0 0.598
€0 4.4 0.637
75 25 0.650
100 o 25 0.650
0.25 25 05 1.725 35 0.693
s 1.0 0.701
100 . 0.8, 0.705
033 25 .05 175 4.9 0.660
15 s 1.0 0.684
100 08 0.675
0.50 25 05 1L1s 4.0 0.582
5 13 0.603
100 0.9 0611
0.25 25 0.75 1.15 T22 0.670
50 1.0 0.678
100 0.5 0.698
0.33 25 0.75 1.75 24 0.628
75 1.4 0.624
100 06 0.662
0.50 25 0.7 1.7 2.8 0528
5 0.9 0549
100 07 0.547
0.25 25 0.25 3.50 15.0 0.645
) 74 0.686
100 6.0 0.690
0.50 25 0.25 350 FIRST IMPALT MORE SEVERE
s 58 0582
100 3.7 0.598
0.25 25 0.75 350 4.6 0.638
75 2.t 0678
100 1.0 0.656
0.50 25 0.75 3.50 FIRST IMPACT MORE SEYERE
75 FIRST IMPACT MORE SEVERE
100

1.3 ©0802
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Table B4.5A-7 gives the critical angle for which maximum slapdown effects occur, and the
energy ratio (ratio of energy absorbed by the second limiter for slapdown as compared with the
side drop case). As may be seen the critical angle varies from close to 0 to 15 degree, and the
maximum energy ratio equals to 0.725. Note that the second limiter absorbs 50% of the energy
for the side drop so that this maximum case indicates that the second limiter absorbs 0.725/0.5 =
1.45 more energy than it would for the side drop case ( a 45% increase). It was also found that
the critical angle resulting in these maximum energy ratio led to the cask response where the end
1 lifted off the impact surface just before end 2 impacts the target. It can also be seen from the
results in the table that the energy ratio increases as:

R,/L = decreases

oy R¥W = increases

(B-A)/R| = decreases

H/L = decreases
The problem of the cask impacts to the concrete is somewhat similar to the transport casks with
the energy absorption characteristics of the limiter being replaced by the energy absorption
characteristics of the slab/soil target. The following parameters needed for the use of the table
may be calculated directly:

R;/L = 20.285/168.5 = 0.12

H/L = 360/168.5 = 2.14

A=0
The length of the equivalent impact limiter ( B ) actually can be extend along the entire cask (as
in the side drop). Since the slap down effect increases as this length decreases, the value of B is
taken as equal to the width of the impact surface ( d defined in Table B4.5A-3). This is taken
equal to 37.5" (the side drop value of d at maximum values from the Table B4.5A-4). The same
results are used to obtain an effective crush strength by dividing the total force of the side drop
(2,195,973 1bs) by the total impact area (2x37.5x37.5). Therefore:

Gy = 2,195,973/ (2x37.5x37.5) = 781 psi

oy RyYW = 781x 20.285%60,000 = 5.4

(B-AYR, = (37.5-0)/20.285 = 1.85

The following conservative values (see above discussion of variation of energy ratio as a function
of the parameters) are selected:

oy RYW =25
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(B-AYR, = 0.75
H/L = 1.75

The results in the Table A-6 then indicate the following results:

R,/L Energy Ratio
0.25 0.67
0.33 0.628

0.5 0.528

These data points fit very well with a straight line:
Energy Ratio = 0.815 - 0.575 R;/L

Therefore the energy ratio for R;/L = 0.12 is equal to 0.746. This indicates that the energy
absorbed by the second end during impact could be 0.746/0.5 = 1.49 times the energy absorbed
by the side drop. If this were all taken up by an increase in force ( rather than partially by an
increase in impact area) the peak deceleration would increase from the 36.6 G for the side drop to
1.49 x 36.6 = 54.4 G.It should be noted that this deceleration would not be constant across the
length of the cask but would decrease from end 2 to end 1.

This estimate is quite conservative for the following reasons:

The parameters selected above were selected to maximize the effect. In particular the length of
the impact surface (B) will increase as the cask rotate so that the most of the cask length will be
engaged when the second end hits the target. The above analysis conservatively sets B = 37.5
and as shown in the following table, the energy ratio decreases as B increases.

(B-A)R,, Energy Ratio
0.25 0.704
0.50 0.693
0.75 0.670

The side drop analysis shows that target hardness (S) is 7.678 times impact area. The largest
impact area could be the length times diameter of the cask (168.5 x 40.57) = 6836 in>. Therefore
the maximum S = 52,487. The maximum possible deceleration is equal to:

G = [18 + S(48.7-18)/80000] = [ 18 + 52487(48.7-18)/80000] = 38.1 G

1t is recommended that the maximum deceleration for the slapdown case be taken as 39 G based
on the maximum impact area.
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APPENDIX B4.5B

LID BOLT ANALYSIS

B4.5B-1 INTRODUCTION

The TN-WHC lid closure arrangement is shown in Figure B4.5B-1. The 3.5 inch thick lid is
bolted directly to the end of the containment vessel body by 12 high strength stainless steel 1.5
inch diameter bolts. Close fitting alignment pins ensure that the lid is centered in the vessel.

The lid bolt is shown in Figure B4.5B-2. Note that the material is ASME SA-479, Type XM-19
Hot Rolled, which has a minimum yield strength of 105,000 psi at room temperature. The lid
closure flange and bolt arrangement is shown in Figure B4.5B-3. The bolts are designed to be
preloaded at assembly to seat the seals against the 161.2 psi maximum design pressure and to
withstand all normal and accident loadings without yielding. The lid bolt analysis performed
below is in accordance with NUREG/CR-6007 stress analysis of Closure Bolts for Shipping
Casks (Reference 1).

B4.5B-2 NORMAL CONDITION ANALYSIS

The loadings considered for normal conditions include operating preload, pressure loads,
temperature, impact loads and the vibration loads.

The non-prying tensile bolt force due to the applied preload is given by the formula
F, = Q/KD,

where Q s the applied torque for preload, 3,565 in. Ibs.
K is the nut factor for empirical relation between the applied torque and the achieved
preload, 0.1, this value is based on lubricating the bolts with Neolube having a
coefficient of friction of 0.03.
D is the minimum diameter of the closure bolt, 1.22 inch.

b
F, =3565/(0.1)(1.22) = 29,225 lbs
The torsional bolt moment per bolt is
M, =05 Q=05 (3565) = 1783 in-lbs
The maximum residual tensile bolt force after preload is

F,=F, = 29225 Ibs

ar
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FIGURE B4.5B-1
TN-WHC LID CLOSURE

| 150" LID BOLTS

<39.81" CASK/LID O.D.+
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FIGURE B4.58-2
TN-WHC LID BOLT
— 7.40"
) 150"~6UNC
122" DIA. / 300" MN. THD. LENGTH
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150" SOCKET HEAD 127X 12" CHAMFER
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MATERIAL: SA—-479, XM—19, HOT ROLLED
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FIGURE B4.5B-3
TN-WHC FLANGE AND LID BOLT ARRANGEMENT
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The maximum residual torsional bolt moment is

M, = 0.5Q = 1783 in-lbs.

The gasket seating load is negligible since o-rings are used.

The loads caused by the pressure difference between the interior and the exterior of the closure

components are calculated below. The non-prying tensile bolt force is

where

The maximum differential pressure for both normal and accident conditions is 161.2 psi.

The increased external pressure combined with no internal pressure results is a force of

F,=m (D]g)2 Py - Py) /4 (N

D,, is the closure lid diameter at the inner seal, 31.57 in.
P, is the pressure inside the closure lid and
P,  is the pressure outside the closure lid.

N, is the number of bolts, 12

F,= 7 (31.57)* (161.2)/4 (12) = 10,515 lbs.

F, = -1305 Ibs.

The shear bolt force due to 161.2 psi differential pressure is

where

F, =7 (E) (t) (P - PL)(D,,)72 (NE)(t)(1-N,)

E; is Young's Modulus of the closure lid material, 28.3 x 10° psi
t,  1s the lid thickness, 3.5 inches

P, - P, is the differential pressure on the cask wall, 161.2 psi

D, is the closure lid diameter at the bolt circle, 25.2 inches

E. is the Young's Modulus of the cask wall material, 28.3x10° psi
t. 1s the thickness of the cask wall, 7.3 inches

N, 1s Poisson's ratio of the closure lid material, 0.3.

F,= 7 (28.3 x 10°)(3.5)(36.44)%(161.2)/2(12)(28.3 x 10°(7.31)(1-0.3)

= 19,167 Ibs
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The fixed edge closure lid force (F) and Moment (M,) for the calculation of prying tensile bolt
force and bending bolt moment are given by the formulas below.

F; = Dy(P, - P,)/4 = 36.44 (161.2)/4 = 1,4691bs

M, = DX(P, - P.)/32 = 36.44% (161.2)/32 = 6,689 in-lbs

The load caused by differential thermal expansion of the closure lid and bolt is calculated below.
F, = 0.25 1w (D)(E )T, - 0, T)

E, is the Young's Modulus of the bolt material, 28.3 x 10° psi

@, is the thermal expansion coefficient of the lid material, 8.55 x 10" in/in°F

T, is the temperature change of the lid. The lid can get as hot as 150°F at an ambient
temperature of 115°F with maximum insolation. The lid can get as cold as -27°F
in the cold environment. Assuming the lid is bolted to the cask inside at a room
temperature of 70°F, Tl is 130°F for the hot environment and -97°F for the cold
environment.

o, is the thermal expansion coefficient of the bolt material, 8.87 x 10'6 in/in°F

T, is the temperature change of the bolt material. This is the same as TI.

D, is bolt diameter

F, = 0.257 (1.22)° (28.3x10°)(8.55x10° - 8.87x10%)130

= -1377 Ibs for the hot environment

F, = -1028 lbs for the cold environment

There 1s no load caused by the thermal expansion difference between the closure lid and cask
wall since they are made of the same material, and the temperature of the lid and flange are
equal.

The worst loading on the bolts due to a | foot drop is during an lid end corner drop. The lip on
the cask protects the closure lid during the side drop. The non prying tensile bolt force due to a
one foot lid end corner drop is

F, = 1.34 (sin xi)(D (W, + W) (ai)/N,
where D, is the dynamic load factor, 1.2

W, is the weight of the lid, 1890 Ibs.
W, is the maximum weight of the cargo, 19120 lbs.
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ai  is the maximum rigid body impact acceleration of the cask,
18 g's
xi angle of impact

F, = 1.34 (sin 76°)(1.2)(21010)(18)/12 = 49,170 Ibs

The shear bolt force is not evaluated since bolts are protected in shear during impact by closure-
flange shoulder.

The fixed edge closure lid force (F;) and moment (M,) is calculated below for the 1 ft lid end
comer drop. F; and M; are 0 for the 1 ft side drop.

1.34 D, (sin xi)ai (WtW )

F, =
n Dy,
(1.34)(1.2)(sin 76°)(18)(21010)
F; =
7(36.44)
= 5,155 Ibs.
1.34 D, (sin xi)ai (W, W)
M, =

8

(1.34)(1.2)(sin_76°)(18)(21010)

8m

= 23,477 lbs.
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Vibration loads are insignificant on the bolts.

The load combinations are calculated using the methodology outlined in Table 4.9 of
NUREG/CR-6007.

The sum of the tensile bolt forces for operating preload and temperature is
F, = 29225 + 1028 = 30,253 Ibs.

The sum of the tensile forces for the remainder of the loads is
F,, = 10515 + 49,170 = 59,685 Ibs.

This is based on the 1 foot impact and internal pressure. The combined non-prying tensile bolt
force is the larger of the two forces calculated above, 59,685 Ibs.

Combination of Prying Tensile Bolt Forces

The maximum combined prying fixed-edge force F;_is 1469 + 5155 = 6624 lbs and the
maximum combined prying moment M, is 6689 + 23477 = 30166 in-1bs.

The prying tensile bolt force for the combined load is zero because there is a gap between the
flange and lid at the outer edge.

Combining the non-prying and prying tensile bolt force
F,.= 59,685 + 0 = 59,685 Ibs.

The maximum average tensile stress in a lid bolt is
Sw. = F. /A,

Where A, is the tensile area of the bolt, 1.169 in?
S,, = 59,685/1.169 = 51,060 psi

The allowable tensile stress is 2/3 of the yield strength at the operating temperature of 150°F, or
2/3 (101,000) or 67,330 psi.

The shear bolt force 1s not evaluated since the bolts and closure lid are protected during an
impact by the lip of the cask flange. The bolts are not relied upon to resist transverse shear load.
The bending bolt moment is calculated below.
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M,, =[rDy/N,] [K/(K+K)D] M,
Where

K, =[Ny/L,][E,/D][D,"/64]
=[12/4.65][28.3x10%/36.44][1.22* /64]

=0.0694 x 10°
K, = E, (t)"/3[(1-N%) + (1- Ny)*(Dy/D, ' KD,)

6
, =8.405x 10
M., = 30,166 in-Ibs.

M,, = [1(36.44)/12][.0694x10° / 8.405x10° + .0694x10°][30,166]
= 2,358 in-lbs.
The maximum bending stress caused by the bending bolt moment is
Sy = 10.186 M, /(D,,)?

The minimum bolt diameter is equal to

D,, = 1.22in.

10.186)(2358
Sp = 3 = 13,230 psi
(1.22)

B4 .5B-9
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The maximum shear stress caused by the torsional bolt moment, M, is

Sy = 5.093 M/(D,,)’ = 5.093 (3565)/(1.22)° = 10,000 psi < 0.4S, = 40,400 psi

The maximum stress intensity caused by tension plus shear plus bending plus torsion is
S, = [(Sh + Su)* + 4(S)'T° = [(51060 + 13230)* + 4(10000)** = 67,330 psi

This is less than the allowable maximum stress intensity of 0.9§8 = 90,900 psi.

B4.5B-3 BOLT FATIGUE ANALYSIS

The purpose of the fatigue analysis is to show quantitatively that the fatigue damage to the bolts
during normal transport conditions is acceptable. This is done by determining the fatigue usage
factor for each normal transport event. From Reference 2, the shipment is to be completed in
two calendar years and there are 200 shipping days per year and one shipment per shipping day.
This shipping schedule translates into 400 round trip shipments. The total cumulative damage or
fatigue usage for all events was conservatively determined by adding the usage factors for the
individual events. The sum of the individual usage factors was checked to make certain that, for
the 400 round trip shipments of the cask, the total usage factor is less than one. The following
sequence of events was assumed for the fatigue evaluation.

Operating Preload
Pressure Fluctuations
Road Vibration

Test Pressure

Impact (1 Ft) End Drop
Handling Load

o kW =

Number of Load/Stress Cvcles for Each Loading

A. Test Pressure:

Proof Test: 1.5 x MNOP = 241.8 psi. This occurs once during the TN-WHC cask
lifetime. (See Table B4.5B-1 for stress calculations).

B4 .5B-10
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B. Preload

The number of preload cycles is two times the number of trips, or 800. (See Table
B4.5B-1 for stress calculations).

C. Road Vibrations
The bolt stresses are negligible for the road vibrations.
D. 1 Foot Drop:

Assume this occurs twice in two year operating life of the cask. The stress intensity of
52,370 psi (see Table B4.5B-1 for stress derivation) is a combination of the non prying
and prying tensile stress due to the one foot end drop, with a zero preload.

E. Pressure and Temperature Fluctuations:

The full internal equilibrium temperature of 150°F is not reached during a typical trip.
However, for conservatism we assume that the temperature increases from 70°F to -27°F
during each trip  (temperature increase from 70°F to 150° F does not develop tension
in lid bolts). This results in a load due to differential thermal expansion coefficients, and
also due to pressure change from 0 to 161.2 psig. The fatigue damage is based on 800
cycles and stress intensity range of 0 to 12,810 psi (See Table B4.5B-1 for stress
calculations).

F. Handling Load

The number of handling load cycles is four times the number of trips, or 1600. The
direct stress is calculated using 3G load (very conservative), 60000(3)/12(1.169)=12,840
psi. The bending stress is 4185 psi, and total combined stress is 17,025 psi.

Fatigue Evaluation - Usage Factor Calculations

Based on the stresses and cyclic histories described above, stress histograms are plotted in Figure
B4.5B-4. In this histogram, a fatigue strength reduction factor (K) of 4.0 has been assumed in the
evaluation. The stress range for each combination of events and the corresponding alternating
stress are shown in Table B4.5B-2. The damage factors are computed using the fatigue curve
shown in Table I-9.4 of ASME Section III Appendices. The cumulative fatigue damage factors
in this case i1s 0.621 which is less than the limit of 1.0. Therefore, the TN-WHC cask lid bolts
satisfy the fatigue requirements.

B4 .5B-11



HNF-SD-SNF-FDR—003 Rev. 0 E-15166

TABLE B4.5B-1
FORCES, MOMENTS AND STRESSES CALCULATED FOR FATIGUE EVALUATION

EVENT/ F, F, M, F,, 1 o
LOAD (LBS) (LBS) | (IN-LB) | (LBS) (PSD) (PST)
TEST 15,773 2,204 | 10,034 0 18,062
PRESS.

PRE- 29,225 3,565 0 10,000 | 32,015
LOAD

ONE FOOT | 49,170 5155 | 23477 |0 52,370
DROP

PRESS. + | 11,543 1,469 | 6,689 12,810
TEMP.

HANDLING | 15,000 9,540 17,025
LOAD

B4 .5B-12
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FIGURE B4.5B-4
SCHEMATIC OF STRESS HISTOGRAM AT LID BOLTS (K = 4)
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TABLE B4.5B-2
BOLT FATIGUE DAMAGE FACTORS
EVENT STRESS S, FATIGUE CYCLES DAMAGE
COMBINATIONS RANGE CURVE FACTOR
(PST) (PSD) n N N
TEST 72250 36125 1-9.4 1 5000 0.0002
PRESSURE
PRELOAD 128060 64030 1-9.4 800 2000 0.4000
ONE FOOT DROP 209480 104740 1-94 2 450 0.003
VIBRATION 328 164 1-94 7.2x10% 0 0
TEMPERATURE 51240 25620 1-94 800 20000 0.0400
AND
PRESSURE
HANDLING 68100 34050 1-9.4 1600 9000 0.178
LOAD
TOTAL DAMAGE FACTOR 0.621

B4 .5B-14




HNF-SD-SNF-FDR-003  Rev. 0 E-15166

B4.5B-4 ACCIDENT CONDITION ANALYSIS
The hypothetical accident conditions considered for the bolt analysis are: impact and puncture.

The worst loading due to the 30 foot impact occurs at lid end comer drop. This results in a G
loading of 20.

The nonprying tensile bolt force due to impact is:
, = 1.34 (D)(sin xi)}(W, + W) (ai)/N, = 1.34(1.2)(sin76)(21010)(20)/12 =54,633 Ibs.

There is no shear bolt force due to impact, since the load is taken by the lip of the cask flange.
The fixed edge closure lid force (F;) and moment (M) are

1.34(D,)(sin xi)ai(W+W )

F, =
Dy,
(1.34)(1.2)(sin 76)(20)(21010)
7(36.44)
= 5,727 lbs.
1.34(Dy)(sin xi)_ai (W+W )
Mf =

8w

(1.34)(1.2(sin76)(20)(21010)
= = 26,085 in-lbs.
87
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The puncture accident results in an inward load on the bolts which relaxes the tensile force due
to preload.

Therefore the worst accident condition for the bolts is the 30 foot lid end comer drop. This must
be combined with preload, internal pressure and thermal expansion loads.

The sum of the tensile bolt forces for operating preload and temperature is 30,252 Ibs. as in the
normal load cases.

The sum of the non prying tensile forces from internal pressure and 30 foot drop accident is,
f .= 10515 + 54,630 = 65,148 lbs.

a-c

The combined non-prying tensile bolt force is the larger of the two forces calculated above,
65,148 Ibs.

The maximum combined prying fixed edge force F;_ is 5727 + 1469 = 7,196 lbs. The combined
prying moment M;_ is 26,085 + 6698 = 32,783 in. lbs.

The prying tensile bolt force for the combined load is zero.

Combining the non-prying and prying tensile bolt force

F,.= 65148+ 0 = 65,148 lbs.

The maximum average tensile stress in a lid bolt is

S,, = 65,148/1.169 = 55,730 psi

This is less than the smaller of 0.7 S, or 0.9S, which is 90,900 psi.

The average shear stress is due to torsion from preloading the bolts. The maximum shear stress
is 10,000 psi. This is much less than the allowable stress 0.42 S_or 42,420 psi.

The stress ratio for average tensile stress is 55730/909000 = 0.613. The stress ratio for average
shear stress is 10000/42420 or 0.24.

The combined tensile and shear ratios must meet the following criterion:

where R, is the stress ratio for average tensile stress and R, is the stress ratio for average shear
stress ratio
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(613)° + (24)* = 43 <1
which is acceptable.

The maximum combined fixed edge moment due to pressure and 30 foot drop, M; = 6698 +
26085 = 32,783 in-Ibs.

Bolt bending moment, M, = [2358/30166]x 32783= 2562 in-lbs.
Bolt bending stress, S,, = 1.186 x 2562/(1.22)° = 14,372 psi

The maximum stress intensity due to tension, bending and shear is
S, = [(55730 + 14372)* + 4(10000)*]°* = 72,900 psi

This stress is less than the allowable S, of 133,000 psi.

B4.5B-5 FIRE CONDITION

The fire accident results in a maximum bolt and lid temperature of 1068°F (1091°F is
conservatively used for calculation). The thermal stress caused by differential thermal expansion
of the closure lid and bolt is

Thermal Stress = E; (a T)(a; - o) = 23.5 x 10° (1091 - 70)(10.24-9.40) x 10 = 20,155 psi
The preload axial tensile and shear stresses are combined to obtain the maximum stress intensity.
The pressure load is not considered as the seal material will not be effective at this temperature.

S, = [(20155+25000)° + 4(10000)°]°* = 49,386 psi

This stress 1s below the bolt material tensile strength (S;= 112,500 psi at 1100° F). The MCO
will therefore be secure inside the cask during the fire accident.

Both the lid and lifting attachment welded to the lid are made in the same material (stainless
steel), the thermal stresses due to the differential thermal expansion are insignificant.
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B4.5B-6 CLOSURE FLANGE SHOULDER ANALYSIS

Transverse lid deceleration loads are resisted by the closure flange shoulder during all normal and
accident conditions. The shoulder thickness at the base has a shear area equal to

Shear Area = w[(29.76)° - (25.5)*)/4 = 184.9 in’

For conservatism, it is assumed that only a 120° arc of the shoulder is effective. Effective shear
is:

2
Effective Shear — 120/360 (184.9) = 61.6 in

Normal Conditions Stresses

Maximum transverse deceleration loads during normal conditions occurs during the hypothetical
one foot horizontal drop. Maximum deceleration is 24 g's. ( Ref Appendix B4.5A)

Total Force = 24.0 x wt of lid = 24.0 (1890) = 45,360 Ibs.
Average Shear Stress = 45360/61.6 = 737 psi
Allowable Average Shear = 0.4S, = 0.4 (30000) = 12,000 psi

Factor of Safety = 12,000/737 = 16.3

Hypothetical Accident Conditions Stresses

The maximum transverse deceleration load during accident conditions is 40 g for the horizontal
30 foot drop. The average shear stress across the shoulder is

Average shear stress = (40/24)x 737 = 1,228 psi
Allowable average shear = S /2 = 75,000/2 = 37,500 psi

Factor of Safety = 37,500/1,228 = 30.5
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B4.5B-7 CONCLUSIONS

The maximum average tensile stress in the lid bolts during normal conditions is 51,060 psi which
is less than the allowable tensile stress of 2/3 yield, or 67,300 psi. The maximum stress intensity
for the bolts during normal conditions is 67,330 psi which is much less than the allowable
maximum stress intensity of 90,900 psi (0.9 S,).

The fatigue analysis performed shows that for 400 round trip shipments, the bolts will not fail
due to fatigue. The cumulative fatigue damage factor is 0.621 which is much less than the
allowable limit of 1.0.

The maximum average tensile stress due to the accident conditions is 55,730 psi psi, which is
less than the allowable stress of 90,900 psi. The maximum stress intensity for the bolts during
accident conditions is 72,900 psi which is less than the allowable stress of 133,000 psi.

During fire accident condition, bolt and flange experiences a maximum temperature of 1068°F
and the maximum bolt stress intensity is 49,386 psi which is below the bolt tensile strength of

112,500 pst. The lid bolts will keep the MCO secure in cask during a fire accident.

Lid shoulder stresses during both normal and accident conditions provide large margins of safety
of resisting transverse lid deceleration loads.
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" APPENDIX B4.5C

STRUCTURAL EVALUATION OF CASK BODY

B4.5C-1 INTRODUCTION

This appendix presents the structural analyses of the cask body including the cylindrical shell
assembly and bottom assembly, and the lid. The specific methods, models and assumptions used
to analyze the cask body for the various individual loading conditions specified in the Hanford
Specification®. Stress results are reported at selected locations for each load case. Maximum
stresses from this appendix are evaluated in Sections B4.3 and B4.4 where the load combinations
are performed and the results evaluated against the ASME Code and design criteria described in
Sections B4.3 and B4.4.

The cask body structural analyses generally use static or quasistatic linear elastic methods so that
combinations of loads can be examined by superimposing the results from individual loads. The
stresses and deformations due to the applied loads are generally determined using the ANSYS®
computer program.

The two analysis methods, described in this appendix and used to evaluate the cask body for the
individual loading conditions, are:

[

ANSYS Analysis - Axisymmetric and Asymmetric Loads

Puncture Analysis

The method of combining stress results from individual load cases to evaluate the required load
combinations is, discussed in Section B4.3 for normal conditions of transport and Section B4.4 for
hypothetical accident conditions.

B4.5C-1



HNF-SD-SNF-FDR-003  Rev. 0 P

B4.5C-2 ANSYS ANALYSIS
Model Description

The cask body consists of the cylindrical shell, the bottom, the lid and the lid bolts. The
elements used to model the bolts are ANSYS STIF3, beam elements. The cylindrical shell, the
bottom end closure and the lid are modeled using either ANSYS STIF25 axisymmetric harmonic
solid elements or ANSYS STIF42 axisymmetric solid elements (Puncture Analysis). The loading
applied to this type of elements may be either axisymmetric for some cases and asymmetric for
other cases. The model geometry is based on Drawings H-1-81535, sheets 1,2,3,4,5 and are
provided in Section A9.1. The contact surface at the lid and cylindrical shell is modeled using
separate nodes in the interfacing components. These nodes are coupled or left uncoupled for
specific constraint conditions as discussed below. The lifting attachment welded to the lid
changes the usual cask drop analyses on the lid end drop and corner drop. A separate analysis
was done to check this impact effects. Based on this calculation, the cask and lid closure
structure remain intact but the welds at the trunnion brackets and gussets fail at lower G level.
The bracket and gussets act like an impact limiter (reduced the G force at the cask body) during
the drop events. It is conservative to neglect the brackets and gussets in the cask model for
calculating the globe effect of the cask body. All the analyses were performed using the model
shown in Figures B4.5C-1 and B4.5C-2. The mechanical properties for the materials in this
model are the linear values described in Section B4.2.2.
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Figure B4.5C-1
TN-WHC Cask Structural ANSYS Model
(2D AXISYMMETRIC)
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Figure B4.5C-2
TN-WHC Cask Structural ANSYS Model
(2D AXISYMMETRIC)
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Finite Element Model Internal Constraints

The connections between various portions of the model were made using node coupling. The
bolted connection between the lid and the cask body was modeled by coupling the interfacing
nodes in the radial and axial directions.

Finite Element Model Boundary Conditions

For a static finite element structural analysis the structure must be restrained in such a way that
there is no rigid body motion. For the drop analyses, the dynamic equilibrium problem is solved
using D’Alembert’s principle, i.e. the total inertia loading is balanced by the total reaction force.
In an actual dynamic event, there are no physical locations in the structure that are stationary and,
unless suitable boundary conditions are selected for analysis, rigid body motion may occur. To
eliminate the rigid body motion problem, the cask model was carefully restrained in such a way
that no appreciable forces were developed at the restraints. When only small reactions are
developed at the restrained nodes the inertia loadings and reactions are well balanced. This is
true for all loading conditions analyzed.

The boundary conditions used for the different loading conditions are shown on the following
figures.

Figures B4.5C-3 and 4: Boundary conditions for bolt preload, pressure and thermal
Figures B4.5C-5 and 6: Boundary conditions for bottom end drop
Figures B4.5C-7 and 8: Boundary conditions for lid end drop

Figures B4.5C-9 and 10: Boundary conditions for side drop

Figures B4.5C-11 and 12: Boundary conditions for corner drop
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Figure B4.5C-3
Boundary Conditions For Bolt Preload, Pressure, and Thermal
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Figure B4.5C-4
Boundary Conditions For Bolt Preload, Pressure, and Thermal
(Lid and Lid Bolt)
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Figure B4.5C-5
Boundary Conditions For Bottom End Drop
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Figure B4.5C-6
Boundary Conditions For Bottom End Drop
(Lid and Lid Bolt)
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Figure B4.5C-7
Boundary Conditions For Lid End Drop
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Figure B4.5C-8
Boundary Conditions For Lid End Drop
(Lid and Lid Bolt)
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Figure B4.5C-9
Boundary Conditions For Side Drop
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Figure B4.5C-10
Boundary Conditions For Side Drop
(Lid and Lid Bolt)
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Figure B4.5C-11
Boundary Conditions For Corner Drop
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Figure B4.5C-12
Boundary Conditions For Corner Drop
(Lid and Lid Bolt)
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B4.5C-3 LOADINGS

The loading conditions analyzed simulate or represent various effects due to the normal
conditions of transport and hypothetical accident conditions specified in the Hanford
Specification.

B4.5C-3.1 Axisymmetric Loadings

The following individual axisymmetric load cases analyzed using this ANSYS model are
described in this section.

(1)  Bolt preload
2) Internal pressure loading
3) External pressure loading
4) 1 foot and 30 foot end drops on bottom
5) 1 foot and 30 foot end drops on lid
(6) Thermal stresses for hot environment at 115°F ambient temperature
(@) Thermal stresses for minimum air temperature of -27°F plus zero heat generation.
(8) Thermal accident condition
Since the individual load cases are linearly elastic, their results can be scaled and superimposed as
required in order to perform the normal and hypothetical accident condition load combinations.
The magnitudes of the loads used in each individual load case analysis are computed as described
in the following paragraphs:
1. Bolt Preload
A lid seating load corresponding to 25,000 psi axial stress in the bolt is simulated by applying
a prestrain of 0.000958 in/in in the bolt elements. The inputs for the ANSYS’s finite element
analysis are as follow:
Number of Bolts: 12
Diameter of Bolt: 1 1/2 in.

Bolt Circle Dia:  36.44 in.
Bolt Prestrain: 0.000958 in/in
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Internal Pressure Loading

An internal pressure of 161.2 psi is applied to the cavity surface as shown in Figure B4.5C-
13.

. External Pressure Loading

An external pressure of 20 psi is applied to the outer surface of the cask body as shown in
Figure B4.5C-14.

. 1 Foot and 30 Foot End Drops on Bottom

The analysis described in Appendix B4.5A determined the inertial loads on the cask for 1 foot
and 30 foot end drops onto an yielding surface. That analysis concluded that the maximum
axial decelerations are 25 g and 30 g for 1 foot and 30 foot drops respectively. A quasistatic
analysis of the cask body is performed with inertial forces balanced by the impact force for 1
G deceleration. Since the payload or cargo is not included in the model, its loading effect is
simulated as distributed pressures applied on the cask at the appropriate locations. All nodes
on the outside bottom surface of the cask are fixed in the axial directions. The system of
forces on the cask body is presented on Figure B4.5C-15.

Following is the derivation of the inertia load (pressure) magnitudes for the ANSYS
model run:

° Weight of Cask Body: 39,600 1b.(Actual wt.=38,960 lb)
° Weight of Cargo: 19,120 1b.(Actual wt.=18,950 lb.)
° Maximum Deceleration: 25 G for 1 foot drop and 30 G for 30 foot drop

° Pressure due to cargo inertia load P = 19,120/ (12.595)* = 38.366 psi for1 G

1 G was used for the analysis. The stresses for 25 G and 30 G are ratioed from the 1 G
analysis results.
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Figure B4.5C-13
Load Distribution - Internal Pressure
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Figure B4.5C-14

Load Distribution - External Pressure
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Figure B4.5C-15
Load Distribution - Bottom End Drop
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5. 1 Foot and 30 Foot End Drops on Lid

An analysis similar to that for the 30 foot free drop on the bottom is performed for the 1 foot
and 30 foot drops on the lid. The same inertial forces are used for the lid or top impact case
as for the bottom impact case. The system of forces on the cask bedy is presented on Figure
B4.5C-16 , and the derivation of the magnitudes follows:

° Weight of Cask Body: 39,600 1b.

° Weight of Cargo: 19,120 Ib.

° Maximum Deceleration: 25 G for 1 foot drop and 30 G for 30 foot
drop

° Pressure due to cargo inertia load P =19,120/r (12.595)* = 38.366 psi for 1 G

1 G was used for the analysis. The stresses for 25 G and 30 G are ratioed from the 1 G
analysis results.

6. Thermal Stress for Hot Environment Condition at 115°F Ambient Temperature

The thermal analysis of the cask body is described in detail in Section B5.0 of this report.
That analysis was performed to determine the temperature distribution in the cask body for
the condition with maximum solar heating, maximum decay heat from MCO contents, and
115° F ambient air. The temperatures at the critical time-step (which resulted in the maximum
temperature difference across the cask body thickness) are taken from that analysis and are
used in this structural axisymmetric finite element model to calculate the cask body thermal
stresses. It is assumed that there is a stress free state at 70° F for this case 7 below.

7. Thermal stresses for minimum air temperature of -27°F plus zero_heat generation.

In this analysis, zero heat generation is assumed with -27° F ambient air temperature. Thus,
the cask body will attain a uniform temperature of -27° F. For this temperature distribution,
the cask body will mostly be stress free, except the flange region which will develop small
stresses due to slightly unequal coefficients of expansion of cask lid and bolt materials.

8. Thermal Accident Condition

An ANSYS transient thermal analysis for the 30 minute thermal accident is reported in
Section B5.0. The initial condition is steady state at 115° F ambient with maximum decay
heating. The initial steady state condition is followed by a 0.5 hour severe thermal transient
which is then followed by water quench. The temperatures through the cross section of the
package at the time where individual temperatures peak (0.5 hrs.) are summarized below:

Cask, inner surface temperature = 727° F
Cask, outer surface temperature = 1068° F
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Lid Bolt temperature = 1068° F

The thermal expansion bolt stresses are computed at the highest bolt and flange temperature (
1068° F) in Appendix B4.5B of this report.
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» Figure B4.5C-16
Load Distribution - Lid End Drop
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B4.5C-3.2 Asymmetric Loading

The asymmetric loadings of the axisymmetric cask body are applied to special ANSYS harmonic
elements. Each load acting on the cask is expanded into a Fourier series and is input into
ANSYS as a series of load steps. Each load step contains all of the terms from the applied loads
having the same mode number. The number of terms in the Fourier series required to adequately
represent a load varies with the type of load (whether it is a concentrated or a distributed load)
and the degree of accuracy required. In the particular case where the applied loads are distributed
over a large area (i.e., 180 degrees of the cask circumference), a few terms of the series are
sufficient to represent the desired loading within a few percent.

The following individual asymmetric load cases analyzed (using the same two-dimensional
ANSYS model previously discussed) are described in this section.

(1) 1 foot and 30 foot side drops with the cask axis parallel to the target.

2) 1 foot and 30 foot C.G. over top corner (lid end) drops.

1. 1 Foot and 30 Foot Side Drops

Figure B4.5C-17 shows the free body diagram for the 1 foot and 30 foot free drops on the
side of the packaging with all of the forces acting on the cask. These forces are assumed to
vary sinusoidally around the circumference, and are:
a. The payload is assumed to be a cosine function over 90° to 270° range. The

fourier coefficients for this function are computed in Figure B4.5C-18 using ANSYS

PREP 6 . It is seen from Figure B4.5C-18 that first 3 terms of Fourier

series are sufficient to define the cosine function payload.

Total force (1 G) = 19,120 lbs

A cosine distribution is assumed with 90° < 6 < 270°

3n/2
F =19,120 = PcosOrdoLcos@=PrL m/?2
/2

P = 2F/rLn = 2(19,1200)/12.595(160.5)n = 6.0214 psi

This peak pressure (P times fourier coefficients) is applied to the inside surface nodes.
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b. The reaction pressures due to side drop impact are assumed to be a cosine function over 162°
to 198° range. This range corresponds to normal condition side drop target deformation of 1".

The first 15 terms are used to represent this function. The fourier coefficients are shown in
Figure B4.5C-19. All loads are computed for 1 G deceleration.

F, total reaction force (1G) = cask mass + payload = 38,554 + 19,120 = 57,674 #
say 58,000 #

198° 198°

F=PrL j. cos’ @ dO = PrL [1/4 sin26 +6/2]
162° 162°

= PrL (0.6084)

P = 58,000/19.905 x 163.25 x 0.6084 = 29.34 psi

c. The cask inertia load is developed by applying 1 G global deceleration. Stresses for 24 G
(1 foot drop) and 40 G (30 foot drop) are ratioed from 1 G analysis results.
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Figure B4.5C-17
Load Distribution - Side Drop
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Figurc B4.5C-18
Fourier Cocefficients for the Function
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Figurce B4.5C-19

Fourier Coefficients for the Function

Rev. 0

162" < © < 198°

g.125-

VAL

-8.129
~0.25"
-8.378
‘ -8.5
-8.624
-8.75
—8.8?51

"
i

P f\vf\vﬂ

Vv

<

~1.128
4]

48

80

681 P4p

i B
128 208 288

COSINE FUNCTICON COEFFICIENTS, 1

TERMS

328 ¢

368

_STEP
488

#3dtse FOURIER COEFFICIENTS s#asxx

TERM

G DNG U SR e

MODE#ISYM COEFFICIENT
o —0. 10612053E+00
1 0. 20825277E+00
2 ~0. 19&655742E+00
g 0. 17794199E+00
4 —0. 15344810E+00
S 0. 125287336E+00
& —0. 94645397E-01
7 0. 63679383E-01
5] ~0. 34231121E-01
< 0. 79582083E-02
10 0. 13792300E-01
11 ~0. 30108963E-01
12 0. 40499913201
13 —0. 44974925E-01
14 0. 43594560E~01

B4.5C-28

LE-15166



HNF-SD-SNF-FDR-003  Rev. 0 E-15166

2. 1 Footand 30 Foot ©.G. OQver Top Corner { Lid End) Drops

The crush footprint of the concrete slab was projected to the cask surface. The impact
force was determined from the inertia loading reported in Appendix B4.5A. The impact
angle for the C.G. over corner drop is approximately 79.83". Figurc B4.5C-20 shows the
free body diagram for the 1 foot and 30 foot {ree drops on the corner of the packaging
showing all of the forces acting on the cask. These are:

(1) The crush footprint of the concrete slab was projected to the cask surface. The
impact force was determined from the inertial loading reported in Appendix B4.5A. The
crush force was converted into an cquivalent clement surface pressure (which varies
sinusoidally in both the circumf{erential and axial directions) which was applied normal to the
surfaces. All pressures arc calculated for 1 G deceleration.

Normal Pressure
Crushing depth. L= 15.0"

P =2/ L=

The total length of 15.0"(1.) is divided two lengths:
7.0"(L,) for 15.73" radius and 8.0" (L,) for 19.505" radius
Py = 31.969 psi

P, = 22.134 psi

These pressures are assumed 1o be a cosine {unction over 90° to 270° range. The fourier
coefficients for this {unction are computed in Figure B4.5C-18.

Axial Pressure
The axial load is distributed sinusoidally on the outer surface of the lid:

,=37.400 x 0.984 + 19,120 % 0.984 = 55,616 1bs

o

The computer analysis is based on the pressure varying sinusoidally at half of the outer
surface of the hid.

=2 x 35.616/ = x 13.757 = 142.73 psi
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The resultant body inertia force (1 G deceleration) is shown acting at the cask C.G. in
Figure B4.5C-20

The cargo inertia loading was appliced in two mutually porpcr\dicul“r directions (one along

the axis of the cask and the other perpendicular to it). The component along the axial
direction was distributed uniformly over the inside surface of the lid. The other

component was assumed to vary sinusoidally around the lower half of the inside surface
of the inner shell. In this case, these pressures are not only varied sinusoidally around the
circumference but also varied lincarly with distance from the bottom inner surface (0) to

top inner surface (max.).

For 1G acceleration at CG:

Axial G = 1.0 x sin79.83" = 0.984
Normal G = 1.0 x ¢0s79.83" = 0.177

Axial Pressure

P ,120 (0.984)/1 % 12.595° = 37.752 psi

axial
Normal Pressure

P =2FrL=n

normal
The normal acceleration component variation is assumed as triangular. This triangular G
distribution is divided in four step conservative distribution as follow:

P, =0.089 G = 0.536 psi
P, = 0.177 G = 1.06
P, = 02745 G

P, + 0372 G = 2.238 psi

These pressures are assumed 1o be a cosine function over 90° to 270° range.
The fourier cocfficients for this function are computed in Figure B4.5C-18.
t=}

(4) Stresses for 18 G (1 foot drop) and 20 G (30 foot drop) are ratioed from 1 G analysis

results.
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Figure B4.5C-20
Load Distribution - Lid End Corner Drop
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B4.5C-4 PUNCTURE ANALYSIS
Puncture Force

The most severe damage to the cask resulting from the puncture drop will occur on the outer
center of the lid. The analysis is based on the Nelms®™ equation.  The Nelms puncture relation is
given as:

L= (WIS

Where:
t = lid thickness = 3.5
W = package weight = 57.800 lbs
S, = ultimate tensile strength of the hid = 70,000 psi

1

The package weight that can result in puncture is:

W =S, U = 70,000 (3.5)" = 409,482 lbs

The actual package weight is §7.910 Ibs, Therefore, the factor of safety for puncture resistance on
the cnergy basis is:

F.S. =409,482/57,910 = 7.07
When the package contacts the puncture bar, the force applied to the package is:
F, = impact force = o, A,
o, = dynamic flow pressure of stainless steel = 45,000 psi (reference 4)
A, = area of the puncture bar = w/4 (6)° = 28.27 in®
F, = 45,000 x 2827 = 1.272 x 10° lbs
This force produces a cask deceleration:
G = cask deceleration = F/W = 1.272 x 10%57,910 = 22
This deceleration is smaller than that which will occur during impact on end after the 30 foot free

drop (25G). Therefore. global stresses that result from the inertial force will be smaller. The
bending stress at the center of the lid will be caleulated using the above firite clement model.

)
)

B34.5C-3

w1

b



HNF-SD-SNF-FDR-003  Rev. 0 E-15166

Lid Stresses

The lid stresses are computed using the 2-D model as described in Section B4.5C-2. The loading
distribution and boundary conditions are shown on Figures B4.5C-21 and B4.5C-22. The 22 G
inertia load duc to 40" drop is applied as bedy acceleration. The contents inertia load is applied
as equivalent pressure on the lid as follow:

19

Contents weight = 19,120 lbs
P =10.120 % 22 /z (12.5395)" = §44.05 psi

Elastic_Analysis:

ANSYS computer Code 1s used for the analysis. A stress run was made using the above noted
loads and boundary conditions. STIF 42 (Axisymmetric) finite element was used in the analysis.

The stress are linearized at critical sections. The maximum membrane and maximum membrane

plus bending stress intensities are as follow:
Section at Node number P, (pst) P+ P, (psi)
(Figure B4.5C-23)
84 12,560 83,280
94 10.880 85.010
93 5.275 70,560
92 30.780 57.550
91 25.430 59.960

The maximum membrane stress intensity caleuiated for this load is 30,780 psi at node number 92.
This stress is below the allowable membrane stress intensity of 47.670 psi. The maximum
membrane plus bending stress intensity 15 85,010 psi at node number 94, This stress exceeds the
allowable membrane plus bending stress intensity of 68,100 psi (at temperature 150°F).
Therefore, a clastic-plastic analysis was performed to recalculate the stresses.

A plastic analysis was performed (using the same finite element model, boundary conditions, and
loads). The stress-strain properties used for the stainiess steel are given in Figure B4.5C-24. The
total load (22 G inertia and 844.05 psi) was divided in eight load steps for a proper converged
solution.

B4.5C-

[o8)
()
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The maximum membrane and maximum membrane pius bending stress intensities are as {ollow:

Section at Node number P, {psi) P, + P, (psi)
(Figure B4.5C-23)
84 2.934 45,030
94 3.320 46,620
93 6,889 42,140
92 25.470 36,060
91 26,350 40,780

The maximum membranc stress intensity calculated for this load 1s 26,350 psi at node number 91.
This stress is below the allowable membrane stress intensity of 47.670 psi (0.7S,). The
maximum membranc plus bending stress intensity is 46,620 psi at node number 94. This stress
is below the allowable membrane plus bending stress intensity of 61.290 psi (0.9S)). The
analysis shows the stresses are within the ASME Code allowables.
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Figure B4.5C-21
Load Distribution - Puncture at Center of Lid
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Figurc B4.5C-22
Boundary Conditions - Puncture at Center of Lid
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Figure B4.5C-23
Stress Reporting Locations - Puncture at Center of Lid
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Figure B4.5C-24

Stress - Stain Curve for 304 Stainless Steel

C-.6G, Cr-18.80, Ni-B.5), Mn-.44, 5i-,L3, Cu-.15, 1
Mo-.05, P-.b3, 5-.01
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B4.5C-5 STRESS RESULTS

Detailed stresses and displacements in the ANSYS model of the cask body are obtained and
stored (on magnctic tape) for every node location for each individual load case. These stored
results are postprocessed to printout the stresses at 29 standard locations on the cask body
structure shown in Figure B4.5C-25. The locations sclected as shown in Figure B4.5C-235 are key
points that, when carefully studied. indicate the behavior of the entire structure. The maximum
stress may occur at a different location for cach individual load. Since the individual load cases
arc linearly elastic, their results can be scaled and superimposed as required in order to perform
the normal and hypothetical accident condition load combinations.

The individual load cases analyzed are listed in Table B4.5C-2. Linear elastic analyses were
performed for all toad cases. The nodal stress intensities for each of the ten load cases are
reported in Tables B4.5C-3 to B4.5C-12 as listed in Table B4.5C-2. The magnitude of loads
used in cach individual load casc and summary of the maximum stresses are described in the
Table B4.5C-1. There are no specific limits for individual load stresses for comparison with
allowable stresses.

[t should be noted that, for the axisymmetric analyses, the stress is constant around the cask at
cvery location. For asymmetric analyses with significant differences in stress magnitudes on
opposite sides of the cask, the stresses at locations on both sides of the cask (contacting side and
side opposite contact during impact) are reported in stress tables.

B4.5C-3
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Figure B4.5C-25
Standard Stress Reporting Locations
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Table B4.5C-1
Cask Body Stresses - Summary of Individual Load Analyses

E-15166

Load Case Loading Calculated Stress Reference
intensity Table No.
{psi)
Bolt Preload 25.000 psi 313 B4.5C-3
Internal Pressure 161.2 psi 1,675 B4.5C-4
External Pressure 20 psi 208 B4.5C-5
Vibration 6G v. 3G, 3G 138 B4.5C-6
1 Foot Bottom Lind Drop 25 G 1,200 B4.5C-7
30 Foot Bottom Lnd 30 G 1,440 B4.5C-7
Drop
I Foot Lid End Drop 25G 3,625 B4.5C-8
30 Foot Lid End Drop 300G 4350 B4.5C-8
1 Foot Side Drop 24 G 3,091 B4.5C-9
(Envelop Slap Down)
30 Foot Side Drop 40 G 5,152 B4.5C-9
(Envelop Slap Down)
1 Foot Lid End 18 G 13.468 B4.5C-10
Corner Drop
30 Foot Lid End 20 G 14,964 B4.5C-10
Corner Drop
Thermal Stress (Hot) 115 F 1.197 B4.5C-11
Environment
Thermal Stress (Cold) -27° F 23 B4.5C-12
Environment

Puncture 22 G 46,620 Section B4.5C-4

B4.5C-41
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Table B4.5C-2
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Individual Load Cases For TN-WHC Cask Body Analysis

Load Case Individual Load Description Stress
Number Result
Table

1 Bolt Preload  (25.000 psi) B4.5C-3

2 Internal Pressure  (p = 161.2 psi) B4.5C-4

3 Ixternal Pressure  (p = 20 psi) B4.5C-5

4 Vibration (3G long., .3G her. . .6G vert.) B4.5C-6

S Drop on Bottorn/ Gravity Load (1 G) B4.5C-7

6 Drop on Lid End (1 G) B4.5C-8

7 Drop on Side (1G) B4.5C-9

8 Drop over Corner, Lid End (1 G) B4.5C-10

0 Thermal Stress  (hot) B4.5C-11

10 Thermal Stress — (cold) B4.5C-12

B4.5C-42
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Table B4.5C-3
Cask Body Stresses For Bolt Preload

(25,000 psi)

E-15166

Location Nodal Stress Intensity
Cask Bodv_Component Node Number” (psi)
Cask Bottom 133 0
151 0
214 0
157 0
142 0
220 0
Cask Cylinder 460 0
427 0
395 1
369 26
283 0
316 0
348 1
256 13
Cask Tlange 1111 69
1112 64
1115 50
1114 180
Lid 34 313
33 307
51 236
47 118
74 93
76 95
48 128
45 78
94 24
92 24
61 19,

*  See Figure B4.5C-25 for the node locations
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Cask Body Stresses For 161.2 psi Internal Pressure

Location Nodal Stress Intensity

Cask Bodv_Component Node Number” {psi)
Cask Bottom 133 563
131 290
214 67
157 210
142 448
220 106
Cask Cylinder 460 540
427 535
395 536
369 516
283 218
316 215
348 215
256 216
Cask Flange A 410
112 252
11s 401
1114 401
Lid 34 421
33 293

St 1,569
47 449

74 1,055
76 932
48 889
45 108

94 1,675

92 1.551
61 853

* See Figure B4.5C-25 for the node locations

B4.5C-44
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Cask Body Stresses For 20 psi External Pressure

Location Nodal Stress Intensity
Cask Bodv Component Node Number’ (psi)
Cask Bottom 133 70
131 36
214 9
157 27
142 56
220 13
Cask Cylinder 460 67
427 66
393 66
369 64
283 27
316 27
348 27
256 27
Cask Flange 11 51
1112 31
1115 50
1114 49
Lid 34 52
33 36
Si 195
47 56
74 131
76 115
48 110
45 75
94 208
92 193
61 106

*  See Figure B4.5C-25 for the node locations

B4.5C-45
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Table B4.5C-6
Cask Body Stresses For Vibration Loadings (.6g vert., .3g Jong., .3g lat.)
Location Nodal Stress Intensity  (ps
Cask Body Component Node 0_Desree 90 Degree

Cask Bottom 133 158 43
131 28 20
214 16 33
157 134 35
142 52 42
220 16 28
Cask Cylinder . 460 26 27
427 22 18
.. 395 24 28
369 4 15
283 34 25
316 30 17
348 13 11
256 3 9
Cask Flange [RRD] 3 4
1112 2 4
1115 4 4

1114 3 4 ]
Lid 34 2 6
33 2 7
St 4 8
47 2 S
74 8 6
76 4 S
48 2 7
45 2 4
94 7 7
92 6 7
6l s 4

¥ See Figure B4.5C-25 for the node locations

B4.5C-46
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Table B4.5C-7
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Cask Body Stresses For Bottom End Drops and Gravity Load
1 G results, to be ratioed for 1 foot {25 G} and 30 foot (30 G) drops

Location

Nodal Stress Intensity

Cask Bodv_Component Node Number” (psi)

Cask Bottom 133 40
131 45

214 48

157 40

142 47

220 46

Cask Cylinder 460 37
427 26

3935 4

369 7

283 37

36 26

348 14

256 7

Cask Flange JRRN 4
112 4

1115 4

1114 S

Lid 34 S

33 4

Sl Al

47 2

74 9

76 8

48 7

45 3

94 1

92 10

41 6

*  Sce Figure B4.5C-23 for the node locations

B4.5C-47
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Cask Body Stresses For Lid End Drops
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1 G results, to be ratioed for 1 foot (25 G) and 30 foot (30 G) drops

Location Nodal Stress Intensity
Cask Body Component Node Number” (psi)

Cask Bottom 133 7
13! 4

214 1

157 7

142 7

220 2

Cask Cylinder 460 13
427 25

395 36

369 3

283 13

3t6 25

348 36

256 46
Cask Flange 1111 106
1112 72
11s 115

114 121

Lid 34 383

33 111
S 145
47 129

74 33

76 33
48 114
45 118

94 34

92 33

6l 33

*

B34.5C-48

See Figure B4.5C-25 for the node locations
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Table B4.5C-9
Cask Body Stresses For Side Drops
1 G results, to be ratioed for 1 foot {24 G} and 30 foot (40 G) drops

Location Nodal Stress Intensity  (psi)
Cask Bodv_Component Node Number” Contact Side QOpp. Cont.
Cask Bottom 135 98 48
151 41 12
214 29 17
157 127 65
142 94 3
220 33 13
Cask Cylinder 460 124 50
427 129 S6
395 125 54
369 109 40
283 69 34
316 72 50
348 71 4t
256 62 24
Cask Flange 1iit 82 22
112 34 10
s 82 20
1114 39 14
Lid 34 60 14
33 45 11
S 56 12
47 18 7
74 15 18
76 13 19
48 52 16
45 20 4
94 31 59
92 14 26
6] 27

*  See Figure B4,5C-25 for the node locations

B4.5C-49
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Table B4.5C-10
Cask Body Stresses For Corner Drops
1G results, to be ratioed for 1 foot (18 G) and 30 foot (20 G) drops

Location Nodal Stress Intensity  (psi)
Cask Bodv Component Node Number” Contact Side Opp. Cont.
Cask Bottom 133 S% S8
131 135 9
214 11 9
157 71 71
142 16 23
220 5 8
Cask Cylinder 460 [3 20
427 19 3t
395 46 28
369 105 27
283 3 26
316 18 36
348 47 26
256 83 20
Cask Flange 1111 215 S1
2 145 41
1ils 234 58
1114 270 55
Lid 34 249 63
33 251 65
51 748 132
47 127 48
74 590 614
76 503 232
18 493 132
15 59 S0
94 334 479
92 508 207
41 299 133
*

See Figure B4.5C-25 for the node locations

B4.5C-50
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Table B4.5C-11
Cask Body Stresses For Normal Hot Condition

Location Nodal Stress Intensity
; (psi)
Cask Body Component Node Number

Cask Bottom 133 73
131 632

214 1197
157 918
142 342
220 844
Cask Cylinder 400 674
427 664
395 823

369 1.135
283 505
316 496

348 599
256 870
Cask Tlange i 506
1112 480
Ir1s 342
1114 500
Lid 34 553
33 396
S1 366
47 255
74 22
76 273
48 239
45 148
94 230
92 236
61 42

* See Figure B4.5C-25 for the node locations

B4.5C-51
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Table B4.5C-12
Cask Body Stresses For Normal Cold Condition
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Location Nodal Stress Intensity
; (psi)
Cask Body Component Node Number
Cask Bottom 133 0
131 0
214 0
157 0
142 0
220 0
Cask Cylinder 460 0
427 0
398 0
369 1
283 0
316 0
548 0
236 1
Cask Flange bl )
1112 3
1115 6
1114 4
Lid 34 15
33 23
51 Il
47 S
74 4
76 4
48 6
45 4
94 2
92 !

*  See Figure B4.5C-25 for the node locations

B4.5C-52
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APPENDIX B4.5D

CASK LIFTING ATTACHMENT

B4.sD-0O
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APPENDIX B4.5D

CASK LIFTING ATTACHMENT

B4.5D-1 INTRODUCTION

This appendix presents the structural analysis of cask lifting attachment. The lifting attachment
consists of two trunnions which are attached to the cask lid by a set of brackets and gussets. The
geometry and dimensions of lifting attachment are based on Reference 1. The details of the lifiing
attachment components are shown in Figure B4.5D-1. All components are made of 304 stainless
steel.

Two analysis methods are used in the structural evaluation of the cask lifting attachment;

- Hand-calculations to analyze the trunnion

= ANSYS® finite element method to analyze the bracket, gusset and lid
B4.5D-2 LOADING
Hanford Specification'® requires that the lifting attachments are to be designed per ANSI N14.6
with a factor of safety of three to yield or five to ultimate strength, whichever is most restrictive
Since 304 stainless steel has 30 ksi yield and 75 ksi ultimate strength, the factor 3 to yield is
more severe. Accordingly, a factor of 3 is used on the load and the resulting stresses are
compared to the yield strength.
B4.5D-3 TRUNNION ANALYSIS
Maximum Cask Weight = 60,000 Ibs. (Reference 4)

Load/Trunnion = 60,000 x 3 /2 = 90,000 lbs.

(a) Stresses at Section B-B (See Figure B4.5D-2a)
Shear Stress, S, = 90000/ [n (2)* ] = 7,162 psi
Shear stress is less than the allowable 0.42 S =31,500 psi, ..O.XK
Moment of Inertia
I=n(2)'/4=12.57in’
Bending Stress

S, =M C/1 =90,000 x 1.505 x 2 /12,57 = 21,552 psi

B4.5D-1
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Combined Stress Intensity
SI=[ 87+ 4 (S,)1% =[215522+ 4 (7162)* |>* = 25,878 psi

This stress is less than the allowable S,= 30,000 psi, ....... O.K.

(b) Stresses at Section A~A (Weld)  (See Figure B4.5D-2b)
Weld Thickness = 1 in.
Moment of Inertia

1=n/64[d -d"1=n/64[7*-57=87.18in’
Bending Stress

S, =M C/1=290,000x 5.505 x 3.5 /87.18 = 19,890 psi
Shear ‘Stress

S, = 90,000/(n /4 [72 - 5%] = 4,775 psi
Combined Stress Intensity

SI = [19890° + 4 (4775)* 1% = 22,065 psi
This stress is less than the allowable Syz 30,000 psi,

(c) Bearing Stresses at Crane Hook Location (See Figure B4.5D-2c)

Bearing area is based on 40 degrees (on each side of center line) contact between the hook and
trunnion .

Hook Depth = 2.25 in

Bearing Area = 2[2.0 sin 40°] x 2.25 = 5.785 in®

Bearing Stress = 90,000/5.785 = 15,560 psi

This stress is less than the allowable Sy: 30,000 psi ... .. 0O.K.

(d) Stresses at Weld Between brackets, gussets and Lid

The weld section properties, I = 317.58 in*, e = 4.85 in.
The maximum bending moment = 90,000 (5.505 + 4.85) = 931,950 in-1b

The maximum stress at bracket weld is:

B4.5D-2
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F/A + MC/L = 90000/9.279 + 931950(4.85)/317.58 = 23,932 psi < 30,000 1 S OK.
The maximum stress at gusset weld is:
F/A + MC/1 = 90000/9.279 - 931950(9.4)/317.58 = -17,886 psi < 30,000 psi ........... O.K.

B4.5D-4 BRACKET, GUSSET AND LID ANALYSIS

An ANSYS three-dimensional finite element model of bracket, gusset and lid is constructed using
SOLID45 element (see Figure B4.5D-3). Since the loading and structure are symmetric, only one
quarter of structure is modeled. All nodes at the lid bottom are fixed. Symmetry boundary
conditions are applied at all the cut surfaces. The force of 45000 lbs. (in Z-direction) is applied
as a concentrated load at the trunnion. The resulting stress intensity distribution in the model is
shown in Figure B4.5D-4. The figure shows that the maximum stress intensity in bracket, gusset
and lid is in the range of 10,000 to 15,000 psi. All the stresses are less than the allowable stress
of 30,000 psi.

B4.5D-5 CONCLUSION

Based on the results of analyses, it is concluded that the design of the cask lifting attachment is
structurally adequate to withstand the maximum lifting loads.
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Figure B4.5D-1
Cask Lifting Attachment Components
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Figure B4.5D-2
Trunnion Analysis
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Figure B4.5D-3
ANSYS Finite Element Model For Cask Lifting Attachment
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Figure B4.5D-4
ANSYS Finite Element Model - Nodal Stress Intensity Distribution
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B5.0 THERMAL EVALUATION

B5.1 INTRODUCTION

The cask is designed to passively reject payload decay heat under normal conditions of transport
and hypothetical accident conditions while maintaining appropriate package temperatures and
pressures within specified limits. An evaluation of the cask thermal performance is presented in
this chapter. Objectives of the thermal analyses performed for this evaluation are:

+ Determination of package temperatures with respect to containment system material limits;

« Determination of package component temperature gradients to support calculation of thermal
stresses;

* Determination of the cask cavity temperature to support containment pressurization
calculations;

¢ Determination of the maximum MCO temperature.

The package components considered in the thermal evaluation are the cask body, the lid and the
MCO. The cask body consists of a cylindrical stainless steel shell which surrounds the MCO.
The lid and the bottom are fabricated from stainless steel plate material as described in Part A,
Section 1.0. Temperatures calculated for the components in the package support thermal stress
calculations and permit selection of appropriate temperature dependent mechanical properties used
in the structural analyses. Temperatures are also calculated to demonstrate that specified limits
for seal materials are not exceeded.

B5.2 THERMAL SOURCE SPECIFICATION

The thermal source term for the payload within the MCO is defined as a surface heat flux at the
inside boundaries of the MCO.

B5.2.1 Normal Conditions of Transport

The range of anticipated heat flux at the inside surfaces of the MCO under normal conditions of

transport is defined in the table below. The defined sidewall surface heat flux occurs over the
lower 11.5 ft of the MCO.
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Payload Surface Heat Surface Heat Surface Heat Total Power
Flux At MCO Flux At MCO Flux at MCO
Sidewalls Top Bottom
Maximum 12.7 Watts/ft’ 6.0 W/ft’ 0 950 W
Minimum 0 0 0 0

B5.2.2 Hypothetical Accident Conditions

Due to possible chemical reaction of the spent fuel at elevated temperatures, the maximum

surface heat flux will vary during the hypothetical accident conditions from that defined for the
normal conditions of transport. This variation in surface heat flux at the inside boundaries of the
MCO is defined in the table below. The surface heat fluxes for normal conditions are to be used

in establishing the steady-state conditions preceding the hypothetical accident condition.

Payload Heat Flux at [ Surface Heat |Surface Heat | Surface Heat{ Total Power
Center 28 in | Flux at Flux at MCO | Flux at
Section of Remainder of | Top MCO
Sidewall Sidewall Bottom
Maximum 30 W/t 12.7 W/t 6.0 W/ft* 0 1200 W
Minimum 0 0 0 0 0

B5.3 SUMMARY OF THERMAL PROPERTIES OF MATERIALS

The thermal properties of materials used in the thermal analyses are listed below. The values are
listed as given in the corresponding references. The analysis uses interpolated values for
intermediate temperatures where the temperature dependency of a specific parameter is deemed
significant. The interpolation assumes a linear relationship between the reported values.

Thermal radiation at the external surface of the package is considered. The external surfaces of

the cask are assumed to have an emissivity of 0.85, a typical value for weathered stainless steel
surfaces'). For solar absorptivity, a value of 0.5 is used.

B5-2
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Temperature Conductivity Density Heat Capacity
(deg F) (Btu/hr-ft-F) (Ib/cu. in) (Btw/lb-F)
0 0.078 6.94 E-6 1.24
200 0.097 4.83 E-6 1.24
400 0.115 3.70 E-6 1.24
600 0.129 3.01 E-6 1.24
800 0.138 2.52 E-6 i.24
b. Air
Used for: Convection coefficients on cask surface
Temperature Conductivity gBp¥/u? Prandlt No.
(deg F) (Btwhr-ft-F) (1/F-cu. ft)
100 0.0154 1.76 Eé6 0.72
200 0.0174 0.85 E6 0.72
800 0.0286 49.8 E3 0.697
500 0.0303 36.0 E3 0.705%
1000 0.0319 26.5 E3 0.713
1500 0.0400 7.45 E3 0.739

Note that the analyses used air properties in the range of 100°F - 200°F, and 800°F - 1500°F only.
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c. Stainless Steel (18Cr - 8Ni)
Used for: MCO shell and cask body

Temperature Conductivity @ Density Heat Capacity "
(deg F) (Btwhr-fi-F) (Ib/cu. in) (Btw/lb-F)
70 8.6 0.282 0.110
100 8.7 0.282 0.110
200 9.3 0.282 0.110
300 9.8 0.282 0.110
400 10.4 0.282 0.110
500 10.9 0.282 0.110
600 11.3 0.282 0.110
800 12.2 0.282 0.110
1000 13.2 0.282 0.110
1200 14.0 0.282 0.110

B5.4 THERMAL EVALUATION FOR NORMAL TRANSFER CONDITIONS

B5.4.1 Conditions Evaluated

For conditions normally incident to transport, the thermal analyses evaluated the package design
for its ability to maintain component temperatures below the design limits. The operational

temperatures will occur in conditions that have been bounded by the environmental conditions
provided below:

The ambient temperatures at the Hanford Site for the peak summer month are tabulated in
Table B5.4-1.

+ Maximum heat generation rate of worst-case source from Section B5.2 plus maximum solar
heat load (see Table B5.4-2) plus ambient air temperatures from Table B5.4-1.

*  Minimum air temperature of -27 °F plus maximum heat generation rate from worst-case
source in Section B5.2.

»  Minimum air temperature of -27 °F and zero heat generation rate.

Bs-4
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Time Temperature (°F) Time Temperature (°F)

12 am. 82 2 p.m. 111

2 am 78 4 p.m. 115

4 am 75 6 p.m. 113

6 am 74 8 p.m. 100

§ am 85 10 p.m. 89

10 a.m. 97 12 pam. 32

12 p.m. 103

Table B5.4-2 Maximum Solar Radiation Received (Btu/hr-ft?)
Vertical surfaces facing Horizontal
Time surface facing
N NE E SE S SwW w NwW up

4 a.m. 0 0 0 0 0 0 0 0 Q
6 am. 57 192 211 105 17 17 17 17 64
8 am. 35 173 268 208 42 32 32 32 127
10 am. 42 56 177 213 126 45 42 42 281
12 noon 45 45 49 120 167 120 49 45 314
2 pm. 42 42 42 45 126 213 177 56 281
4 p.m. 35 32 3R 32 42 208 268 173 127
6 p.m. 57 17 17 17 17 105 211 192 64
8 p.m. 0 0 0 0 0 0 0 0 0
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B5.4.2 Acceptance Criteria
Several thermal design criteria have been established for the cask.

+ Containment of radioactive material is a major design requirement for the cask. Therefore,
seal temperatures must be maintained within specified limits to satisfy the required
containment criteria under normal conditions. The operating temperature range recommended
by the potential manufacturer (Parker) of the butyl seals is -75°F to 250°F. This range

applies to all containment boundary seals used in the cask closure lid and containment
penetrations.

»  Maximum normal operating outside surface temperature of the cask shall be less than 180°F
in maximum air temperature and in the shade.

Maximum temperatures of containment structural components must not adversely affect the
containment function.

+  Maximum temperatures of the package must not adversely affect the shielding function.

¢ The maximum MCO shell temperature allowed under normal conditions of transport shall be
167°F.

In general, all the thermal criteria are associated with maximum temperatures. The ability of the
containment system structural materials to function properly under the lowest service temperature
conditions is discussed in Section 4.3.

B5.4.3 Thermal Model

A two-dimensional axisymmetric finite element computer model of the TN-WHC cask and
payload (MCO) was used to model the thermal performance of the cask. The ANSYS computer
program® was utilized for the analyses. This program is a large scale, general purpose finite
element code which can perform steady-state and transient thermal analyses using linear and non-
linear material properties.

The thermal model represents the TN-WHC cask standing vertically. The model includes the
cask and the MCO shell. The interior region of the MCO is not modeled, as per reference 2.
The areas between the MCO and the cask were modeled with helium, which is the assumed fill
gas. Heat transfer between the MCO and the cask was conservatively assumed to be via gaseous
conduction only. The MCO is assumed to be centered in the cask. Figure B5.4.3-1 shows the
thermal model.

The bottom of the cask does not receive any heat from the sun and it is in good thermal contact

with the transporter when it is being transported. From the perspective of heat transfer, the
transporter will behave like a fin, which will allow the cask to conduct heat through its bottom

B3-6
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and into the environment. The magnitude of this effect is difficult to quantify, as it depends on
the emissivity and absorptivity of the transporter coatings, the materials, and the geometry of the

transporter. Therefore, the analysis conservatively assumed that the bottom of the cask was an
adiabatic surface.

The ANSYS axisymmetric thermal solid element, PLANESS, was used to model the MCO, the
cask, and the helium between the two. At the surface of the cask, two dimensional surface effect
elements, SURF19, were overlaid on the mesh. The solar radiation data given in Table B5.4-2
was applied to these elements, after accounting for the solar absorptivity of the cask surface. The
data for the vertical surfaces was averaged circumferentially so that it could be applied to the
axisymmetric model.

The decay heat of the MCO contents was simulated by applying an elemental heat flux on the
inside of the sidewalls and top of the MCO of 12.7 W/ft* and 6.0 W/ft?, respectively, as per
section B5.2.1.

The cask rejects heat passively through its outer surfaces. This was simulated by applying a
convection load directly on the outer face of the PLANESS elements on the surface of the cask.
A effective heat transfer coefficient for the convection load was determined for each of the
twelve time ranges given in Table B5.4-1. The effective heat transfer coefficient, h,g, depends on
natural convection and radiation at the cask surface, and varies with the ambient temperature,
T, the surface temperature, T,, and the properties of air, which are evaluated at the average
temperature, (T+ T,,,)/2. An environmental view factor of 1.0 and an environmental emissivity
of 1.0 are assumed. The relationship is given below:

hge=h,wt h

conv rad

hen = € K [Pr (T, - T,pp) (eBp*/p)]'"”

hy = oy e[ T}- Tt 1/ (T, - T, (with T in °R)
where, C, = 0.130 for vertical cylindrical surfaces"”, and
0.156 for horizontal surfaces facing up!"
e = 0.85 for weathered stainless steel'”

B5.4.4 Thermal Analysis

A transient analysis was performed to account for the time varying nature of the solar heat load.
The model was solved in steady-state mode with 8 AM ambient temperature and insolation data
to generate the initial conditions for the transient analysis. The 8 AM conditions were chosen as
a good approximation of the average ambient temperature and insolation that the cask
experiences. The transient run began with midnight ambient temperature and insolation data and
stepped changed the ambient temperature and insolation data every two hours for two full cycles
(48 hours).
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Figure B5.4.4-1 shows the temperature history across the cask (radially) at the hottest MCO node
and the outer surface of the cask at this axial location. This location is approximately centered
between the cask lid and bottom. Comparison of the temperatures of the model at N hours and
N+24 hours shows very little change, which demonstrates that the initial conditions for the
transient analysis were appropriately chosen. Note that there is a phase lag between the two
curves, which is due to the thermal inertia of the system.

Figure B5.4.4-2 shows the temperature distribution of the MCO and cask at the time that the
maximum temperature of the MCO is reached. This occurs at 9:17 PM. Referring to Figure
B5.4.4-1, the maximum cask temperature at the same axial location occurs at 8 PM. This is
consistent with the behavior expected based on an examination of the ambient temperature and
insolation data of Tables B5.4-1 and B5.4-2. The difference in time between the peak MCO
temperature and the peak adjacent cask surface temperature is due to the thermal inertia of the
system, as noted above.

Figure B5.4.4-3 shows the temperature distribution of the cask at the time that the maximum
temperature of the cask is reached. This occurs at 2:00 PM, when solar insolation on the top of
the cask has been at its maximum value for two hours (from noon to 2 PM).

B5.4.4.1 Internal Temperatures

The maximum MCO temperature under normal conditions of transport is 155°F. This is less than
the design limit of 167°F. The minimum temperature is -27°F.

The maximum cask temperature under normal conditions of transport is 140°F. This is less than
the seal temperature limit of 250°F. The minimum temperature is -27°F, which above the
minimum seal temperature of -75°F. The containment and shielding functions of the stainless
steel cask and the seals are not compromised at the temperature range calculated.

B5.4.4.2 Maximum Surface Temperatures

The normal conditions of transport maximum surface temperature is 140°F. This is less than the
temperature limit of 180°F.

B5.5 THERMAL EVALUATION FOR ACCIDENT CONDITIONS
B5.5.1 Conditions Evaluated

The hypothetical fire accident condition is defined as the exposure of the cask for 30 minutes to a
1475°F fire that has an emissivity coefficient of 0.9. The surface absorptivity of the package is
the greater of the anticipated absorptivity or 0.8. The surface convective heat transfer for the
package is assumed to be natural convection. The decay heat of the MCO during the thermal
accident is defined in section B5.2.2. The package is actively cooled following the 30 minutes
fire. The active cooling consists of quenching the outer package surfaces using a water spray
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from a fire hose. The quenching water flows at 125 gallons per minute for 45 minutes, followed
by a flow rate of 50 gpm for an additional 100 minutes. The temperature of the quenching water
is 85°F. Thereafter normal conditions are assumed to prevail.

B5.5.2 Acceptance Criteria
The following acceptance criteria have been established:

»  The MCO shell temperature may exceed the temperature limit for the normal conditions of
transport for a time period not to exceed 180 minutes following the fire.

* The maximum MCO shell temperature should not be significantly above 252°F to minimize
gas generation.

» There is no requirement that the cask maintain containment of the MCO during the thermal
accident. This means that the cask seals may exceed their operational temperature limits
during the thermal accident. However, the cask must maintain confinement of the MCO
within the cask at all times.

B5.5.3 Thermal Model

The thermal model that was developed for the normal conditions of transport was reused with a
single modification; the SURF 19 elements on the outer surface of the cask were removed
because there are no solar insolation loads during the thermal accident. The analysis assumed
that the bottom of the cask was adiabatic during the establishment of the initial conditions, the
fire, and the quench.

During the establishment of the initial conditions, the decay heat of the MCO contents is
represented as the normal conditions of transport decay heat flux. During and after the 30 minute
fire, the decay heat of the MCO contents was simulated by applying an elemental heat flux of 30
W/ft* on the center 28" section of the MCO sidewall, 12.7 W/ft* on the remainder of the sidewall,
and 6.0 W/ft" on the top of the MCO.

During establishment of the initial conditions, the cask rejects heat passively through its outer
surfaces. This was simulated by applying a convection load directly on the outer face of the
PLANESS5 elements on the surface of the cask. A effective heat transfer coefficient for the
convection load was determined for an ambient temperature of 115°F. The effective heat transfer
coefficient, h,q. depends on natural convection and radiation at the cask surface, and varies with
the surface temperature, T,, and the properties of air, which are evaluated at the average
temperature, (T,+ T,,,)/2. An environmental view factor of 1.0 and an environmental emissivity
of 1.0 are assumed. The relationships are as given in B5.4.3, with T, = 115°F = 575°R.

During the 30 minute fire, heat transfer between the cask and the environment is a combination

of natural convection and radiation. The absorptivity of the cask for radiation from a 1475°F fire
is taken to be 0.8. The natural convection relationship is the same as that given in B5.4.3. The
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radiative heat transfer coefficient is given below:
hy = 6,6 [T} -e (1475°R)* 1/ (T, - 1475°R) (with T, in °R)
where, e, = 0.8
e = 0.9

The post-fire active cooling, or quench, was modeled as a convection load on the surface of the
cask. The analysis assumed an effective heat transfer coefficient of 50 Btu/hr-f*-°F at 85°F,
increasing linearly with temperature to 2000 Btwhr-fi>-°F at 212°F, and constant at 2000 Btu/hr-
ft’-°F for temperatures greater than 212°F,

B5.5.4 Thermal Analysis

A transient analysis was performed to account for the time varying nature of the loading. The
package was assumed to be initially at steady state using the maximum ambient temperature of
115°F, the normal conditions of transport decay heat rates as defined in Section B5.2.2, and no
solar insolation. The solution to the model with these loading conditions formed the initial
conditions for the accident condition analysis.

The accident conditions MCO decay heat loading together with the 1475°F fire’s effective heat
transfer coefficient was imposed on the model for 30 minutes. This was followed by the accident

conditions MCO decay heat loading combined with the active cooling heat transfer coefficient for
145 minutes.

Figure B5.5.4-1 shows thermal model, depicting the cross-sectional locations that appear in the
following two figures. Figure B5.5.4-2 shows the temperature history of a cross-section of the
model at the location that the MCO reaches its maximum temperature. Figure B5.5.4-3 shows

the temperature history of the top corner cross-section. The maximum cask temperature lies
along this cross-section.

Figure B5.5.4-4 shows the temperature distribution of the MCO and cask at time zero. This is
the starting point for the transient analysis.

Figure B5.5.4-5 shows the temperature distribution of the MCO and cask at the end of the fire.
The helium has been removed from the plot for clarity. The maximum cask temperature occurs
at this time.

Figure B5.5.4-6 shows the temperature distribution of the MCO and cask at the time that the
maximum temperature of the MCO is reached. Again, the helium has been removed for clarity.
This occurs approximately 54 minutes after the end of the fire.

B5.5.5.1 Internal Temperatures

The maximum MCO temperature during the accident conditions is 256°F and is within the
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temperature range of 250°F to 260°F.

During accident conditions (start of fire to end of water quench), the maximum MCO shell

temperature exceeds the 167°F normal temperature limit for less than 180 minutes, and meets the
acceptance criteria.

B5.5.5.2 Maximum Surface Temperatures

The maximum cask surface temperature occurs at the end of the fire. The cask reaches a
temperature of 1068°F in the upper corner - see Figure B5.5.4-5. The cask maintains
confinement of the MCO at these temperatures, thereby meeting the design requirements with
regards to confinement.

B5.6 THERMAL EVALUATION AND CONCLUSIONS

The thermal evaluation for normal conditions of transport concludes that the TN-WHC design
meets all the applicable requirements. The maximum temperatures calculated using conservative
assumptions are relatively low (140°F). The minimum temperature is -27°F. This temperature
range has no adverse effect on the performance of the cask components (including seals).
During accident conditions, the temperatures calculated in the cask components will not
compromise the structural integrity of the cask. The cask will continue to maintain its
confinement function. The MCO temperatures remain below 260°F during fire accident
conditions.

Bs-11
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Figure B5.4.3-1 Normal Conditions Therma! Model

|
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Figure B5.4.4-2 Normal Conditions MGC and Cask Temp. Distribution - Maximum MCO Temperature

1 ANSYS 5.2
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Figure B5.4.4-3 Normal Conditions Cask Temperature Distribution - Maximum Cask Temperature

! | Ansys 5.2
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Figure B5.5.4-1 Accident Conditions Thermal Model
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Figure B5.5.4-2 Accident Conditions Temperature History at Hottest MCO Location
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Figure B5.5.4-3 Accident Conditions Temperature History at Top Corner {Hottest Cask)
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Figure B5.5.4-4 Accident Conditions MCG and Cask Temp. Distribution - Initial Conditions

1 | ANSYS 5.2

OCT 30 1996
10:02:06
NODAL SOLUTION
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TEMP
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Figure B5.5.4-5 Accident Conditions MCO and Cask Temp. Distribution - End of Fire

1 ANSYS 5.2
OCT 30 1996
10:14:43
NODAL SOLUTION
TIME=.5
TEMP
SMM =13D0.118
SMK =1068

130.118
234.292
338.466
442 .639
546.813
650.987
755.16
858,334
963.508
1068

END OF FIRE




HNF-SD-SNF-FDR-003 Rev. 0 E-15166

Figure B5.5.4-6 Accident Conditions MCO and Cask Temp. Distribution - Hottest MCO

1 ANSYS 5.2
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B6.0 PRESSURE AND GAS GENERATION EVALUATION

B6.1 GAS GENERATION

To be provided by DESIL

B6.2 PACKAGE PRESSURE

The maximum internal working pressure for the cask i1s 150 psig (1033 kPa) as required by the

WHC Specification. The stress due to this pressure is evaluated in Section B4.0.

B6.3 APPEND!X

BE-1
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B7.0 PACKAGE TIEDOWN SYSTEM EVALUATION

B7.1 SYSTEM DESIGN
The basic components of the system are:

+  TFrames and Beams

+  Cask Tiedown Device

»  Cask HHold Down Device
«  Cuask Support Device

The eight frames. two cross beams and two support braces (including the weld attachments of the
vertical support {rames to the support pads of the trailer) are the major components of the
ticdown system.” The loads from the cask are transmitted by the frames to the trailer. The cask
tiedown device consists of two rotating flanges, six ticdown bolts, and two hold down pins. The
cask support device consists of one cylindrical cup, bottom plate, and fourteen (14) attachment
bolts. A detailed design drawing for the cask ticdown system is provided in Section A9.1.

The cask is supported by the support deviee (eylindrical cup) at the bottom and secured by the
ticdown device (two rotating flanges) et the top. The two rotating flanges can be opened and
closed (by removing the six tiedown bolts and rotated from the hold down pins) for loading and
unloading the cask. Figure B7.1-1 shows the opened and closed positions of the rotating flanges
of the cask tiedown device. The cask is transported in the vertical orientation with the lid end
facing up.

B7.2 ATTACHMENTS AND RATINGS

B7.2.1 Design Load Factors

The ticdown system is used to secure the cask to the trailer during transportation, and is designed
to meet the requirements of Hanford Specification”. The tiedown systems is capable of resisting
the forces for road. as described below:

Table B7.2-1 Load Factors for Tiedown Systems

Mode Longitudinal Lateral Vertical
Road +2G + 16 3G down, 2G up
* A lateral Joad factor 1.5G is used for stress calculation of the tiedown system, reference to

Appendix B7.5 for detaiied loading information.

B37-1
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B7.2.2 Design Weight

The loading condition used for designing the tiedown svstem includes the total weight of the
loaded cask. 60000 lbs, and weight of ticdown system. 5000 lbs, for a total design weight of
65000 1bs.

B7.2.3 Design Loadings

In the transport configuration (Figure B37.2-1), the ticdown loads from the cask are transmitted
through the cask hold down devices and the cask surfaces in contact with the tiedown system, to
the ticdown system. As described above. the total loading used for designing the tiedown system
is 65,000 Ibs. The 2G vertical Joad is shared by the four cask hold down devices and transmitted
to the cask ticdown device as shown on Figure B7.2-2. The 3G vertical down load is supported
by the cask support device which is directly welded to the trailer main beams. Figure B7.2-3
shows this loading condition. The 1.5G load component which is transverse to the direction of
travel is shared between the cask tiedown device and cask support device as shown on Figure
B7.2-4. The 2G load component applicd in the direction of travel is also shared between the cask
tiedown device and cask support device as shown on Figures B7.2-5 and B7.2-6. Figure B37.2-7
shows 1G static load with deflection.

B7.2.4 Summary and Conclusions

Detailed stress analvsis of the ticdown system is presented in Appendix B7.3. A summary of
critical stresses is presented in Table B7.2-2 and stresses are compared with the allowables. All
the allowables are based on ASMIE Cede, Section III. Subscction NI' (NF-3322). All the stresses
arc within the allowables. The interaction between compression and bending are evaluated using
Equations 20 and 21 of NF-3322, and interaction between tension and bending are using Equation
lts of this caleulation. Based on the results of the

21 of NF-3322. Table B7.2-3 shows the res ®
analvsis | it is concluded that the tiedown system is structurally safe for the specified loads.
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Table B7.2-2 Summary of Tiedown System Stress Evaluation

Component Max. Calculated Stress Allowable
(psi) - Stress
(psi)
Frame- Legs Max. Direct = 5,073 (Compression) | 26,400
Max. Bending =14,477 29,040
Cross Beam Max. Direct = 828 (Tension) 26,400
Max. Bending = 15,852 29,040
Max. Tenston = 19.224 26,400
Welds at Bottom Leg Max. Shear = 5,707 17,600
Tiedown device- Clamp Max. Direct = 2,446 (Tension) 23,400
Max. Bending = 20,513 25,740
Bolt Max. Shear = 23,460 40,400
Max. Tension = 36,700 60,600
Cask Hold Down Device
-Arm Max. Tension = 11.430 43,960
Mux. Bending = 43.200 64,480
fax. Shear = 11,933 39,080
-Pin-1.5"Dia. Max. Bending = 18.420 66,660
Max. Shear = 8,490 40,400
-Bracket Bearing = 16,000 39,000
Tensile = 6000 17,550
Shear = 4,570 15,600
Cask Support Device
-Plate Mux. Bending=18,429 19,400
- Bolt Max. Shear = 24,560 40,400
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Table B7.2-3
Interaction Equation Evaluations
Component Max. Axial Compression and Bending | Max. Axial Tension and Bending
(NF-3322.1. Equation 20 & 21) (NF-3322.1, Equation 21)
Frame Leg 0.522 0.65
Tiedown Clamp 0.902
Hold Down Arm 0.807

RB7-4
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Figure B7.1-1 TN-WHC Cask Tiedown System - Opened and Closed Positions
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Figure B7.2-1 TN-WHC Cask Transport Configuration
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Figure B7.2-2 Tiedown Loading Condition - 2G Vertical Up
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Figure B7.2-3 Tiedown Loading Condition - 3G Down
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Figure B7.2-4 Tiedown Loading Condition - 1.5G Lateral
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Figure B7.2-5 Tiedown Loading Condition - 2G Longitudinal (fore)
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Figure B7.2-6 Tiedown Loading Condition - 2G Longitudinal (aft)
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Figure B7.2-7 Tiedown Loading Condition - 1G Static Deflection
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References For Section B7.0

1. Performance Specification For TN-WHC Cask And Transportation System, WHC-S-0396,
Rev. 1, September 1995.
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APPENDIX B7.3

CASK TIEDOWN SYSTEM
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APPENDIX B7.3

CASK TIEDOWN SYSTEM

B7.3-1 INTRODUCTION

The purpose of the tiedown system is to restrain the cask during transportation by road. The
tiedown attachments have to resist the forces from the road transportation as described in Hanford
Specification”. The detailed tiedown system design is given in Drawing No. H-1-81539, Sheets
1 to 3 and its operation is described in Section B7.0 of this report. This appendix presents the
structural analysis of the tiedown system design for the prescribed loadings. The analysis of the
tiedown system components is conducted using a combination of computer finite element
techniques and hand-calculations. The terminology of the components, as used in this analysis, is
shown in Figure B7.3-1.

B7.3-2 MECHANICAL PROPERTIES OF MATERIALS

The mechanical properties of structural materials used in the tiedown system components are
shown on Table B7.3-1. The effect of an elevated temperature of 150°F on yield strength is also
shown on Table B7.3-1. The yield and ultimate strengths of the structural steels shown on Table
B7.3-1 are the minimum values specified in the material specifications. A modulus of 29 x 10°
psi for steel and 10 x 10° psi for aluminum is used in the analyses.

B7.3-3 WEIGHT AND CENTER-OF-GRAVITY

The approximate weight of each tiedown system major component is given on Table B7.3-2. The
estimated weight of entire tiedown system is about 5000 Ibs. The center of gravity of the loaded
cask on the trailer is approximately 104.27" above the ground.

B7.3-4 LOADING

The tiedown system is used to secure the cask to the trailer against the transportation loads.
These loads are summarized in Table B7.3-3. The stress analysis of tiedown system components
is conducted based on these loadings.

It may be also pointed out that each structural component of the tiedown system is not
substantially effected by each load in Table B7.3-3. Stress analyses are conducted only for the
loadings from this table which are applicable to that component.
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Figure B7.3-1
Tiedown System Components

/CASK LIFTING ATTACHMENT

CASK TE DOWN DEV\CE-\

-CASK HOLD DOWN DEVICE

)
T
1
1
'
210.75" REF. g |
&

L > []:
II 1
! A
i \
ce FRAVE, TYP.
190.75" REF, AME, TYP,
110,12" v en -
(GTAI®] o
1
146.12" REF. 4
1
I j
(O
1 LT.EL D
l CASK SUPPCRT CEVICE

B7.3-2



HNF-SD-SNF-FRD-003  Rev. 0

E-15166
Table B7.3-1
Material Properties of The Tiedown System
Component Material Properties @ Properties @ 150°F
70°F (ksi) (ksi)
Frames A500 Gr.B S,= 46 S, =44
S,= 58
Cross Beam A500 Gr.B ,= 46 S, =44
S,= 58
Tie Down Device - B209-6061T6 S,= 40 S, =39
Clamp Aluminum S,= 45
(0.31" plate)
Hold Down Device A-514 Gr.B S,= 100 S, =97.7
(0.75"plate) (T1, Type A) S,= 110
Support Device 6063-T6 S,= 31 S, =29.4
(0.75" plate) Aluminum S,= 35
Bolts for Support A-193-B7 S,= 105 S, =101
Device S.= 125
Pins A-479 XM19 S,= 105 , =101
Hot Rolled S,= 135
Stainless Steel
Bolts for Tiedown A-479 XM19 S,= 105 S, =101
device Hot Rolled S,= 135

5

Stainless Steel

B7.3-3
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Table B7.3-2

Estimated Weight of The Tiedown System Components

Component Estimated Weight - lbs.
Frames (8 ) TS 7"x 7"x 0.5 2,986
Stiffening Braces (4 ) 351
TS 4"x 4"x 0.5"
Cross Beams (2 ) 789
-TS 8"x 8"x 0.625"
-Plates 61"x 8"x 0.625"
Tie Down Device 175
- Clamps (2 )
- Brackets (8)
Hold Down Device 174
- Arms (4)
Support t Device (1) 388
Bolts, Pins 120
Total Estimated Weight 4983

(~5000)
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Table B7.3-3
Load Factor for Tiedown System
Case Load Longitudinal | Lateral Vertical
Condition
A Tiedown 2G 1G 3 G down
System 2Gup
B Trailer 2 G fore 1.5G 2.5 G down
1.5 G aft 20Gup
C Design Load | 2 G fore 1.5G 3 G down
Factors for 2 G aft 2Gup
Tiedown
System

B7.3-5
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B7.3-5 ANALYSIS

The tiedown system has been analyzed by using a combination of computer finite element and
hand-calculation methods. For the purpose of structural analyses, the tiedown system is divided
in the following main components (see Figure B7.3-1):

Frame and Cross Beams
Cask Tie down Device
Cask Hold down Device
Cask Support Device

The method of analysis, critical loads, boundary condition and results of analysis of each
component are described below:

a) Frame and Cross Beams

This component was analyzed by using ANSYS Finite Element Computer Code ®. The finite
element model of frames, cross beams and stiffening braces is presented in Figures B7.3-2 (finite
element nodes) and B7.3-3 (finite element elements). 3-dimensional beam finite element
(BEAM4) was used in the construction of the model. The beam real constants are shown in
Figure B7.3-4. It may be pointed out that the cask tiedown device clamp in this frame model
was simulated by the beam elements. The beam real constants are given in Table B7.3-4.

The analyses were conducted for the load case C of Table B7.3-3. The G loads in this table were
converted to forces at C.G. by multiplying the load factor with cask weight of 60,000 Ibs. These
forces at C.G. were transferred to the appropriate model nodes. The inertia forces due to the
frame weight were accounted for by applying the appropriate accelerations. The typical applied
boundary condition and forces in each load case are presented in Figures B7.3-5 to B7.3-8.

The detailed resulting forces, stresses and displacements in the model are available in computer
output files. A summary of maximum stresses in frame legs and cross beams for each loading is
shown in Tables B7.3-5 to B7.3-8.



HNF-SD-SNF-FRD-003 Rev. O E-15166

Figures B7.3-2
ANSYS Finite Element Model - Frame (nodes)

TH-WHC CASK TIE-DOWN SYSTEHM,

FINITE ELEMENT MODEL, NODES

B7.3-7
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Figures B7.3-3
ANSYS Finite Element Model - Frame (elements)

TN-WHC CASK TIE-DOWN SYSTEM, FINITE ELEMENT MODEL,ELEMENTS

B7.3-8
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ANSYS Finite Element Model - Frame (real constants)
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Figure B7.3-5
Frame Mode! - Loading & Boundary Conditicns for Longitudinal 2G (fore} Load
Analysis

TN-WHC CASK TIE-DOWN, LONGITUDINAL, 2G LOAD, AT NODES 101 AND 102
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Figure B7.3-6
Frame Mode! - Loading & Boundary Conditicns for Longitudinal 2G (aft} Load Analysis

|1

TN-WHC CASK TIE-DOWN SYSTEM, LONGITUD. 2G LOAD, AT NWNODES 103 AND 104
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Figure B7.3-7
Frame Model - Loading % Boundary Conditions for Lateral 1.5G Load Analysis

TN-WHC CASK TIE~DOWW REV,LATERAL.1.5G LOAD, AT NODES 105 AND 106
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Figure B7.3-8
Frame Model - Loading & Boundary Conditions for Up 2.0G Load Analysis

TH-WHC CASK TIE-DOWN SYSTEM, 26 LCAD, AT NODES 101 TO 104
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Table B7.2-4
Frame Finite Element Mocde! - Beam Real Constants

. | .
Real Section | Aree Moment of Depth
. ; .
Constant i ; Inertia
Number | |
! (in)” (in)?
TS-7"x7"x 0.5" | 124 84.6

TS- 8" x 8" x 0.625"

2 with reinforcement plate
8" wide ard 0.625" thick
TS- 4" x4 03" | 6.36 2.3
. ‘
3 |
i
\

r—
o
~1
9
T
I~
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Table B7.3-5
Frame Members Stresses - Loading Longitudinal 2G (fore)
{Fx at nodes 107 and 102}

Leg Location Direct Bending Bending Max. Min.
(Element ) (Node) Stress St Stress- Combined | Combined
v - axis 7 - axis Stress Siress
(psi) () (psi) (psi) (pst)
1 1 -4562 7603 342 12709 -3586
(9
2 2 -43562 7605 342 12709 -3586
(i6)
3 ' 10 -3451 6566 6604 9718 -16620
@0)
4 14 -3451 6566 6604 9718 -16620
(24)
5 18 -4064 4999 4344 4680 -14007
(28)
6 20 -4664 4999 4544 4680 -14007
(32)
7 17 3641 6831 7317 17788 10506
(36)
8 21 3641 6831 7317 17788 10506
(40)
Beam 19 81 711 7533 15344 -15183
(41
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Table B7.3-6
Frame NMembers Stresses - Loading Longitudinal 2G (aft)
(Fx at nodes 103 and 104}

Leg Location Direct Bending Bending Max. Min.
(Element ) (Node) Stress Stress- Stress- Combined | Combined
v - axis Z - OXis Stress Stress
(psi) {psi} {psi) (psi) {psi)

i 1 -5073 5603 5079 5610 -15757
(2

2 13 -5073 3605 5079 5610 -15757
(16)

3 k 10 4001 6316 7901 18479 -10477
(20)

4 14 4001 6516 7961 18479 -10477
(24)

§ 16 4059 4613 5050 13724 -5606
(28)

6 20 4059 4615 3030 13724 -5¢06
(32)

7 17 -3075 6741 5932 9598 -15748
(36)

8 21 -3075 6741 5932 9598 -15748
(40)
Beam 12 64 8280 7031 15375 -15247
(43)

B7.3-16
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Table B7.3-7
Frame Members Stresses - Loading Lateral 1.5G
{ Fz at nodes 105 and 106)
Leg Location Direet Bending Bending Max. Min.
(Element ) (Nodc) Stress Stress- Stress- Combined | Combined
Y - axis 7 - axis Stress Stress
psi) (psi) (psi) (psi) {psi)
I i -3969 103 9143 5276 13216
(9)
2 13 3837 185 9633 13654 -3982
(16)
3 3 265 1063 7740 8168 -7639
(19
4 4 -305 230 7862 7588 -8598
@1
5 5 -3615 322 3748 5453 -12685
(25)
6 20 3490 30 9245 12765 -5786
(32)
7 7 100 234 8384 8719 -8518
(33)
8 8 -348 98 8508 8258 -8954
(37)
Beam il 828 10436 5416 16679 -15025
(44)

B7.3-17
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Table B7.3-8
Frame Members Stresses - Loading Up 2.0G
{ Fy at nodes 101,102,103 and 104)
Leg Location Dircct Bending Bending Max. Min.
(Element ) (Nodc) Stress Stress- Stress- Combined | Combined

¥ - axis 7 - axis Stress Stress

(psi) (psi} {psi) (psi) {psi)

1 11 1694 89 1787 3570 -182
(12)

2 13 1694 89 1787 3570 -182
(16)

3 10 855 58 2284 3197 -1486
(20)

4 14 8§55 58 2284 3197 -1486
24

5 18 1765 52 1633 3449 80
(28)
6 20 1765 52 1633 3449 80

(32)

7 17 797 100 2164 3061 -1467
(36)

8 21 797 100 2164 3061 -1467
(40)

Beam 12 328 3103 1386 4828 -4172
(46)

B7.3-18
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b) Cask Tic down Device

The cask tie down device consists of clamps, hinge pins, boits and pad for hold down brackets.
The clamp was analyzed by using ANSYS Tinite Element Computer Code. The

3-dimensional beam {inite element (BEAM4) was used in the construction of the model. The
loading and beundary conditions for the 2G longitudinal, 1.5G lateral and 2G up are presented in
Figurcs B7.3-9, B7.3-10 and B7.3-11, respectively. The critical stresses arc presented in Table
R7.3-10. The stresses in hinge pin. bolts and pad were hand-calculated. These stresses are also

1

summarized in Tabic B7.3-10

B7.3-19
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Figure B7.3-8
Ciamp Model - Loading & Boundary Cenditions for Longitudinal 2G Load Analysis
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Figure B7.3-10
Clamp Model - Loading & Boundary Conditions for Lateral 1.5G Load Analysis
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Figure B7.3-11
Clamp Mode! - Loading & Boundary Conditions for Up 2.0G Load Analysis

|
| TIE DOWN CLAMP, 2 G UP LOAD
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¢) Cask Hold down Device

The cask hold down device consists of hold down arms, brackets and bolts. The analysis was
conducted using hand caleulations. The only load that is applicable for these components is 2G
upward. The resulting stresses are summarized in Table B7.3-10.

d) Cask Support Device

The cask suppert device consists of suppart plate, cup and bolts. The analysis was conducted
pp ! 3
using ANSYS Finite Element Computer Code.  The two end of plate are bolted to the bottom
plate which is welded to the support beams, the support beams arc welded to the trailer main
beams. The plates was modeled using 3-dimensional shell elements. The supporting beams were
PP g
modeled \\1t1 3-dimensional beam clements. The cup was not modeled. The 3G downward load
was applicd to the cup arca as a distributed pressure. The maximum stress intensity  in the plate
18,429 psi. The bolt stresses were hand caleulated  for a combined loading duc 10 2G
longitudinal and 1.5G lateral aceelerations. The maximum shear stress in the bolts 1s 24,560
psi. Al the plate and bolt stresses are wiihin the allowables, as shown in Tabie B7.3-10.

B7.3-6 DESIGN CRITERIA FOR TIEDOWN SYSTEM

the ASME Code®,
22. These criteria, are
.

The stress eriteria are taken from Scetion [il, Subsection NI (NF )
There are several types of structural eriteria discussed in Subsection NIF-
to ensure stability under compressive loading, to ensure stability under bending and to prevent
failure under combined loading. Table 37.3-9 ists the stress limits of the materials based on this
criteriu.

of
23
33
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Table B7.3-9
Stress Criteria for the Tiedown System
Material S, Tension Bending Shear | Compression | Interaction
(ksi) Equation
0.6°8, 0.66 S, 0.4 S, | NF-3322.1 NF-3322.1
EQ.4o0r5 EQ. 20 or 21

A500 Gr. B 44 26.4 29.04 17.6
A514 Gr. B 97.7 58.62 64.48 39.08
6061-T6 39 23.4 2574 15.6
60063-T6 29.4 17.64 194 11.76
A193-B7 101 60.6 66.66 40.4
A4T9-XM19 101 6C.6 66.66 40.4
Hot Rolled |

*

For pin-connected members, using 0.43 §

v

B7.3-24
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B7.3-7 SUMMARY AND CONCLUSIONS

A summary of critical stresses is presented in Table B7.3-10 and stresses are compared with the
allowables. Al stresses are within the allowables. The interaction between compression and
bending are evaluated using Equations 20 and 21 of NF-3322, and interaction between tension
and bending arc using Equation 21 of NF-3322. Table B7.3-11 shows the results of the
calculations. Based on the results of the analyses, it is concluded that ticdown system 1s
structurally safe for the specified loads.

=
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Summary - Stress Evaluation
Component Max. Caleulated Stress Allowable
(pst) Stress
(psi)
Frame- Tegs Max. Dircct = 5.073 (Compression) | 26,400
Max. Bending =14,477 29.040
Cross Beam Max. Direct = 828 (Tension) 26.400
e Max. Bending = 15,852 29,040
|
|
Max. Tension = 19,224 26,400
Welds at Botiom Leg Max. Shear = 5,707 17,600
Tiedown device- Clamp Max. Direct = 2,446 (Tension) 23,400
Max. Bending = 20,513 25,740
Bolt Max. Shear = 23 460 40.400
Muax. Tension = 36,700 60,600
i Cask Hold Down Deviee
i -Arm ! Max. Tension = 11.430 43,960
: ‘ Max. Bending = 43,200 64,480
i Max. Shear = 11.933 36,080
-Pin-1.5"Dia. Max. Bending = 18.420 60,660
Max. Shear = 8,490 40,400
-Bracket ¢ Bearing = 16,000 39,000
¢ Tensile = 6600 17.550
Shear = 4,570 15,600
Cask Support Device
-Plate | Max. Bending=18.429 19,400
i
- Bolt Max. Shear = 24,560 40,400
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Tahle B7.3-11
interaction Equation Evaluations

Component Max. Axial Compression and Bending | Max. Axial Tension and Bending
(NF-3322.1, Lquation 20 & 21) (NI'-3322.1, Equation 21}

Frame Leg 0.522 0.65

Tiedown Clamp 0.902

Hold Down Arm 0.807
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B7.3-7 REFERENCES

1. WHC-S-0396. Revision 1, "Specification For TN-WHC Cask and Transportation
System™ 1995,
2. ANSYS User’s Manual, Revision 5.2, Volumes | 10 4.

ASMLE Botber and Pressure Vessel Code 1992, Seetion 111 Subscction NF.

)
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7-2"

400" OVERALL LENGTH—

1r-3"

17'~10"

54"

I

ASK VENT PORT, REF.
/-CS ENT PORT, RE

/DOCK BUMPER, REF.

300 1
006 J

-BC 27 IREF.
TE DOWN~_| ] .
HNGE PONT T~ f % >4
L I TN T

l-TE_DOWN BOLT
6 REQD.

A

Rilist

L -CASK & TRALER ¢

H =<t = T ~0”
{ 3 3
1
o H ! CASK LFTING
- 28" \]\ CASK LD BOLT, REF. P s-0" ” o ATTACRUENT
TRAILER DECKING /El A R - ] ¥ Ii ‘, /—CASK HOLD DOWN DEVICE
o L sy / _
POWER LEG CONTROL 5 / [Hf:
PANEL CASK TE DOWN DEVICE, REF - R AT TRALER DECKNG B
REMOVABLE SECTION = e EEL i I
WORK PLATFORM TOP VEW S;gRgGE NER er. = = —
AT VIEWY 175" DIA. N PLATFORM A ]
K e CASK TE DOWN DEVICE, REF. — gy 1 -
CASK TE DOWN DEVICE\ ]O}
. CASK HOLD DOWN DEVICE, REF. 4P
T—
T !
- 1 J TN~WHC CASK, REF. / i fl_i_% |
3 3 CASK TE DOWN ;
I — ] SUPPORT SYSTEM, REF.
H [ =]
] - » y i WORK PLATFORM : ; I
. B el ACCESS STARS OOt 5o o O
= 12210 3/4" B
17-6 3/4” !;1 S H — 0 2
. OVERALL 8-10" _ [ ; ) Dd E
3 0
R RERRENSION “gigr PLATFORM i I [ -
HEIGHT SEISMC HOLDDOWN LUG REAR VIEW
/ ACCESS STARS REMOVED FOR CLARTY
- 2/ L I
¢ L =) | I T W W WO S
/ i O~ sa" NO.OATE  REVISONS  [DWNJowDI WD _Ja/Alevodl
T WPPROVALS |CATE]
SEISMC HOLDDOWN LUG | 3 e 1) q LOADED A E%.TRANSNUCLEAR, INC,
2 | cask oran, ReF/ 25067 \ | EAWTHORRE v
2 | onED TN—WHC CASK
~ \CASK SUPPORT DEVCE TRANSPORTATION SYSTEM
SDE VIEW 2. [75:  ARRANGEMENT DWG.
- e MAEER 7 235, PELWHC DWG. NO. H—1—81533
WCKWGCQSWM‘?&W;C@:%%ASNN w30 |2 @?ﬁg sgs TRE] [R(EJV

Ao REl

o
/VG"NE‘ER g "y

S

A\ s 065019
%, A
N\ Orggsiont

>

N,
4>

A

<
,'"Vv 50N

__,.& o SL MANA

n|zffe

C-1
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. IMVERSION PALL
l'—— (24-6") CRANE TRAVEL 1/ o e
! PAL LID STORAGE AREA [ H
| L _
. a )
j Wy
: =
& 1r—9”
(STORAGE POSITION) A 0 RAIL STOP, REF.
I~ I BACK STOP, REF.
' i CASK & TRALER J:v
DOOR 157 9 M‘ MAX. CRANE TRAVEL
1
(0" POWER LEG CONTROL —= ] 710
- ) PANEL, REF.
CASK TIE DOWN DEVICE, REF,
SEE DWG. H—1-81539 | ~EXISTNG HANFORD
"J" HOOK, REF.
[ , CASK LFTING
a - i ATTACHMENT\
— 19-0 7 19'-0 ”
REMOVABLE SECTION \ TE DOWN BOLT
NOT REOvES M STORAGE AREA
TOP TOP VEW
CASK TIE DOWN DEVICE, REF.
J T RS
TN=WHC CASK; REF.
1 ] SEE DWG. H-1-81535
WORK PLATFORM
- SEE DWG H-1-B1548 REAR VEW.
-1 ACCESS STARS REMOVED FOR CLARITY
AR SUSPENSION FLETIOY -fMAX. HT. OF CASK
CeMRSL o S| Soo . EL. 66.75" TN-WHC TRALLER “—W_ _____
e SEE DWG. H—1-81555
%%TRANSNUCLEAR NC
L L T ﬂ RAL STOP. ReF W HAWTHORNE, N.Y'
1o OTROTHOL W STe?, R, TN-WHC CASK
TRANSPORTATION SYSTEM
CASK SUPPORT DEVICE e 0 ASSEMBLY DWG.
SDE VIEW o AR 7 WHC DWG. NO. H—1-81534
- WHC SPECFICATION NMBER WHC—-S5—-0396 NONE l 8 l 3035-2 [O—|
WHC PURCHASE ORDER NUMBER MJ(-SPX —-452727 SCAL SIZE DWG. NO. [REV.

C-2
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PARTS LIST
NOMENCLATURE]  DESCRPTION
CASK ASSEMBLY —
CASK BODY 3
LD ¥
O-RNG SEAL m fg%gcmv _suna

DT AR
DELETED
DELETED
LD AUGNVENT PN ISA—193-88 OR EQUV.
WASHER 150" DA_FLAT, S37

ZEEED:

NOTE 7

VENT PORT, REF.

N

NOTE 7, NOTE 4 *

Wl ~Nooju;f & LNN"@

S

LD ALIGNMENT PN

DRAIN PORT
l(.%CALTGUgN F)?EF . ROTATED NTO SECTION

" @ 73" ReF /MCO, REF. NOTES:

VENT PORT 7 74 / 7/ Y 1 DELETED

160.50" CAVITY LENGTH, REF. ,1: . DELETED
-—_— - - —— 25 CAVITY ID. —— - —m— - o _ " 4 \ . DELETED
——— 2518 CAVITY 1D f«—eﬁs‘

2
3
. e . i
3981 DIA. REF. REF. 4. % NDCATES NON SAFETY RELATED ITEM,
e |
5
6

\ 777 T 77 7 T . THS PARTS LIST IS FOR SHEET 1 ONLY.
/A 6. TORQUE REQUREMENTS:
170.25" REF. LD BOLTS: 300 FT. LBS. + 10 FT. LBS.

\ VENT & DRAN PORT COVER SCREWS:
tgcﬁLT'%"flMEng PN 190.25" REF. O.AL. 15 FT. LBS.+ 3 FT. LBS.
3 , REF. ALIGNMENT PINS: 40 FT. LBS. £ 5 FT. LBS.
(7" LG PN) é)@g%gﬁg‘ VEW @ CASK ASSEMBLY

. T ALIG! NT PNS T CHROMIUM PLAT
TOP VEW SECTION A—A %D BOLTS & ALIGNME| S TO BE CHROMIUM PLATED

~

THREADS ONLY) PER QQ~C—320~B, CLASS 2, TYPE 1
.0002" MN. THK.) BOLT TO BE INSPECTED TO NB-2580
OF ASME B & PV CODE, SECTION B, NCLUDING VT
(VISUAL EXAMNATION) & LP (LIQUD PENETRANT
EXAMNATION), BEFORE PLATING.

150’ DA . LUBRICATE BOLTS WITH NEOLUBE AS NEEDED.

B>

150"~B6UNC (AFTER PLATING)

3.00" MN. THD. LENGTH 7.40

Bl %Adsee oen 3035-14[ap[PSPS] Jed
%/ SEE DCN 3035-1147G.|PS | Ps. ED. | GG
9/37 SEE DCN 3035-6[416|Ps | ps £D.| GG

225::’ b’h;O_ 17 x 12" CHAMFER /E 1 ‘/s/%SEE DCN 3035-1[urc[ps [ps £0. | 6o, (z[%[%
25" 150" SOCKET HEAD 12" X 12" CHAMFER v REV'S%NSR N?U&ME ARQ ﬁ\rél
700" (1REQD) | PER ANS/ BIB3 ® LD BoLT ™ oo -8 RANSNUCL A

o PRO. HAWTHORNE, N.Y.
10.00” (1 REQD.) " ED.
TOLERANCE:+/—-03 /A =
SURFACE FNISH: 12 TN-WHC CASK

LD ALIGNMENT PIN - TRANSPORTATION SYSTEM
TOLERANCE:+/~03" TEM NG, 7 MECH. DES. ASSEMBLY & PARTS LIST
SURFACE FINSH 125/ WHC SPECFICATION NO. WHC-S-0396 ek WHC D\éVG. N030r43-51_—3815354

WHC PURCHASE ORDER NO. MK-SPX-452727 NONE [B] 3035 B

SHEET 1 OF 5

50"R

. +.03" 150"~6UNC (AFTER PLATING)
122" T o DIA. 3.00" MN. THD. LENGTH

[SAREEN

=82

eI e

pwn. BY.

c-3
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188" DIA. HO!

150"—6UNC X 300" DP

169" /172" DIA. CBORE

X 50" DEEP.

HELICOL. INSERT 1185—24CN—3000

OR EQUIVALENT ON

36.440™.010" DBC,, 12 PLACES
STARTING AT 15°, EQ. SP.

CRIBIAR 19" x 30 CHAMFER~__

0° FROM

2
RE

/

29.760" 010" DIA. 100%.03" -

r .
)
24252,

. 412"
2550”2 A 400" 00"

+.00’

he——147.63" "

DETAL D

SEE DETAL D
HOLE ROTATED NTO SECTION

FOR BOTTOM DETALS,
SEE DETAL C

14 PLACES AS SHOWN
(12 BOLT HOLES,
2 ALIGNMENT PN HOLES)

LOCATE ON 1500"£.25" (%)
DBC.

PARTS LIST

LE THRU

=

NOMENCLATURE DESCRPTION — [MATERIAL]

CASK BODY ASSEMBLY e

CASK SHELL SEE FELD

GV

BOTTOM SEE FELD R I

DELETED

NOTE 7%

MCO STANDOFF |27 THK X 2007 DiA. SST

NOTE 7%

NAME PLATE SST

270"

SEE DWG. 3035-4
COVER 3035-3

NOTE 9

304 SST

SOC FD CAP SCREW R

SHEET 3

O-RNG BUTYL

/A NOTE 7%

QODISC COUPLING 303 SST

DiA NOTE 7%

COUPLNG ADAPTER 304 S5T

SEAL WELD, TYP>—wp AANOTE 7%

O-RING BUTYL

>
aal

THREADED NSERT

B QS| 3| B ©] 00| ~| ] | ] L N =

Al RN =] = = af =] =] &

1

THREADED NSERT SST

———

TO TOP OF MCO
STANDOFF

AIOTLL

180"
DETAL_C

154" REF.

o

o i% !
SECTION G=G

DRAIN PORT(ROTATED INTO SECTION)
SEE DETAL B ON DWG. 3035-3, SHEET 3

148.00"

X

SEAL WELD
pT
S L

2O,

N

IA. REF. e +00"
25" TR

39.81" D

+03

6137103

25.
CAV

A

TOP VIEW

150"-6UNC X 3.00" DP
36.440™.010" DBC, 2 PLACES
AT 30°& 240° AS SHOWN
(FOR LID ALIGNMENT PINS)

160.25" REF.

NOTE 3&:
N\-see NoTE 3
SECTION A—-A

(1D CASK BODY ASSEMBLY. EM No. 7

WHC SPECFICATION NO. WHC-S-0396

WHC PURCHASE ORDER NO. MUK—SPX—-452727

NOTES:

N

o

© ®m N o

154 00" CAVITY LENGTH i .
. /A1 NAMEPLATE TO BE CENTERED ABOUT 0°AXS.

FOR CASK ASSEMBLY SEE DWG. 3035-3, SHEET 1
TOLERANCE, UNLESS OTHERWISE SPECFIED:+/. -2
ANGLES: +/-1
NUMBER & LOCATION OF FULL PENETRATION WELDS
TO BE SPECFED BY FABRICATOR, RT & PT REQURED.

REMOVE ALL BURRS & WELD SPLATTER AND
BREAK ALL SHARP EDGES.

SURFACE FINSH, UNLESS OTHERWISE SPECFED: ﬁy
DELETED

* INDICATES NON SAFETY RELATED ITEM.

THS PARTS LIST IS FOR SHEETS 2 AND 3 ONLY.

BOLTS TO BE CHROMIUM PLATED ( THREADS ONLY),
PER QQ—C-320-8, CLASS 2, TYPE 1(0002" MN. THK))

LUBRICATE BOLTS WITH NEQLUBE AS NEEDED. h
~
b

V7)

11/
TG
TG

YIAd SEE DCN 3035-15
SEE_DCN 3035-12
SEE_DCN 3035-7

SEE DCN 30352 416 PS.
REVISIONS DWN, WD

SgTRANSNUCLEAR

Ji)
PS.
PS.
PS.

PS
PS.
PS.

. | GG.
ED.{ GG
ED.|GG.

%/95
55
1 Vo

NO. DATE]
APPROVALS|

GG.
PROJ.

ED.
Q/A

4
3
2

Py
GG

/
LKA

23}

DATE|
£

Q/A[PROU]
HAWTHORNE, N.Y! lNC
TN-WHC CASK
TRANSPORTATION SYSTEM
CASK BODY & PARTS LIST
WHC DWG. NO. H—1-81535
NONE LT@E] 3035-3 4

SCALE DWG_NO. REV.

£y,
9

JRE

~

PS.
MECH. DES.

PS.
CHKD. BY

EntpEniatn

ST
OwN. BY.

SHEET 2 OF S

Cc-3
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.500%.010” DIA. THRU

<—8Aoo" DiA. SPOTFACE NOTES:
g o {628 DA —>1, 1. FOR CASK ASSEMBLY SEE DWG. 3035-3, SHEET 1
067 X .08 CHAWFER HEX 1D, 125" < (ZEX BAC > A 2. TOLERANCE, UNLESS OTHERWISE SPECFED: +/~12"
- ACROSS FLATS 3. REMOVE ALL BURRS & WELD SPLATTER AND
: ATED
/ 30" DA S o op BREAK ALL SHARP EDGES.
: \ 50—13UNC X . '
7 1: &2 e 4. SURFACE FINSH, UNLESS OTHERWISE TSPECFIEDK 13/
) A oo T At —~8CN- . REF. 5. RADUS TO BE SPECFED BY FABRICATOR.
600 '1010 ] i,.lL.ii-/k\SEE DETAL E o) Gé/Rg'(C-'QQL A A7 OR EQUIV., 4 PLACES
5 06" X 06" (SID os[ELC]
10625-12UN-2A CHAMFER, 2 PLACES ol \w\ A
ITEM 11 o @
i
= EF

. 75°¢01" / 11 IT‘\
Q300 ) @
06" f E d
@ ) |™~—STD O-RING PORT PER

2508 637037 -] ! J5ta, 10625"—12F T
. } =g DIA. TYP. ‘
\;'5°+/ -5° ATTD N || 2" x 125" unoERoUT
l /@ 3.75" 01" DIA.
]

RAISED FACE

SEE DETAL F
'|3-25" REFI‘“ 06"+ 03"

: ’

i

A 75701
3/4 NPT X 38" DEEP
| | (FLAT BOTTOM DRILL)

DRLL .56 +.03" DiA. THRU - 1 PLACE
CBORE .80.03" DIA. 6'02019""
50 03" DEEP
(SOEAIDES ITEM 7
L e 87"+ /010"
+/- 010", TO SHARP CORNERS
50"-13UNC x .75" LG SCREW R 7
3035-16 AXWE
5 R DETAL B S NS AT
- | El FROM DWG. 3035—3, SHEET 2 1 [Yo SEE DCN 30353 [T6|PS.|Ps. ED.|GG.
| j NOTE: DRAN IS LOCATED AT 0° . . e = 3%
157"+ /~.002 NG PA VISIONS DWN.ICHKD] WD, 0/ AlPROL]
2 [APPROVALS] DQ‘TE
BT o TRANGNUCLEAR, G,
% HAWTHORNE, N.Y.
T DETAL F o> e TN=WHC CASK
, TRANSPORTATION SYSTEM
JS. [%|  CASK BODY DETALS
MECH. 0ES. | "o
I\I«thé ggtgrc TION NO. WHC—-S—0396 oxd 30 |45 WHC DWG. H-1-81535
ICATIH . S = —
WHC PURCHASE ORDER NO. MK-SPX—-452727 [, 36T | NORE [B]  3035.3 [ 3
SHEET 3 OF 5

C-5
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o PARTS LIST
y f | & |:2C | NOMENCLATURE DESCRIPTION MATERIAL
X 210" +/-010" : 1] - |D ASSEMBLY — —
2987 DA, REF. P B Fly bR b 2] 7o SEE FELD RN
109" +/-03" ~» 15707+ 010" DIA. % l 3 DELETED
}—/ r T% SSHARP C%RNERS 20f1 4 ] 1 [PORT COVER WE 30353, 304 SoT
300" REF. l NOTE 8 % [ 5 | 1 |ODISC. COUPLING _|HANSEN T-FK—LLIK—4 | 303 57
) 39.81" DIA. REF. NOTE 8 % | 6 | 1 |COUPLING ADAPTER|TEDES 5% 304 SST
o 245" + /00" /A\NOTE 8 * [ 7 | 2 |0-RNG (ADAPTER)|PARKER 3-004
SEE DETAL C—7 T0 SHARP CORNERS /A NOTE 10[ 8 | 4 |SOC HD CAP SCREW | E50% 303 ER
4 PLACES /N NOTE 11 [ 9 | 2 |GUSSET SEE FELD 304 SST
— 06"+ 03" SEE NOTE 5 £\ NOTE 11 [ 10| 2 |LFTNG BRACKET |SEE FELD 304 SST
DET AL C 1| 2 |TRUNNION SEE FELD 304 SST
DETAL B _— A\ [ 12 |4 Jretoo mreaed nerT|# 1185-8CN—0500 T
162" +/- 03" DIA. CBORE X 300" DP.  /A[ 13| 1 |PORT COVER O-RNG|PARKER 2—341 Y Al
A 150"—6UNC X 100" AT TOP
- 100"+ /— 03 el ON 36.440" +/- 010" DBC. NOTES:
132T ;"FE%C(E;SA/ﬁ SSjjOEWN - 1 FOR CASK ASSEMBLY SEE DWG. 3035-3, SHEET 1
840"+ 06 i - 403 il Em o (2 &R 2. TOLERANCE, UNLESS OTHERWISE SPEGFIED:
" T o 350" Z00 G CEROrrS 2 PLACE DECMALS: +/— 12"
BOLT TIGHTENNG SEQUENCE =i S8 3 PLACE DECMALS: +/— 010"
SEE DETAL H ON 1A ANGLES: +/~ 1°
DWG. 3035-3, SHEET 5 == AL séor et/
f 750" 29.810"% 00 DA 3 REMOVE ALL BURRS & WELD SPLATTER AND
y |t . 12" = REF.I ©°0 : BREAK ALL SHARP EDGES.
270 I 5o | 3150+ 2 o N
Iz,j N - 2550+ 12 1. 308" DA 4. SURFACE FINISH, UNLESS OTHERWISE SPECFED: 25/
¥ 7 —. .4 .
162" +/= 03" DIA. HOLE THRU——% 00" l’L = 5. RADUS TO BE SPECFED BY FABRICATOR.
ON 36.440" +/— 010" DBC. 4 ) 6. DELETED
2 PLACES AS SHOWN SEE DETAL D E 7. FABRICATOR HAS OPTION TO USE SA—240, TYPE 304
30' 240° e (2 e ON DWG. 30353, J ™ ~—ser eTAL B PLATE, WELDED TOGETHER, RT & PT REQURED.
BB OATES) < . "
BOZBIAES E A #0071 = HOLE ROTATED NTO SECTION 8 K NDICATES NON SAFETY RELATED ITEM.
TOP VIEW SECTION A—A 9. THS PARTS LIST IS FOR SHEETS 4 AND 5 ONLY.
D LD ASSEMBLY 10. BOLTS TO BE_CHROMUM PLATED ( THREADS, ONLY)
e PER QQ-C-320-B, CLASS 2, TYPE 1(0002" MN. THK).
‘ : /A TOLERANCE THCKNESS PER PLATE MANUFACTURER
[—36.81" * 06" ) SPECIFICATION, DURING FABRICATION, LOCALIZED SURFACER|
/%38 DIA. HOLE THRU IRREGULARITIES, ETC. PER TOLERANCE FROM NOTE 2.
751" REF 4 ["H/dSEE DCN 3035-17]97Hps | PS 2]
. . 3 [Yor SEE DCN 3035-14]476G) PS | Ps. £0 | 6o
/@) 12'Ry | 400" DA. 2 [ SEE DCN 3035-9|ute] ps[Ps| | eo | co.
T j 1 [*yw|SEE DCN 3035—4|atc]Ps]rs ED| 6.
P | 700" DA +— 4 —f+ 700" DA. NO. DAT REVISIONS [DWNICHD] M-D. Q/AlPRGL
APPROVALS | DATE
F200" 20007 - ‘I' s OO | %TRANSNUCLEAR, INC.
e ﬁL l 4.00" —»{ e 50" *ED & HAWTHORNE, N.Y!
" JNE
=2 307 06" o |4 TN-WHC CASK
L3007 1ve. 1 TRANSPORTATION SYSTEM
() TRUNNION vecn tas, | 2 LD
- ITEM NO. 7 PS The | WHC DWG. NO. H-1-81535
WHC SPECFICATION NO. WHC-S—0396 o B Y F TB = =
WHC PURCHASE ORDER NO. MK-SPX=452727 |y, 81 | MO [ .E] 0353 |4
SHEET 4 OF 5

c-6
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e 350t 05T 50"=13UNC x 75" LG SCREW N?TFERSC - 035 :
DA~ _
904~ 000" DA 50" SOCKET D AFTER PLATING ASK ASSEMBLY SEE DWG. 3, SHEET 1
PER ANS! B18.3 | 2. TOLERANCE, UNLESS OTHERWISE SPECFED:
» o o ) 8 s 3
ol xqgé"TmU OR & IHE' 2 PLACE DECMALS: +/~ 12"
CHAMFER TYP. 025'R 3 PLACE DECMALS: +/— 010"
o075 +05" TEM 8 A ANGLES: +/- 5°
075" o000~
g’é”% o o 3. REMOVE ALL BURRS & WELD SPLATTER AND
500" - DETAL G BREAK ALL SHARP EDGES.
108" ¥ 2 HEX 688 0 4. SURFACE FINISH, UNLESS OTHERWISE SPECFED: 12y
’ ~I¥” ACROSS FLATS
Py —:== 5. RADUS TO BE SPECFED BY FABRICATOR.
: i .
! 6. TEXT SIZE .50” HIGH, METHOD TO BE PERMANENT
- BOLT TIGHTENNG SEQUENCE 1
330 L e SEF NOTE 6 2 IDENTIFICATION MARKING.
06" X_06" 2 PLACES /3\ 7. LUBRCATE BOLTS WITH NEOLUBE AS NEEDED.
CHAMFER, TYP.
ITEM 6

3.75".01"DIA. SEE DETAL F
RAISED FACE

e 75" .]3_25" REFL{: 06"t .03" .
71 [Miecess @ 180° — &l = o7
DETAIL H 3/4 NPT X .38" DEEP
630" DBl (FLAT BOTTOM DRILL)
FROM DWG. 3035-3, SHEET 4 DRLL .56 +.03" DIA. THRU > 1y PLACE

CBORE 80 03 DIA. 6-02" DS
50 03" DEEP (o8

SO ZBIAES] A [TEM 4
[« 187"+/=010"

TO SHARP CORNERS —[,7/33 SEE DON 30358 [%]Ps X D
2 |YnglSEE DON 303510 [416]Ps [Ps. ED. | GG.
* 63

1 |Yexs|SEE DON 30355 |atc]es |Ps. £D. |GG
NO_DAT REVISONS DWN.ICH<D[ M. Q/A[PRO]]
APPROVALS | DATE
BahrTRg e oD oo T B TRANGHULEAR I,
- |

FROM DWG. 3035-3, SHEET 4 a/a TN—WHC CASK
DETAIL F TRANSPORTATION SYSTEM
wecr, s, | 4 LD

M
ITEM NO. 71r1c . cw’S, | e WHC DWG. NO. H—1-81535
WHC SPECFICATION NO. WHC~S-0396 :
WHC PURCHASE ORDER NO. MJK-SPX—452727 |, £1°[ude | MM [BT 3035-3 73

i)

»+.007
25"t R

1

525 DIAJ !
150" DIA. ﬂm

4630"0BC] | 44" DA,

STD.THD O=RNG PORT A g
PER J514, 7/16-20 & ELAGS

SEE NOTE 5

5

-50—13UNC x .50" DP k267"
HELICOL INSERT

3//
©
®

F 4

2

SHEET 5 OF 5
c-7



HNF-SD-SNF-FDR-003 Rev. 0

1 ) 50"
YA | 50" TYP.
7 e N |
o TN-WHC—XX » : \
TRANSPORTATION CASK | 3
TRANSNUCLEAR, INC. 25" TYP,
A HAWTHORNE, NEW YORK
- FABRICATED BY: PRECISION COMPONENTS CORP. o
10.00 YORK, PA. — 127203
-
YEAR BULT: 199X THIS END UP oy
EMPTY WT. XX T LIFT CASK BY "
LOADED WT. XXX T TRUNNIONS ONLY
_ - 1.00"
RADIAL ALIGNMENT MARK
Y N e
/ 38R
NOTES:
1) FOR ASSEMBLY SEE DWG. 3035-3, SHEET 1 | i .
2) MATERIAL: SST, .048" THICK. Up Nﬁmm ooa,_awmum = w.mv H \w m\w
3) TOLERANCE, UNLESS OTHERWISE SPECFIED: +/— 12" 56 1] % TRANSNUCLEAR, INC.
/\ 4) LETTERS AND ALIGNMENT MARK TO BE STAMPED THEN MARKED = E e
WITH BLACK INDELIBLE MARKER, R TN—WHC CASK
5) "XX" SIGNFIES CASK NUMBER, INSERT APPROPRIATE 5 & NAME PLATE
SEQUENTIAL NUMBER STARTING WITH 01, 02, 03,.ETC. PS. k| WHC DWG. NO. H-1-81536
A\ ool eF (8] e (4

c-8
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40'-Q" OVERALL LENGTH, REF

TRALER DECKING, REF. TRAILER DECKING, REF.

TOP VEW
CASK, CASK TE DOWN, WORK PLATFORM NOT SHOWN

SDE VEW
CASK, CASK TE DOWN, WORK PLATFORM NOT SHOWN

10°-0" REF.

Ls5.00" TYP.

1
24.00" TYP.

ANCHOR SHACKLE AND TURNBUCKLE
BY OTHERS

HOLD DOWN LUG, REF.
EMBEDDED N FLOOR, TYP.
BY OTHERS

ITEM NUMBER 7

WHC SPECFICATION NUMBER WHC-S~0396
WHC PURCHASE ORDER NUMBER MUK-SPX-452727 oxljﬂ@

44" REF,

I

-~

REAR VIEW
CASK, CASK TIE DOWN, WORK PLATFORM &

REAR SEISMIC NOT SHOWN

|
NO, DATE] REVISIONS Ll M.

]

= e RANSNUCL

HAWTHORNE, N.Y.

AR NG

onED |74 TN—WHC CASK

TRANSPORTATION SYSTEM
t WHC DWG. NO. H-1-81537

3035~5

CWG NG

8

NONE
L

SCALE

AL W“mm_m;_o RESTRANT SYSTEM
%)
NV,

0

Tm<

C-9



HNF-SD-SNF-FDR-003 Rev. 0

P rnnnsss | NOTES:
1 FOR DETALS SEE DWG. 3035-7, SHEETS 2 & 3.
2. TOLERANCE, UNLESS OTHERWISE SPECFED: +/- .12°
3. STEEL COMPONENTS SHALL BE PANTED WITH
——— - AMERON AMERLOCK 400 PRMER, AVERON AMERCOAT
I 450HS FNSH COAT, RT-8304 WHTE.
i A 4. REMOVE ALL BURRS, BREAK ALL SHARP EDGES AND REMOVE

WELD SPLATTER FROM AREAS WHCH CASK WLL CONTACT
AND NTERFERE WITH OPERATNG OF THE TEDOWN SYSTEM.

5. SURFACE FINSH, UNLESS OTHERWISE SPECFED: 25\0/

12000" I b
AMP, REF. 50.00° TYP.

6. TRALER MANUFACTURER TO NSTALL NEGPRENE AS REQURED
TO MANTAN A MAXMM 12" GAP, AT FNAL FIT UP WITH CASK
AS SHOWN. ADHESIVE PER MAKLFACTURE RECOMENDATION.
= o i 7. NON-SAFETY RELATED.
8 LUBRCATE BOLTS WITH NEOLUBE AS REQURED.

9. TORQUE CLAMP BOLTS TO 200 FT. LBS.

CASK TE DOWN TYP. 0. ALL MATERAL PROPERTES (NCLUDING NEOPRENE) USED FOR
S So—— i 48.00° LOADED zZ IIT/—/—I I T DESIGN OF THE TEDOWN SYSTEM SHOULD BE TAKEN AT 150°F.
BETWEEN 8° X B3
f——5150" TYP.
TOP VEW
DECKNG NOT SHOWN
LOCATION OF CROSSBEAMS ARE PICTORAL ONLY
62.00" e
T A\
—3100"—e—30.00"—= z
DWG. 3035-7, SHEET 2 -
. ] D DOWN ARM, REF.
—=A ' I
1S 8 X 8 X 62" ASK HOLD DOWN DEVKE CASK LD, REF.
: SEE DETAL ON |
o | mal AS00, GRADE B 35-7 SHEET 2 \ :
g ”” j 2 REQD. ! X j DWG. 30 o
uifF i T L \7 - 1
%—r ] ‘ ’ \ 0 [}
5 S i b || - . " ! .
) ik ol 2558.62 X 6100" LG. S N
) A B l 1 ’ 2 REQD. SEE NOTE 6 ‘
LTS 47 x 47 X 50" : i ! artocavwed !
A500, GRADE B A : 0 S 77X 77 X 50" @
4 REQD. 190.75" REF. . REF e
LOADED - ASCO, GRADE B —_ .
102 &5 1k3 I ‘ ’ % 8 REQD. \J ]
§ ; v 1 o CASK HOLD DOWN )
, i
146.12" REF. 1 l ’ -
4875" TYP. LOADED H . . | S O |
: i e NG DATE] REVISIONS ___ DWNICHKD[MDJ _ 0 /APROJ)
] — o 1t Py ST RANSNUCLEAR, INC
3 .
) -3 R S Sy EROT gé ;//h HAWTHORNE, N.v!
/ S ontD %, TN—WHC CASK
K S U CUSEEINR: TRANSPORTATION SYSTEM
VEW A-A o LA o TASK SUPPORT CEVCCE, SEE DETAL ol oo 7 TIE DOWN SYSTEM
VEW A-A : DRAN ACCESS OPENNG ON D“’i;gé;“;- SHEET 3 \ 75 17y WHC DWG. NO. H-1-81539
ITEM CHK'D. BY
SDE_VIEW WHC SPECFICATION NUMBER WHC-S-0356 oB,|¥&.| NONE I B 3035~7 IRO
WHC PURCHASE ORDER NUMBER MK-SPX-452727 | omb v |™¥ | <care lsize DWG. NO EV,

SHEET 1 0F 3

N Cc-10



HNF-SD-SNF-FDR-003  Rev. O

2007 X 200" 5200"
CHAMFER, TYP. OTES
2600 I 8007 TYP. LEQR TE DOWN SYSTEM ASSEVGLY SEE OWG. 3035-7. SHET 1
o P - ] FOR ADDITIONAL DETALS SEE DWG. 3035-7, SHEET 3.
L i 2. TOLERANCE, UNLESS OTHERWISE SPECFED:
4.00" OD. TUBING x 563" LG.~J 2 PLACE DECMALS Exx): +/=
3.005" ID, 1 PLACE 3 PLACE DECMALS (30 +/-010"
MATL: 6061-T651 9.75" TYP. ANGLES: +/-2°
. o A ﬂrTL_l 3. REMOVE AL BURRS, BREAK ALL SHARP EDGES AND REMOVE
2.00" 00. TUBNG x 563" LG. Y WELD SPLATTER FROM AREAS WHCH CASK WLL CONTACT
1757 1D, 1 PLACE . . AND NTERFERE WITH OFERATNG OF THE TEDOWN SYSTEM.
MATL: B061-T65M C ggg L%D- T;';E;\ggg LG.
\/ o ke B E e 4. SURFACE FNSH, UNLESS OTHERWSE SPECFED: 250/
TOP VEW 5. WHEN NSTALLNG LOCKNUTS, BE SURE NOT TO OVER TIGHTEN
800" YP THUS ALLOWNG FOR CLAMP TO SWNG FREELY.
QUCK RELEASE PN 6. DRLL HOLE TO ACCOMODATE MOUNTNG AT ASSEMBLY.
T STYLE, 1/2 DIA,17—4 SST MATL: B209 6061-T6
MCMASTER- G TvP
# S0293A413. OB EQUN. i )
4 REQD. AMP TAI 800
1507—6UNC HEX BOLT AP 2 REQD. 38" TYP) TP
.00° LG, 150" HEX NUT %E DWE%IJ_S,E 7. ~ 25
MATL: A-479, XM19 T3 Y3 REF
s e WASHER TO BOLT HEAD —I 8 S FEF
BRACKET, 175" 1% 38" OB\t 3 RAGES SECTION THRU ALL BOLT HOLES
06" THK, 2 REQD. PER EACH CLAWP I
BRACKET WASER REF 37 TYP
SEE DWG. 3035-7, 35" x 8 PAD, REF.
/| s 100" T SECTION A=A
L SPACER, REF.
TYP)E@/ 188" OD. TUBE x 862" LG.
L | 158" ID. MATL: STEEL 38" THK. SHM . 505" DA THRU
WELDED TO 8 x 8 TYP MUST FIT UNDER BOLTNG END AREAS i - £2° TYP.
6 REQD. 3r BOTTOM ONLY (8.00" x 9.757) f _-l
7
150"-6UNC L Tl = .
B REWELD - TYP VATL 78 BRTER SteeL SHCHON GG 530" . 06
TYP. LIS P
Lo .
CASK_TIE_DOWN AND HOLD DOWN DEVICE e /2N LoGOUT o o 100" THC PAD, REF.
MATL: ZNC PLATED STEEL i 1505” DIA. HOLE THRU
2 REQD.
- SEE NOTE 5 . 150"+~ 1000
2" WASHER [y
TP . MATL: SST -
500" . 2 REQU.
4" 00. TUBE, REF. 1 PR 5 5 6, 2 P A
i ST 2008 5 9228 e HOLD DOWN BRACKET DETAL.
. | MCMASTER—CARR # 893K67 MAT'L: B209 6061-T6
. 103" REF, peyadiv : 8 REQD.
3.00 500 i 2 REQD.
S
L %EQ’ERNSD%O--.. ¥ ' \SHIM,REF.
3580 CLAWP PN REF.~Q | — T | I N S |
SEE DWG. 3035-7, o EEL NEEOLE ROLLER THRUST BEARNG i Frod]
(NOTZ 6) 5.00 | ~.505" DIA. HOLE THRU SHEET 3 N hgw;zTSthR%A?S # 590943 A’!,?;{EV’T,ISME BEVSIONS Do gl /A
) »
| -1505" DA, HOLE TeRU 275 0D, TUBE x 862" L6 — P ) MCMASTER-CARR # 5909K59 4 %& %X‘TRANSNU\JLEAR NC { ==
_ . 206" 1D. MATL:STEEL L ERO.R.2 HHl HAWTHORNE, N.Y l
(NOTE 6) 350 2 REQD. ! o 2D V4, TN—WHC CASK Hewwn T WLk g
TYP, TUBNG TO BOX BEAM
125°R AT TOP 7U§L,STE A BO%E'OM. 5 | T{EANSPORTAT+ON SY?TA%M 'Z/ 3> I?(,
_ 7S g
HOLD_DOWN ARM DETAL SECTION ot oes | %4| TIE DOWN SYSTEM DETALS
I = ECTION B-B Ps 1, ] WHC DWG. NO. H—-1-81539
MATL: A-514, GR. B(T1, TYPE A) frave - . [ i
+ REOD CLAMP PN AND LOCKNUT NOT SECT.ONED ITEM NUMBER 7 cndp. oy | K
- WHC SPECFICATION NUMBER WHC-S-0396 b % NONE ] 8 3035=7 lRO
WHC PURCHASE ORDER NUMBER MK—SPX-452727 |ow | _scaie lsize OWG. NO. EV,

SHEET 2 OF 3
c-11



HNF-SD-SNF-FDR-003  Rev. 0

R SUPPORT PLATE *
480"W x 47.007L x .75" THK. MAN BEAM, REF. SEE NOTE 5 NOTES:
—— Y AU " 1 FOR TE DOWN SYSTEM ASSEMBLY SEE DWG. 3035-7, SHEET L
( . 2007 TYP. == - FOR ADDITIONAL DETALS SEE 3035-7, SHEET 2.
5 s 2. TOLERANCE, UNLESS OTHERWISE SPECFED:
comm——nn— coe——oo * 2PLAC€DECMALS£XX)+/—.OG"_
SeT SEE NOTE 5 3 PL?:(;E DEC‘ZMLS XXX} +/-00
GUS: ANGLES: 47—
MATYL: 6063-T6 SEE NOTE 5
TAPER, REF.~— 17007 x 15507 x .75 - 3. REMOVE ALL BURRS, BREAK ALL SHARP EDGES AND REMOVE
\ [ 5200 TO FIT WELD SPLATTER FROM AREAS WHCH CASK WLL CONTACT
| _——403T.12" DA I 188" DIA. TUBE AND NTERFERE WITH OPERATNG OF TFE TEDOWN SYSTEM.
¢ THRU BOTH
& | F— S OF TUBE 4. SURFACE FNSH, UNLESS OTHERWSE SPECFED: 250/
o 800" TYP. 6 PLACES
47007 r— g .
i i 6200 S WHEN TRALER IS N THE UNLOADED CONDITION, MATCH MARK
250 400" TP - HOLES FROM CLAMP, THEN WHEN TRALER IS AT LOADED
TYP>—o {& d G L CONDITION (DURNG LOAD TEST) MATCH MARK HOLES FROM
CLAMP, THEN LOCATE_AND DRLL HOLES AND WELD TUBES
4 - BETWEEN THE TWO SETS OF MATCH MARKS TO ASSURE
75=10NC x 2.0" LG. A To i PROPER BOLT ALIGNVENT.
MATL: A93~B7 OR EQUAL
INC PLATED 275" DA, TUBE *SEE NOTE 5 31007
4 PLACES, EQUALLY SPACED THRU BOTH
U S L SOES OF TUBE
2 PLACES 50"-13 UNC FLAT HEAD
27 LG, FIT AND RSTALL
AT ASSEMBLY TO 8" x 8"
IBo———mo——oo——ax 20 e ca=——m00 ——|_ I 2 REQD. PER SPACER
900" DIA. CUTOUT THRU MAN BEAM 480"
00" 300"
900" X 800 MATL: 6063-T6 o o
25.9 CUTOUT THRU CLP 8~ X 8" SUPPORTS ld +
" 175" DA HOLE THRU-] 5
——I ]-— 100" TYP. 2 PLACES
Mns n e 175
A 200" 95"
15.50"
y L
¥ H
25"
7.00"— SPACER
MATL: B209 6061-T6
B o CUSSET DETAIL 1 REQD.(SHOWN)
- . 75-10UNC LOCKNUT 1 REQD. (OPPOSITE)
MA;%&%NC PLATED STEEL
1 2
CASK SUPPORT DEVICE
CROSS MEMBER, REF. R
MATU:AS72, GR. 50 F—20.00" REF.
200 —18.00"
06'R
P 12" X a2t
400" 0D. P R I CHAMFER
19.50" REF.~» 1 T | I N N B
et 300" DA NO. DAT REVISONS  DWNIGKO[MD| [0 /APRGY
100" -~ 18.50"—= . . 1995" DIA. 2-4 1/2UNC APPROVALSDATE]
! B Sl 7: ST RANSNUCLEAR. INC
50" THK. & pros 79 1 H{ HAWTHORNE, N.Y'
150" rex vean/ 1507 O 150"-6NC CLAMP PIN DETAL, oD % TN=WHC CASK
PER ANSI B8.3 400" MN. T-D. LG. MATL: A-479, XM19 HOT ROLLED TRANSPORTATION SYSTEM
OR EQUIVALENT AN
2 REQD. S TIE DOWN SYSTEM DETALS
WASHER CLAMP BOLT DETAIL i oa HC NO. H-1-81539
WASHER SLAMESOLTDEIAL S5 | WHC DWG. NO. 5
MATL: SST MAT'L: A—479, XMI3 HOT ROLLED ITEM NUMBER 7 obore {1
4 REQD. OR EQUIVALENT WHC SPECFICATION NUMBER WHC-S—-0336 & | NONE ] B [ 3035-7 0
6 REQD. WHC PURCHASE ORDER NUMBER MK-SPX-452727 |ownia® |NWV'| scar loi7e DWG. NO. REV.

SHEET 3 OF 3
c-12
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8 7 | 6 | 5 j 4 | 3 | 2 | !

Mo, REVSION 8 [aerrove @] pare

[=—9.00 — [ TRTACSoE

4.50 |~ | 53.50
R2.50 e 30.00 11.75 =
4X 3/4~10 UNC-2B ¥1.5 2X 45° X.25 d '\ L 4o
ON 244.00 B.C. | ) 21.69 THRU | | F

f
< 4.00 |- 6.42 _ g2 r
P \ f 4 ‘ _L,Z—i [ 250 7.84

F—1.75 T 3.29

8.00 — —h‘r—i
ARD b Ji’ - f A T T e 12{5 i
77) 450" 44.75 @ SCALE: 1/6 _l%i ‘

113 = L—
(‘ ) SCALE: t/6

1 15.00
|

|————¢46.00

32{

0

LOCATE APPROX. YR
AS SHOWN

@44 313

1/2 npT 1298

2.32

ap3 3.98 301

p i

2,250
%
g88 800 %
21.34 i
26.00 23.00 [—1 83 i g
. %
| - i 530 %
S — 1 i Y // R2.0 TYP
SEAL 4 J |
v I 173 -é
] 1?1
A
| | N e 7
| R 38 "!
D TP ; j
! 0.44 THRU — 63 ’
‘ L1850 %.19 FARSIDE _)
| ST CED) FOAM SHELL DETAILS C
I SECHON B B 1 20 |NAMEPLATE 457-111-39
’ 163.50 sems 18 1|18 |TUBE FITTING ST STL. COML PARKER #35-8-8 CBU
i 1 18 |VENT TUBE 304 ST. STL. ASTM A269 1/2 DIA X 035 WALL
‘ 1 17 |O-RING EPDM COML PARKER 3-908E515-80
| 1 16 |QUICK DISCONNECT |ST. STL. COML HANSEN #L13-K-8
‘ 3 15 |ADAPTER 457-103-10
2 34 |CUARD 304 ST. STL. ASTM A240 t/4 PLATE
I
i
‘ 1 12 |PAIL SHELL 304 ST. STL. ASTM A240 3/8 PLATE
i 100.00 AE 4 11 JUFTING LUG CARBON STEEL ASTM A533, GR B, CL1 1.1/2 PLATE
| CT_INFORMATI T [10 [7or sHeLL 304 ST. ST ASTM AtB2 FORGING
PROJE 10N B
| Skt T URMATION
WHC SPECIFICATION NO.: WHC-S-0396 2
| ITEM 7 AR |8 FDAM POLYURE THANE COML. LAST-A—FOAM FR-6700 64/CU.FT]
' WHC P.O. NO.:MJK~SPX— 452727 2 |7 [SHELL TOP 304 ST. STL. ASTM_A240 11 _GA SHEET
| TRANSNUCLEAR, INC. PROJECT NO.: 3035 4 16 |SHELL TOP 304 ST. STL. ASTM_A240 11 GA SHEET
. 4 5 |SHELL TOP 304 ST. STL. ASTM A240 11 GA SHEET
! 2 4 SHELL SIDE 304 ST. STL. ASTM A240 11 GA SHEET
' & 4 3 SHELL SIOE 304 ST. STL. ASTM A240 11 GA SHEET
[ iN%gA\éEEESPTT:g F5°L "&IDT[ XREZE)OO ELAOT,\:#C 4 |2 [sHEiL sioE 304 ST.STL. ASTM_A240 11_GA SHEET P
| RE5|STANT PAINT. ITLYPICAF BOTH WS\DESER &— 1 1 BASE PLATE 304 ST. STL. ASTM A240 2 PLATE
’ N 97 | o8 | os [ TEM NAME MATERIAL SPEC DRAWNG No. DESCRITION.
| o = S nNAC
3. REMOVE ALL OIL AND GREASE FROM SURFACES PER
J RS - SSPC—5-1. ABRASIVE BLAST PER SSPC—SP 10. L INTERNATIONAL
) ]—‘~ PRIME AND PAINT WITH ONE COAT OF AMERCOAT s SHERSE EorD — 3 —
I (2.00) NUMBER 64 PRIMER AND FINISH WITH TWO COATS OF [ Ansmess Y B o e el K BASIN IMMERSION PAIL
AT WHITE AMERCOAT NUMBER 66 SEAL GLOSS TOPCOAT. T £ o oo ek ;-A-( TN WHC TRANSPORT CASK, |A
ITEM 12 ESSTH O N 222 .
| | ANGuLAR! s —-1-=
A INDICATES SAFETY RELATED LOAQ PATH COMPONENT. e LA EEI1 MG [ ey g7 WHC DWG NO: H~1-81544
A A || Jrerrermicuianms mrace oec] st Fruiers ‘ors o — B
— (/YA OO N ANGLES 15 iJ
SECTION 1. FABRICATE PER NAC SPECIFICATION 457-S—-02, e fewwnams) iy - 2
e E FTpvT g, e C
O [rocommor Rocuss Commis 5= 5% w 2 457 | | 101 [%
NOTES: @ e rosnon | oramne © ENGINEERING amat 487104 sens 112 Jesim 57004 To 1 o 1] I5%

8 | 7 | 6 ] 5 i 4 T 3 2 I co13 1
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8 7 6 5 { 4 I 3 2 | 1
R75 TP T - :EMS‘JE o Jaorows oY) oatt
[(2.53)‘ ) JU/\& T
Coa 7 \' R75

.78

TYP THRU
ITEM 19

1.0 VENT HOLE
LOCATE APPROX. AS SHOWN

S

7 S Sy S

[~ 52 K
45" X .50 TYP — >/

f

2.00

NN T

8.29

| e N
6£4:4 I _“_3 i 4;14

LOOJ

X .56 [™—R38 TYP
—{ 550 — 4—‘ 75 TYP
2.58 [~—
= 13.58 —=
@ OP CORN PLATI
SCALE: 1/6

45" X 50 TYP\

I 52_)/(}\ 38

o 4 -
f 1_72J 203J f
400 —=—=
2.58 —+—— =
—10.58 —=
SCAL

.00

R.75 TYP
L% 33.26 AU/SE.
o8y 7

16.00 2X el 50

rw}a

00

|
— 1 —=
|
i
[ as
|
'
|
T

Y

22.00

2 BJ)H‘M.JQ
f

FRON Al

R.75 TYP
I-—}s.ze

(3 ce)J

22.00

.,_SH_SI.!E_ELAL

PROJECT INFORMATION

)
|
I
I
I =—1.50 2L WHC SPECIFICATION NG.: WHC-5-0396
3 2X 1-8 UNC-28 ¥2.25 ITEM 7
; \‘! { WHC P.O. NO.:MJK—SPX—452727
! ‘_LG_SI!E_ELAL TRANSNUCLEAR, INC. PROJECT NO.: 3035
’ } I 4 ZS‘I
. ! ] N4
NI T 12.00
i ‘ AR
e . HRNAE %[+ |19 |BUSHING CARBON STEEL_JASTM A36 7172 DA BAR
156.50 I i = 2 18 _|SH SIDE PLATE CARBON STEEL |ASTM_A36 1/2 PLATE
i i 1 I i 2 17 |SH FRONT PLATE [CARBON STEEL [ASTM A36 1/2 PLATE
i L) 45" X .38 TYP ] (3 OO)A ) 16_|1LG_FRONT PLATE_|CARBON STEEL |ASTM A36 /2 PLATE
11 T RN W‘<TYP 4 15 {LG SIDE PLATE CARBON STEEL ASTM A38 1/2 PLATE
B i AR 1 14 |THREADED ROD STEEL COML 1-8 UNC-2A
] M ( INTN 1 13 {SWIVEL PAD STEEL COML McMASTER-CARR #6103K76
AN 0 L 3 NP AFIER SHEL ARESHYENT SCALE: 1/6 4 12_{LEVELING FOOT 457-102-97|
i i I i j 4 11_|B0SS CARBON STEEL _|ASTW A 2 SQ BAR
I o i ¥ 4 |10 J1OP PLATE CARBON STEEL [ASTM A. 1/2 PLATE
I :' 1 ‘] 1 2X @1.09 2 |9 [SH SIDE PLATE CARBON STEEL [ASTM A 1/2 PLATE
b I i b / LOCATE HOLES ONLY IN TWO TOPMOST T |8 |SH FRONT PLATE |CARBON STEEL JASTM A /2 PLATE
HEL TN i i b | SIblE ALNIES @F Badi ALY 2 |7 |LC FRONT FLATE _|CARBON STFEL JASTM A36 /2 PLATE
68.00 i i k " i ] B | CONNECTOR CARBON STEEL | AISI 1020 350 BAR
i i i o E oo A FIT-UP WITH -99 AND -98 TUBES. 8 |5 |k CARBON STEEL _|ASTM A500, GR 6 4 X 4 X 172 WALL TUBE
i il ‘ H }; 4 |4 |iG SIDE PLATE CARBON STEEL [ASTM_A36 1/2 PLATE
I j i i 1 75I A 24 |25 |3 |CORNER PLATE __|CARBON STEEL |ASTM A36 3/8 PLATE
i | i i i fg;;éf,ff?g ;‘&’LERT'H%EEEAZD PLUEzEGT':‘CKEL s 2_|iEc CARBON STEEL _|ASTM_A500, GR B 4 X 8 X 172 WALL TUBE
i i i i = = : 1 T_IBASE PLATE CARBON STEEL _|ASTM A36 T PLATE
[ b it I AR B L3 AR 3 TG o SoeTOn
T T T 3. REMOVE ALL OIL AND GREASE FROM SURFACES PER —1=1= NAC
800 [1|| o] Uil _ SSPC-S-1. ABRASIVE BLAST PER SSPC-SP 10 n
L el o VIEW PRIME WITH ONE COAT AMERCOAT NUMBER 64 PRIMER vy INTERNATIONAL
f SCALE: 1/6 AND FINISH WITH TWO COATS WHITE AMERCOAT i e T T =T
7 RS G FOR ELRTY NUMBER 66 SEAL GLOSS TOPCOAT. 1= T s i s o Fefd K BASIN IMMERSION PAIL
2. ASSEMBLIES 93 AND —98 ARE SAFETY RELATED T ) e o SUPPORT STRUCTURE
LOAD PATH COMPONENTS P SV o we  ET £ TN WHC TRANSPORT CASK
WT: 36504 T] TS A TR Mt :
1. FABRICATE PER NAC SPECIFICATION 457-S-02. P e R WHC DWG NO: H-1-81545
/ Jrossin it o el Rl 1 ProgcT TN PAGATE e =
NOTES: [Grocomar s S e = e 457 | ] 102 [3
[ e rosmon | drawns - ENGINEERING [Ty ™4 57" 13 sour 1712t | RN N
8 | 7 | 6 5 } 4 | 3 [ 2 | 1
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8 _ 7 _ 6 [ 5 } 4 3 _ 2 _ 1

S.w“ir| iﬂwﬁ\/ﬁ.
H|, }

50.00

2.78
TYP THRU
ITEM 19

52.47 TYP

(.

75
TYP 6 @ T \/ R .75 TYP
YR 33.26 .
| i SRS . . _vl \Mm
| .00 TYP g +TTT] a7 KTYP AFTER SHELL ATTACHMENT " : \
H H } }
] ¢ i I @,os; |- 16.00 =] 2X #1.50
5 . =/
2.50 umv 3 8.00 ~F=—= [
& |
1.0 VENT HOLE | =
LOCATE APPROX. AS SHOWN 8.00 f

\Tm UNC-2A » P .:T‘mw
crﬁolm.uwwwv \Mm' %ﬁ.oo »\\r
AN

ameL

50.00
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|
i
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|
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EN
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|
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|
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|
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SCALE: 1/2

(166.00)

160.00 A
R .75 TYP
\@ ﬁs.mb_|| t.uw\l_ uN/.
56.87 T N V4

L4
618 TYP —|
N ﬁm.mu P 773 I 4

67.50 25.00

@nmmlmmbz.._.lm_.ﬁ

2.50 ] 2.00
Y !
| b =z L 52' TYP
f

i !

NAC
INTERNATIONAL

K BASIN IMMERSION PAIL
SUPPORT STRUCTURE
TN WHC TRANSPORT CASK
WHC DWG NO: H-1-81545

i
w@é B
WT 71754 A D
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HNF-SD-SNF-FDR-003 Rev. 0

8 { 4 3 | 2 | 1
o eson o Jaoemonts ] o]
INTTIAL 1 E
I
STEEL STAMP LETTERS "PAIL
PAIL VENT PORT SEAL” 1/2" HIGH X 1/32"
DEEP AND FILL WITH BLACK -
WEATHER-RESISTANT PAINT
* (845.75) .58
SEAL CONNECTIONS (3/4-10 UNC-2A)
STEEL STAMP LETTERS "VENT" D
1/2" HIGH X 1/32" DEEP AND STEEL STAMP LETTERS "MCO SEAL”
FILL WITH BUACK WEATHER- 172" HIGH X 1/32" DEEP AND FILL
RESISTANT PAINT WITH BLACK WEATHER-RESISTANT PAINT
.
PROJECT INFORMATION
WHC SPECIFICATION NO.; WHC-$-0396
ITEM 7
WHC P.O. NO.:MJK-SPX—452727
TRANSNUCLEAR, INC. PROJECT NO.: 3035 o]
1 21 INAMEPLATE 457-111-35
4 20 ILID BOLT ST. STL. COML MCMASTER-CARR 8891784
4 19 |BOSS 304 ST. STL. ASTM A276 1 3/4 DIA BAR
2 18 |VENT GUARD 304 ST STL. ASTM A240 1/4 PLATE
2 17_|GUIDE_PIN POCKET 457-103-96
1 16 |POCKET END PLATE|3C4 ST. STL. ASTM A240 11 _GUAGE SHEET
1 15 |POCKET TUBE 04 ST. STL. ASTM_A269 2" 0D W/.12 WALL TUBE
14 JGUSSET 04 ST. STL. ASTM_A240 3/8 PLATE
1 13 |TOP PLATE 04 ST. STL. ASTM_A240 1/8 PLATE
1 12 |VENT WELDMENT 457-103-97|
1 11 |LID WELDMENT 457-103-98|
1 10_|ADAPTER 304 ST. STL. ASTM A276 1 1/4 HEX BAR
2 |9 |O-RING |EPDM COML PARKER §3-908E515-80 B
1 8 |QUICK DISCONNECT |ST. STL. COML HANSEN #L3-K-8
1 7 |MCO SEAL ILICONE COML CEFIL'AIR_§736 W/ REC MB
1 6 |PAIL SEAL ILICONE COML CEFIL'AIR_#921 W/ REC M6
1 5 VENT TUBE 04 ST. STL. ASTM A240 1/2 DIA X .035 WALL TUBE
1 4 |BOSS 04 ST. STL. ASTM A276 2 X 2 1/2 BAR
3 3 JUFTING LUG 04 ST. STL. ASTM A240 3/8 PLATE
1 2 _|OUTER RING 04 ST. STL. ASTM A182 FORGING -
1 1 CENTER RING 304 ST, STL. ASTM A182 FORGING
wlv [ ]= = [ = =3 T SEsoReTOr
O I I nNAC
aummy INTERNATIONAL
Ty EONETR — mesﬁam SROUR DATE
[ Aoms e f e s o K BASIN IMMERSION PAIL
weoer 3| eeo3] wwoen v fiaa § O = /s SEAL LID A
EXIr CL W (N 5~ iyl
92 Y WP P AT 1) ; TN WHC TRANSPORT CASK,
oo oec [ 7 fpers o o s
1. FABRICATE PER NAC SPECIFICATION 457-S-02. |1 T e = WHC DWG NO: H-1-81546
NOTES: Vi O e e T Er =
: Slrommer s o T oG v 457 | | 103 |%
G| rosno | o - ENGINEERING ™ 4557304 ™ [ocar 1/4 {sim 6008 | @ o 2] ive
8 | 1 4 | 3 2 | 1
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PROJECT INFORMATION

WHC SPECIFICATION NQ.: WHC-5-0396
ITEM 7

WHC P.O. NO.:MJK-SPX~452727
TRANSNUCLEAR, INC. PROJECT NO.: 3035

m
|
_
|
|
|
|
|
|
A (171.31)
|
|
|
|
|
|
|
|
|
;

1 2 PAIL LID 457-103-99]
1 1 IMMERSION PAIL 457-101-99
I _ P o NAC
poers INTERNATIONAL
— e ! K BASIN IMMERSION PAIL
secton B—B i
o TN WHC TRANSPORT CASK,
n WHC DWG NO: H—1-81547
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| 7 6 5 { 3 2 1
o e o [wmmoves o] oam
TRITTAL 1550 —
55
4 B84 {PIVOT PIN ASTM A36 ROUND BAR
7163 [STATIONARY PLANK 457-105-94
1 62 JRETAINER BOLT COoM'L 1/4-20 X 5/8 LG HEX HD BOLT.
B8 61 |PLANK RETAINER ASTM 8208 1/4 X 3/4 FLAT BAR
2 60 |STATIONARY PLANK 457-105—-95 l
2|59 |REMOVEABLE BARRIER 457-105-56)
1 58 [RIGHT PLATFORM 457-105~97
7|57 |LEFT PLATFORM 457-105-98
T 56 |winch Con'L MCMASTER-CARR J3198144
[ 55 |BASE ASTM A36 /2 PLATE
2 54_Joussel ASTM_A36 /2 FLATE
1 53 | BACKING PLATE AST™M A36 3/8 PLATE
2 52 JHORIZONTAL SUPPORT] COM'L 11/2 SCH. 40 PIPE
2 51 [VERTICAL SUPPGRT oML 1172 SCH._40 PIPE
2 5C | TOF ~BOARD ASTM B211 4 X 1/4 FLAT BAR
7 39 [HOOK EYE ASTM 8209 74 PLATE
7 48 | GUSSET ASTM 5208 /4 PLATE
1 47 |CHANNEL ASTM B308 4 X 180 ALUM. CHANNEL
2 46 [PIVOT PLATE ASTM 8209 1/2 PLATE
2 45 | CHANNEL ASTM B308 4 X _.180 ALUM. CHANNEL
2 %4 |LOCK PLATE ASTM B211 RECT. BAR/PLATE,
2 43 |CHANNEL ASTM B308 4 X 180 ALUM. CHANNEL
4 42 |SPACER PLATE ASTM B209 1/2 PLATE
Al 41 [TREAD PLATE ASTM B632 3/8 DIAMOND TREAD PLATE
2 105]| SPLIT RING ST.STL. COM'L McMASTER-CARR #90905A655 3 40 |CHANNEL ASTM B308 4 X 180 ALUM. CHANNEL
T 104 SAFETY SIGN 457_111-38 2 9 JCHANNEL ASTM_B308 4 X 180 ALUM_ CHANNEL
T 03 ACTUATION PIN STEEL CoML 1/2 DIA X 35 (G 8 |PIN COM'L 1/8 X 1_COTTER PIN
7 102 BOSS CARBON STEEL ] AISI 1020 11/2 SQ BAR 7 ISHAFT ASTM_A3E ROUND BAR
T o1 [cusseT TARAON STEEL [ASTM a36 172 PLATE 6 | SPACER COM'L 1/2 TYPE A WIDE FLAT WASHER
T T CARBON STEEL _|ASTM A36 1/2 PLATE 5 | SHEAVE COM'L CROSSBY #916147
7 99 |CAM SIDE CARBON STEEL _JASTM A38 1/2 PLATE 4 [SIDE PLATE ASTM_A36 RECT. BAR/PLATE
7 38 _|ACTUATION PIN STEEL CON'L T/2 DA X 35 L6 3 [BASE PLATE ASTM_A36 RECT. BAR/PLATE
2 97 [BRACE CARBON STEEL |ASTM A36 /2 PLATE B 2 (LOCK PLATE ASTM 5205 172 PLATE
5 s Troo CARBON STEEL  JCOML 1 1/2 SCH._40 PIPE Pl 1_[T0E-B0ARD ASTM B211 4 X 174 FLAT BAR o
F] 5 FLOCK PIN CARBON STEEL _JAISi 1020 1/2 DIA BAR [ 0 {TOE-BOARD ASTM 8217 4 X 1/4 FLAT BAR
7 % |PIVOT PLATE CARBON STEEL |ASTM A36 1/2 PLATE [ ] 9 [TOE-BOARD ASTM_B211 4 X 1/4 FLAT BAR
: S {SorT crosS TARBON STEEL |ASTM A36 1/2 PLATE R 8 [TREAD PLATE ASTM _B63; 3/8 DIAMOND TREAD PLATE
7 7 [cross CARBON STEEL | ASTM A36 172 PLATE 4 |4 7 |CHANNEL ASTM B30 4 X 180 ALUM. CHANNEL
Al 1 [MAIN SUPPORT CARBON STEEL ASTM A36 1/2 PLATE 4 4 6 JPLANK HOOK ASTM 320! V/? PLATE
2 NYLOK NUT TEEL Com'L T/2-13UNC L 5 |END CAP ASTM_B20 174 PLATE
4 HEX NUT TEEL COM'L 1/2-13UNC 2 |2 4 |CHANNEL ASTM B30 4 X 180 ALUM. CHANNEL C
z HEX D BOLT TTEC CowL 1/2-13UNC-2A X 40 G 3 {PLuc Cow't McMASTER CARR 43361139
4 HEX HD BOLT TEEL COM'L 3/B-16UNC-2A X 1.5 \G 4 4 2 190" ELBOW COM'L. MCMASTER-CARR #4935T19
6 | SUPPORT RETAINER CARBON STEEL ASTM A36 1/2 PLATE 2 1 JTWO SOCKET CROSS COM’L. McMASTER—CARR #4936T39
5 [ACTUANON CAM 457-105-87) 20 [HORIZONTAL SUPPORT, COM'L 7 1/2 SCH. 40 PIPE
4 [PIN_ ROD WELDMENT 457-105-88] 2 |2 19" [HORIZONTAL SUPPORT] COM'L 11/2 SCH. 40 PIPE
3 |SUPPORT WELDMENT 457-105-89) 5 5 18 |VERTICAL SUPPORT COM'L 7 1/2 SCH._ 40 PIPE
2 2| HORIZONTAL SUPPORT|MALLEABLE IRON | COML 7 1/2_SCH. 40 PIPE 27 [26 17 |JONING TEE COML VUMASTER—CARR_f 4936736
7 81 |90° SIDE_OUTLET TEE|MALLEABLE IRON |COML McMASTER-CARR 4936133 4 Js 16 |SIDE_OUTLET ELBOW [ McMASTER—CARR §4936729
8 |8 BO | AJUSTABLE TEE MALLEABLE IRON [COM'L McMASTER-CARR #4836156 8 |8 15 [NUT COM'L 5/16-18 HEX NUT
79 |FLANGE TUBE BODY|CARBON STEEL |ASTM A513, TYPE 5 2 3/8 X 3/16 WALL TUBE 8 |8 14 JWASHER COM'L 5/16 FLAT WASHER
78 |FLANGE BASE PLATEJCARBON STEEL |ASTM A36 3/8 PLATE 8 {8 13 80T COM'L 5/16-18 X 2 1/4 HEX HD BOLT
37 8 8 12 |SPACER COM'L ROUND BAR
2 76 |HORIZONTAL SUPPORT|CARBON STEEL COM'L 1 1/2 SCH. 40 PIPE 8 8 11 [FEMALE SOCKET COM'L McMASTER-CARR #4936T113
5 75 JPULLEY ASSENBLY 457-105 gt e 1G_|MALE_SOCKET CoM'L McMASTER—CARR _#49357117
2 74 [WINCH MOUNT 457-105-92 4 |4 9 jSTRUT COM'L 11/2 SCH. 40 PWPE
T 1+ 73 [COLLAR MALLEABLE_IRON |COML MCMASTER- CARR_F48361136 > |2 8 _[5RUT CoN'L T 1/2 SCH. 40 PIPE
1 72 |STAIRWAY SPACER {6061-76 AL ASTM B209/B211 PLATE /BAR 2 2 7 STRUT COM’L 11/2 SCH. 40 PIPE
1 71 | STAIRWAY ALUM. COM'L MCMASTER-CARR #7946785 12 & TEE COM'L McMASTER-CARR #4936T13
2 7 DROP-DOWN PLANK 457-105-94 ] 8 5 HORIZONTAL SUPPCRT] El COM'L 1.1/2 SCH. 40 PIPE
8 PLANK PIVOT PLATE |6061-16 AL ASTM_B209 3/8 PLATE 4 |4 4 |HORIZONTAL SUPPORT] caML 3 1/2 SCH. 40 FIPE
5 QUICK DISCONNECT SNAPICARBON STEEL }COM'L MCMASTER—CARR §793574 4 3_[VERTICAL SUPPORT L |comL 1 1/2 SCH. 40 PIPE
Y THAIN BARRIER CARBON STEEL [COM'L McMASTER-CARR §38335A069 4 2 _JVERTICAL SUPPORT COM'L 1 1/2 SCH. 40 PIPE —
6 8 1 FLOOR FLANGE 45710590
ST === 3 R B TG SescmTon T 3 3 G e Srsome N
v s | assv | s | s [ v v nNAC
INTERNA
warss ERERMEE o 2%
EED I K BASIN TRANSPORT TRAILER
DS
EROJECT INFORMATION AD(MENS\ON/S\ZE AS REQUIRED TO POSITION STAIRWAY 1O ) e WORK PLATFORM
WHC SPECIFICATION NO.: WHC—S—0396 CORRECT ELEVATION. (e TN WHC TRANSPORT CASK
nE i AT CEPIR) MOUNT STAIRWAY, ITEM 39, CENTERED ABOUT PLATFORM, Toraw warl k227 WHC DWG H—1-81548
TRANSNUCLEAR, e PROS LT NG 3035 CUT PERSONNEL BARRIER, |TEM 3, AS REQUIRED. = T o =
: PLUG, ITEM 37. IN CUT ENDS. 7 457 105 |%
NOTES: arim:  ENGINEERING EalA | EESFI ORI
7 6 5 3 2 [ c19 1
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1 116.10
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AES L TYP
:QJ YR b = 4 =3
3 T T E—F I f 255] 3= T S
3.31 vy 2.95
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STEEL STAMP LETTERS "WATER INLET" STEEL STAMP LETTERS "MCO SEAL”
1/2" HIGH X 1/32" DEEP AND 1/2° HIGH X 1/32" DEEP AND FILL
FILL WITH BLACK WEATHER— WITH BLACK WEATHER-RESISTANT PAINT
RESISTANT PAINT
D
LOCATE APPROX. AS SHOWN
. (39.81)
' Z | P&
1
% i V c
|
' (11.00)
- ' 2 L
£ 1 { I PROJECT_INFORMATION
: WHC SPECIFICATION NO.: WHC—S—0396
; | iTEM 7
| ] WHC P.0. NO.:MJK-SPX-452727
i | TRANSNUCLEAR, INC. PROJECT NO.: 3035
. 1 10 |NAMEPLATE 457-111-37
I 1 9 |LID WELDMENT 457-106-98 B
: 0 CASK OUTLINE 3 8 |LIFTING LUG 04 ST.STL. ASTM A240 3/8 PLATE
’ g 2 |7 |ADAPTER 04 ST.STL. ASTM A276 1 3/8 HEX BAR
; P o 4 |6 |O-RING POM COML PARKER #3-912E515-75
1 PP o . ] \,,/ 2 5 QUICK DISCONNECT {ST.STL. COML HANSEN #16-KP-12
: = Tl ',/ 1 _j4 |wMCO SEAL ILICONE COML CEFIL'AIR_#704 W/ RJO 6
- < — 1 3 LID SEAL UTYL COML PARKER .275 CSECT DIA X 31.31 1.D.
¢ 3 {2 JuDb BOLT 04 ST.STL. ASTM A276 BAR -_—
Lt (25.02)
———— 1 1 LID BODY 04 ST.STL. ASTM A182 FORGING
v o (v [ 3 [ 3 SRAG o
A A assy | assr | assr NAC
SECTION A A s RS sanonat
i s horms weore [ty
MB [ Ao AT o g v B K BASIN MCO/CASK A
e o e e K =M COLD VACUUM DRYING (CVD) LID
S =0 = =
2] YR W O AT O e TN WHC TRANSPORT CASK,
& TIGHTEN ITEM 2, LD BOLT, TO 655 FT-18. | e ™ Z WHC DWG NO: H—-1-81549
// e L kil v [PROECT DESICN PACKACE. ORAWNG. REY.
NOTES: [O[coanmor RaOws comors 015~ 536 7 1A 457 | | 106 I 0
[ oe rosmon | owewne 1 ENGINEERING T o e 10 o 15357 |o1 o 2] 2o
| 7 6 I 5 I 4 3 T 2 I 1
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3 | 2 | 1
= = SllesoE]nt
INITIAL SSUE”
I
1
PROJECT INFORMATION
WHC SPECIFICATION NO.: WHC-S-0396
ITEM 7
WHC P.O. NO.:MJK-SPX—452727
TRANSNUCLEAR, INC. PROJECT NO.: 3035
1 4 EYE HOOK ALLOY STEEL COML CROSBY #S-320-AN-1022465
1 3 SPOOL ALLOY STEEL COML CROSBY §#5-255-102093%
2 2 SHACKLE ALLOY STEEL COML CROSBY J5-253-1020611
1 1 LIFT SLING WRAPPED KEVI.AR{ COML BAIRSTOW JTPXC400016
{22 I I e s =5 I B
HoE nNAc
aumerry INTERNATIONAL
ooy s O o 2 E
T, (TR e ol R S : K BASIN IMMERSION PAIL
oy Jreo} woot fre] = | ANCILLARY EQUIPMENT,
EEFI ) ST O f) o
P T i ) e e ] TN WHC TRANSPORT CASK
n T e e gl WHC DWG NO: H—1-81550
// g = CE= b PROECT DESCN PACKAGE. DRAWNG. REV
O conenmor RADS CORRS _075-0% 2 457 I I 107 [0
(@ [ moe rosnon | Seewee© ENGINEERING SO 457-108  [sour 1/4 | | EEIEEE =
3 | c-28 2 1



HNF-SD-SNF-FDR-003 Rev. 0
: _ ’ _ : | 5 * 4 3 _ 2 _ 1

S REWSION 8y [aproven v paxe

TRAILER

MEZZANINE COLUMNS _ m

SLING STORAGE

EXISTING PIPING

= lﬂ @

_Unﬁ ~— EXISTING PIPE

: /@
EXISTING PIPING ¥ v |
T

PROJECT INFORMATION
WHC SPECIFICATION NO.:WHC-5-0396

ITEM 7
WHC P.O. NO.:MJK—SPX-452727
pomTmoomes VR e e L " TRANSNUCLEAR, INC. PROJECT NO.: 3035
1 1
| I
1 1
i I 1|8 |WORK PLATFORM
|
] m 1 1 7 LIFT BEAM
i ! 2 16 |SUNG STORAGE 457-111-97
" “ 4 PAIL LIFT SLING 457-107—-39;
i ) T_|4_|PAL RESERVOR 3
0 B 7 WORK_PLATFORM 4
[ e J 1_[2 | MMERSION PAIL AssY] [
7|1 |STRUCTURAL SUPPORT] 457-110-99
e T 3 TR ED I Seseor
P NAC
EXISTING MISC. EQUIPMENT vy INTERNATIONAL

) TOERANCES,
LMESS OTHERWS: SEQED
7] raness PO oec [ roc B puace oeg] Too
T30 FET) I )
ST £ ST £

gl K BASIN IMMERSION PAIL
INTERFACE CONTROL DRAWING

HHH RS
R
L4

Tl o s 3 TN WHC TRANSPORT CASK,
n CITTTT e WHC DWG NO: H—1-8155]
il — -
O fcovcanmar AADKIS COmNERS 013030 TS _Ruo. PAGGAGE _i.!.o 108 —.m
[ [ rosmon | o - ENGINEERING [ ez 112 o T o 2] e

8 | 7 6 5 } 4 ! 3 _ c-29 2 _ t

>




. , HNF-SD-SNF-FDR-003  ReV: 0
| 2 _ 1

EXISTING HANFORD J~HOOKS

>

W|n N \ — PAIL LIFT BEAM
i
fit Jiy PAIL LIFT SLINGS
g o \
i il
ol i v
FF i i i
RESERYOWR WATER LEVEL .W||_ e .. 4
- _ FaF i N [
TOP OF PAL LID RAISED 'l ‘
i ) .y iy HL
OPERATIONS DECK LEVEL E\\ _I_ . X -
@\ 1 ] IM MT !
P L~ AL L -2'-9" K EAST MAX ’ N .
. —-3'-9" K EAST MIN a pjram|imavy Qe
%\/Sl\ |~ g~ A I N SO —4'-3" K WEST MAX o Il -
\ —4'—9" K WEST MIN Pa “
B .ir\ .
4 . H T gt
_ _ H < H I I H
. B - £
g — [T g I I ‘T
I 1] “H H
r . ¢ a
II- S
(T = —16'-8" . H H .
q H | “H H
i b I H ﬁ ; M.
e : ) o
. . NAC
. ‘ INTERNATIONAL
Bk - i | L ~25'-g" SHL - i K BASIN IMMERSION PAIL
L. . T L N E a ol .. v . INTERFACE CONTROL DRAWING
, . ! b. RS A TN WHC TRANSFER CASK
4. L WHC DWG NO: H-1-81551
secon A—A PR secon B—B = 157 ===~ 108 ¢
sens 1/20 | s {s2 2] ¥2%
8 | 7 | 6 | 5 } 4 ] 3 | 2 | 1




HNF-SD-SNF-FDR-003

Rev. O
8 | 7 5 { 4 3 | 2 ] 1
e evson o Joreows ] oatt
INITTIAL TSSUE
1
#— 12.08 —~ 1240 — ]
(1.50) |
I b— .50 .36 —] [
T~ 52" \< F
45" X .50 — >/ | | { I
(1.50) | 30° O _
I 1 Ezoc (A 1?
6549, ., 4 —d .50 THRU as= |~
|  f— o BB 49 PRESS FiT
[ Z : FOR ITEM 5 ' |
rR.
4 X 0.56 THRU/ & (4.00)
258~ |— l
—1 550 f— —{|—.75
f—13.58 —f TYP >~ £
S.14
@.LQILC_QBNEB_ELAIE_ o= “
SCALE: 1/6 7.22 ~—|
4 R.38
TP —~| 55 | /@
R.09 foet-1.72 | p
TYR N
| | x @\ FULL R
T 1.09 e OO D N
3.94 .76 3.00 ${l_._. g% _LL—L (2.00)
! e s FoT T
78
T -87 R.38 D
@ 45° X .25 TYP/ .97 TYP
45 93
r 2X @.41 THRU - 50 PRESS IN DOWEL PIN (ITEM S)
| 2o k= AFTER LOCK PIN (ITEM 4) IS
. COPE TO FIT PINS AT EXTENDED AND INSTALLED IN HOUSING. TACK WELD.
RETRACTED POSITIONS
|—
SCALE: 1/3
45" X .50 TYP —— WT: 5154
—1.50
4.54
(o]
PROJECT INFORMATION
WHC SPECIFICATION NO.:WHC-5-0396
ITEM 7
WHC P.O. NO.:MJK—SPX-452727
10 TRANSNUCLEAR, INC. PROJECT NO.: 3035
6.89 819
! |
| A A 1 11 | TOP CORNER PLATE|CARBON STEEL ASTM A36 1/2 PLATE
o2 (50):’ DETAIL A 110 |GUIDE STSTL ASTM_A240/A276 PLATE /BAR
=258 SCALE: 1/3 2 {9 |LOCKWASHER ST.STL. COML. 3/8 STANDARD B
2 8 HEX.HD 80LT ST.STL. COML 3/8-16UNC X 1 1/4 LG
| 1 7 HANDLE STEEL COML 3/8 DIA BAR
T‘fp“ 4X 3/8-16UNC-28 ¥1.25 (5.07) [ 6 [HINGE STEEL ComL MMASTER—CARR #16175A48
4.00 1 5 DOWEL PIN ST.STL. COML 1/2 DA X 4.0 LG
) AA 7 % |LOCK PN 17-4PH ST.STL. |ASTV A64 7 1/2 50 BAR
4. REMOVE ALL OIL AND GREASE FROM CARBON STEEL 7 3 [Fuanee CARBON STEEL [AST™™ A3E /8 PLATE
SURFACES PER SSPC~S-1, ABRASIVE BLAST PER T >Trouss YT PV SRR | —
SSPC-SP 10, MASK STAINLESS AND PRIME WITH ONE 1 Toex p‘fN = CARBON § 500 572105298 - Le
COAT AMERCOAT NUMBER 64 PRIMER AND FINISH WITH 1 =t — = e —l —ne
TWO COATS WHITE AMERCOAT NUMBER 66 SEAL GLOSS 1= RAR 2 2
TOPCOAT. ot [rsor [ssr n NAC
ausnre INTERNATIONAL
(j§ SAFETY RELATED LOAD PATH COMPONENT i Wcaidiad TR, T T T
= T T e e N K BASIN IMMERSION PAIL
UNDER 3 | 2.003] oo
A HEAT TREAT TO CONDITION H1150. i ) B o = I YT LOCK PIN GUIDE ASSEMBLY
P e e e AT TN WHC TRANSPORT CASK,
o e o K
1. FABRICATE PER NAC SPECIFICATION 457-S-02. uwﬂ;_ ”‘l;"':_ = WHC DWG NO: H—1-81552
NOTES: s fis i i o T ETorTT e pve m
g Orocomor RIS CORERS 5530 = 457 I I 109 lO
@[ rosmon | owamni - ENGINEERING SO 457110 s NOTED s | BRI
8 7 5 } 4 3 I oces 1 2 | 1



Rev. O

HNF-SD-SNF-FDR-003

o ] m <
E gl
3 > - rl.n.,,
= X2 4
= ) (o)
] o g Al Kl on
9 ) a<d o o]
f 9 3 < = [ve] .
N 3 5 - 2 M zg-= |3
5 o~z alatlal |- m OOURTM .
P S 28 | () Blomo L B
& KRG 215158151ele xoa T
£ wa HiEHE HE < %)
L = Yo H EIN R N_LMLUNiq
= s x&|| [EElelalela Bl ZE<2fs
2 8li= % b i NN NN MWISRNW
9 2 | = L B S R 5
¥ 48 <Z|[3 slaE|ZE| =T o {2 ¢
E gz 2|t wpm_mn Ao F
g glg ¢z |z 212(e <OZI |~
s ZIlE z4 ] R aH o= 7o)
2 o “ol|s sinl5E m O | ~|ol—
Slg o212 SIS & F L
SE~ 5 o>z L[ |2
dlozoz 2 4|3
Fleeze ¥ i
& 2INLz 8 o
T
HEHEHEER AN
212122(3[3 ’ 5
3[3]8]8(8[8 2
C PN i o
_ LG B w_m:u:m.u s
© AR 3 ©
A/ o] el iy o] Dok mmmmn. @
= b b b e g elot | L
EE o5 HHANEREREE
= o I Y e smmm:mw HI=
b gl 1212]8lsls AEPLEIN el £
el (alE] lololS(F2[8 Z1EEEL R 2
<o |19 (22| EIE )R Lt B H
N B R gz mHHE
5 A g FE] EH HE R
2 I KRN
3121(512( (5] s Sralel el (3] o8
HEBEEIEEHE RS mm‘;mwu mms
2lofo|n|o|of«|n]c|-|2 i u
elelelelelel | | Je14} E[,[4]: mmw
SH1E
2 HAH w 8
UHIHHHHEHHH
AN ININESEE
i
&
g
s
zZZ
5
gz
g5 <
o
N
ui Wy
0 4
4
7 L E
L
g
o 23
5 &2
4
4 oo
e o
=
8z L
3 >9
o
g 25
B &3
wv
i
\\\\\\\\\\\\\\\\\\ ‘| o
\\\\\\\\\\\\\\\ E
0
............. ]
©
@
S~
© g
2
2
z (&}
z ]
(=]
S !
3 -
«
%
% 3
2 § L W e
a L 1 e e L R s T
o]
- Il
>
< _IV ~
3
S <€
5
-8
= = &
& g g
g 8 5
2 [—
3
= ]
S
!
©



HNF~SD-SNF-FDR-003 Rev. o
8 | 7 | 6 5 i 4 3 | 2 | !
™ s o [pemovto oY oan
TYP 250 INITIAL TSSUE
.25
4.00 TYP (25 1
r—- 13.97 ai
L_E..__T::] 1.00 TYP ,—~ 12.00 12.25 —]
C 0.5 THRU
100 5”1__ e LT b 172 NPT FARSIOE
b L !
AGE I 45.50 1 s § i
o —TYP ALL SEAMS k
o BRA ' N ~ _
t -
2.50 =] e 1.00
QLD 10.0 —] SCALE: 1/4
118 1.00
| T !
2% .50 T
l '
(2.00) 8.00 4.50 | i
B 1 175 | 7 k
15.33 200 | 7 |
il L
! B WHC SPECIFICATION NO.: WHC~S—0396
ITEM 7
SCALE: 173 WHC P.0. NO.:MJK—SPX—452727
TRANSNUCLEAR, INC. PROJECT NO.: 3035
2 35 |IMM.PAIL NAMEPL. |304 ST.STL. ASTM A24 12 GA SHEET
SEAL 38 | TRAILER PLAT. SIGN|304 ST.STL. ASTM A24 12 GA SHEET
|17 37 |CVD LID NAMEPL 304 ST.STL. ASTM A24 12 GA SHEET
1 36 |WORK PLAT. NAMEPL|304 ST.STL. ASTM A240 1 A SHEET
24.00 35 |IMM.PAIL LID NAMEPL 304 ST.5TL. ASTM A240 1 A SHEET
LOCATE APPROX. 34 |SUPT.STRUC.NAMEPL {304 ST.5TL. ASTM A240 1 A SHEET
AS SHOWN 35 |UFT_BEAM NAMEPL 1308 ST.STL. ASTM_A240 12 GA SHEET
2 32 JGUSSET 04 ST.STL. ASTM A240 1/4 PLATE
1 31 |BRACKET 04 ST.STL. ASTM A240 1/4 PLATE el
30 |HOSE NEOPRENE COML 1/210 X 36 £1., 1/2 NPT MALE ENDS;
1 29 |2-WAY VALVE 16 ST.5TL. COML WHITEY §5S-45F8-RD
1 28 {2-WAY VALVE 16 ST.STL. COML WHITEY #SS-45F8
1 27 |PIPE TEE 4 ST.STL. COML McMASTER-CARR #4464K51
14.22 3 26 |PIPE_NIPPLE 4 ST.SIL COML McMASTER—CARR §4830K172
AALAAS 2 25 | SUNG BOX LID HANDLE LSTL. ASTM A276 3/8 DIA BAR
[ RisieIeIoion ) 24 | SLING BOX_SPACER |ST.STL. ASTM_ABS#4 2 X 4 X .18 WALL RECT. TUBE
1 23 |SLING BOX HINGE TL. COML McMASTER-CARR #1582A519
2 2 | SUNG BOX FRONT/BACK |ST.STL. ASTM A240 7 _GAU HEET
—aaml= 2 T [SUNG BOX SIDE TSIC ASTM_A240 7 GAUGE SHEET
46.00 1 {J LING BOX TOP ST.STL. ASTM A240 7 GAU HEET
> N @ 1 9 LING BOX BOTTOM |ST.STL. ASTM A240 7 GAU! HEE T
1 18 | SURC BOX MOUNT ASSY. 457-111-96
‘ 1 17 | SNC BOX MOUNT PLATE|ST.STL. ASTM A240 3/8 PLATE
— 2 16 | SUNG BOX MOUNT GUSSET|ST.STL. ASTM A240 3/8 PLATE
5.00 1 15 | SUNG BOX MOUNT BASE|ST.STL. ASTM A240 1/2 PLATE
1 1 14 |COUPLING T.STL. COML HANSEN #LL3-H2!
T 1 13 |HOSE NECPRENE COML 1720 X 25 1, 1/2 NPT MALE [NE'
——{|—(.63) ) 12 |WALL 304 ST.STL ASTM A240 7/4 PLATE
1 1 lBASE 304 ST.STL. ASTM A240 1/4 PLATE
.—L 30.00 1 10 INIPPLE 304 ST.STL. ASTM A276 1.1/2 DIA BAR
4.00 TYP 1 1 9 JPLATE CARBON STEEL |ASTM A36 5/8 PLATE
S it ' 1 1 8 [PPLATE CARBON STEEL |ASTM A36 5/8 PLATE
*F 1 1 7 {CAP CARBON STEEL JASTM A36 5/8 PLATE
(22~) 10.00 4 4 {6 [CAP CARBON STEEL |ASTM A36 1/4 PLATE
2 2 |5 |BRACE CARBON STEEL |ASTM A500 GRADE B 2 X 4 X 1/4 WALL TUBE
Tvp 1 1 4 {BRACE CARBON STEEL JASTM A500 GRAOE B 2 X 4 X 1/4 WALL TUBE
[ 2 2 3 EXTENSION CARBON STEEL ASTM AS500 GRADE Bj 2 X 4 X 1/4 WALL TUBE
7 1 i 2 | TOE KICK CARBON STEEL JASTM A36 1/4 PLATE —
2o T T_|1_[oEckiNG CARBON STEEL _|COML 378 DIAMOND PLATE
I 12.00 - o S| [ | o [ o [a] (3 WATORAL ST CRRMNG No. DescRe TIoN
e HoRiz — NOTES CONTINUED ON PAGE 3. assr {assy [assv | assv fassr fassy nNAc
- oo INTERNATIONAL
2. REMOVE ALL OIL AND GREASE FROM CARBON STEEL Sl el TR o ] L SATE
SURFACES PER SSPC-S-1. ABRASIVE BLAST PER T R e e e e B K BASIN IMMERSION PAIL,
SSPC-SP 10. PRIME WITH ONE COAT AMERCOAT ) o] wir [« |
NUMBER 64 PRIMER AND FINISH WITH TWO COATS ST =53 2 SUPPORT EQUIPMENT,
WT: 325§ WHITE AMERCOAT NUMBER 66 SEAL GLOSS TOPCOAT. P TR T — TN WHC TRANSPORT CASK
PEAPENDICULARITY] ] PLACE DEC] % ! .
1. FABRICATE PER NAC SPECIFICATION 457-5-02 L e s e [®23,; WHC DWG NO: H-1-81554
Vil s w 2
cova T pre Y
MIRROR IMAGE OF -99 NOTES: O |conctnmorr RAOwS QOGNS 015020 {o ) 14z, 457 I | 11 ]o
e rosmo | v - ENGINEERING  JSTSSo7"" 4577708 scur 1/8 | | EEICEY I
B 7 3 5 I 4 I 3 I 2 | 1

c-33



HNF-SD-SNF-FDR-003  Rey. g
7 6 } 3 | 2 1
“
2.50 -~
E
L. ) ! (38)—]
T ﬂ 400 — e
o 12.8 f | / _ \ [
_ R r.50—] 8.3 |
el ozo ity TP : i bt Ll
7 _W;wm ﬁ.uTw
i 13.5
23 TYP~=d =
51.2 _ D
_\\4IIIIP \\\\\\ al
[ S 3
240 TYP, ALL SEAMS
[o]
—4 7.0
R.75 TYP —
@w SCALE: 1/4
B
NAC
INTERNATIONAL
K BASIN IMMERSION PAIL,
SUPPORT EQUIPMENT, A
TN WHC TRANSPORT CASK
WHC DWG NO: H—1-81554
PRO£CT #UN _va.f@;ﬂ —i»lxo );_é _,..w<
Y O 2 o5
8 [ 7 [ 6 T 3 [ c3a 2 [ 1



HNF-SD-SNF-FDR-003 Rev. 0
8 | 7 | 5 { 4 3 | 2 |
3 3 é
7.0 7.0 7.0
— i | i
5 5 5
i WHC P.O. No: MJK/—SP><7452727 f WHC P.0O. No: MJ'K/7$P><7452727 ¥ WHC P.0O. No: MKSPX*452727
IMMERSION PAIL LIFT BEAM PIT WORK PLATFORM COLD VACUUM DRYING LID
3.0 PART No: H—1-81543-93 3.0 PART No: H-1-815554-99/95 3.0 PART No: H-1-81549-99
25 e d L WEIGHT: XXX_Ibs. 2s oS L L WEIGHT: XXX Ibs. 25 e d L_| WEIGHT: XXXX Ibs.
o e T 1 CAPACITY: 3@5 1o o d | CAPACITY: 5%. o o T [ CAPACITY: N
7.0 p
t
5 J/
f WHC P.O. No: MJK-SPX—-452727
d IMMERSION PAIL
7.0 3.0 PART No: H—1-81544-93
| 25 e L[ WEIGHT: XXX Ibs.
CAPACITY: 3 S
5 somed |
| WHC P.O. No: MVKSPX—452727
IMMERSION PAIL SUPPORT STRUCT. M
3.0 PART No: H-1-81553-99
25 e d | WEIGHT: XX,XXX Ibs. @QJMMEMN‘EA&JNMM
1o o ]| CAPACITY: 3WS
17.0
—20 13.0
5
QMMMM ' |
12 vjj / o
’ | WARNING:
e 4 TYP I »
o |
| L MAXIMUM CAPACITY: 1000 Ibs.
WHC P.O. No: J( -
L Mmooy MK SPx—452727 ( COMBINED PERSONNEL AND EQUIPMENT.)
3.0 PART No: H—1-81546-99
.25 TYPJ_L_ WEIGHT: XXX Ibs.
1o e T | CAPACITY: N)&\
2 A CHARACTERS AND PUNCTUATION ARE TO BE STENCILED ONTO PLATE USING
BLACK WAEATHER RESISTANT PAINT. nNAC
6 5 L_PAIL LID NAMEPLATE INTERNATIONAL
A VALUES ARE TO BE ACTUAL "AS—BUILT" VALUES K BASIN IMMERSION PAIL,
SUPPORT EQUIPMENT,
A ALL CHARACTERS AND PUNCTUATION ARE TO BE ENGRAVED .03 DEEP TN WHC TRANSPORT CASK
AND FILLED WITH BLACK WEATHER RESISTANT PAINT. WHC DWG NO: H—1-81554
NOTES: A lwkluc T
sens FULL | st | EEIEE
8 7

| c-35 2

| 1




HNF-SD-SNF-FDR-003 Rev. 0

| 6 5 { 4 3 | 2 1
o v [seraovs 7] oare
INHTIAL _ISSUE
l
|
I E
I
/nj\\
T
|
|
7 N D
\ V)
LOCATE APPROX AS SHOWN I
e
> C
PROJECT INFORMATION
WHC SPECIFICATION NO.: WHC-$-0396
ITEM 7 -
Lo . WHC P.0. NO.:MJK—SPX~452727
TRANSNUCLEAR, INC. PROJECT NO.: 3035
1 12 |LIFT BEAM NAMEPLATE 457-111-33
1 11 JEYE PLATE CARBON STEEL JASTM AS516, GR 55 S PLATE
2 10 [TOP PLATE CARBON STEEL JASTM A516, GR 55 1/2 PLATE
2 3 |CORNER PLATE CARBON STEFL JASTM A516, GR 55 1/2 PLATE B
2 8 1BOTTOM PLATE CARBON STEEL |AST™M A516, GR 55 1 1/2 PLATE
2 7 __{TRUNNION CAP CARBON STEEL |ASTM A516, GR 55 1/2 PLATE
2 6 TRUNNION CARBON STEEL ASTM ASBB, GR A 4 DIA ROUND BAR
2 5 {END PLATE CARBON STEEL ASTM A516, GR 55 1.1/2 PLATE
2 4 |SIDE PLATE CARBON STEEL ASTM A516, GR 55 1 1/4 PLATE
2 3 MASTER LINK ALLOY STEEL COML CROSBY #A-342-1014388
1 2 | SHACKLE ALLOY STEEL COML CROSBY #G—2130—1019731 —
1 1 LIFT BEAM WELDMENT] 457-112-98
G2 N B I3 e S oA T
3. THIS ASSEMBLY IS A SAFETY RELATED LOAD PATH COMPONENT. = E B nNAc
oumnry INTERNATIONAL
2. REMOVE ALL OIL AND GREASE FROM SURFACES IN ACCORDANCE e == o
WITH SSPC-SP 1-82. ABRASIVE BLAST TO NEAR WHITE METAL = T e e K BASIN IMMERSION PAIL, A
FINISH PER SSPC-SP 10. APPLY CNE COAT OF AMERCOAT oy o oo ] o
NUMBER 64 PRIMER AND FINISH WITH TWO COATS YELLOW (5607) T o e o ] 5 UFT BEAM ASSEMBLY,
AMERCOAT NUMBER 66 SEAL GLOSS TOPCOAT P T £ S B TN WHC TRASPORT CASK
T IETAE X T CH—1—
1. FABRICATE PER NAC SPECIFICATION 457-5-02. 7 LA PAIS 000 M ANOLES .5 I WHC DWG NO: H-1-81543
D CER) hoauid ferocT DESION PACKACE DRAWNG REV
NOTE: G comcorrocnv Ao comiens o3 3%__f T 3(%e 457 | | 12 [%
& [roe rosmon | orwmne ©  ENGINEERING &7 =smy™""4 557708 [eons 1/4 | o1 o2 3%

6 | 5 t 4 [ 3 I c-36 2 | 1



HNF-SD-SNF-FDR-003 Rev. 0
7 6 5 3 | 2 | 1
5.00 ~|
2.50
1.25 Eu‘_
24.61
| R25 TYP
]
. H.«.M \\\\\\\\\\\\\\\\\\\\\\\\\ I I T
4.00
i P
—{ (5.00) [~ 234 TYP
4.00
8.00
som () BLATE
ﬂ 18.40 3.00
| (5.00) (33.81) @
# = L-2.50
! A N —(1.25)
e e H e e NS by ererms. e— — oo
T Iy w T N
() ! Il i -~
A/m\w 9.50 g500 (@400) 4 - 44— L IW- k .VI
v,h_\\ h ! t = m - N1
1 1
11 : N “ < IT (1.50)
o 350 TYP o m o A N
5 4 N 1
_ f L> W m|_.
(1.50) =~ |-
@ -T— 5001 cop, TYP
4.25 TYP @ k) '
SECTION > _ >
NAC
INTERANATIONAL
K BASIN IMMERSION PAIL,
LIFT BEAM ASSEMBLY,
TN WHC TRANSPORT CASK
WHC DWG NO: H-1-81543
PROECT \rwﬂ —iwﬂ.vg _a.;lxa \_\_M —-m(
scu 1/4 | 2 [«2 o2] ii%
7 6 5 3 | c-37 2 _ 1



— HNF-SD-SNF-FDR-003  Rev. 0

W.JOATE REVISIONS _uiic . AT REVISIOS Tomasmi]o D |
® B o5t TP ® b n e s | U i - el B
LI BRI B |54 FEVISD & ANED IOTES & [
e \ oo EREE R | L
R T4 " g IS ! e m.“:jM“Elﬁ.ﬂv% ¢ \\M
lT |.|‘ 12X AR § :
\ jﬁiﬁl, FLUSH WITH TP . £ _—iﬂﬁg%.s [
v I “ o 5 -
I R RER IR
o I I | 2 I I | A
i NS NG
[ N 'y 9 . N
T IO 1@ 2 xarxiae o NN If[ 11 LA N
1 HEPZ:ZA B0 115 C IN 00
/ RN L . } | il | HOHRS #0| s v
i Hh - L i T 1T
//v * Ll + b w bl R | QS S 1 01 i H i - ”., ] 4
/ _..A_%n |_ o 005 1 116 1,
8 v 18 6 A T - 2\
FLUSH MITH BOTTG AN ﬂ — 7
e@ I\ r .y 9o o ¥
eszcnmn v i iV L 4 FUSH iTH T N ! Iw\m
® sy Ny _m.:e/r L M L\ . T
| ng -1
. V15" TREAD PLATE 3 PIECES
PR S/16° TREAD PLATE AL LEYGTH 5067 C RSN 5L T L6 C OVRAP WAIN BENS 1/2°
o BY RUL WIDTH OF LOWER DECK o S0
PO LE3 N PAEL ® 57 174" A CONERS
6P — . . - 3
N u s trwncin | o | EREmEELTLS
%) 1t
o0e_ T e o W 9 00
i— 21 12 TP — i 24° DEEP X 9 WIOE FABRICATED T-1 BEAM
"—r (.S;;E.:mn 5/8° FLAEES A 1/2° B 3/16* TREAD PLATE FILL LENETH
L e 714 X 58° FUREES FIR TOP D B FULL WIDTH OF WA DEEX
C £ X8 X I16° TBING ‘ Y ey oF O M) 507 OV ALES) —2
. /rf::. 16-200 ! ’ P } Fﬁ
! =
3 X3 X 316° TIBING X 86° 16 kY 1512
I At
R VI = 27 @ sonovas flm Os 8
ist T i
® o i iqf W 1* AN PLATE
24X 28° 16 WD FLP - 2 R .%%mu\m. vb b
GOOSENELX FLANGE LAYOUT ASSY4554 L g ;}FNQ 172* %.8* AST2 GRADE 50 PLATE ©
GO ¥EB LANOST  ASSYESH6 & .
o i oo o © Nitela b 3/8° A5T2 GRADE 50 PLATE ©
CIRB SITE WAIK BEAd ! IA* X 48" WX 47 L6 ALMINN PLATE ©
W
s X 2° DI PLATE REAR FLWGE LAYOUT ASSVASES
ek 10 TG F G, Bz | SR
TUBING 10° 16 PLATRIR, N CASK'THE-DOM ® ® @ Forai) oz T ©
B — TN LT
_S,.asxﬁu/ J T 1120 E_E .
1 | L mom @ )
* S22 S R
~\ ~\ ‘ : _ 11 -

L. T = . e L 4 LONED 2 R - WELED TO WATGH
YT an 12° X 1080 TYP - BOFH SIDES AT @
D s 065 o m 1T / ° 10 omiw ggﬁgﬁm\ v AN
Lo\ (G VB X111 STIFDE- [
o PORR SR LADING (DR 1* PLATE P - BOTH SIDES (OFCRLS 5\__ | 5 -+ 5 5
9° DIA HOLE IN RAIN BERA e
BOTH SIDES
a\asu 16 PLY TIRES C-
@ B gwﬂ ARIDE SSPENSIONS 8 e 8.5C INBEN pssvary %
e s VOOEL ARTA-35L0 L &
“ﬂa.:. AIR BRAES ﬁ~§h§§§ NELSON MANUFACTURING COMPANY"
Ex ™ X
THE CHEES PUROHE (ROER MABER WK-SPX-452721




HNF-SD-SNF-FDR-003  Rey. ¢
40| ATE REVISION DRAN KD
[} T:“PI;"!.BE.. [ 4
— A
“ . ———yr
T 1 iy
1 )
[ 1 “ Vi
L_ " \A\“
o ) i (il
W H H . LR i i L . a
2 v T T 1 T T ™ rx“v
—— A
KITE: 1) FOR CASK TIE-OOWN INTERFACE SEE OO +-1-8155%
7). FOR PLATFOR DECK (MTERFAE. SEE DN H-1-81557
008 G e
i
! !
L
SECTION A-A
FER VIEY _l
GOUSENECK FLARGE LATOUT ASSYAS64 o o
COCSENECY, WEB LAYOUT  ASSYSG .s‘r
TYP WERE FILLET L0 ALL
T N0 IS KT AIEVIRE

%
4
LD..\,\*

.o.n-
ONA
CPTEUL

A»z
%\Q;-m. -o Oo

Crm @ sl
ralqb

FLANGE. LAYOUT ASSYAS63
WBUYOUT  ASSYASES

gz

WI0EL ARTA-350D

-39

APPROX WEICHTS & DIMENSINS FOR TH-EC K-BASIN
ONG $ASSY3201 SHT 2 CASK TRANSPORT TRAILER CONCEPT DESIGH

1TEd MABER 7 NELSON MANUFACTURING COMPANY
SPECIFICATION NABER WHC-5-0306
PURCHASE CROER MAER WK-SPY-452727




FINE —OW—JI%) 3 Wey v REY. U
N0.[ATE REVISION DRAN (KD |
A P [ 131 S 4 |
QOO FLWGE LAYONT ASSTASEA
D06 WB LA ASSVAS65
FEAR FLANGE LAYOUY ASSYASE3
RER WEB LAYOUT  ASSYASES
I R0 NN
} A V4* RO N FEAR DEX
{ B e
L L W4 e -3 —
i [n@ /wxs'mummm T / _\
! n
|
@t | 166 4° \ ;
-4 TWPICL
1720 4.2 4 X165 1720 16 AW '
l“l““ll“
‘\&“.“ B A’“’""I,b"
\,.,.".e..‘_{l, .
L g% Q\STE%-..‘VC(;;
x4~}
No. 9586 2: O U
14
ONAL 3 oz H
wwies Wzalde
S Sreneigf T I
s &*Ej-' ...... o ‘.,:k“
ENNETS.
H0
JPPROX YEIGHTS & DIENSIOG FIR TG X-BSTN
%G pisore G 3 CASK TRMPORT TRAILER CONCEPT DESIGH
e 7 s NELSON MANUFACTURING COMPANY
TFICATION NABER W T RN B WA
(s e {ROER HABER Wi-U-45272 T




DISTRIBUTION SHEET

To
Distribution

From

SNF Storage Projects

Page 1 of 1

Date 2/5/97

Project Title/Work Order

EDT No. 620085

Spent Nuclear Fuel Project/Cask and Transporation System ECN No. NA
Text Text Only Attach./ EDT/ECN
Name MSIN | With All Appendix Only
Attach. Only
K. E. Ard X3-85 X
G. D. Bazinet B4-55 X
S. A. Brisbin R3-86 X
D. M. Chenault R3-86 X
W. S. Edwards G1-11 X
L. H. Goldmann R3-86 X
C. R. Hoover G1-50 X
J. J. Irwin HO-34 X
A. T. Kee R3-86 X
T. D. Merkling X3-79 X
C. B. Loftis S7-41 X
R. W. Rasmussen R3-86 X
C. A. Thompson R3-85 X
Central Files A3-88 X
r3-11 X

Py JA

A-6000-135 (01/93) WEF067



	84.3.3 Structural Model
	84.3.4 Initial Conditions
	84.4 ACCIDENT CONDITIONS
	84.4.1 Conditions To Be Evaluated
	84.4.2 Acceptance Criteria
	84.4.3 Structural Model
	84.4.4 Initial Conditions

	References For Section
	References For Section
	Table 84.3-6 Cask Body Stresses Under Cold Environment
	Table 84.3-8 Cask Body Stresses Under Cold Environment Vibrations
	Drop
	Cask Body Stresses Under Hot
	Drop
	opp. contact side)
	opp. contact side)
	(contact side)
	opp. contact side)
	Drop (contact side)
	Evaluation Overview

	Figure A1.2-1 TN-WHC Cask and Conveyance System
	General Arrangement of the TN-WHC Cask
	(Hottest
	Conditions
	Fire
	Hottest MCO
	HNF-SD-SNF-FDR-003 Rev
	A-
	A4.4


	HNF-SD-SNF-FRD-003 Rev
	Calculation


	Calculation Package Cover Sheet
	Independent Design Verifimion Chsk Sheet
	Independent
	Table of Contents

	Synopsis of Results
	Method of Analysis
	Input
	Analyds Iktail
	Summary of Results / Conclusions
	References
	Calculation
	Calculation Package Cover Sheet
	Independent Design Verification Check Sheet
	Table of Contents
	Synopsis of Results
	IntmductioniPurpose
	Method of Analysis
	AssumptionsXsign Input
	Analysis Dnail
	Summary ofResults / Conclusions
	References
	Rev

	KEYPOINT 3 X.YL 0.625MO O.OOO000EIoo 16.1250 MCSYs-
	KEYPOINT 4 XY.2 0.62JWO O.WOOWE+W 300000 MCSYs-
	KEYPOINT 7 X.Y.2 3 00000 0 OOWWE+OO 6.39000 MCSYS-


	INRANGE 2T0 I2STEP
	INRANGE 14TO 17STEP
	INRANGE 19TO 20STEP
	INRANGE lor0 IDSTEP
	OTO OSTEP
	INRANGE OTO OSTEP
	INRANGE IT0 21STfP
	IT0 ISSTEP
	MATERIAL NUMBER SET TO
	REAL CONSTANT \UMBER=
	ELEMENT TYPE SET TO
	INRANGE 3SllTO 3SllSTEP
	INRANGE 3517TO 351lSTEP
	INRANGE 3S11TO 3517STEP
	INRANGE 183STU I83SSTEP
	ENDDO INDEX=
	INRANGE 3517TO 3517STEP
	HNF-SD-SNF-FDR-003 Rev-
	INRANGE IT0 8STEP
	IT0 52STEP
	I TO  STEP
	ITG 54STEP
	MRANGE IT0 2620S?EP
	MRANGE IT0 3517Sl'EP
	Calculation Package Cover Sheet
	Lndepndent Design Verification CheEk Sheet
	Table of

	Table of Contents
	Swopsis of Resulll
	IntroductiowPqwse
	Method ofhlysis
	Ammptionulxsign input
	Summary of Results /Conclusions
	Referenca
	HNF-SD-SNF-FRD-003 Rev
	Calculauon Package Cover Sheet
	MependenIDesign Verificalion Check Sheet
	Table of Contents
	Synopsis of Results
	Inmductiaflurpose
	Mahod of Analysis
	Assumpionfiesign Input
	Analysis Detail
	Summary of Results i Conclusions
	References
	Calculation Package Cover She
	Independent Design Verification Check Sheet
	Table of Contents

	Synopsis of Resulu
	InIrcductiodPrupose
	Method of Analysis
	AssumptionsiDesien Input
	Analysis Delail
	Summary of Resulu 1 Conclusions
	References


	Calculation Package Cover Sheet
	Independent Design Verification Ckck Sheet
	Table of Conten&
	Synopsis of Results
	AssumptionsDesign Input
	Analysis Detail
	Summan of ResulU ! Conclusions
	References
	Calculation Package Cover Sheet
	Independent Design Verification Check Sheet
	Table of Contents


	___
	Inlmductiod'uqmsc
	Method ofhlysis
	Assumptiordlksign Input
	Analysis Dnml
	Summary of Results i Conclusions
	References
	sq,o Rsvrrsn
	Checked by page40ris
	Calculation

	Calculation Package COVR Shm
	Independent Design Verification Check Sheet

	Table of Contents
	Synopsis of Results
	Method of Analysis
	AssumptiomTksign Input
	Analysis Detail
	Sununary of Results i Conclusions
	References
	Performed b)
	Checked by



	Rev
	 loading
	8,676 psi 21,OOOpsi
	1,182psi 35,OOOpsi




