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PART A: DESCRIPTION AND OPERATIONS 

A I  .O INTRODUCTION 

A I  .I 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 A1.2-1. Unique operations equipment has been developed for the K-Basin 
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Figure A I  .2-1 TN-WHC Cask and Conveyance System 

CASK LIFTING f ATTACHMENT 
[WORK PLATFORM \ TIE DOWN DEVICE 

TN-WHC CASK 

RAILER 

AI-2 



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

E-15166 

Loadout pit. The equipment has been engineered to: 

- minimize cycle times 
- 
- 
- minimize waste generation 
- minimize personnel exposure 
- 

achieve excellent control of contamination 
provide high margins of safety 

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. 

A I  .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 A I  .2-2 General Arrangement of the TN-WHC Cask 

ITEM NO. DESCRIPTION 

Cask Body 
Closure Lid 
Bottom Plate 
Lid Bolts 
Drain Port 
Vent Port 
Bolting Flange 
Lid Alignment Pin 
Cask Lifting Attachment 
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Figure A I  .2-3 TN-WHC Cask Lifting Attachment 

TN-WHC CASK L 
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Al.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. 

Al .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 A I  .2-4 K-Basin Loadout Pit Operations Equipment 

A. Support Structure Configuration 

B. Crme Suppon Configuration 
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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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- - 
* Lid alignment pins. 

Lid bolts and washers 

Cask drain penetration through the bottom plate. 
Cask vent penetration through the lid. 

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 RJ-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 

Axles 
* Landing Legs 

Suspensions 
* Wheels - Tires 
* Brakes 

The major dimensions are as follow: 
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* Overall length 40', With the tractor approximately 54' 

* Overall width IO'  

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 conditioningldrying 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-1-8 1543 
H- 1-8 1544 
H-1-81545 

H-1-81546 
H-1-81547 
H-1-81549 
H-1-81550 

H-1-8155 1 
H- 1-8 1552 
H-1-8 1553 

H-1-81554 

K-Basin Immersion Pail, Lift Beam Assembly 
K-Basin Immersion Pail 
K-Basin Immersion Pail Support Structure 
K-Basin Immersion Pail Seal Lid 
K-Basin Immersion Pail Assembly 
K-Basin MCO / Cask Cold Vacuum Drying Lid 
K-Basin Immersion Pail Ancillary Equipment 

K-Basin Immersion Pail Interface Control Drawing 
K-Basin Immersion Pail Lock Pin Guide Assembly 
K-Basin Immersion Pail Support Structure Assembly 

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. 
movement of the work platform. 

Providing the slotted access permits system operation without 

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 Re&. 
Three lifting lugs are pro\ided 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 
Bottom Plate 
Closure Lid 
Closure Bolts 
0-Ring 

Materials for other miscellaneous components are listed on drawings H-1-81535, sheets 1 to 5. 
(Section A9.1). 

ASME SA-336, Type F304 or equivalent 
ASME SA-336, Type F304 or equivalent 
ASME SA-336, Type F304 or equivalent 
ASME SA-479-XM19, hot rolled or equivalent 
Butyl, Parker B612-70 or equivalent 

A2.2.2 Cask Lifting Attachment 

The lifting attachment structural members are constructed of stainless steel, ASME SA-1 82, 
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 

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 A500 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 stainless 
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. 
categories are discussed in Sections B4.3 and B4.4. 

Stress intensity limits for the various stress 
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Material 

SA-336 

Component Temp. Ultimate Yield Allow. E a* 
O F  S,(ksi) S,(ksi) S,(ksi) (E6 psi) (E6)  
70 70 30 20 28.3 8.55 Cask Body 

and 
Lid 

Type F304 

Lid Bolt 

300 

400 27'0 9'0 I 61.5 22.5 20 

60.0 20.7 18.7 26.5 9.19 

SA-479 
XM19 

Hot Rolled 

70 135 105 28.34 8.87 

27.6 9.02 200 

300 27.0 9.10 

400 26.5 9.14 

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

Component 

Trunnion 

Material Temp. Ultimate Yield 
"F S,(ksi) S,(ksi) 

SA-1 82 F304 70' 75 30 

Bracket 

Gusset 

A2.3.3 Conveyance 

Mechanical properties of the material used in the trailer are listed in the folloning table 

Type 304 SS 70' 75 30 

Type 304 SS 70' 75 30 
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Component Material Temp. Ultimate Yield 
S,(ksi) S,(ksi) 

Main Beams A-514 
(TI) 

Frame A-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 Streneth Ultimate Strength 
(hi)  (hi) 

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 NUREGKR- 
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 NUREGKR-3854 will be 
followed. Fabrication of the packaging will be performed in accordance with the ASME Code, 
Section I11 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 to 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 111. 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 NI 4.6, 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 Ibs 
Weight of Bottom: 2,270 Ibs 
Weight of Lifting Attachment: 
Weight of Dry MCO: 

500 Ibs 
18,950 Ibs 

Gross Cask Weight (Dry): 57,910 Ibs 

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 Ibs 
Brackets: 250 Ibs 
Gussets: 130 Ibs 

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 gL Loaded MCO: 
Platform: 2,500# 
Tie Dowm System: 5,000# 

Total gross weight 

57,910# (Dry), 59,370# (Wet) 

103,410# (Dry), 104,870# (Wet) 
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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: 

Comuonent 

Pail 
Pail Lid 
Cask 
Cask Lid 
Cask Lifting Attachment 
MCO 
MCO Contents 
MCO Water 
MCO Shield 
MCO Loaded (wet) 

Pail Slings 
Pail Lift Beam 
Pail Water wicask 
MCO/Cask AMU~US Water 

Pounds 

5,700 (#) 
600 (#) 
36,570 (#) 
1,890 (#) 

1,900 (#) 
15,685 (#) 

1,360 (#) 
20,160 (#) 

400 (#) 
550 (#) 
850 (#) 
250 (#) 

500 (#) 

1,210 (#) 

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 111, 
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. 
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The acceptability of the containment boundary under the applied loads is based on the following 
criteria: 

* Buckling to be Prevented 

ASME Code Design Stress Intensities 
Fatigue Failure to be Precluded 
Brittle Fracture to be Precluded 

The values for material properties, design stress intensities (S,) and design fatigue curves for 
Class 1 components given in Part D of Section I1 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 
B5.0. The following is a summary of the heat to be dissipated during normal and accident 
conditions: 
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Payload 

Maximum 

Minimum 

Normal Conditions 

Surface Heat Flux 
At MCO Sidewalls 

12.7 Watts/ft’ 

0 

E-1 5166 

Surface 
Heat Flux 
At MCO 
TOP 

watts/ft* 
6.0 

Surface Heat 
Flux At 

Bottom 

Total 
Watts Per 
MCO 

950 

0 

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

Accident Conditions 

12.7 Watts/ft* 

Minimum 

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 SASl 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 

LID SEAL, AN0 BO1 

SEAL 
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References For Section A2.0 

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

2. ASME Boiler and Pressure Vessel Code, Section 111, Subsection NB, American Society of 
Mechanical Engineers, NY, 1992. (1992 Revision). 

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

4. Fischer, L. E. and Lai, W., 1985, Fabrication Criteria for Shipping Containers, 
NUREGKR-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-I). Approximately 400 of these fuel containers (MCOs) will be handled. 

A3.1.2 MCO Weights and Dimensions 

The approximate 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 

MCO length 

MCO outer diameter 

Figure 14 olRef.  1 

Figure 15 of Ref. 1 

Figure 15 of Ref. 1 

MCO wall thickness I Figure 15 of Ref. 1 

Water - Kg (lb) 551 (1,210) 

MCO w/o shield plug Bi empty 
Kg (Ib) 

862 (1,900) 

MCO shield plug (30.5 cm thick) 
Fully assembled - Kg (Ib) 

Zr Clad - Kg (Ib) 

A3-2 

616 (1,360) 

445 (980) 

Fuel and Clad - Kg (Ib) 

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

Total flooded maximum MCO weight 
Wet - K e  Ilh) 

6,835 (15,050) 

7,115 (15,685) 

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 

E-15166 

A4.1 TRANSPORTER 

System Comuonents 

The design of the trailer is shown on drawings El-1-81555, 1-1-1-81556, 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 Ibs per axle. The axle 
track is 95". The trailer has three air ride suspensions. Each suspension has a rated capacity of 
25,000#. 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 I1 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". 

A4- 1 



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

Design Load Factor 

E-15166 

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 (IC down) for the six axle combination shall be approximately 10,000 
Ibs on the steering axle, 37,250 Ibs on the tractor drive axles, and 57,620 Ibs on the trailer tri- 
axle assembly. 

A4.2 TIEDOWN SYSTEM 

The basic components of the system are: 

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

OPEN POSITION 

SK TIE DOWN DEVICE 

CLOSED POSITION 
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A4.3 SPECIAL TRANSFER REQUIREMENTS 

None. 

E-1 5166 
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A4.4 APPENDIX 

Structural Analysis of the Trailer 

E-15166 
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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 analyses 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., P.E. 

Alabama Registration NO. 9506 
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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 lbs. 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. 

is to ascertain the overall structural integrity of the trailer, thus a 

coarse mesh is adequate. However, f o r  a trailer, most of the beam type 

elements can only bend in one direction, the other direction is restrained 

by a continuous weld o r  closely spaced bolts. 

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 predictedbythe 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. 

The purpose 

In some case, such as corners 
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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 

computer model of trailer and  c a s k  A4.4-5 
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Figure 3 - End View 

computer model of trailer and cask " I  I _ .  
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Figure 4 - Nodal Plot at X - 0 (Rear End of Trailer) 
I Note: This pattern in increments of 100 is generated for the length of 

the beam. A l l  nodes are not used at ever station on the trailer. 

ANSYS 5.3 
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4. LOADING CRITERIA 

4.1 Trailer Weight 

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

A load of 1.5 g lateral is specified but a load of 0.5g lateral 1.5g aft. 

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) 2.59 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 29 upward plus deadweight 

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

C) 2.09 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 0.59. 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 - l  through C - 7 .  

The maximum stress is: 

S = 4 3 , 3 8 4  psi (page C - 4 )  

The allowable stress for T1 steel which has a minimum yield of 100,000 psi, 

is 5 0 , 0 0 0  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 - 1 5  through C - 2 1 .  The maximum 

concentrated stress is given on page C - 1 7  and is 7 5 , 3 2 5  psi. This 

concentrated stress is only 7 5 %  of the yield stress and occurs at the 90 

degree turn at the start of the gooseneck. Note that the plots on pages 

C - 1 5  through 2 1  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 - 1 4 .  The maximum is: 

S = 1 6 , 8 2 8  psi (page C - 1 4 )  

The allowable for A-36  steel is . 5 ( 3 6 0 0 0 )  = 18,000 psi 
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5.3 Loads on Seismic Strut Lugs 

The loads on the seismic struts are shown on page C - 2 8 .  The maximum 

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

Fx = 43,982 lbs (Longitudinal load on lug) 

Fy = 35,185 lbs (Vertical load on lug) 

Fz = 53,066 lbs (Lateral load on lug) 

5.4 Deflections 

The deflections of the main beam along the 24” deep span are given on 

For convenience in determining the locations of pages C - 2 2  through C - 2 8 .  

these deflections the coordinates of the nodes are given on page C - 2 9 .  

The x dimension on the coordinates is the location rear to front, measured 

from the rear of the trailer. 
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C - 2 5  

TIME. 1.0000 LOP4 CASS- 0 -Tr +-Ld-- 
TIIE FOLLOW1110 X.7.Z SOLUTIONS ARB !N OWBllL CWRDIIIATES 

W O E  FX FY €2 
1115 81113. 
I l l 5  -25819. 21612. 
8391 .69111E-06 211826. 11113. 

TOTAL VALUES 
VALUE .69111B-06 86110. 

THE FOLLOHIffi DEGREE OF FREWM.1 

NODE UY 
1111 - . 4 1 1 5 1  
3111 -.46556 
IS13 -.41050 
3613 -.41109 
3711 - . 48894  
3 8 1 1  - .50602 
3913 - . 1 1 3 4 1  
4011 - .5111S 
4113 -.60859 
4 1 1 1  -.61166 
1111 -.61119 
4413 - . 6 4 4 6 4  
1513 -.65618 
4613 -.(Sa59 

43055.  

RESULTS ARE IN GWBIL , COORDINATES 

4711 -.68023 
4 8 1 1  - . 6 8 8 8 6  
4913  - . 6 9 6 9 1  
5013  - .70184 
5111 - . 7 0 6 9 2  
5213 - .71121 
5313 - . 7 1 4 7 9  
5413 -.71755 
5511 -.11955 
5611 -.72OBl 
5713  - . 7 2 1 3 1  
5811 - . 7 1 1 3 1  

6013 -.)I962 
6192 - . 5 ? 6 6 8  
6191 - . 5 1 8 1 2  
6:91 -.55561 
6195 - . 5 6 1 1 5  

E27i -.56111 
6271 - . 5 5 0 0 2  
6272 -.59ii2 
6273 - . E O 2 6 1  

s911 -.72067 

6196 - 569ia 
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I 7111 FOLWUINO X.Y.2 SDLUTIONS ARS I N  GLODAL COORDINITES 

I 6196 -.I1511 
€110 -.I7470 
6271 -.17419 
6171 . . i i 1 4 n  
6 2 1 1  - . 2 7 2 5 4  

* * . * *  POST, NODAL DECREE OF F'REEDOl4 LISTIIIC 

Lorn s n r .  I SUOSZEP. i 
TIILL. 1.0000 LOAC CASE- 0 

W E  FOLLOil l l lC DECREE O F  FREEDOhl RESULTS A0.E It1 GLOBAL COORDItlhTES 

1.303 U'( 
6461 -.270QSE-01 
€162 -.11094E-01 
6 1 6 1  -.1101IE-O1 
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5116 COLWVINC X . Y . 2  SOLUTIONS ARE I N  CWDAL CWRDlllATE9 

HOD6 FX FY FZ 
9100 -11982.  11551.  51066. 
9101 -13982.  31551. -51066. 
9102 41961.  35185. 41381. 5 E  1 %,,,, , 
9103 43981.  1 5 1 8 5 .  - 4 4 1 8 1 .  C 
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.rLL SELECTED NODES. DSYS= 

E 
11 
13 
13 
13 
13 
13 
13 
13 
13 
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#13 
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'13 
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113 
.13 
!13 

'I3 
-3 
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195 
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281 * 00 
287.00 
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341.00 
214.00 
203.60 
206.20 
208.80 
211.40 
216.60 
219.20 
221.80 
224.40 
348 .OO 
343.33 
2 4 5 . 6 7  
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3 6 . 0 0 0  
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0 

Z 
-28.500 
-28.500 
-28.500 
-28.500 
-28 .SO0 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 

Z 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28.500 
-28 .so0 
-28.500 
-28 . so0  
-28.500 
-28.500 
- 2 8 . 5 0 0  
-28.500 
-28.500 
-28.500 
-28.500 
-26.500 
-28.500 
-28.500 

THXY 
.oo 
.oo 
.oo 
.oo 
.oo 
-00 
.oo 
.oo . 00 . 00 
.oo 
.oo 
.oo 
L O O  

-00 
. o o  
.oo  
.oo  
. o o  
.oo  

THXY 
.oo 
.oo 
.oo 
. o o  
. o o  
.oo  
.oo 
.oo  
. o o  
. o o  
. o o  
. o o  
. o c  
. o o  
. o o  
. o o  
. o o  
. o o  
. 0 3  
. o o  

T H Y 2  
.oo 
. o o  
* 00 
* 00 
* 00 
.oo 
.oo  
.oo  
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
,oo 
.oo 
.oo 
* 00 
. o o  

THY Z 
. o o  
. o o  
. o o  
IO0 
.OD 
eo0 
.oo  
.oo  
. o o  
. o o  
, o o  
.oo 
. o o  
. o o  
. o o  
. o o  
, c o  
. o o  
. O D  
. C O  

T H Z X  
.oo 
.oo  
.oo  
.oo . 00 . 00 
.oo 
.oo . 00 
.oo . 00 . 00 . 00 
.oo  
.oo 
.oo 
.oo 
.QO 
.oo 
.oo 

THZX 
-00 
.oo 
.oo 
.oo 
I O 0  
.oo 
. o o  
.oo 
.oo  
,oo  
. o o  
* 00 
.oo  
.oo  
. o o  
.oo  
I O 0  
.oo 
,oo 
. o o  
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APPENDIX E - CALCULATION OF OVERTURNING G LOAD 

W - 67.50- 

Cask 6 Tiedown C.G. 

18,600 lbs. 
1 

104.25" 

- 
f J  

1 G load = 8 6 1 0 0 ( 4 7 . 5 )  = .54 
1 8 6 0 0 ( 3 0 )  + 67500(104.25)  

At .54 g the tires an one side will have lifted off the ground, thus 
to avoid damage to trailer and cask, the G load used i s  . 5  f o r  overturn 
impending but no damage done. 
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APPENDIX P - 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 1-9.1 from ASME Section I11 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 1-9.1, the allowable cycles are infinite and the usage factor is 

zero for deadweight. 

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 peak stress for all load cases given on pages C-16 

The usage factors are: 

u1 = 
u2 = 
u3 = 
u4 = 
u5 = 
U6 = 
u7 = 
U8 = 

0 (Deadweight calculated 
400/19000 = .02 (page C-15) 
400/6000 - .07  (page C-16) 
400/1050 = .38 (page C-17) 
400/2000 = .2o (page c-18) 
400/12000 = .03 (page C-19) 
400/11500 = .04 (page C-20) 
400/3000 - .13 (page C-21) 

above) 

U = U1 + U2 + U3 + U4 + U5 + U6 + U7 + UB 

= 0 + .02 + .07 + . 3 8  + .20 + . 0 3  + .04 + .13 = .87 < l . , O ,  thus adequate. 
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A5.0 ACCEPTANCE OF PACKAGING FOR USE 

A5.1 NEW PACKAGING 

A5.1 .I 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 

A5.1.2.1 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 111. 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 111. 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 10.' scclsec, 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. 
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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. 

A5.1.2.2 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 lo" scc/sec, air. 

A5.2.2 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"'. 
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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. 
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A6.2 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. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11.  

12. 

Receiving Cask in K Basin 

Prepare cask receiving area for ‘IN-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. 
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. 

Lower the front of the trailer until the 

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. 
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A6.2.2 In-Pool Loading Operations 

1 

2 

3. 

4. 

5.  

6 .  

I .  

8. 

9 

I O .  

11 

12. 

13. 

Detorque the cask lid bolts in sequence indicated. Ensure all bolts have disengaged 
from cask. Note: Bolts arc 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. Retrieie 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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14. 

15. 

16. 

17. 

18. 

h n s e  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. 

A6.2.3 Preparation of Loaded Cask for Transport 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

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. 
sequence. 

Torque cask lid bolts in appropriate 

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. 
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11. 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. 

12. 

13. 

14. 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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EMPTY PACKAGING PROCEDURES 

E-1 5166 

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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Table A6.5-1 Estimated Total Dose 
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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. 
b. 
c. 

d. 
e. 

f. 
g. 

Inspection of Drain Port Seal 

a. 
b. 
c. 

d. 
e. 
f. 
g. 

A6.6.2 Containment System Assembly Verification Test 

Method: 

Equipment required: Vacuum pump 

Verify that the cask is dry. 
Remove quick-disconnect from Vent Port and install cover. 
Connect the vacuum pumphelium 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 lo" std cckec, air. 

Install quick-disconnect in Vent Port. 
Remove quick-disconnect from Drain Port and install cover. 
Connect the vacuum pumphelium 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 lO.'std ccisec, air. 

Pressure Rise (ANSI 14.5, A3.5) 

Vacuum bell 

Inspection of the Lid Seal 

a. 
b. 
c. Perform leak test. 

Verify that the cask is dry. 
Evacuate the cask cavity using the Vent Port quick-disconnect. 
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d. 
e. Install Vent Port cover. 
f. 

Inspection of Vent and Drain Port Seals 

a. 
b. Evacuate the vacuum bell. 
c. Perform leak test 
d. 
e. 
f. Repeat steps b-d. 

Test sensitivity is 1 x 10” std cdsec, air. 

Backfilt with the appropriate fill gas. 

Place vacuum bell over Vent Port cover. 

Test sensitivity is 1 x 1 O 3  std cc/sec, air. 
Place vacuum bell over Drain Port cover. 

E-1 5 166 
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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. 
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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 andor 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 andor 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. 
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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 
he 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 he 
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. 



Figure A7.2-1 Chart Showing Organization 
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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. 
galling. Replacement of damaged helicoils would occur at this time. 
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. 

In addition, a visual inspection of all bolt holes is required to detect damage or 
A Containment System 

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 

AR-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. 

A8-2 
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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 

DRAWlNGlDOCUMENT NO. 

WHC Dwg. NO. 1-1-1-81533 

WHC D w ~ .  NO. 13-1-81534 

WHC D w ~ .  NO. H-1-81535 
Sheet 1 

Sheet 2 

Sheet 3 

Sheet 4 
Sheet 5 

WHC Dwg. NO. 11-1-81536 
WI3C Dwg. NO. 1-1-1-81537 

WHC Dwg. NO. 13-1-81539 
Sheet 1 
Sheet 2 

Sheet 3 

WHC Dwg. No. H-1-81543 
WHC D w ~ .  NO. 13-1-81544 

WI-IC Dwg. NO. 1-1-1-81545 

WI3C Dwg. No. 14-1-81546 

WIHC Dwg. NO. H-1-81547 

WHC Dwg. No. M-1-8148 

WHC D w ~ .  No. I-1-1-81549 

TITLE 

TN-WHC Cask Transportation System, Arrangement 
Drawing 

TN-WHC Cask Transportation System, Assembly 
Drawing 

TN-WHC Cask Transportation System, Assembly and 
Parts List 
TN-WI-IC Cask Transportation System, Cask Body and 
Parts List 
TN-WI IC Cask Transportation System, Cask Body 
Details 
TN-WMC Cask Transportation System, Lid 
TN-WIIC Cask Transportation System, Lid 

TN-WI-IC Cask Name Plate 
TN-WI IC Cask Transportation System, Seismic Restraint 
System 

TN-WHC Cask Transportation System, Tiedown System 
TN-WHC Cask Transportation System, Tiedown System 
Details 
I'N-WI-IC Cask Transportation System, Tiedown System 
Details 

K Basin Immersion Pail, Lift Beam assembly (2 Sheets) 
K Basin Immersion Pail, TN-WIIC 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. NO. M-1-81550 

WHC Dwg. NO. H-1-81551 

Wl-IC Dwg. NO. 11-1-81552 
WNC Dwg. NO. I-1-1-8155; 
WNC Dwg. NO. 11-1-81554 

WHC Dwg. NO. H-1-Xl555 
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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) 

A9.1-2 
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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 Supaort Load 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 
N 14.6. 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. 

Additionall). Calculation 457-2003.2 documents the masimuni lift load under various loading 
scenarios. These loading scenarios are summarized below: 

A9.2-1 
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Load Condition 

I 
I1 
111 
IV 
V 

DescriDtion 

Setting Pail In Water In Support Stand 
Lowering Pail / Empty Cask To Pit Bottom 
Raising Pail I Full Cask Off Bottom 
Raising Pail / Full Cask To Stand Height 
Raising Fully Loaded Cask From Pit 

Load (Ibs) 

9,096 
36,680 
53,730 
57,877 
59,820 

Immersion Pail Support Structure - Safetv 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 comer 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 - Safetv Related Suoport 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 Drvine Lid - Safetv Related Ooerations Pressure Loading 
(Calculation 457-200 1.2) 

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 2 leg bears against the MCO top surface. The lid provides pressure boundary (two 
seals) and pressure restraint during MCO drainingdrying in addition to providing additional 
shielding during the vacuum drying operation. 

The lid 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. 

A9.2-2 
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Immersion Pail Seal Lid - Non Safety Related (Calculation 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 Safetv Related (Calculation 457-2007.21 

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. 

Transuort 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 
A9.2.2 
A9.2.3 
A9.2.4 
A9.2.5 
A9.2.6 
A9.2.7 
A9.2.8 

Immersion Pail Calculation 457-2003.2 
Immersion Pail Calculation 457-2003.3 
Support Structure Calculation 457-2005.2 
Lift Beam Calculation 457-2005.3 
Cold Vacuum Drying Lid Calculation 457-2001.2 
Seal Lid Calculation 457-2004.2 
Loadout Pit Work Platform 457-2007.2 
Trailer Work Platform 457-2002.2 

A9.2-3 



Table A9.2-I 
K Basin Loadout Pit and Related Operation Equipment 

Safety Related Load Path Components 

E-I5166 

Calculation 
No. 

157-2003.2 
157-2003 3 

57-2005.2 

57-2005.2 

57-2005.3 

57-2001.2 

Immersion 

Pail 

Component 

19.1 Pail shell to 3W, 
bottom plate pressure 
interface 

10-1 I lug to shell weld 3W 
I O  pail shell flange 3W 
I O  pail shell flange, 3W 

stiffening ring 

I O  pail shell flange, 3W 
stiffening ring 

I I lug plate 3 w  
I I lug plate 5 w  
I I lue date 5 w  

Vacuum 
I r y ing  L id  

8 lifting lug 3 w  

iary of Stress Analysis 

earing 

30 ksi 
I 
5 

zn 
VI 0 

VI 

? 0 

0 W 

W ID - 
0 
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Table A9.2-2 
K Basin Loadout Pit and Related Operation Equipment 

457-2002.2 

457-2007.2 

E- 15 I66 

457-1051 24 channel 
Trailer 
Work 
Platform 

457-1 I I 4, 5, brace, extension, 
26 plank hook 

3 brace 
5 to weld 
9 
9 to weld 

Component 
457- 004.2 457-103 

Seal Lid 

Item 

lid flange 

bolt 
lifting lug 

Non-Safety Related Components 
Summary of Stress Analysis 

I 0.820 ksi I I4  ksi 1 1 0.94 1 
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lhis calculation evaluates the immersion pail againsi the lifting design criteria qui-ts listed in 
LNST N14.6 (Reference 7.3). The unmersion pail is part of the Thl-WHC Cask and T~ilnsponarron 
iynem to be used at the K-Basin Area of the Hanford site. 

-he two pomt lift evaluation is performed in Calculation 457-2003.3. 

Revision Affected 7 
I 1,;lhru 

39 

Revision 
Description 

Oripal Issue 

Rcvired method of 
calculaung margin 
3f safe?. revised 
weights of 
components 
Comt 
&inistrat,ve 
oversights 

Preparer 
Name. Imuals, 

DalE 

leffrey R Dargis 
11-10-96 

iefSreyR Dargis 

%Fr 
Ir-a+ir 

11-14-% 11-15-96 
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequesVCalculation No: 457-2003.2 Revision p 

i mersion ai1 a am Scope Of A n a l p s  File 
ple Imino desion crnena mau i m n b  of ANSI N14 6 

R e v w  Methodology Check Of Calwlatms -e-S 
Alternate Analyses - 
Other (Explain) - 

Confirm That The Work Request I Calculation Package Reviewed Includes: 

Statement of Purpose 
Defined Method of Analysls 
Listing of Aasumptlons 
Detailed Anabls Record 
Statement of Conclusions I Recommendations (ifappllcabk) 

A 
A 

V.rMatl00 
A.cur*k. *- M N I A  h m n m  

For the .COP of h e  dfifincd anaysp 
A Are the mqulmd dam input mrnpte? 

1 MateMIpmpenrs 
2 Caomeby ( d m n g  reference) 
3 Losdlng source term 

J 
J 
J 
J 
J 

J 

d 0 WFWfflflQ anaCYSS IJ reqvnSd lo 
dsfimlnelosdstets hasrtbesn 
dslwd7 

B &e bnmdary condbns acceptable7 

s me m m M  ofamlyss adequate forme denned scope? 

5 me womt CIY loadm@configurslm documented? 

\re me acceptonce cmena defined and compte? 

18s all cmwmnt  kadlng men considered? 
r/ 

I/ 

M analyses mimstenl with PrevIws work for method and NEW cacc .  
lppmach? / PRCrP4E 
ire me records br mput and output complete? 

r/ 

2 

A9.2-7 



HNF-SD-SNF-FRD-003 Rev. 0 

Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Noh RequesUCalculation No: 457-2003.2 Revision _L 

scope Of Ana.ys15 Fde Thls caicubt,on ~(runuralht evalbates the immersion Dall a48 nsI 
the lftina aesian cntena reurements of ANSI N14 6 

qevlew Methodology Check Of Calculations e 
Alternate Analyses - 
Other (Explain) - 

:onfirm That The Work Request I Calculahon Package R8Vi-d includes 

I Statement of Purpose 
' Defined Method of Analysis 
1 bsting of Assumptions 
I Detailed Analysis Record 
t Statement of Conclusions 1 Recommendatms (if applrable) ~ 

V.llk&+M 

S8.S IS requm?d la 

R . l  *Le- I t m e i s  - q n a t "  e 0 rrlJ,h RAY1 5itJGU & 
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 
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SstiQn 

-- 
- 
- 

1 .o 

1.0 

3.0 

4.0 

5.0 

6.0 

7 0  

TABLE OF CONTENTS 

Descriotion & 

Calculation Package Cover Sheet ............................................................................. 1 

Independent Design Verifimion Chsk Sheet ......................................................... 2 
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Synopsis of Results ................................................................................................... 5 

Inhoductio~'$uppe ............................................................................................... .6 

Method of Analysis .................................................................................................. 6 

Asunptions/DFsign Input ....................................................................................... 7 

Analyds Iktail ........................................................................................................ 12 

Summary of Results / Conclusions ......................................................................... 37 

References ................................................................................................................. 38 
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 

nettmsion 

shell bending 
& shear 
sheaf 

liftine 
lonnitudinal 

E-15 166 

3605 psi 

16,636 psi 

90.68 kips 

24,970 psi 

1.0 SYNOPSIS OF RESULTS 

30.000psi 

Summary of Slress Analysis 

0 4 0  

Drauing Item Component , Applie 
Load 

457-101 19. I pail shell 10 3W, 
~ battom pressul 

bending + 
tOrSl0" 

bcniiing m 
circumferential i 17,938 psi 

lifting lug 
locatlo" 
bearing: guide 1 60,453 psi 
asrembll 
location I 

Allowable 1 M S 
I 

I 
30,000 psi ' 0 41 I 
3 0 , w o p ~ i  j o a8 

I 

I 
75,000 psi , 0 62 

I 

48,000 psi i 0 37 

75,oOO psi i 0 I9 
I 
I 

The immersm pail design meets the cntena defined in Section 4.2 
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 
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2.0 INTRODUCTION / PURPOSE 

?his calculation evaluates the immersion pail against the lifting design critena requirements listrd 
in Reference 7.3. The immersion pail is pan ofthe TWWHC Cask and Transportation System to 
be uscd at the K-Basin A m  of the Hanford site. The immersion pail design was initially 
evaluated in Reference 1.1. I 

3.0 METHOD OF AYALYSIS 

Hand calculations using classic textbook soluuons are used IO smcturally 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 1.3 limits the lifting induced tensile stresses to the lesser of. 

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

Shear messes will be limited to 0.6 times the tensile stress Ilmiu. Bearing stresses will be 
limited to I .5 S, Ln accordance with Reference 1.1.4 

The following evaluations are documented within this calcularion 

Component Weight Deteminauon; 
Buoyancy Force And Buoyancy Rate Determination; 
Mnximum Lift Load Determination; - Maximum Lug Load Determination; - Bonom Plate Evaluation; 
Primary Inner Shell Evaluation: and - Lug Evaluation 

A9.2-11 
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 
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4.0 ASSUMPTIONS /DESIGN INPUTS 

4.1 Assummions 

There are no unverified assumptions within this calculation 

4.2 B s i e n  Criteria 

4.2.1 Tensile Stresses 

Calculated tensile stress (based on load factor of 3) 
Calculated tensile stress (based on load factor of 5 )  

< S,,., 
<Si>,, 

(Ref. 7.3) 
(Ref. 7.3) 

4.2.2 Shear Sfresses 

Calculated shear stress (based on load factor of 3) 
Calculated shear stress (based on load factor of 5 )  

< 0.6 x S,,,, 
< 0.6 x Sml,,m,,c 

4.2.3 Bearine stresscs 

Calculated bearing suess < 1.5 x S, (Ref 7.7.4) 

4.2.4 Material ProDerties 

Poison's ratio: Y = 0.3 
ModulusofElasticity: E = 28 3 x106psi (Ref. 7.7.2) 
Steel density psurl = 0288 Ibs I i d .  
Water density: pr*, = 0.036 Ibs I in'. 
Foam density pfOm = 0.00347 Ibs 1 in'. (Reference 7 6.1) 

4.2.5 Stress D e s m  Checks 

All components evaluated within this calculation package are made af A240 Type 
304 sminless steel or or A533 carbon steel. Normalizing the material yield and 
ultimate strengths by the Reference 1.3 load factors yields the following (See 
Section 4.2 1 far load factors). 

k240 T w e  304 Stainlcsr Steel 
(Reference 7.7.1) 
Fy. 30 ksi 
Fu: 75 ksi 
F,/3 = 30,000 i 3 = 10,OOOpst 
F,!j = 75,00015 = 15,OOOpsi 

Datr CaIcuIanon No 457-2003 2 
ll-ax -%. Rcvlrlo" I I 

I 
g e  Performed by 

Checked by 

A9.2- 12 
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 

Dale Calculation No 451-uJo3 2 
//.*l;j(. Rcvirion I 

Date Page 8 of 39 
Of@ Performed by- 

Chccksd by -2% lt/25[9 rp 

E-1 5 166 

I 
I 

ASTM A533 Carbon Steel 
(Reference 7.7.3) 
Fy: 50hi 
Fu: SOksi  
F43 = 50,000/3 = 16,700psi 
FJ5 = 80,000/5 = 16,000 psi 

Based on the above comparisons of yield and ultimate allowables for the two (2) 
matmials. comparing a fanor (LF) of 3 against yield is more resmctive for ,4240, 
while comparing a factor (LF) of 5 againa ultimate i s  more restrictive for A533. 
Only rhe limiting conditions are evaluated within this calculation package. 

4.3 D e s k  Conditonr 

4.3.1 Temceraturc 
Ambienf 100 ‘F. 

4.3.2 Liftina 
Two Point Lift (set) condition is design controlling. 

4.3.3 Pressure Effects 
Internal Pressure. 5 psi 

For a wont case condition, where pail loses internal pressure: 

62.4 5 x25.75 A 
Hydrostatic Pressure at Pit Bonorn = 

144 .I’ 
A’ 

= 11.2ps1 

HoopS~ss,lnnerShell(ll.2psi) = P x r / t  
= 

= 633 psi 
11.2 x 21.1875 / 0.375 

Longitudinal Stresc ~ Hoop Strcss I 2  
= 63312 
= 317pn 

A9.2-13 
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 

Cask weight (loaded, dry) = 57,600 Ibs (Reference 7.1.1) 
MCOweight(ful1,dry) . = 18,320Ibs (Reference7.1.1) 
Cask lid weight = 2.044 lbs (Reference 7.1.1) 
MCO cask annulus water weight = 250 Ibs (Reference 7.1.2) 
MCO watcr weight = 1,200 Ibs (Reference 7.1.2) 

4.5 Elevationsofthe Fuel Pit Reference 7.1.31 

Pit floor elwation: . 25'-9" . 20-9" Fuel floor elevation: 
Load pit floor elevation. 0.0" 
Top ofpit wall elevation. + 7-0" 
Water elevation: ~ 4'-9" 

4.6 Pail Dimensional Data (Reference 7.6.1 L 

4.6.1 InnerShell 

I 

I 
lD%hcll = 42.0 in 

hll = 0.375 in 

lengtk,,.,,,, = 163.5 in 

fengIl&ll (t = 0.375 in) 

&.,(t = 0.375 in) 

= 163.5 - 23 = 140.5 in 

= n x l((42.0 2) + 0.375)' - (42.0 I 2)2] - 49.922in2 

\',,I = x x (ID,,,, 12)' x length,,,, (total) 
= a x (42.0/2): x 1635 
= 226,52ain2 

ODn,, = 46.0 in 

hngc = 2 0 in, 1.375 in (shaved) 

length,,,, z 8 0 i n  

An,,,, = n x f(46.0 12)' - (42.0 i 2)'] 
= 276460in' 

I Performed by Dale Calculation No 457-2003 2 
YTCRhATIONAL 

I I I 
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Performe3 by 

Checked by 
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D L c  Calculnlon No 457-2003 Z 

DDLe Page I D o f 3 9  
I 
I 

11- LS1c Revision 1 

1 I - t S - 9 6  

Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 

= x x [ ( 4 6 . 0 ! 2 ) ~ - ( 4 1 . 2 5 ! 2 ~ ]  
= 325.50 in* 

= n x I(44.75 /2)2 - (40.0 / 2)’] 
= 316.17in2 

4.6.2 Outer Shell Containine Foam 
(consider as circular section) 

ID*cii+um = 50.15in 

be,,*wrr = O.l196in(ll gauge) 

‘ engthsk l l~u~r  I 102in 

&hCilauVr I n~I(50.15/2)z-((50.1S/2)-0.1196))’] 
= 18.798 in’ 

4.6.3 Rottom Plate 

h m m  11me = 2.0 in 

size = 53.5” x 42.75” wth 11.75” x 15“ chamfered eorner~ 

= ( 5 3 . 5 ~ 4 2 . 7 5 ) - ( 4 ~ 0 . 5 ~ 1 1 . 7 5 x  15) 
= 1.934in2 

A,,, mr 

4.6.4 

tiup = l 5 i n  

= 24 5” x 9.0” with 6.42” x 5 39” and 10.38” x 7 0 0  
chamfercd comers 

A9.2-15 
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 

4.6.5 

Ai- 
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 
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5.0 ANALYSIS DETAIL 

5.1 Sommnent Weight Deternunatton 

5.1.1 pail 

Inner Shell (t = 0 375 I") 

Inner Shell Flange 

Inner Shell Upper Guide 

Inner Shcll Beween Upper 
And Lower Guides 

Inner Shell Lower Guide 

Lugs 

Outer Shell 

Foam 

Bottom Plate 

= P-I x length,,,, x A,,,, 
= 0.288 x 140.5 x 49.922 
= 2020Ibs 

= PW length,,, x A.,,, 
= 0.288 x 8.0 x 276.460 
= 6371bs 

= P,=I x length,,, x A"-, 
= 0.288 x 2.0 x 325.50 
= 188Ibs 

= Pn..l x length,,,, x A,,,, 
= 0288 x 2.0 x 316.17 
= 1821bs 

= Psrri x tius x Aiva x 4 lugs 
0.288 x I 5  x 166.870 x 4 

= 2881hs 
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Total Pail Weight = 5590 Ibs I 6000 Ibr 
(Note: Approxmated weight on draming (Reference 7.6.1) i s  5.700 Ibs.) 

5.1 2 Other ComDonents 

Pail Seal Lid 

Cask 

Cask Lid 

MCO Shell 

MCO Contents 

MCO Water (Loaded) 

MCO Water (Empty) 

MCO Shreld Plug 

MCO Wet (Loaded) 

MCO I Cask Annulus Watm 

Lift Beam 

Pail S h e s  

Pail Water 

= 6001bs (Reference 7.6.3) 

= 35,043+2017+100 (Reference7.1.1) 
37,160Ibs 

= 2000Ibs (Reference 7.1.2) 

= l540ibs (Reference 7.1.2) 

= 15,550 Ibs (Reference 7.1.2) 

= l2OOlbs (Reference 7.1 2) 

= IKD x x x R',,, x pwrcr 
= (14x  12) x n x (23.2512)' x 0.036 

Calculated per Reference 7.1.4 

= 2568Ibs 

= 1230Ibs 

= 19.520Ibs 

~ 250Ibs 

= 750Ibs 

= 200 Ibs 

(Reference 7.1.2) 

(Reference 7.1.2) 

(Reference 7.1.2) 

(Reference 7. I .2) 

(Reference 7. I .2) 

= X Pwmrr = 226,520 x 0.036 
= 8,155 Ibs 

5.2 Buovancv Force and Buovancv Rate Determination 

Displaced Volume 
(pail immersed) 
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Buoyat Force 

Buoyant Rate 
(above floatatlon interface) 

Buoyant Rate 
(below floatation interface) 

= Displaced Volume x p.,*, 
= 291,688 x 0.036 
= 10,500Ibs 

= 71.79Ibs/in 

5.3 Maxlmum Lifl Load Determination 

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

Condition I: 
Condition II: 
Condition ill: 
Condition 1V: 

Condition V: 

5.3.1 

Setting pail in watR on support stand. 
Lowering pail empty cask to pit bonom. 
Raising pail 1 full cask off bonom. 
Raising pail /full cask to stand height. 
(Pail raised to floor elevation 1 '-6", water level ai 4'-9") 
Rasing fully loaded cask from pit. 

Lih Load for Condttjon I Settinz Pail In Water On SnpDort Stand 

Pail 
Pail Slings 
Lift Beam 
Pail Water (conservanveiy, consider 
4 feet of water in pail. 
30% of 8155 Ibs) 

5,700 Ibs 
400 Ibs 
550 Ibs 

2.446 Ibs 

I Lih Load 1 9.096 Ibs 
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5 3.2 Lift Load for Condition I t  Lowerine Pail / E ~ D W  Cask To Plf Bottom 

Pari 
Pail Seal Lid 
Pail Slings 
Lii i  Beam 
Cask 
MCO /Cask Annulus Water 
MCO Shell 
MCO Water (Empty) 
Buoyant Force 

5,700 Ibs 
600 Ibs 
400 Ibs 
550 Ibs 

36,570 Ibs 
250 Ibs 

1,900 Ibs 
1,210 Ibs 

-10,500 Ibs 

Lift Load I1 36,680 Ibs 

5.3.3 Lifi Load for Condition 111: Raisine Pail /Full Cask Off Bonom 

Pail 
Pail Seal Lid 
Pail Slings 
Lifi Beam 
Cask 
MCO /Cask Amulus Water 
MCO Wet (Loaded) 
Buo)-ant Force 

Lifl Load 111 

5,700 Ibs 
600 Ibs 
400 Ibs 
550 Ibs 

36,570 Ibs 
250 Ibs 

20,160Ibs 
-10,500 Ibs 

53,730 Ibs 

5.3.4 Lift Load for Condition 1V: Raisme Pail /Full Cask To Stand Heieht 
(Pail raised IO floor elevation l7-Vs water level at -4'-9") 

Pail 
Pail Seal Lid 
Pail Slings 
Lift Beam 
Cask 
MCO ! Cask Annulus Water 
MCO Wet (Loaded) 
Calculate Buovant Force 
Pail submerged 163.5' - 75" = 

Buoyant Force = 88.5 x 71.79 = 

Lift Load IV 

5,7W lbs 
600 Ibs 
400 Ibs 
550 Ibs 

36,570 Ibs 
250 Ibs 

20,160 Ibs 

88.5 in 
-6.353 lbr 

57.877 Ibs 
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5.3.5 Lift Load for Condition V: Raising Fullv Loaded Cask From Pit 

Cask 36,570 Ibs 
Cask Lid 1,890 Ibs 
MCO / Cask Annulus Uater 250 Ibs 
MCO Wet (Loaded) 20.160Ibs 
Pail Slings 400 Ibs 
Lift Beam 550 Ibs 

Lift Load V 59,820 Ibs 

5.3.6 Maximum Lift Load 

The limiring 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 i r  
59,820 Ibs. I 
The lift load used m the design of the immersion pail will be: 

P,,* = 60,000 Ibs. 

5.4 Lue Load Detminatian 

The Hanford crane configuration employs a hook design, all attached to a shackle located 
at the center ofthe lift beam. ?he lug-to-lug distance in one direction per Reference 7.6.1 
is: 

1, = 44.5- (2~4.Sxcos38")  
= 37.41 m 

The lug-to-lug distance in the opposite direction per Reference 7.6.1 i s .  

1' = 34.77- (2 x 4.5 x sin 38") 
= 28.6 in 

The sling is to be 16 feet long per Reference 7.6.5. 

I I  = 16fl  

The angle in the venical plane with the hooks. 0. is: 
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5.3.5 Lift Load for Cpndition V Raisin= Fullv Loaded Cask From Pit 

Cask 36.570 Ibs 
Cask Lid 1.890 Ibs I 
MCO I Cask Annulus Water 250 Ibs 
MCO Wet (Loaded) 20.160Ibs 
Pail Slings 400 Ibr 
Lift Bwm 550 Ibs 

Lift Load V 59,820 Ibs 

5.3.6 Maximum Lift Load 

The limiling 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 Ibs. 

The lift load used m the design of the immersion pail will be: 

P,, = 60.000 Ibs 

I 

5.4 Lue Load Determinatipl? 

The Hanford crane configuration employs a hook design, all artached to a shackle locared 
at the center ofthe lift beam. n e  lug-to-lug distance in one direction per Reference 7.6.1 
is: 

I, = 44.5 - (2 x 4.5 x MS 38") 
= 37.41 rn 

Tbe lug-tolug distance in the opposlte direction per Reference 7.6.1 i s  

l2 ~ 34.77- (2 x 4.5 x sin 38") 
= 28.6 in 

The sling is to be 16 feet long per Reference 7.6.5. 

I' = 1 6 n  

The angle in  the vnucal plane with the hooks. e. is: 
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L L " ~  = LF x PI,, / (2  x cos 7.047 
3 x 60.0W / (2 x 0.9925) = 

s 90,680Ibs 

5.5 Bottom Plate Evaluation 

Treating the bonom plate as a simply supponed plate along the radial locanon of the 
inner shell with uniform loading along its surface, the maximum dial and tangential 
plate stress is: 

3 w  Lr,= , = __ Irm (3  m + I )  (Reference 7.4.1) 

where: W = LFxP,,, 

LF = Load factor based on yield strength comparison 
= 3  

PI,, = 60,OOOlbs 

m = Reciprocal of Poisson's ratio 
= l /v  = 1 /0.3 = 3.33 

I = platethichess 
= 2.0 in 

Therefore 

u, = u, = Lk%!9 (3 (3.33) + 1) 
8 r ( 3  33) (2)? 

U ,  = u, ~ 17.728 psi 

Plate malerial is A240 Type 304. Thc safny margin is: 

Safety Margln = I - 17.728 = 041 
30.000 
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5.6 lmer Shell Evaluation (Prtmarv Shell) 

5.6.1 Net Tension Check 

The net tension s m s  on the minimum cross spction, t = 0.375 in. IS. 

a, = PI,, x LF 1 AIhl (r4.375 in) 
= 60.000 x 3 149.922 
= 3605psr 

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

Safely Margin = 1 - 3.605 = 0.88 
30,000 

5.6.2 Inner Shell To Bottom Plate Interface 

The h e r  shell to bouom plate interface will be assessed by comparing the 
rotational stiffness of a plate at the outer edge to the rotational stiffness of a 
cylinder uih an applied end moment. 

The cylinder sriffness. Mo / 0 . is determined from Reference 7.4.2, where: 

0 = M,!>.D 

where: A = i/w 
when: R = Outer radius of im shell 

= (42.0 + (2) (0 375)) / 2 
= 21.375 in 

v = 0 3  

E = 28.3 I 106psi 

t = liner shell thickness 
= 0.375 I" 
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 

= 0.454in 
= (283 x 10‘)(0.375)’ 

12 (1 - (0.3)2) 
= 136,665 

%/e = 1 D 
= 0.454 (136,665) 
= 62,046 in-lb / rad 

The plate aifhess,  M, 1 Q , is determined from Reference 7.4.3. where: 

I Z ( m - I ) M a  
E m  I’ 

lZ(m-1)Ma 
E m  t’ 

Therefore: 

M,/B = Emtj 
12 ( m - l ) a  

- (28.3 X IO‘) (3.33) (2)’ 
12 (3.33-1) 21.375 

= 1,261,471 in-lbirad 

The bottom plate IS 20 times stiffer than the 
conuols the joint inierface response. 

inner shell The plate behavior 

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

3 B ’ ( m - l ) a  
(Reference 7.4.1) 
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Date Calsulaiion No 457.2003 2 

Dafe. 
,t-asJ,& Revirion I @e& Performed by 

Chcckcd by. Page 21 of 39 7x- 11 / 4 S  b 

E-15166 

I 
I 

3 (3 x 60,000) (3.33-1) 21.375 
2 n(28.3 x IO’) (3.33) (2)’ 

= 0.0057radians 

= 0.33’ 

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

M a =  €! x 1 x D (Reierence7.4.2) 

= 0.0057 x 0.454 x 136,665 

= 354in-lbs 

The maximum inner ;hell bending stress due lo  Mo is: 

- -  - *6::45) (0.454)’ (21.375) 

= 8,318psi 

The bending slress due to edge shear will yield smaller messes than hose due to 
&. Therefore, the maximum local bending stress due to edge bending and shear 
will be conxrvatively constdered as 2 x s2: 

2 X %  = 2 x 8 3 1 8  
= 16,636 psi 

Plate malerial IS A240 Type 304. The safely margin is. 

Safety Margin = I . 16,636 = 0.45 
30.000 
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will be developed at rhe flange to lug midpoint location: 

Per Section 5.4. the lift angle is 7.04', and the lift load for a two (2) p i n t  lifl is: 

L,, = 90.680Ibs 

Therefore 

F, = LJUg x sin 0 
= 90,680 i Sin (7.04O) 
= 11,1141bs 

F, = LIue x cos8 
= 90.680 x cos (7.04") 
= 89,996 Ibs 

d,  = 5.3xm8 
= 5.3 X t a n ( 7 . 0 4 0 )  
= 0.6545 in 

d2 = d ,  + O  75 

= 1.4045 in 
= 06545 +0.75 

d = d2 x c o r 8  
= 1.4045 I cos (7 04') 

1.383 in 
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I Calcularion No 457-2003.2 p- Pcrfomed by Date' 
II-2S-G Revision I 

pagc23or39 Checked by 

E-1 5 166 

I 
- 1  

M = L,, x d 
= 90,680 x 1.383 
= 125.4101n-lbs 

I Pcrfomed by I Date. I Calcularion No 457-2003 2 

Checked by 
u 1 I 

pagc23or39 

Ths section vieu far the inner shell flange reaction loads are: 

I 

[ I  

5.6.4 Lue To Shell Double Bevel Weld Evaluation 

The shear capaciry of the double bevel lug weld, F,,,,, , IS: 

F,.,,,,, = 0.6 x S, x =e%,id 

= 

= 594.000Ibs 

0.6 x j0,MM x 22in x 1.5 in 

Per Section 5.4, the maximum Iih load fora two (2) paint l i f t  is: 

L,,, = 90.680 Ibs 

Safety Margin = 1 . 90.680 = 0.85 
594,000 

5 6.5 Maximum Loneitudmal Shell Bendme Stress 

The maximum longitudinal bnding stress bill k determined by approximating 
an equivalent edge loading to be applied to the cylindrical outer shell. 

The net compression reaction load at the shell flange end IS: 
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Calculation No 4S7-2W3.2 
Rcrlrla, I I 

1 Rgs 24 Of 39 

E-1 5 I66 

where: d, = moment ann between flange rotation p i n t  and lower guide 
locations 

= 24 5 - 2.5 - [7 84 - (3.29 + 2.5 12)]  - 2 

= 16.7in 

Therefore: 

125,410 11.114 
16 7 2 

& =  ~ c -  

= 13,067Ibs 

The compressive load, R, , is spread over an effective arc length of IO to 
determine an equivalent edge loading: 

= 46.0 1 2  
= 23 I" 

s = arc length 
= Rrhr!i x Q 
= 23 Y l I O x n l 1 8 0 )  
= 4.0141n 

V, = edpeload 
= 13,067.'4.014 
= 3,255 Ibs .' in 
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The maximum longitudinal bending stress, sl', per Reference 7.4.6 is: 

where: i = 2 . 0 h  

= (1.932) x (3255) 
(0.1895) x (2.0)' 

= 8,296pri 

The maximum hoop membrane mess, s2 ,  per Reference 7.4.6 i s  

n R  s2 = - 2 v, . 

- _ _  (32s5) (0.1895) (23.0) 

= 14,186psi 

The maximum hoop bending stress. $' , per Reference 7.4 6 is: 

s2' = v x SI '  

= 0 3  x 8296 

= 2,488 psi 

ConsenzaUvely consider the maximum stress intensir). (Le.. lhe largest piinciple 

Performed by Dare Calculation No 457.2003 2 

Checked by. 
I 
I 

//-AS 96 Revision I 

A9.2-30 



HNF-SD-SNF-FRD-003 Rev. 0 

Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 

E-1 5166 

s e s s  difference) as the sum of s,', s2 and s2' : 

s,' + + s2- = 8,296 + 14,186 + 2,488 

= 24,970psi 

SafqMMargin = I - = 0.17 
30,000 

I 5.6.6 Maximum Circumferential Shell B- 

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

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

The ring bending momcnt 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 locatlans m: 

I 

At the maximum applied load location (].e.. the lug attachmcnt point); and 
The minimum section location (i.e., shaved region begins 39" from the lug 
and extends to 65' from the lug). 

8, = 39' 
= 13' 

0, = 13' 
Q4 = 1 8 0 - 3 9 . 1 3 - 1 3  = 115" 
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Lmallon De sc cn p " n Angular Lmalion 
A Lug LDEatlO" 0 
B Shave Secson Slut 39 
C Minmum Smion 52 
D Shnvc Section End 6S 
E Lug LXa1ron I80 

- 

E-1 5 166 

I 5.6.6.1 

The properries of the flange section in the non-shave3 mas we: 

length,,, = (9.88 + 8.00) 1 2  (Reference7.6.1, Detail 11) 
= 8.91 in 

widthnnli = (46 - 42) I 2  (Reference 7.6.1, Section A-PI) 
= 2.0Din 

A",,, = 8.94 x2.00 
~ 17.88 i d  

I",,, = 8.94 x (2.0O)Jl 12 
= 5.96 in4 

length,.,,. = K4 63 - 2.32) + (3 98 - 3.01)) I 2  (Reference 7.6.1. Section B-B) 
= 1.64 in 

wdth,., = (42 - 41.25)/2 (Reference 7.6.1. Section A-A) 
= 0.375 in 

A9.2-32 



HNF-SD-SNF-FRD-003 Rev. 0 

Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 

Calcvldion No 457-1003 2 
11-&-96 Revirion 1 

ti /25(7 b 
Pagc28of39  

P+ Da'c 
Performed by 

Checked by -R4 

E-1 51 66 

I 
- 1  

sum of al l  moments 
total area 

n =  

- (2 x 8.94 x 1) + (0.375 x 1.64 x (2 + (0.375 I 2 ) )  
(2 x 8.94) - (0.375 x 1.64) 

= 1.04in 

yRmp = 1.04 - 1.00 = 0.04in 

ygu,c = (2.0 + (0.37512)) - 1.04 = 1.1475 in 

I n  = In,, + (Am, x yomp2)  + I,,,, + (ASu,de x Y ~ ~ , O ? )  

= 

= 6.806 in' 

5.96 + (17.88 x (0.04)') + 0.007 + (0.615 x (1.1475)') 

c,""~, = (2 - 0.375) - 1.04 
= 1.335 in 

caum, = 1.04 in 

(:)ma-= 1.335; 6.806 

= 0.196 

Per Reference 7.4.5: 

M = WR(0.3183 - 0 . 5 s i n 8 )  
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T = 0.5 w (sine) 

v = 0.5 w (case) 

where: W = 13,067 Ibs 

R = 22in 

a, = tensilesuess 
= (h.1 X (c j [)ma) + Cr 1 A m d  

a, = shearstress 
= V/&" 

Table 5.6.6-1 

5 6 6.2 

The properties ofthe flange section in the shaved areas are' 

Maurnurn Circumferential Bendine In Shaved Areas 

(Reference 7.6.1, Detail I I )  length,,,, = (9 R X  + R 00) ! 2 
= 8.94 In 

(Reference 7.6.1, Section A-A) wtdthnm,. ~ (44.75 . 4 2 ) i Z  
= 1.375 tn 

An,,, = X94 x I375 
= 12.29 In' 

I,,,,. = 8 94 k (1.375)'l I ?  
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= 1.937in' 

= 1.64in 
iengl~.,,, = [(4.63 - 2.32) + (3.98 - 3.01)J / 2 (Reference 7.6.1, Section B-B) 

wid%,,, = (42 - 41.25)/2 (Reference 7.6.1, Section A-A) 
= 0.375 in 

4.a = 1.64 x 0.375 
= 0.615 in2 

I,,,,, = 1.64 x (0 375)' / 12 
= 0.007id 

= 1229 + 0.615 
= 12.905 in' 

The neutral axis i s :  

sum of all moments 
toral area 

" =  

(1.375 x 8.94 x 0.6875) + (0.375 x 164 x (1.375 + (0.375 1 2 ) )  
(1.375 x 8.94) + (0.375 x 1.64) 

= 0.729in 

Yoang. = 0.729 -0.6875 =0.0415 in 

Ysvld. = (1.375 - (0.375 12)) - 0.729 = 0,8335 m 
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Calsularion No 457-2003.2 Performed by. 

Chcckcdby 
,et+ //-.IS % R~vision I 

Page31 of39 

E-15166 

I 
I 

I. = In,, + (Ananr. X YnYscf) + + (Aeusdc X Ysutd:) 

= 

= 2.392 in4 

1.937 + (12.29 x (0.0415)’) + 0.007 + (0.615 x (0.8335)’) 

c , . ~ ,  = (1.375 - 0375) - 0.8335 
= 09165in 

couE, = 0.8335 in 

(:)..,= 0.9165/2.392 

= 0.383 

Per Reference 7 4.5: 

M = WR(0.3183 -0.5sinO) 

T = 0.5 w (sine) 

v = 0.5 W (case) 

where. W = 13,067Ibs 

R = 22in 

at = tensile stress 
= (M (C 1 Om3 + (T 4-d 

ov = shearsrress 
= VIA,,, 

Table 5.6.6-2 
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 

5.6.6.3 Maximum Circumfmual Bending Suess. Maximum Shear Stress 1 
The maximum circumferential bending stress from Tables 5.6.6-1 and 
5.6.6-2 is at 180D, a lug location. 

a , =  17,938pri 

I 

I 
17,938 
30,000 

Safety Margin = 1 - __ = 0.40 

"he maximum shear stress from Tables 5.6.6-1 and 5.6.6-2 i s  

u, = 53Opsi 

The maximum shear stress isinsignificant 

I 

5.6.7 Inner Shell U D ~  F k e  Evaluation Under Stand Rcstinr Conditiom I 
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 Xormal tin C nditi 4 int 
The ana::: o ~ t h ~ u p p e % a n ~  ;der nand resting conditions using a I 
normal four (4) p in t  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 symmmcallg with 
respect to the trunnion axis. I 

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

* Ure of43.288 Ibr from Rcviiion 0 IS ~ o n ~ e w a t w ~  I 
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Calculalim Of Ring Morncni and Twist 
Per Blake's Pmct~caI Sires Analyrls 111 Engineering kip (Reference 7 I S )  

Table 30 4, Page 3'44 

UXS Calculation NO. 457.2003 2 
//-> 5 lt: Revillan I 

Periormed by. 

Checked by T X  ll/2S/96 Page 33 o f 3 9  

7 - I 5708 COY(x) 

= P I ( P I ) K  ~ 

1 1  

I 
I 

26 OJ5 
38 0 6 6  
39 0 6 8  
52 0.91 
65 1.13 
66 I IS 
78 I36  
W 1.57 

1125 1 I 9 6  
135 2 3 6  

- 
P 

41.288 
43,288 
43.288 
43.288 
43,288 
43.288 
43,288 
43,288 
43.288 
43 288 
43 288 
43.288 
43.288 
43,288 

- 

- 

- 
R 

21 6875 
21 hR71 
21 6875 
21 6815 
21 6875 
21 6875 
21 h875 
21 6875 
21 6875 
21 6875 
21 6875 
21 6875 
21 6875 
2 I 6875 

- 

- 

0 1767 153115 
03443 14118 
04815 I2178 
04943 I2207 
06189 09671 
07118 06638 
07175 06389 
0 7682 03266 
07854 O W W  
07256 -06011 
05S54 -11107 
03Ullh - 1  4512 
O O W O  -I 5708 

i 
I 

I 
W 
v) 
U 
v) 

W 
n 

a 

a 

B 
0 0 w 

0 
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Appendix A9.2.1 Immersion Pail Calculation 457-2003.2 (Continued) 

The maximum stress intensity is: 

% t s, = 17,104pri 

Safety ~ m g i n  = I . 17,104 = 0.43 
30,000 

I 5.6.7.2 Other Than Normal Resting Condition (2 mint) 

The analysis of the upper flange under stand resting conditions 
conditions using a two (2) point lift is con&d in a separate 
calculation (Reference 7.16). 

5.8 Lue Evaluation Liftine Lug Region 

5.8.1 Beannz Check 

The pin bearing area is: 

Bearing area = t i  D hv,r 

= 1 . 5 ~  1.69 
= 2.535 in' 

The bearing stress is: 

stress = L,.,/area 
= 90,680 12.535 
= 35,771 psi 

The safety rnargln is. 

Safety Margin = 1 - (stress / (I .5 s,)) 
~ 1-(35.771 / ( I  5~50,000) )  
= 0 5 2  

I 5.8.2 Net Tension 

k e a  = t(D,,, - D,,,) 
= 15(50;1 .69)  
= 4.%5 in- 

Since S. / 5 IS controlling: 
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Perromcd by Dale- Calculation NO 457-2003.2 
/I-----% Rcvlrio" I 

Checked by e 

E-15 166 

I 
I 

L,, = 90680x(5  / 3 )  
= 151,133 lbs 

The s v e s  is: 

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

The safety margin is: 

Safety Margin = 1 - (stress / SJ 
= 1 - (30,440 / 80,000) 
= 0.62 

5.8.3 Shear Pull Out At 45 Deerees ' 

Shear Area = t (h, . Rhir) 
= 1.5 (2.5 -0.845 ) 
= 2.483 m2 

The shear S ~ S E  is. 

Stress = L,u8 / 2 x (Shear k c a )  
151.133 / 2 x (2.483) = 

= 30,434psi 

The safeq margin is- 

Safety Margin = I - (stres / (0.6 S.)) 
= 

= 0.37 
I . (30.134 ! (0.6 x 80,000)) 

5.9 Lun Evaluation. Stand Restine Lue Rccion 

5.9.1 Bearinc Check 

The bearing area is' 

The pin is I 5" I 1.25" with 1 I R" chamfers. The bearing line is conservatively 
determined to be 
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Calculaion No 457-2003.2 w Pcrfomed b) 
//-2S -96 Rcvirion I 

Checked by. Ty Da;lZd7 Page 36 of 39 
L 

E-1 5166 

I 
I 

W = 1.25-0.125-0.125 
= 1.0 in 

Bearlngarea = t x W  
= 1 . 5 ~  1.0 
= 1.5 in’ 

The bearing stress is: 

Sires = L,,i area 
= 90,6801 1.5 
= 60,453 psi 

The safery margin is. 

5.9.2 Net Tension & Shear I 
The tensile and shear s u e s  arras are larger than that evaluated in Section 5.8. 
Therefom, tension and shear stresses an aceptable by comparison to SV~SECS m 
Section 5.8. 

1 
I 
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6.0 SUMMARY OF RESULTS/CONCLUSIO.YS 

Summary of Stress Analysis 

The lrnmersion pail design meets the criteria defined in Section 4.2 

NAC I Performed by Date Calculation No. 457-2003 2 I 
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 

Immmm Pail Evaluation For Two 2 Paint Lift Load 

rhis calculation analyzes the immmlon pail upper pail region for a hw (2) point lifl load when the pai 
IS resting on the stand. ?he resulting messes arc evaluated againsi the lifting design criteria requirement! 
listed in ANSI N14.6 (Reference 7.3). ?he immersion pail is part of the TN-UXC Cask an' 
rranspmtion System to k used at the K-BaFin Area of the Hanford site. 

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

0 

I 
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For the scope of the d&md analysis 
A Ars t h  required data input cornpielel ..- 

1 Matenal propertlei ,.- 
2 Gsomstry (dmwng reference) v- 

INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequesVCalculation No 457-2003 3 

Scope Of Analysis File 

Revision 0 

This Calculation analyles the immersion Dall uomr rsqion for a two 
pont lilt load when the Dad IS restina on the stand The resunlnq 
stresses are evaluated aaainst the reauinments of ANSI N14 6 

2 

3 

4 

5 

Review Melhcdology: Check Of Calculations p?w 
Alternate Analyses "&/A 
Other (Explain) N / A  

E Are boundary wndoons acceptable? J 
is the memod of analysis adequate for me defined a p e ?  

is me worst case ioadlng/configuatlon documented? 

Are Me acceptance cnkna defined and wmplete? 

Has ail concurrent loading been considered? 

4 

J 

/ 

Confirm That The Work Request / Calculatm Package Revhewed Includes 

1 Statement of Purpose L 
2 Daflned Method of Analysis a 
3 Listing of Assumptions -sE.- 
4 Detailed Analysis Record = 
5 Statement of Conclusions I Rewrnrnendatlons (d  applicable) 

3 Loading soufoe term 
Ita supwrbng analyss IS repumd to 

dsfirm the bad M e  has d been 
defined7 

Am analyses consslent With previous work for method and 
approach? 

Are the reunds for input and Output complete? 

Is bacesbiltly lo verified sonware cnmplete? 

Is me statement 01 COnClUsions and recomnmndatlms wmpkte 

purpose') 
and acceptabk for the WOpct and ObledNeS 01 me defined 

/ I - / / -% 
Date 
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued) 

INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequestlCalculation No 457-2003 1 

Scope Of Analyss File 

Revision 1 

This calculation m a k e s  the immemon Dad umer reoon for a two 
~ ~~~ 

pon l  IiR Ioaa wnen the Da I is restma on tne stana Tne resunmq 
stresses are evaluatea aaa nsl tne reouire ments of ANSI N14 6 

Review Methodology. Check Of Calculations p w  
Alternate Analyses ,u/A 

Other (Explain) tJh 

Confirm That The Work Request / Calculation Package Reviewed Includes 

1. 
2. 
3. 
4. 
5 

? 

- 
2 

3 

4 

5 

6 

- 

- 

- 
- 

- 
7 

0 

9 

- 
- 

Statement of Purpose 
Defined Method of Analysis 
Listing of Assumptions QRW 
Detailed Analysis Record g w  
Statement of Conclusions / Recommendations (d applicable) WCJ- 

"UmUM 
ActldUn Y" No WII c a m m t r  

For the scope of the defined analysis 
A Are ma requared data input complete? 

1 Material pror~pmes 
2 Ge~metv (drawtog reference) 
3 Loading source term 

define the load stale has t i  been 
defined7 

8 Are boundary condllions acceptable? 

J 
J 
/ 

I f 8  soppornng analysts IS reqwreo 10 

J 

I the method of anatpis adequate for the defined scope7 

5 the wont Case lDadlnglCOnflgUratlOn documented? 

4re the acceptance cntcna defined and complete? 

Mas all concurrent loading been consdeed? 

Y 

.0 

w- 

I 

approach? 

>"rpOEe? 
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Performed by DatC CaIcuIalion No 457-2003 3 

Checked by 'I 

Ill$ ,'/z/% Rcvlrlo" I 

gee- ,*a-90 
Date: Page 5 Of 13 

E-1 5166 

I 
I 

1.0 

2.0 

3.0 

4.0 

SYNOPSIS OF RESULTS 

Summary of Stress Analysis 

Loading 

Yon Mises, 
membrane plus 

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

INTRODUCTION /PURPOSE 

This calculation analyzes the immcnion pail upper pail region for a IWO (2) point lift load when 
the pail is resting on the stand The resulting stresses are evaluated against the lifting design 
criteria requurmems listed in R e f e m  7.3. The immersion pail is part of the TN-WHC Cask 
and Transportation System to be 4 at the K-Basin Area of the Hanfod site. The unmersion 
pail design w.s initially evaluated in Reference 7.1. The design was revised as a result of 
discussions documented in Reference 7.5. 

METHOD OF ANALYSIS 

ANSYS, Revision 5.2. a s~mcNral analysis finite element program. is used to generate a 180" 
swctural model of the upper immerslon pail region. Input files and macros used to C O ~ ~ N C ~  

the ANSYS models and perform a linear StNCNnl analysis are contained in Appendix A. All 
work under this calculation designauon *as performed on the DEC ALPHA XL 266 computer 
WAC Serial No. 02207) 

ASSUMPTIONS /DESIGN INPUTS 

4 I .\ssurn~tions 

There are no unverified assumptions within this calculation. 
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4.2 Desien Inouts 

42.1 ksim Load (Reference 7.8. Section 5.3.4) 

Load,,,, 

* 

= 57.717. Ibs for Condition I\' (Full Cask AI Stand Height). 

Revised load from Referonce 1.9, ScElion 5 3 4 mmm Ihr weight SF the slings and lib h a m  I P  
51,871 - 400 - 550 = 56,927 Ibr Uu of Rsvkion 0 load is COnienPtive 

4 .22  Two Point Lift Le& 

Loadpj, = Total pail load 

= Load,,,. x Load Factor 

= 57,717 x 3 

= 173,151 Ibs 

Load,, = Load,., I 2 Pomt Lift 

= 173.151 i 2 

= 86.575 Ibs 

= 86.575 lbr 

4.2.3 Amlied Load 

The load used ~n the analysis, is. ' 

= 86,871 Ibs 

The load applied in the ANSYS analysis, 86,871 Ibs. is greater than the load 
calculatrd for a IWO point lift. 86.575 Ibs (conservative). 

4.2.4 U D W ~  Pail Ring Confisuration 

The model was developed based nn data contained on the drawng numbered 
-'Project 457, Drawing 101, sheet 1 1 I "  (Reference 7.6.1). 
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Prrfonnrd b) Date. CalcvlationNo 451-2003 3 rlq / 2 / 2 1 %  Revision I 
Date page 7 of 13 

l&-A-%. 
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The method used to generate the model was to initiate a cross section in the XZ plane 
with area elements and then rotate them about the 2 axis for 180 degrees. The pail outer 
diameter has a shaved section between 39' and 65". Thc 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 generate the model is contamed in Appendix A. The output file 
corresponding to the input file is contamed In Appendix B. 

5.4 Analysis Descriotion 

Symmetrical displacement boundary conditions were applied at the plane of symmetry. 
(uY=O). The center point of one spider ofbeam elements um modeled with all 
displacement degrees of freedom restrained. The opposite centerpoint restmined the UY 
and UZ degrees of freedom only, to avoid introduction of artifical stiiliess into the pail. 

Only a inenia load of 1G was applied, siice 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, perfarm the analysis, and to obmin the plots and the seclion data. 
enter ANSYS, then enter 

kgai l  

The output file IS denoted kbasl.out and the p l m  are conIaincd in the file kbasin.plt. 

5.5 Stress Critena 

Per ANSI 14.6. the stress IF not to exceed the yield stress with a safety factor ofthree (3). 
For this application, stress lineanmion is w d  to determine the s w s s  components actins 
vn a section The stress components are then combined to determine the Von Misees 
Stress. which corresponds to a distortion energy stress crilena. ANSYS, upon selecllng 
l h e  two nodes on the surface. deternines the Von Mires stress due lo membrane plus 
bending components. 

Local stress concenlrations w d  occur next lo  the beam elements. These svess 
concentralions are purely a result of techniques used in modeling. Local stress 
concentrations will also arise at the radii afthejuncture ofthe n b  and the pail. 
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5.6 Smss Results 

The section stresses resulting from the analysis are containd in the output file of 
Appendix B. A series of sectional m s s s  were extracted. The ourput file conrains $e 
svess results n5lb the polar coordinates of the nodes forming the section. The polar 
system desiwtion is 

X = radial; 
Y = circumferenrial angle (measured +Z rotation); and 
Z = axial location (measured from the bottom ofrhe model) 

The maximium membrane plus bending Von Mises stress (SEQV) was determined lo be 
18,160 pn. which corresponds to a positive margin of +.065 when compared to a yield 
suength of 30,000 psi for A240 stainless e e l .  

A plot of the Van Mises stress IS show in Figure 5-2. Each circumferential divison 
corresponds to a 5 de@== increment. 
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membrane plus 
bendinq 

E-15 166 

1 

6.0 SUMMARY OF RESULTSKONCLUSIOYS 

summary of suers Analysis 

Performed by 

bn 9 
Checked by & 

I I 1 
457-101 IO flange shell 3W stand resting 28.160 psi 1 30.000 psi 

von M W S ,  1 

Dale Calculation Nu 457-2003 3 
/ Z / Z / q b  Revision I I 

Dale page i z 0 r i 3  I 
la -2 -9~ 
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I 
I 
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I 

APPENDIX A 
List Of input Files For The Finite Element Model 

There a a total of II pages in Appendix A I 
~r ." I 1 Represent The Attachment Lug 

I I I 
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! k-pail.mac 
! 
! solves/plots S-EQV stress 

! macros used: 
! mas2l.mac builds the mass elements 
! r-beam.mac builds the atfachement with stiff beams 

Builds pail upper model of ring and attachment 

/out, kbas1,out 
/nerr,O, le5 

'If .argl,eq, 0, then 

frni 
/cle,all 

/prep7 
et, 1,45 
et,2.21 ! use real = 2 
et.3.4 ! use real = 3 
et.4.63 ! use real = 4 
et,5.21.,.2 I  US^ =5 
mp,ex,l,Zle6 
shpp,off 
local, 11.0. -23,o 
k.1.0.,26 
k.2,, , 1 E  
k,3. .625,,16.125 
k.4, .625,,3 
k.5,2 
k, 6,2,, 4.66 
k.7.3..6.39 

k.15, .625.,26 
k ,  16, .625+.5,, 26 
k, 17, .625+.5., 1 8  
k , l E , 2 ,  , 1 E  

*do, 11.1.9 

'enddo 
l,il,il+l 
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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 

1.9.18 
1,13,14 

1,17,1B 
1,12,13 
1,2,17 

lsel,,,,l,ll,lo 
lesi,all,.6 
cm.c-13, line 

Isel., , ,13,21, B 
lsel.a, ,,2, 12.10 
lesi,all, , , I  
m, c-11, line 

lse1.,,,14,17 
lsel.a,,.19,20 
lsel.a,,,lO 
cm,c-l2,lme 
lesi,all,.6 
allS 

crnsel,u, c-11 
crnsel,~. c-12 
lesi,all,Z 

alls 
ldel, 9 

! upper left 
ksel, all 
a.1.16,17,2 

! upper right 
ksel., , ,lo, 14 
ksel,a.,,l6,18 
lslk,,l 
a1,all 

! triangle transltlon 

I I 
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kse1 ,a l l  
1sel.all 
a.2,3,17,17 

! lower 
ksel., , ,3,9 
kzel,a,,,17,18 
lslk, ,I 
al,all 

alls 
type. 4 
mat,l 
real, 1 

ames,all 
/VUP,l.Z 
/view, 1,1,1,1 
e p l o  

CSYS 
k.20 
k , Z 1 , 0 , 0 , 2 0  
esire,, 18 
type. 1 
real, 1 
mat, 1 
vrot,a~l.,..,,Z0.2i.180,~ 

'endif 

CSYS 
nsel,, loc, y ,  -. 01,l 
d.all,uy 

nsel.all 

! 
et,i,21., , 2  
'get,zmin,node, ,mnloc,z 
nsel, . l oc ,  z ,  z m i n - I ,  zmini. 01 
mas21,B 6871 '2/2,5,5 
/Out, kbas 1, out, , append 
/gopr 

add the mass elements for the w e ~ g h t  

I I I 
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! add the beam elements for the attachments 
'get.ndmx,node.,num,max 
gndmx=ndmxtl 
CSYS,ll 
n,gndmx,-5.24, ,21.46 
d,gndmx,ux 
d ,  gndmx, uy 
d,gndmx,uz 

r, 3,1000,1000,1000,1000,1000 
csys 
esel.al1 
nsle 
*get,r-o,node, ,mnloc,x 
nsel,,loc,y,-.Ol,l 
nsel, I, lac, x,  r-0-. 1, r-a+.Ol 
r-beam,gndmx, 1,3,3 
/out,kbasl,out, ,append 
/ g w  

csys 
'get, s-x, node. qndmx, loc, x 
*get,s-z,node, gndmx, loc. z 
n, gndmxil, -s-x,, s z 
d. gndmx+l,uy 
d.gndmx+l, uz 

nsel..loc,y,-.01,1 
nse1,r. l o c , x ,  -r-o-. 1, -r-o+. 01 
r-beam,gndmx+l,l.3,3 

alls 
modm, detach 
! move the nodes for the flat 
csys, 1 
esel,.ename,,45 
nzle 
nsel, r,lac, y ,  -41, -39 
nmod.al1, , -39 
nsle 
*get, r-o,node, ,mxlac, x 
nsel,r,loc,x,r~o-.l,r~o+~ 
nsel,r,loc,y,-66.-38 
local, 1 2 , 0 , 0 , 0 , 0 ,  -52 
nmod,a11,44.75/2 

esel. ,type., 4 
edel, all 

Cakulum No. 457-2W3.3 
Revision 0 
R g e A l o f  I 1  
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etdel, 4 

alls 
fini 
/sol" 
acel, , , I  
solve 
fini 
/post1 

alls 
fsum 
/sho,  kbasin,plt, 1 
1title.K Basin Pail Rlng Llft Analysrs 
/device,uector,on 
/type. ,3 
/num, -1 
/view, 1.1.1.1 
eplo 
/num, 2 

esel,,ename,,45 
nsle 

/aut 
/view, 1.1. -1.1 
/VUP,l.Z 
c s y s .  1 
nse1.r. 10c.y. -161. -29 
esln, ,1 
plna,s,eqv 

dsys, 1 
n11~,2221,2630,2630-2221 
dsya 
lpath,Z221,2630 
prsect 

dsys. 1 
nlis.2272,2596,2596-2272 
dsys 
lpath, 2272,25 96 
prsect 

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

Cahlmton No. 457-2003.3 
Re*bh 0 
PqeALof  11 
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dsys 
lpath,1847,2392 
prsect 

dsvs, 1 
n L ,  129,742,742-129 
dsys 
lpath, 129,742 
prsect 

dsys.1 
nlis,231,912,912-231 
dsys 
lpath,231,912 
prsecc 

dsys, 1 
nlis.333.861.861-333 
dsys 
lpath,333,E61 
prsect 

dsys, 1 
nlis.1367,1486,1486-1367 
dsys 
lpath,1367,1486 
prsect 

dsys,l 
n1rs.1373.1492,1492-1373 
dsys 
?path,1373.1492 
prsect 

dsys. 1 
nlls,308Z,3201,3201-3082 
dsys 
lpath,3082,3201 
prsect 

Wculstion No. 457.2003.3 
Revision 0 
R g c A l o f  I t  
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dsys. 1 
nlls.2104,2474,2474-2184 
dsys 
lpath,2184,2474 
p r s e c t  

/sho,xrx 
/sho, term 
/type., 3 

/ o u t  
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/out,m21, out,, append 
*msg,info,argl,arg2 

! mas2l.mac 
! Generates the mass elements off a surface of nodes 
! and forms the real conscant see so that the 
! total mass equals that of the input mass (weight) 

! argl = total weight EO be SLmulated (lb) 
! arg2 = element type for the mass element 
! arg3 - real constant set for the mass element 

mas21 argl.arg2: %g %g 

! et,arg2, Zl,, 0 , 2  
type, arg2 
real.arg3 
cm,cmssn.node ! current s e t  of nodes for the mass generatLon 
*get,ndmn.node,, num,min  
*get,nmasse,node,, count 
r.arg3,argllnmasse 
! define the node number array 
alls 
*get,ndmx,node, , num, max 

cmsel., c-masn 
'set,-nskv 
'dlm,-mskv,,ndmx 
*vget,_mskvll),node,l,nsel 
*voper,-ms kv 11) ,-ma kv (1) , gt, 0 
*set,nd-ns 
'dim, nd-ns, , ndmx 
*set,nd-nsg 
*dm,nd-nsg,.ndmx 
*.mask, -ms kv 1 ) 
*vfill,nd-ns [I), ramp, 1.1 
! write the nodes to generate the elements 
'vmask, -ms kv ( 1 I 
/nopr 
/out,mas, tmp 
*vwrire,nd_ns 11) 
['e, ',f15.01 
/out, mas, out,, append 
/~np.rnas,tmp 
/gopr 
/aut,-mas, sum 
'msg,info,arql 

*mag,info,nmasse 
Total mass dictributed: %g 

Wm!Smn NO. 4Jl-ZW3.3 
Revision 0 

Page A9 of I I 
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Number of mass elements generated:- %I 
/out 
*list,-mas,sum 
! parsav,all,temp,par 
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! r-beam.mac 
! argl = node to which all beams will be connected 
! arg2 = material 
! arg3 = real 
! arg4 = type 
mat, arg2 
real, arg3 
tYPe,argq 
nsel,",, ,argl 
cm, c-n, node 
cm, c nn, node 
*get;ncnt,node.,count 
*do,rl, 1,ncr.t 
'get, n d m ,  node,, num,rnax 
nsel, a,, , argl 
e,argl,ndmx 
cmsel,,c-nn 
nsel,u,,,argl 
nsel,u,,.ndmx 
cm,c-nn,aode 
*enddo 
cmsel, , c-n 
nsel,a,,,argl 
fpnum.mat.1 
/num, 1 
/aut 
eplo 
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APPENDIX B 
Output File forthc Finite Element Model 

There a B total of 27. pages in Apandix B. 

Output Files 
File Name Description 
kbasl .out 1 Output File For Model 1 Solution I 
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Computer Output Cover Sheet 

Title of Anmlysir: Immersion Pail Evaluauon For Two (2) Point Lift Load 

Work R q u u t  And Report Number: 457-2003.3. Revision 0 

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

Date of Venfiention: Ob / 28 I 9 6  

Computer IdentifientiodNAC Contml Number: DEC A L P U  XL 266 
NAC Serial No. 02207 

Title of Case: Deadweight (Inertia Load * Ig) 

Total Number of Pager: 35 (Not including thlr cover sheet). 

Date: f l - j l  -4‘ *9 
8‘” 

Performed By: 

Date: / I - / / .  TL Cheeked By: 
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NUMBER OF D l m A Y E D  ERRORS ALLOWED PER COMMAND- 
NliMBER OF ERRORS ALLOWED PER COMMAND BEFORE ANSYS ABORT- l O w 0 0  

0 

*IF argl 
0 

(=  O.MH)OOOE+W ) EQ 
( = O.OOWOOE+OO 1 THEN 

EXITTHE ANSYS POST1 DATABASE PROCESSOR 

**.** ROUTINE COMPLETED ***** CP = S62.727 

CP= 562.727 TIME- 2 1 5 9 5 7  .** N O E  ... 
A Iold of 347 wmingr and c m  wnmn to h b e  m. 

CLEAR ANSYS DATABASE AND RESTART 

*.*** ANSYS ANALYSIS DEFMITION (PREP7) ***.. 

ENTER RHOW.DEVICE-NAME TO ENABLE GRAPHIC OISPLAY 
ENTER FINISH TO LEAVE PREP7 
PRINTOUT KEY SET TO GOPR [USE MOPR TO SUPPRESS) 

ELEMENT TYPE I IS SDLIDdS 3-D STRUCTLlRAL SOLID 
KEYOPT(L-12)S 0 0 0  0 0 0 0 0 0 0 0  0 

CURRENT NODAL DOF SET IS UX UY UZ 
THREE-DIMENSIONAL MODEL 

ELEMENT TYPE 2 IS M A S S ~ I  s m t i c m m L  MASS 
KEYOpT(I-12>- 0 0 0  0 0 0  0 0 0  0 0  0 

CURRENT NODAL W F  SET IS UX W UZ ROTX R O N  ROTZ 
THREE-DIMENSIONAL MODEL 

ELEMENT TYPE 3 IS BEAM4 3-D ELASTIC BEAM 
KEYOpT(l-l2)- 0 0 0  0 0 0  D O 0  0 D O  

CURRENT NODAL OOF SET IS UX UY UZ ROTX ROTY ROT2 
THREE-DIMENSIONAL MODEL 

ELEMENT TYPE 4 IS SHELL63 ELASTIC SHELL 
KEYOPT(I-I2)= 0 0 0 0 0 0 0 0 0 0 0 0 

CURRfNT NODAL DOFSET IS UX UY UZ ROTX ROTY ROTZ 
THREE-DIMENSIONAL MODEL 

ELEMENT TYPE 5 IS MASS21 STRUCTURAL MASS 
KEYOPVI-12)- 0 0 2 0 0 0 0 0 0 0 0 0 

CURRENT NODAL DOF SET IS UX UY UZ ROTX ROTY ROT2 
Calculitllm No 457-2003 3 
Revirion 0 
Fage 83  Of 37 
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THREE-DIMENSIONAL MODEL 

MATERIAL I EX - 0.21WWOE+08 

TURN OFF ELEMENT SHAPE CHECKING 

COORDINATE SYSTEM I I DEFINITION. TYPE= 0 (CARTESIAN) 
XC.YCZC- -23.000 O.O0000E+€+O,CWKDE+C€ 
ANGLES- 000 000 0.00 PARAMETERS= 1.000 1.000 
ORIENTATION- 1.00 0.00 0.00 0.00 1.00 0.00 0 0 0  0.W 1.00 

ACTIVE COORDINATE SYSTEM SET TO 

KEYFQMT I X,Y,Z= 0 O ~ E + o o  0.CiOOOOE-00 26.0000 IN CSYS- I I 

1 I (CARTESIAN) 

-23 WOO O.OwoOOE100 26.WW IN CSYS- 0 

KEYPOINT 2 XY.Z= O.WOOOOE+W O.WOOWE+00 18.0000 INCSYS- 1 1  

-23.0w(I O.woOWE+OO 11.0000 INCSYS- 0 

KEYPOINT 3 X.YL= 0.625MO O.OOO000EIoo 16.1250 MCSYs- I I  

-22 5750 0 OWIOOE400 16 1250 IN CSYS- 0 

KEYPOINT 4 XY.2- 0.62JWO O.WOOWE+W 300000 MCSYs-  1 1  

-U.31SO OwwWE+oo 3OWOO IN CSYS= 0 

aYmmr 5 X.Y.Z- 2.ooooo O . O O O W O E ~ ~ O  O.OWIOOE+OO IN CSYS- I I 

-2 I .OOOO 0 OMW)OE+W 0 00WM)E-W IN CSYS= 0 

KEYFQMT 6 X.YZ= 2.WOOO O.WOOWE+W 4.66000 IN CSYS- I 1  

-2l.OwO OOO000OEiW 16MIw MCSYS- 0 

KEYPOINT 7 X.Y.2- 3 00000 0 OOWWE+OO 6.39000 M CSYS- I I 

-20 0000 O.OOWOOE+OO 6 39wO IN CSYS= 0 

wymrwr 8 X.Y.Z= 3 . ~ 0 ~  OOWM)OE+~O 822000 INCSYS- I I  

-20.0000 O.OOOoM1E~00 1.22000 IN CSYS- 0 

KEYWMT 9 X.Y.2- 2.00WO OWOOOOE+OO 996000 M C S Y S = l l  

-21.0000 O.WOOOOE+OO 9 96000 M CSYS- 0 

KEYPOMT I O  X.YZ- 2 w o W  O W O O O O E . 0 0  213700 MCSYS-I1  

-21.0000 0000000E+00 21.3700 MCSYS= 0 

Caleullion No. 457-2W3.3 
Revirion 0 
Page 84 of 37 
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KEYPOINT 1 1  X.YZ= 2.31SW 0000000E+30 22.0200 MCSY- 11 

-m.6250 O.OOOOWE~OC 22.0200 M CSYS- o 
KEYFQW I2 X.Y.2- 2 11500 O.WOWOE+OO 229900 INCSYS- I 1  

-20.6250 0 OWOOOEiOO 22.9900 IN CSYS- 0 

KEYPOMT 13 X.Y.Z= 2.Ow(IO O.WOWOE+W Z3.68W MCSYS=ll  

-21 0000 O.WwOOEcOO 23.6800 M CSYS= 0 

KEYPOINT 14 X.YZ- 2.oMx)o OOWWOEiOO 16.0OW M CSYS= 11 

-21 WW O.WOOWE+W 26,0464 MCSYS- 0 

KEYPOMT I5 X , Y p  0.625000 O.OOWOOE+CQ Z6.oMx) M CSYS- I I 

-22.3750 OMOWOE+OO 26.0000 MCSYS= 0 

KEYPOMT 16 XYZ= 1.12500 O.WOWOE+OO 26.0wO MCSYs= I 1  

-21.8750 O.OOOOOOE+OO 26.oWO MCSYS- 0 

KEYPOMT 17 X , Y P  1.12500 O.WOOOOE+00 18WOO MCSYS=ll  

-21.8i50 O.OOOOWE+OO 18.oooo mi CSYS- o 
KEYPOINT I8 X.Y.2- 2.w000 0.000WOE-OO IS.WO0 MCSYS- 11 

-210000 OwoWoE+W l8WOO INCSYS- 0 

'DOLM)PON PARAMETER=II FROM 1.0000 TO 9WOO BY I WOO 

LMECONNECTSKEYPOMTS I 2 
LMENO- 1 KPI- I TANI- O.WO0 0.OOW 1.0000 

KP2= 2 TAN2= 0.0000 0.0000 -1.WOO 

.END00 MDEX= I1 

LINECONNECTS KEWOMTS 14 16 
LINENO.= 10 KPI= 14 TANI- I WOO O O O W  0.0000 

KP2= 16 TAN2= -1.0000 OWOO O w 0 0  

LME CONNECTS KEYPOMTS 16 17 
LINENO= I 1  KPI- 16 TANI- 00000 00000 IOWO 

KP2- 17 TAN2= OWOO OOOW -1.0000 

LINE COhWECTS KEYPOMTS 1 1  3 
LMEN0.- I2  KPI= 17 TANIS 0.2577 0.0000 0.9662 

KFZ= 3 TAN2- -0 2511 0 0000 -0 9662 
C a l ~ h u o n  NO 451-2003.3 
Rmsion 0 

pSec B5 of 37 
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LMECONNECTSKZYPOINTS I 16 
LINENO- 13 KPI- I TANI- -1.m 0 . 0 ~ 0  a.aooo 

KP2- 16 TAN2- I.WO0 0OWO 0oOoD 

LINECONNECTSKZYFQMTS 18 I O  . 
LINENO.= 14 WI= 18 TAN]= 0.0000 O . O w 0  -1.0000 

KFZ= 10 TAN2= 00WO OW00 I.WO0 

LME CONNECTS KEYWMTS 10 I I 
LINENO- IS  KPI- 10 TANI- -0.4997 0MH)O 4.8662 

u 2 -  II TANZ= 04597 aoow 0.11662 

LINECONNECTSKEYWINTS 11 12 
LINENO= 16 KPI= I 1  TANI- 00000 O . W o 0  -1 0000 

KP2- 12 TAN2- 0.OWO O.oo00 1.0000 

LINECONNECTSKEYPOM~ 13 14 
LMEN0.- 17 KPI- 13 TAN+ 0.OW 0.0000 -1.0000 

KFZ= I 4  TAN2- 00000 0.0000 l.WO0 

LINECONNECTSKEYPOINTS 9 18 
LINENO= 18 KPI- 9 TANI- 00000 O W W  -10000 

KP2- 18 TAN2= OOOW O O W O  I OOOO 

LINECONNECTSKEYPOINTS 17 I 8  
LINENO= 19 01- 17 TANI- -\woo oaaw a m  

KP2= 18 TAN2= I W O O  OoOm 00000 

LINECONNECTSKEYWMTS I2 I3 
LMENO.= 20 wi- 12 TANI= 0.4775 00000 -0.8786 

KPZ- I3 TANZ= -0 4775 0 0000 0.8786 

LMECONNECTSKEYPOINTS 2 17 
LINENO= 21 KPI- 2 TANI= -1.OOoO 0.0000 O.oOo0 

KPZ= 17 TANZ= I oow a.oooo O.OOOO 

SELECT FOR ITEM-LINE COMPONENT= 
MRANGE I TO I lSTEP 10 

2 LlNES(0F 21 DEFMED)SELECTEDEY LSEL COMMAND, 

SET DIVISIONS ON ALL SELECTED UNMESHED LINES 
FOR ELEMENT SIZE = 0.6wOo SPACING RATIO = 1.OooO 

DEFINITION OF COMWNENT - C.L3 

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

ENTInT(=LME 

2 LINES(0F. 21 DEFMED)SELECTED BY LSEL COMMANO 

Clkuhuon No. 457-2003 3 
Revision 0 
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ALSO S U E C T  FOR ITEM-LINE COMPONENT= 
INRANGE 2 T 0  I2STEP 10 

4 LINES (OF 21 DEFINED) SELECTED BY LSEL COMMAND 

SET DIVISIONS ON ALL SELECTED UNMESHED LMES 
TO NDlV = 1. SPACING RATIO- I 000 

DEFINITION OF COMPONENT- C-LI ENTITY-LNE 

SELECT FOR ITEM-LINE COMPONENT= 
INRANGE 14TO 17STEP I 

4 LINES (OF 21 DEFINED) SELECTED BY LSEL COMMAND 

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

6 LINES (OF 21 DEFINED) SELECTED BY LSEL COMMAND 

ALSO SELECT FOR ITEM-LINE COMPONENT- 
INRANGE l o r 0  IDSTEP I 

7 LINES (OF 21 DEFINED) SELECTED BY LSEL COMMAND 

DEFMITION OF COMPONENT = C_L2 ENTITY-LINE 

SET DIVISIONS ON ALL SELECTED UNMESHED LINES 
FOR ELEMENT SIZE = 0.60000 SPACING RATIO - I woo 

SELECT ALL ENTITIES OF TYPE- ALL AND BELOW 

ALL SELECT FOR ITEM=VOLU COMPONENT- 
INRANGE OTO OSTEP I 

0 VOLUMES (OF 0 DEFINED)SELECTEDBY VSEL COMMAND 

ALL SELECT FOR ITEM-AREA COMPONENT- 
INRANGE OTO OSTEP I 

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

ALL SELECT FOR ITEM=LlNE COMPONENT- 
INRANGE I T 0  21STfP I 

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

ALL SELECT FOR ITEM-KP COMPONENT- 
INRANGE I T 0  ISSTEP I 

18 KEYPOMTS (OF 18 DEFINED) SELECTED BY KSEL COMMAND 
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ALL SELECT FOR ITEM-ELEM COMPONENT= 
INRANGE OTO OSTEP I 

0 ELEhlE.Cn (OF 0 DEFINED) SELECTED BY ESEL COMMAND 

ALL SELECT FOR ITEM=NODE COMPONMT- 
INRANGE DTO O m P  I 

0 NODES (OF 0 DEFINED) SELECTED BY NSEL COMMAND 

UNSELECT COMWNENTC_LI 

UNSELECT COMPONENT C_L2 

SFT DIVISIONS ON ALL SELECTED UNMESHED LMES 
FORELEMENTSIZE- 2ww S P A C M G R A ~ ~ -  1.m 

SELECT ALL mnns  OF TYPE= ALL AND BELOW 

ALL SELECT FOR ITEM=VOLU COMPONENT. 
INRANGE OTO OSTEP I 

0 VOLUMES (OF 0 DEFINED) SELECTED BY VSEL COMMAND 

ALL SELECT FOR ITEM-AREA COMPONENT- 
NRANGE DTO O S E P  I 

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

ALL SELECT FOR ITEM-LINE COMPONENT= 
INRANGE 1TC 2lSTEP I 

21 LINES (OF 21 DEFlNED) SELECTED BY LSEL COMMAND 

ALL SELECT FOR ITEM-KP COMFQNENT- 
NRANGE I TO ISSTEP 1 

18 KEYPOINm (OF 18 DEFDiED) SELECTED BY KSEL COMMAND 

ALL SELECT FOR mM-ELEM COMPONENT- 
INRANGE OTO OSTEP I 

0 ELEMENTS (OF D DEFINED) SELECTED BY ESEL COMMAND 

ALL SELECT FOR ITEM=NODE COMPONENT= 
INRANGE DTO OSTEP I 

0 NODES (OF 0 DEFINED) SELECTED BY NSEL COMMAND 

DELETE SELECTED LINES FROM 9 TO 9 BY 1 

DELETED I LMES 
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ALL SELECT FOR ITEM-KP COMPONMT- 
MRANGE I T 0  ISSTEP I 

18 KEYPOMTS(0F I8 DEFMED)SELECTEDBY KSEL COMMAND. 

DEFINE AREA BY LIST OF Kwmms 
W P O M T L I S T -  I 16 17 2 

AREANUMBER- I 

SELECT FOR ITEM-KP COMPONENT= 
MRANGE IOTO I4SlEP 1 

5 KEYPOINTS (Of 18 DEFMED) SELECTED BY KSEL COMMAND 

ALSO SELECT FOR ITEM=KP COMPONENT- 
MRANGE I6TO N S E P  I 

8 KEYWMTS (OF I8 DEFINED) SELECTED BY KSEL COMMAND 

SELECT ALL LINES COMPLETELY CONTAINED WITHIN KEYPOMT SFT 

8 LINES (OF 20 DEFINED) SELECTED FROM 
s SELECTED KEYrnmn BY LSLK COMMAND 

DEFINE AREA BY LIST OF LINES 
LINE LIST = ALL SELECTED LINES 
(TRAVERSED IN SAME DIRECTION AS LME 

AREANUMBER= 2 

IO) 

ALL SELECT FOR ITEM-KP COMPONENT= 
~ . ~ . N G E  I T O  USEP I 

18 KEYPOMTS (OF 18 DEFMED) SELECTEDBY KSEL COMMAND 

ALL SELECT FOR ITEM-LME COMPONENT= 
MRANGE I T 0  21STEP 1 

20 LINES (OF 20 DEFINED) SELECTED BY LSEL COMMAND. 

DEFINE AREA BY LIST OF KEYFQINTS 
KEYWINTLIST- 2 3 I7 \l 

AREANUMBER= 3 

SELECT FOR ITEM-KP COMFQNENT- 
MRANGE 3 '10  9STEP I 

7 KEYPOINTS (OF 18 DEFINED) SELECTED BY KSEL COMMAND 
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ALSO SELECT FOR ITEM-KP COMPONENT- 
INRANGE 17TO ISSTEP I 

9 KF,YWINTS(OF 18 DEFINED)SELECTEDBY KSELCOMMAND 

SELECT ALL LINES COMPLETELY COh'TAINED WITHIN KEYPOMT SET 

9 LINES (OF 
9 SELECTED KEYPOINTS BY LSLK COMMAND 

20 DEFINED) SELECTED FROM 

DEFINE AREA BY LIST OF LINES 
LrNE LIST - ALL SELECTED LINES 
(TRAVERSED IN SAME DIRECTION AS L M  

AREANUMBER- 4 

3) 

SELECT ALL ENTITIES OF TYPE- ALL AND BELOW 

ALL SELECT FOR ITEM=VOLU COMPONENT= 
INRANGE OTO OSTEP I 

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

ALL SELECT FOR ITEM-AREA COMFONSNT= 
INRANGE IT0 4STEP I 

4 AREAS (OF 4 DEFINED) SELECTED BY ASEL COMMAND 

ALL SELECT FOR ITEM=LINE COMPONENT= 
INRANGE I T 0  21 STEP I 

20 LINES (OF 20 DEFINED) SELECTED BY LSEL COMMAND 

ALL SELECT FOR ITEM-W COMPONENT= 
INRANGE I T 0  ISSTEP 1 

18 KEYPOlNTS(0F IS DEFINED) SELECEDBY KSEL COMMAND 

ALL SELECT FOR ITEM=ELEM COMPOhXNT= 
INRANGE OTO OSTEP I 

0 ELEMENTS (OF 0 DEFlNED) SELECTED BY ESEL COMMAND 

ALL SELECT 
IN RANGE 

FOR ITEM=NODE COMPONENT- 
OTO OSTEP I 

0 N O D S  (OF 0 DEFINED) SELECTED BY NSEL COMMAND 

ELEMENTTYPE SETTO 4 

MATERIAL NUMBER SET TO I 

Cakulnnon No 457.2003 3 
Rwnion 0 
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued) 
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RWLCONSTANTNUMBER= I 

GENERATENODES ANDELEMENTS IN ALL SELECTEDAREAS 

** Meshulg of area I in p m p a  ** 
** Mnhing of- I complcied .* 14 elmen8 

** Meshing of uu 2 in -ns * *  

** lnitirlmcrhingoflrra2somplnc** 

** Meshing OIW. 2 cmpleted ** 32 elements 

** Meshing o f w a  3 in progrns *. .. 1niu.l meshing of w 3 emplc tc  ** 

'* Meshing of .IC. 3 completed * *  I elsmmt.. 

.* AREA 2 MESHED WTH 32 QUADRILATERALS. 0 TRIANGLES ** 

** AREA 3 MESHED WITH 0 QUADRILATERALS. I TRIANGLES ** 

. .Mcshingof~.4inpmgrrrr** 

** Initid meshing ofarea 4 CODIPIRC .. 
** Meshing of area 4 campkrcd ** 22 clemnn 

** AREA 4 MESHED WITH 18 QUADRILATERALS. 4 TRIANGLES .* 

NUMBER OF AREAS ME5IIED - 4 
MAXIML'M YODE NVMBER - 91 
MAXIMUM ELEMENT NUMBER - 69 

VIEW UP OIRECTlON FOR WINDDW I IS CCS 2 AXIS 

view p f n f  for window I I .OW0 I .WOO 1 OD00 

PRODUCE ELEMENT PLOT IN DSYS J_ 0 

ACTIVE COORDINATE SYSTEM SET TO 

KEYWMT 

KEYPOMT 21 X.Y.Z= O.OWOOOE+OO O.OOWWEM0 20.00W INCSYs= 0 

DEFAULT ELEMENT DIVISIONS PER LINE = I S  

ELEMENT TYPE SET TO I 

REAL CONSTANTNUMBER. I 

MATERIAL NUMBER SET TO I 

ROTATE AREAS 

0 (CARESIAN) 

20 X.Y.Z= 0 OOOWDEioO O.WOWOEIOO 0 WWOOEIOO IN CsYs= 0 

I. 2. 3. 4. 
ABOUTTHE AXIS  DEFTNEOBY KEYWINTS 20 21 

Calculation No 457-2003.3 
RNlSiO" 0 

Pagel3110f 37 
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E-15166 

DEGREES OF ARC- 180 W NUMBER OF SEGMENTS- 2 

MAXIMUM NODE NUMBER * 3515 
MAXIMUM ELEMENT NUMBER = 2553 

'ENDIF 

ACTIVE CDDRDlNATE SYSTEM SET TO 

SELECT FORlTEM=LOC COMPONENT-Y BETWEENO IWOOE-01 AND I ow0 

0 (CARTESIAN) 

KABS- 0 TOLERANCE= 0 WOOOOE+00 

190 NODES (OF 3515 DEFINED) SELECTED BY NSEL COMMAND 

SPECIFIEDCDNSTRAMTUY FOR SELECTEDNODES I TO 3515 BY I 
REAL- 0 WOMOMIOEMO ]MAG= 0 MOOOWWEiOO 

ALL SELECT FOR IEM=NODE COMPONENT- 
INRANGE I T 0  3515STEP 1 

3515 NODES (OF 3515 DEFINED) SELECED BY NSEL COMMAND 

E L E M E N T W E  5 ISMASS21 STRUCNRALMASS 
KEYDFT(1-12)- 0 0 2 0 0 0 0 0 0 0 0 0 

CURRENTNODALDOFSETIS UX UY UZ ROTX ROW ROTZ 
THREE-DIMENSIONAL MODEL 

.GET mvl FROM NODE ITEM-MNLO Z VALUE- OOMXIoooM1EMO 

SELECT 
KABS. 0 

FOR ITEM=LOC COMPONENT-Z 
TOLERANCE- 0 WWOOEiW 

BETWEEN -1.WOO AND 0. I 0OWE-O I 

37 NODES (OF 3515 DEFINED) SELECEDBY NSEL COMMAND 

USE COMMAND MACRO MAS21 
ARCS- 86811 5 W O O  SOW0 

IOUTPUT FILE- m21 out 

PRINTOUT RESUMED BY 'COP 

SELECT ALL ENTITIES OF TYPE= ALL AND BELOW 

ALL SELECT FOR ITEM-VOLU COMPONENT- 
NRANGE I T 0  8STEP 1 

8 VOLUMES (OF 8 DEFMED) SELECTED BY VSEL COMMAYD 

ALL SELECT FOR ITEM=ARF,A COMWNENT- 
MRANGE I T 0  52STEP 1 

Cakuhlion No 451 2003 
RCVISIW 0 
P q c B l 2 o f  31 
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E-1 5166 

52 AREAS (OF 52 DEFINED) SELECTED BY ASEL COMMAND. 

ALL SELECT FOR ITEM-LINE COMPONEXT= 
INRANGE I T 0  94STEP I 

94 LINES (OF 94 DEFINED) SELECTED BY LSEL COMMAND. 

ALL SELECT FOR lTEM4CF’ COMPONENT- 
INRANGE I T 0  YSTEP I 

51 KEYPOINTS (OF 54 DEFINED) SELECTED BY KSEL COMMAND. 

ALL SELECT FOR lTEM=ELEM COMPONENT- 
INRANGE I TO 2590STEP I 

2590 ELEMENTS (OF 2590 DEFINED) SELECTED BY ESEL COMMAND. 

ALL SELECT FOR ITEM-NODE COMWNEKT= 
INRANGE I T 0  3515STEP 1 

3515 NODES (OF 3515 DEFINED) SELECTED BY NSEL COMMAND. 

*GET ndmx FROM NODE ITEM=NUM MAX VALUE- 3515.Wcm 

PAMMETERGNDMX = 3516.000 

ACTIVE COORDINATE SYSTEM SET TO I 1  (CARTESIAN) 

NODE 3516 KCS- I 1  X.Y2--5.2400 OOOOOOEtOO 21.460 

SPECIFIED CONSTRAINT UX FOR SELECTEDNODES 3516 To 3516 BY 
REAL= 0.WOWOOOOEcW IMAG- O.oWOOWWE+W 

SPEClFlEDCONSTRAINTW FOR SELECTEDNODES 3516 TO 3516 BY 
REAL= 0 00WOWWE+W IMAG- 0 WOOOWOOE+OO 

SPECIFIEDCONSTRAINT UZ FOR SELECTEDNODES 3516 TO 3516 BY 
REAL= 0 OWOOWOOEWO IMAG- 0.000WOOWEtOO 

REAL CONSTANTSET 3 ITEMS I TO 6 
1000.0 IoW.0 l o W 0  IOW.0 10000 OWOOOE+OO 

ACTIVE COORDINATE SYSTEM SET TO 0 (CARTESIAN) 

ALL SELECT FOR ITEM-ELEM COMPONENT= 
MRANGE I TO 25WSTEP I 

2590 ELEMENTS (OF 2590 DEFINED) SELECTED BY ESEL COMMAND. 

SELECT ALL NODES HAVING ANY ELEMENT IN ELEMENT SET 

3515NODES(OF 3516 DEFINED)SELECTED FROM 
Calmlation No 457-2003 3 
Revirim 0 
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued) 

E-15166 

2590 SELECTED ELEMENTS BY NSLE COMMAND 

*GET r o  FROM NODE ITEM-MNLO X VALUE--23 WOW00 

S N C T  FORITEM-LOC COMPONENT=Y BETWEEN4 IWOOE-01 AND I O w 0  
KABS- 0 TOLERANCE- 0 WOoM)EtOO 

191 NODES (OF 3S16 DEFINED) SELECTED BY NSEL COMMAND 

RESELECT FOR ITEM-LOC COMPONENT-X BETWEEN -23 la) AND -22 990 
KABS= 0 TOLERANCE- 0 WWOOE-OO 

I5 NODES(0F 3516 DEFINED)SELECTEDBY NSEL COMMAND 

USE COMMAND MACRO R-BEAM 
ARGS- 35160 I.Wo0 300W 3OWO 

MATERIAL NUMBER SET TO I 

REAL CONSTANT NUMBER- 3 

ELEMENTTYPE SETTO 3 

UNSELECT FOR ITEM-NODE COMPONENT- 
INRANGE 3516TO 3516STTP I 

I 5  NODES(0f 3516 DEFINED)SELECTEDBU NSEL COMMAND 

DEFINITION OF COMFUNENI = C-N 

DEFINITION OF COMPONENT = C-NN 

'GET ncnl FROM NODE ITEM-COUN VALUE- IS W 0 M ) O O  

'DO LOOP ON PARAMETER- 11 FROM IO000 TO I 5  WO BY I WOO 

*GET ndmx FROM NODE ITEM-NL'M MAX VALUE= 30 WWoMl 

ENTITY=NODE 

ENllTY-NODE 

ALSO SELECT FOR ITEMcNODE COMPONENT- 
WRANGE 3516TO 3516STEP I 

16 NODES (OF 3516 DEFlNED) SELECTED BY NSEL COMMAND 

ELEMENT 2591 3516 30 0 

SELECT COMWNENT C-NN 

UNSELECT FOR ITEM-NODE COMPONENT- 
INRANGE 3516TO 3516STEP I 

I 5  NODES(0F 3516 DEFMED)SELECTED BY NSEL COMMAND 

Cslcvlrtian NO. 457.2003.3 
Revision 0 
R g c B l l o f 3 7  
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E-1 51 66 

UNSELECT FOR ITEM-NODE COMPONENT= 
INRANGE 3 0 T O  3OSTEP I 

14 NODES(0F 3516 DEFP4ED)SELECTEDBY NSEL COMMAND 

DEFINITION OF COMPONENT = C-NN 

.ENDW INDEX=II 

SELECT COMWNEKTC_N 

ALSO SELECT FOR m M = N O D E  COMPONENT- 
INRANGE 3516TO 3516STEJ I 

ENTITY-NODE 

16 NODES(0F 3516 DEFINED)SELECTEDBY NSEL COMMAND 

MAT NUMBERING KEY - I 

NUMBERKEY SETTO I -1-NONE 0-BOTH I-COLOR 2-NUMBER 

AUTOMATIC SCALING FOR WlNDOW I 
DISTANCE AND FOCUS POINT AUTOMATICALLY CALCULATED 

PRODUCE ELEMENT PLOT IN DSYS = 0 

IOUTF'UTFILE- kbm1 out 

PRINTOUT RESUMED BY IGOP 

ACTIVE COORDINATE SYSTEM SET TO 

*GET s-x FROM NODE 3516 ITEM=LOC X VALUE- 28240Woo 

*GET s-1 FROM NDDE 3516 1TF.M-LOC Z VALUE= 21 4600003 

0 (CARTESIAN) 

NODE 3517 KCS= o XYZ= 28240 noo000~iO0 21 460 

SPECIFIEDCONSTRAINTUY FORSELECTEDNODES 3517TQ 3517BY 
REAL= 0 M)OoOOE+00 IMAG- 0 OOOoowWE+oD 

SPEClFlEOCONSTRAlNTUZ FORSELECTEDNODES 3517TG 3517 BY 
REAL= o O(KK)OWOOE+NI MAG- o ownoooonE-0 

I 

SELECT FORITEM-LOC COMWNEhT-Y BETWEEN4 lOwOE4l AND 1 Woo 
KABS= 0. TOLERANCE= O.WOOOOEto0 

192 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND. 

FSSELECT FORITEM=LG€ CDMPONENT=X BETWEEN 22900 AND 23.010 
KABS- 0. TOLERANCE- O.WOOOOE+OO 

IS NODESIDF 3517 DEFINEDLWLECTEDBY NSEL COMMAND 
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E-15166 

USE COMMAND MACRO R-BEAM 
ARGS= 3517.0 I WW 3.0wO ~ . W W  

MATERIAL NUMBER SET TO I 

REAL CONSTANT \UMBER= 3 

ELEMENT TYPE SET TO 3 

UNSELECT FOR ITEM-NODE COMPONENT- 
INRANGE 3 S l l T O  3Sl lSTEP I 

I S  NODES(0F 3517 DEFMED)SELECTEDBY NSEL COMMAND 

DEFINITION OF COMPONENT - C-N 

DEFINITION OF COMPONENT J C-NN 

'OET nmt FROM NODE ITEM-COUN VALUE= I5 WOOOM) 

'DO LOOPON PARAMETER= I I  FROM I Woo TO IS OW BY 1 o w 0  

W E T  ndmx FROM NODE ITEM-NUM MAX VALUE- I835 ow00 

ALSO SELECT FOR ITEM-NODE COMPONENT= 
INRANGE 3517TO 351lSTEP I 

ENTIIY-NODE 

ENTITY-NODE 

16 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND 

ELEMENT 2606 3 1 1  183s 0 

SELECT COMPONENTC-NN 

UNSELECT FOR ITEM-NODE COMPONENT- 
INRANGE 3S11TO 3517STEP I 

IS NODES (OF 3517 DEFINED) SELECIFD BY NSEL COMMAND 

UNSELECT FOR ITEM-NODE COMPONENT- 
INRANGE 183STU I83SSTEP I 

14 NODES (OF 3S11 DEFINED) SELECTED BY NSEL COMMAND 

DEFINITION OF COMPONENT = C-NN ENTITY-NODE 

.ENDDO INDEX= I I  

SELECT COMPONENT C-N 

ALSO SELECT FOR ITEM-NODE COMPONENT- 
INRANGE 3517TO 3517STEP I 
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E-] 51 66 

16 NODES(0F 3517 DEFMED)SELECTEDBY NSEL COMMAND 

MAT NUMBEFZNG KEY = I 

NUMBERKEY SETTO I .l=NONE O=BOTH I-COLOR 2-NUMBER 

AUTOMATIC SCALING FOR VANDOW I 
DISTANCE AND FOCUS FONT AUTOMATICALLY CALCULATED 

PRODUCE ELEMENT PLOT M DSYS = 0 

SELECT ALL ENTITIES OF TYPE= ALL AND BELOW 

ALL SELECT FOR ITEM-VOLU COMPONENT= 
INRANGE I T 0  SSTEP 1 

8 VOLUMES(0F 8 DEFNED)SELECTEDBY VSEL COMMAND 

ALL SELECT FOR ITEMZAREA COMPONENT- 
INRANGE I T 0  52STEP I 

52 AREAS [OF 52 DEFINED) SELECTED BY ASEL COMMAND 

ALL SELECT FOR ITEM’LMCOMPONWT= 
INRANGE im WSTEP I 

94 LNES (OF 94 DEFINED) SELECTED BY LSEL COMMAND 

ALL SELECT FOR ITEM-KP COMPONENT= 
INRANGE I T 0  YSTEP I 

54 KEYtVINTS(0F 54 DEFINED) SELECTEDBY KSEL COMMAND 

ALL SELECT FOR ITEM-ELEM COMPONENT- 
INRANGE IT0 26MSTEP I 

2620 ELEMENTS (OF 2620 DEFINED) SELECTED BY ESEL COMhUNE 

ALL SELECT FOR ITEM-NODE COMPONENT= 
IYRANGE I T 0  3517STEP I 

3517 WODES(0F 3517 DEFIIIED)SELECEDBY NSEL COMMAND 

DESTROY ASSOCIATIVITY OF FNTF: ELEMENT MODEL AND SOLI0 MODEL 
NUMBER OF MESH ITEMS DISCONNECTED FROM NODES AND ELEMENTS = IS4 

ACTIVE COORDINATE SYSTEM SETTO 

SELECT FOR ITEMSENAM COMPONEYT- 

I (CYLINDRICAL) 

~ ~ N G E  ~ S T O  ~JSTEP I 

CaIcuLt~wr No 457-2003 3 
RNtriOn 0 
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E-1 5 166 

2484 ELEMENTS (OF 2620 DEFINED) SELECTED BY ESEL COMMAND 

SELECT ALL NODES HAVING ANY ELEMENT M ELEMENT SET 

3515 NODES (OF 3517 DEFINED) SELECTED FROM 
2484 SELECTED ELEMENTS BY NSLE COMMAND 

RESELECT FOR ITEMSLOC COMWNENT-Y BETWEEN 41 000 AND -39 000 
KABS- 0 TOLERANCE= 0 OWJODOE+W 

95 NODES (OF 3S17 DEFINED) SELECTED BY NSEL COMMAND 

MODIFY ALL SELECTED NODES IN COORDINATE SYSTEM 
NEWCOORDS= Y- -3900 

SELECT 

I 

ALL NODES HAYING ANY ELEMENT IN ELEMENT SET 

3515 NODES (OF 3511 DEFINED) SELECTED FROM 
2484 SELECTED ELEMENTS BY NSLE COMMAND 

*GET r-0 FROM NODE ITEM-MXLO X VALUE= 23 OoooOOO 

RESELECT FOR ITEM-LDC COMPONENT-X BETW€EN 22 WO AND 24 000 
KABS- 0 TDLERANCE-OWOOWE+MI 

555 NODES(0F 3517 DEFINED)SELECTEDBY NSEL COMMAND. 

RESELECT FOR ITEM-LDC COMPONENT-Y BETWEEN -66 Mx) AND -38 ow 
KABS- 0 TOLERANCE= 0 0 0 W W E W  

90 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND 

COORDINATE SYSTEM I 2  DEFINITION N P E -  0 (CARTESIAN) 
XC,YC.ZC= 0OWM)EtoO O.MXX)OE+OO O.WWOE+W 
ANGLES- -52.00 0.00 0 00 PARAMETERS- 1.ooO I Mx) 
ORIENTATION= 0.62 4.79 0 00 0.19 0.62 0 00 0.00 0.00 1.M) 

ACTIYE CWRDMATE SYSTEM SET TO 12 (CARTESIAN) 

MODIFY ALL SELECTED NODES IN COORDINATE SYSTEM 
NEWCOORDS- X- 2238 

SELECT FOR ITEM=TYPE COMWNENT- 
INRANGE 4TO 4STEP I 

12 

69 ELEMENTS (OF 2620 DEFINED) SELECTED BY ESEL COMMAND 

DELETE ALL SELECTED ELEMENTS 

DELETE ELEMENT TYPES FROM 4 TO 4 BY I 

CURRENT NODAL DOF SET IS UX UY UZ ROTX ROTY ROT2 
C l l ~ ~ l n l i m N ~  457-2003 3 
Revlnon 0 
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E-1 5166 

THREE-DIMENSIONAL MODEL 

SELECT ALL mims OF TYPE- ALL AND BELOW 

ALL SELECT FOR ITEM-VOLU COMPONENT- 
INRANGE I T 0  8STEP I 

8 VOLUMES (OF 8 DEFMED) SELECTED BY VSEL COMMAND 

ALL SELECT FOR ITEM=AREA COMWNENT- 
INRANGE I T 0  52STEP I 

52 AREAS (OF 52 DEFINED) SELECTED BY ASEL COMMAND 

ALL SELECT FOR ITEM-LINE COMPONENT- 
~ ~ N G E  I TO  STEP I 

94 LMES (OF 94 DEFINED) SELECTED BY LSEL COMMAND 

ALL SELECT FOR ITEM-KF CDMWNENT- 
MRANGE I T G  54STEP I 

54 KEYWMTS (OF 54 DEFINED) SELECTU) BY KSEL COMMAND 

ALL SELECT FOR ITM=ELEM CGMPONENT- 
MRANGE I T 0  2620S?EP I 

2561 ELEMENTS (OF 2551 DEFINED) SELECTED BY ESEL COMMAND 

ALL SELECT FOR ITEM-NODE COMPONENT- 
MRANGE I T 0  3517Sl'EP I 

3517 NODES(0F 3517 DEFINED)SELEClEDBY NSEL COMMAND 

.*'** ROUTINE COMPLETED *.*.* CP ~ 570.773 

CP- 570 781 TIME= 22 00 07 ...NOTE ... 
A lola1 of 353 wammgl and ems wnum to Rubr M 

'**" ANSYS SOLUTION ROLITTNE 

ACEL= 0 OOOWE+OO O.OOWOE-00 I . O W 0  

***'* ANSYS SOLVE COMMAND 

 NO^ ..* CP- 570.789 nm= u:oo.oi 
Them ~1 no ullc defined forthis andyiii. 

1.. NOTE ... CP- 571.820 TIME- 22:00:08 
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PROBLEM DlMNSlOhALlTI 3-D 
DEGREES OF FREEDOM UX UY UZ ROTX ROTY ROT2 
AhALYSlSlYPE STATIC (STEADY-STATE) ... ... C P  S72.055 TIME-U:OrlO8 NOTE 

b t  tins 0 h I r n  LM 01 squd to the prsviour time. 
Timewilldsfaultt. I .  
** Reordmn~ still m pragrrrr ** 
* *  Rewdaing sti l l  in progress a *  

L O A D  S T E P  O P T I O N S  

LOAD STEP NUMBER.. . . . . . . . . . . .  
TIME .. END OF THE LOAD STEP. . . . . . . . . .  .oooO 
NUMBEROF SUBSTEPS.. . . . . . . . .  
STEP CHANGE BOUNDARY CONDITIONS.. . . . .  
INERTIA LOADS X Y Z  

PRMTOUTPUT CONTROLS,. . . . . . . .  NO P W T O U T  
DATABASE OUTPUT CONTROLS 

NO 

............. O.WWOE+OO O.WOOOE+OO 1.0000 

. . . . . .  .ALL .... WRITTEN 
FOR mE LAST SUBSTEP 

E k m m  Fomuhon Elcmml= 10 Cum. 11~1.- I CP- S73.242 
Time= 1 . W  Load Strp. 1 %hstep= I Equhbrnm It~mnon- I 

Elsmcnl FmmaionElcmcnt= 18IOCum. Iter- I CP- 582 134 
Tme- 1.ooM1LoomSt~ I Subncp- 1 Equilibrwm Ilmtion- 1. 

"*** CENTROID. MASS, AN0 MASS MOMENTS OF INERTIA ***** 

CALCULATlONS ASSUME ELEMENT MASS AT ELEMENTCENTROID 

TOTALMASS - 86871 

MOM. OF INERTIA MOM OF INERTIA 
CENTROID ABOUT OIUGlN ABOUT CENTROID 

XC- 0.63009E-02 IXX= 0 1863E+08 IXX= 0 3 9 5 7 8 ~ 7 7  
YC= -12.992 IYY = 0.19698+08 IYY - 0.1969Ei08 
IC - O.OWWE+W Izz = 0.3831848 IZZ = 0.2365€+08 

IXY - -3448. IXY = -O.I056E+OS 
IYZ= OOWoE+00 IYZ= OWWE+00 
IZX = O.WE+OI 1 u (  - 0 00WE+OO 

ONLY THE X.DIRECTION MASS TERMS ARE USED FOR MASS21 ELEMRiTS 
Calculation No. 457-2003.3 
Revuien 0 
Page 820 of 37 
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"' MASS SUMMARY BY ELEMENT TYPE *** 

TYF% MASS 
5 86811.0 

Range of clement maximum m b i x  sosfftcmu in globnl cmrdmavs 
Maximum- 2.06103163IEt10 aceI~m~012S96 
Minimum- 7637221.94 mckmmt 1754 

**' ELEMENT MATRIX FORMULATION TIMES 
TYPE NUMBER ENAME TOTALCP AVE CP 

I 2484 SOLID45 I3250 0.WS 
3 30 BEAM4 0.039 0.001 
5 37 MASS21 0.W8 0 . W  

Tlmr~lcndofclrmrnrmloixformuhrtionCPSS86.632813. 

Enimated numberofwive DOF- 104S2. 
M m b m  wavchon~- 391. 

Equation Solution Elemat- 500 Cum. Iter - I CP; s92 461 
T m -  1.0000 Lord Srrp- I S u m =  1 Equilibrium 1-h- 1 
Equalion SOlufionElment- 1920Cum. l e -  1 CP-601 836 
T m r  I.Wo0 Lmd Step= I Subrrcp- I Eqvilib&m Iontion;. I 

Timc 01 m d  of mauk fianpluintvm CP; 60s 134315. 
Equrtm! rolvamaxvnumpivm-2 16OS637f+ll ~tnode351lROTY.  
Equation rolvsr mmmum pivot- IS9019 I S  at node 14 uX. 
ElementOurpu~Elmrnc9oOCum I m =  1 CP-611.555 
Tune- I W O O  Load Step- I Subrlcp- I Equilibrium Itsmltloo- 1 

*.. ELEMENT RESULT CALCULATION TIMES 
TYPE NUMBER ENAME TOTAL CP AVE CP 

I 2.1114  SOLI^^ 8453 0003 
3 30 BEAM4 0047 0002 
5 31 htASSZI 0.W O w 0  

'*'NODAL LOAD CALCULATION TIMES 
TYPE NUMBER ENAME TOTAL CP AVE CP 

I 2484 SOLID45 0664 OOW 
3 30 BEAM4 0008 OW 
5 31 MASS21 OW8 OW0 

'**LOADSTEP I SUBSTEP I COMPLETED CUMITER= 1 
**' TIME - I Ow00 TIME MC = I 00000 NEW TRlANG MATRD( 

*'* PROBLEM STATISTICS 
A C N A L  NO OF ACTIVE DEGREES OF FREEDOM ~ 10452 
R M S WAVEFRONT SIZE = 30s 2 

C a k ~ l a w n  No 457-2003 3 
Revision 0 
Page 821 Of 37 
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E-1 5 166 

**' ANSYS BINARY FILE STATISTICS 
BUFFER SIZE USED= 8192 

13 031 MB WRIlTEN ON ELEMENT MATRIX FILE flube emat 
9 C63 MB WRITTEN ON ELEMENT SAVED DATA FILE Rube CIW 

24 563 MB WRITTEN ON TRIANGULARILED MA- FILE Rubs m 
4 344 MB WRITTEN ON RESULTS FILE, Rubs m 

FINISH SOLUTION PROCESSING 

*.*** ROUTINE CDMPLETED CP - 617 820 

C P  617.828 TIME- 2201.01 ...NOTE ... 
A total of35S waning md c- wrbrn to flube.m. 

**'** ANSYS RESULTS INTERPRETATION (POSTI) ***** 

ENTER ISHOW.DEVICE-NAME TO ENABLE GRAPHIC DISPLAY 
ENTER FINISH TO LEAVE FQSTI 

CP= 617.828 TIME-22:01-01 ...NOTE ... 
An active coordinate ryrrrrn is not zero. 
RSYS=DCSYS- 12DSYS-0. 

SELECT ALL ENTITIES OF TYPE- ALL AND BELOW 

ALL SELECT FOR ITEM-VOLU COMPONENT- 
INRANGE im 8 s ~ ~  I 

8 VOLUMES (OF 8 DEFINED) SELF,CTED BY VSEL COMMAND 

ALL SELECT FOR ITEM-ARU COMPONNT= 
INRANGE I T 0  S2STEP I 

52 AREAS (OF 52 DEFWED) SELECTED BY ASEL COMMAND 

ALL SELECT FOR ITEM=LINECOMFUNEN% 
INRANGE I T 0  9 4 S W P  I 

94 LWES (OF 94 DEFINED) SELECTED BY LSEL C O m A N D  

ALL SELECT FOR ITEM=KP COMPONENT= 
MRANGE I TO 54STEP I 

54 KEYPOMTS(0F 54 DEFINED)SELECTEDBY KSEL COMMAND 

ALL SELECT FOR ITEM=ELEM COMPONENT= 
INRANGE I T 0  2620STEP I 

Calsulktion NO. 417.2003.3 
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued) 

E-1 5 166 

2551 ELEMENTS(0F 2551 DEFINED) SELECTED BY ESEL COMMAND, 

ALL SELECT FOR ITEM-NODE COMPONENT- 
MRANOE i m  ;SITSTEP I 

3511 NODES (OF 3517 DEFINED) SELECTED BY NSEL COMMAND 

*"'* SUMMATI03 Of TOTAL FORCES AND MOMENTS IN GLOBAL COORDINATES .*.** 
FX = 4 42280S9EOl 
FY = 0.42135981-07 
R = -86811.00 
Mx = 1128610. 
MY = 5473622 
ML =.O 1312711EdS 

SUMMATION POINT= O.OWWE+CQ O.W00E+00 0.OWOOEIMI 

DISPLAYS PUT ON PLOT FILE kb.nn.pU 

TITLE= 
K Basin Pail Ring LiR Analyris 

DEVICE VECTOR KEY SET TO I 

-VECTOR MODE, 

HIDDEN DISKAY (PRECISE) IN WINDOW I 

NUMBER KEY SET TO -I -!=NONE 0.BOTH I-COLOR 2-NUMBER 

vlcw pomtfoiwmdow I I W O O  I . O W 0  I WW 

PRODUCE ELEMENT PLOT IN DSYS - 0 

CUMULATIVE DISPLAY NUMBER 1 WRISTENTO FILE kbalin pll .VECTOR MODE. 
DISPLAY TITLE- 
K Boson Pail Rmg Lift Analyst$ 

CP= 618758 T1ME-2201:01 ..*NOTE... 
CUMULATIVE DISPLAY NUMBER I \MUITEN TO FILE kbsrin.pb - VECTOR MODE. 
DISPLAY TITLE= K Basin Pail Ring Lift Analysis 

NUMBERKEY SETTO 2 I=NONE 0-BOTH I-COLOR 2-WMBER 

SELECT FOR ITEM-ENAM COMWNENT- 
INRANGE 45TO 45STEP I 

2484 ELEMENTS (OF 2551 DEFINED) SELECTED BY ESEL CDMMAND 

SELECT ALL NODES HAVING ANY ELEMENT M ELEMENT SET 

3515 NODES(0F 1517 DEFINED) SELECTED FROM 
2484 SELECTED ELEMENTS BY NSLE COMMAND 

Calculation NO 49-2003 3 
Rnision 0 
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued) 

E-15 166 

AUTOMATIC SCALING FOR WINDOW I 
DISTANCE AND FOCUS POINT AUTOMATICALLY CALCULATED 

viewpointforwindow I 1 . W  -I.0000 1.0040 

VIEW UP DlRECnON FOR WINDOW I ISGCS Z AXIS 

ACTIVECOORDMATE SYSTEM SETTO I (CYLINDRICAL) 

RESELECT FOR ITEM=LOC COMPONENT-Y BETWEEN -161.00 AND -29.ooO 
M B S =  0. mLERANCE- 0.WOOM)EMO 

2565 NODES(0F 3517 DEFINED)SELECTEDBY NSEL COMMAND. 

ONLY ELEMENT5 COMPLETELY CONTAlNED WTHM NODE SET. SELECT 

1821 ELEMENTS(0F 2S5l DEF1NED)SELECEDFROM 
2565 SELECTED NODES BY ESLN COMMAND. 

DISPLAY NODAL SOLUTION. ITEM-S COMF-EQV 

CUMUULTIVE DISPLAY NUMBER 2 WRlrroJ TO FlLE kbasimplt 
DISPLAY mu- 
K Bann Fail Rmg Lift Analyni ... NOTE ... 
CUMULATIVE DISPLAY NUMBER 2 W " E N  TO FILE khrin+lt - VECTOR MODE 
DISPLAY TITLE= K Bmm Fail Ring LiR Analysis. 

DISPLAY CDORDINAE SYSTEMSETTO I (CYLINDRICAL) 

LIST ALL SELECTED NODES IN RANGE 2221 TO 2630 STEP 409 DSYS- I 

. VECTOR MODE 

CP= 623.000 TIME-2201:W 

NODE X Y 2 W X Y  THY2 THZX 
2221 23000 -10.000 22.571 O M )  0.00 000 
2630 20625 -30.000 22 SOS O M )  OW OW 

DISPLAY COORDINATE SYSTEM SET TO 

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES 

0 (CARTESIAN) 

2221 2630 

P W T  LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMANO. OSYS= 0 

'**" POST1 LINEARIZED STRESS LISTTNG ***** 
INSIDE NODE - 2221 OUTSIDE NODE - 2630 

LOAOSTEP I SUBSTEP- I 
TIME= 1 0000 , LOA0 CASE- 0 

THE FOLLOWING X.Y.2 STRESSES ARE IN GLOBAL COORDINATES 
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued) 

** MEMBRANF 
~ ~~ - 

sx SY SL SXY SYZ sxz 
-580.5 -34.39 -135.5 -495 I -521.9 -2199 

S I  S2 S3 SINT SEQV 
495.5 -139.9 -1106. 1602. 1397 

BENDING ** I-INSIDE C=CENTER O-OU7SIDE 
sx 5Y sz SXY SYZ sxz 

I -1002. -2782. 725.8 -2057. O.II8OEMS 6852. 
C 0.00OOEtOO 0 0000E+00 O.OWOEW0 0.00WE-00 0.WOOEIOO O.WOOE+Cm 
o 1002. m 2 .  m . 8  2057 -O.IIIOE+OS -6852. 

SI S2 S3 SMT SEQV 
I 0.1217EMS 336.0 -0 IS56E105 0.2773E105 0.241OEcO5 

0 0 1556E+05 -336.0 
c O.WOOE+OO O.OOOOE+M 0 OOOOE+W 0 WOOEIOO 0 00WE.00 

d.l2l7E+OS 0.2773E+05 02410E+O5 

** MEMBRANE PLUS BENDING * *  I=MSIDE C-CMTER 0-OUTSIDE 
sx SY sz SXY SYZ SXZ 

I -1583. -2816. 590.3 -2552. 0.1128€+05 6632. 
C-5805 -34.39 -135.5 -4951 -521.9 -219.9 
0 421.6 2747 -861.3 1562. -0 1233E+OJ -7072. 

S I  S2 S3 SlNT SEQV 
I 0.113OEWS 331 6 d.IWE+OJ 0.2675E+O5 0.2329EWS 
C 495.5 -1399 -1106. 1602 1397. 
0 0 1571EW5 -351 2 -0 1305E105 0.28763105 0.2496EcOS 

** PEAK *. I=MSWE C-CENTER O-OUTSIDE 
sx SY sz SXY SYZ sxz 

I -7 176 -27.64 27.29 164.2 704.6 376 9 
C 23.07 1326 -10.07 -1304 -546.0 -291.8 
0-105.5 1153 1 7 1 1  I I R R  1142 6114 . . . . . . . . . 

SI S2 S3 S W  SEQV 
I 875.7 -1454 -7378 1614 1414. 
C 573.9 127.5 -675 I 1249 1096 
0 1458 -1550 -1135 2593. 2268 

** TOTAL *' I4NSIDE C=CfNTER O-OUTSIDE 
sx SY sz SXY SYZ sxz 

I -1590 -2W. 617.6 -2388 0 I199EcOS 7009. 
C-5575 -21.13 -145.6 -625.5 -1068. -5117 
0 3162 2862 -702.6 1681. -OIII8E+OJ -6461 

S I  52 53 S W  SEQV TEMP 
I 0 IZLSE+OS 172.9 -0 1614E105 0 2829EM5 02459EcOJ 0.0000EcOO 
C 9949 -7.545 -1712 2706 2370. 
0 0.1459E-05 -503 0 -0 1161EToS 0.2621EIOS 0.2278Eio5 O.O00OE+DO 

DISPLAY COORDINATE SYSTEM SETTO 

LIST ALL SELECTEDNODESTN RANGE 2272 TO 2596 STEP 324 DSYS- I 

I (CYLINDRICAL) 

NODE x Y z MXY myz THZX 

Cdeullton No 457-2003 3 
RcvlSlO" 0 
Rgs 825 of 37 

A9.2-93 



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

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

E-15166 

2212 2 3 . m  -3O.wO 20.89 0.W 0.00 OW 
25% 21.0W -3O.W 20.808 0.W 0.00 0.04 

DISPLAY COORDINATE SYSTEM SET TO 

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES: 

0 (CARTESUN) 

2272 2596 

PRINT LMFARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND. DSYS- 0 

*'*** POST1 LINEARIZED STRESS LISTING 
INSIDE NODE = 2212 OUTSIDE NODE = 2596 

LOADSTEP I SUBSTEP I 
TIME- I O w 0  LOADCASE= 0 

THE FOLLOWlNG X.Y.2 STRESSES ARE IN GLOBAL COORDINA7ES 

** MEMBRANE *. 
sx SY sz SXY SYZ sxz 

-8581 123.4 -109.4 36 11 -141 8 1632 
S I  S2 53 SWT SEQV 

192.8 -78.97 -185 7 318.6 3311.1 

** BENDING .' I=MSIDE C-CENTER O=aUTSIDE 
sx SY sz SXY SYZ sxz 

I -805 I -2385. 694.7 -1132. 0.123lE105 1148 
C 0 WOOEiW 0 0000Eia) 0 .0000EW O.OM)OE+OO 0.OWOE-m 0.0WOEia) 
0 805.1 2385. -6W.7 1732. 4 1231E105 -1148. 

I 0.1304E105 300.4 4.IS84E105 0.2888Et05 0.2507E+05 
C 0 WOOE+OC O.OWOE+OO 0.0000E+00 O.WOOE100 O.OWOE+OO 
0 O.I584E+OS -300 4 

SI SZ S3 SINT SEQV 

-0.13CdE+OS 0 2888ErO5 0.2501E+05 

'* MEMBRANE PLUS BENDING ** I-INSIDE C-CENTER 
sx SY sz SXY SYZ sxz 

I -891 0 -2262 585 3 -1696. 0 1223E105 7164. 
C 4587 1234 -1094 36.11 -141 8 16.32 
0 119.3 2508. -804 I 1169 -0.1251Et05 -7132 

SI S2 53 SMT SEQV 
I O  1291E+O5 2386 -0 ISlZE105 0.2863ELOS 024858W5 
C 1 9 2 8  -1897 -185.7 3786 3381  
0 0 1596Ei05 -3638 -0I318E105 02914EtO5 02530EiO5 

OFOUTSIDE 

** PEAK ** I-INSIDE C=CENTER O-OUTSIDE 
sx SY sz SXY SYZ sxz 

I -87 16 4986 -35.67 61.21 -332 3 -208 0 
C 8830 -4407 34.19 -5573 2891 180.8 
0 8675 5861 -3408 8229 -545.0 -3430 

SI  S2 S3 SMT SEQV 
I 412.0 -103 I -381 9 193.9 6916 
c 3354  1W.S -357.5 692.9 6103 

C a k u l l i m  No. 457-2003 3 
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued) 

E-1 51 66 

0 690.9 -51.34 -6063 1297. 1127. 

*' TOTAL ** I=MSIDE C-CENTER O=OLJTSlDE 
sx SY sz SXY SYZ sxz 

I -978.2 -2212. 549.6 -1635 0.1190E+OS 6956. 
C 2.434 79.34 -75.23 -19.62 148.0 197.1 
0 727.9 2567. -838.2 1851 -O.l306E+OI -7475. 

S I  S2 S3 SNT SEQV TEMP 
I O.1253E-05 132.6 -0 I53!E+05 0.2784EIOJ 02416EM5 0.00WEmO 
C 222 I 67 78 -283.3 505 5 44487 
0 0.1665E+OJ 4 1 4 2  4.1378E+O5 0.3043Ei05 0.2642EMS 0.OWOEIOO 

DISPLAY COORDIVATE SYSTEM SETTO I (CYLINDNCAL) 

LIST ALL SELECTED NODES IN RANGE 1847 TO 2392 STEP 545 DSYS= 1 

NODE X Y Z THXY THYZ THZX 
1847 2 3 . W  -30004 26000 0.00 0.00 0.W 
2392 2 1 . W  -jO.OW 26000 000 0.00 0.00 

DlSPLAY COORDINATE SYSTEM SET TO 0 (CARTESIAN) 

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES. 
1847 2392 

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND DSYS- 0 

"'*' POST1 LINEARIZED STRESS LISTING *.**. 
INSIDE NODE = 1847 OUTSIDE NODE - 2392 

LOAOSTEP I SUBSTEP. 1 
TIME= 1.W LOADCASE- 0 

THE FOLLOWING X.YZ STRESSES ARE IN GLOBAL COORDINATES 

** MEMBRANE ** 
sx SY SZ SXY SYZ sxz 

-7607 3503 363 6 -5999 -173 8 -111 5 
S I  S2 S3 SINT SEQV 

6126 364 1 -0 IO21E-0S 0 1636EWS 0 L437E-05 

*' BENDING ** I=MSIDE C=CENTER OIOUTSIDE 
sx SY sz SXY SYZ sxz 

1-1499. -901.0 291.0 -1803. 4276 2445 
C 0.WOOEIOO O.WOOE+OO O.OOWE+OO 0.0000E*00 0.WOOEIOO 0.OOOOEW 
0 149% 901.0 -291 0 1803 -4276 -2445. 

91 97 c1 cnlr <En" .. __ _ _  . " _ ~ _  
I 4107. 207.5 -6423. 0 1053E+Os 9221. 
C 0 WOOEIOO 0 W E W O  O.O00OE+OD 0.0000EWO O.WOOE+OO 
0 6423. -2075 4 1 0 7  0 IO53E-05 9221 

** MEMBRANE PLUS BENDING ** I -WIDE C-CENTER 0-OUTSIDE 
U l m l a u m  No 457-2003 3 
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued) 

sx 
1.9106 
C -7601 
0 4108 

SI 
1 1612 
C 6126 
0 1597 

sx 
I 8160 
c -7465 
0 14M 

SI 
I 1040 
C 9624 
0 IW6 

SY sz SXY SYZ sxz 
2602 6546 -7802. 4102. 2334 
3503 363.6 -5999 -173.8 -111.5 
4404. 7261 41% 4449. -2557. 

S2 53 SINT SEQV 
613 4 d.lIOlE105 O.2169Et05 O.l9llE+os 
364 I -0.1023E+OS 0.16368105 0.1431E105 
4 . 8 7  .9321. 0.1692E+OJ 0 1468Eios 

PEAK ** PINSIDE C-CENTER 0-OUTSIDE 
SY sz SXY SYL sxz 
-913 I 4 8 6 3  561.5 -7835 -4563 

8222 41 84 -4893 6 0 4 3  -3.962 
-1641. .16.63 8178 4 1 6 9  4 1 9 6  

S2 S3 S N T  SEQV 
48.89 -1137. 2177 1816 

41.85 -886.6 1849. 1601. 
-87.01 -2106 4013 3415 

**TOTAL .' I-INSIDE C-CENTER C-OUTSIDE 
SX SY sz SXY SYZ sxz 

I -8230. 1629. 6059 -1235. 4023. 2288 
C -8353. 4325 4054 -6488. -179.9 -1155 
0 4678. 2763 4.011 -3318. -5266 -3031. 

SI  S2 S3 SMT SEQV TEMP 
1 W Q  5524 -0.1319EMS O.l9UE+OS 0.11S9EMS OOwOE+W 
C 1059 405.9 -O.IIWE+O5 0 1815EtOS 0 1590E105 
0 6886 29.11 -8834 0.1572E105 0.1365EIO5 0.WWEIOO 

DISPLAY COORDINATE SYSTEM SET TO 

LISTALLSELECTEDNODESINRANGE 129 TO 142 STEP 613 DSYS- I 

I (CYLINDRICAL) 

NODE X Y Z THXV THY2 THZX 
129 23.000 -160.W 26.000 OW 000 0.00 
142 21WO -16000 26.040 000 000 000 

DISPLAY COORDINATE SYSTEM SET TO 

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES: 

0 [CARTESIAN) 

I29 142 

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND. DSYS- 0 

POST1 LNEARILED STRESS LISTING **..* 
INSIDE NODE = 129 OUTSIDE NODE = 142 

LOAOSTEP I SUBSTEP; I 
TIME- 1 . W  LOADCASE= 0 

THE FOLLOWING X.Y.2 STRESSES ARE 4N GLOBAL COORDINATES. 

Ca1~Ia t i0n  No 451-2003.3 
Revision 0 
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Appendix A9.2.2 Immersion Pail Calculation 457-2003.3 (Continued) 

E-1 5 166 

*’ MEMBRANE ‘* 
sx SY s2 SYY SYZ sxz 

-5907. 3233. 524.1 8449. -317.2 27.93 

8277 5185 .0.109SE+05 0.1922EIO5 0 16758-105 
SI S2 53 SINT SEQV 

** BENDING ** I-INSIDE C=CMTER 0-OUTSIDE 
sx SY sz SXY SYZ sxz 

1-1151 -4246. 678.9 3276. 5389 -1959 

0 1151. 4246 6 7 8 9  -3276. -5389. 1959. 
c O.WOOEXX) O.OWOE-OO O.WWEUMI O.WEUMI a.uowE-00 O.WWE+W 

S I  S2 53 SMT SEQV 
I 4146. 5969 -946Q. 0 1361EiOS O.l222E+Os 
C O.WE*OO O.CQOOE+W 0 WWEtOD 0 OWOE+W 0 OWOEtW 
0 9460 -5969 4146. 0.1361E+OS O.I222E+OS 

“MEMBRANE PLUS BENDING ** I-INSIDE C-CMTER 0-OUTSIDE 
sx SY sz SXY SYZ S X L  

1-7058 -1013. 1203. 0 1173EiOS 5072. -1931 
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912 21ooO -16DW 24260 OW OW OW 

DISPLAY COORDINATE SYSTEM SET TO 

M F M E  A PATH FOR SUBSEQUENT CALCULATlONS THROUGH NODES 

0 (CARTESIAN) 

231 912 

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY L P A M  COMMAND DSYS= 0 

POST1 I.INEARILED STRFSS LlSTlhG ..*.. 
INSIDE NODE= 231 OLTSIDENODE - 912 

LOADSTEP I SUBSTEP I 
TIME= I O O W  LOADCASE= 0 

THE FOLLOWING X.Y.2 STRESSES ARE IN GLOBAL COORDMATES 

** MEMBRANE .* 
sx SY SL SXY SYZ 5x2 

-1014. -1129. 122.4 1802 -879.5 192.2 
S I  S2 S3 S N I  SEQV , 

1028. 1269 -3062 4090. 3689 

**BENDING ** I=MSIDE C=CENTER O=OUTSIDE 
sx SY sz SXY SYZ sxz 

1 -533.2 -5151. 392.5 2619 0.1423EMS -5183. 
C O.OOWE+OO 0 WWEioO O.OWOE+OD 0 0WOE-W 0 
0 533.2 5151. -392.5 -2619. -0.14231105 5183. 

I 0.1257EioJ 6098 4 1841E+OS 03104Eio5 0.2712EioS 
C OoOOOE+W O.ODWE+OO 0.0000E100 0.0000Et00 OOWOE-W 
0 0 184lE105 -609.8 

SI S2 S3 STNT SEQV 

-0.1251E+O5 0.3IME+OS 0.2112E+O5 

0.OOWf im0 

** MEMBRANE PLUS BENDING ** I-MSIDE CKENTER &=UTSIDE 
sx SY SZ SXY SYZ sxz 

1 -1548 -6280 514.9 4420. 0 1335E45 -4991. 
C-1014 -1129. I t 24  1802 -8195 1922 
0 -481.0 4022 -270.1 -8169 -0 ISIIEQS 5315. 

SI S2 S3 SINT SEQV 
I O.IIO3E+DS 161.1 -0.191IEto5 0 3014EQ5 0 2 6 5 5 E W  
C 1028 1269 -3062 4094 3689 
0 0.1808EtOS 490.1 4.1432E+O5 0 3210E+O5 0 28IdEiOJ 

** PEAK ‘* ]=INSIDE C-CENTER 0-OUTSIDE 
sx SY sz SXY SYZ sxz 

I 35.60 -9644 6536 -261 I -4103 160.0 
C -12.28 8701 2.268 2110 3339 -1297 
0 2 3 0 0  -1130 6751 -5011 458 .1  338.7 

51 52 SI SINT SEQV 
I 541 0 -1172 478.1 1019. 8949 
C 3 9 9 J  110.0 -432.4 831.8 1314 
0 1199 -1061 -908.2 2108 1843 

Calculuion No. 451-2003.3 
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** TOTAL '* I-MSlDE C-CENTER O-O.OUTSIDE 
sx SY sz SXY SYZ sx2 

I -1512. 4311. 521.4 4159. O.l294E+OS 4 8 3 1  
C -1021. -1Cd2. 124.6 2019 -545.5 62.50 
0 -251.0 3909. -202.6 -1318. -0.1597E+O5 5714 

S I  S2 S3 S M T  SEQV TEMP 
I 0 1062E+05 617.2 4.1861EKlOJ 0.29238+05 O.Z513E+OS O.OWOE+W 
C 1108 58.80 -3111 4219 3804 
0 0.1915E+05 -614.9 -0.1508E+OS 0.3422Et05 02976EM5 0MH)OEtW 

DISPLAY CDORDINATE SYSTEM SET TO 

LIST ALL SELECTED NODES IN RANGE 333 TO 861 STEP 528 DSYS- I 

I (CYLINDRICAL) 

NODE X Y Z THXY THY2 THZX 
333 23.000 -160.00 20.857 OW 0.00 0.00 
861 2 1 . M  -160.00 2 0 . W  0 0 0  0 0 0  O W  

DISPLAY COORDINATE SYSTEM SET TO 0 (CARTESLAN) 

DEFINE A P A W  FOR SUBSEQUENT CALCULATIONS THROUGH NODES 
333 861 

PUNT LlNEARLZED STRESS THROUGH A SECTION DEFh€D BY L P A M  COMMAND. DSY S- 0 

**'" POST1 LINEANZED STRESS LlSTMG 
MSIDENODE- 333 OUTSIDENODE= 861 

LOADSTEP I SUBSTEP I 
TIME= I WO LOADCASE- 0 

THE FOLLOWMG X.Y.2 STRESSES ARE M GLOBAL COORDINATES 

** MEMBRANE *' 
SX SY SZ SXY SYZ sx2 

49 17 3560 202.7 -89.04 -343.9 1620 
SI  S2 S3 S N  SEQV 

678.5 42.77 -113.5 792.0 7266 

** BENDING ** I=MSIDE C-CENTER 0-OUTSIDE 
sx SY sz SXY SYZ sxz 

I -6246 4 0 1 7  -2948 2103. 0,1426Et05 -5234 

0 624.6 6017. 2948 -2703. -0 1426E+O5 5234 

1 0 II86E*S 483.1 -0.I928EMS 0.3114Et05 0.273DE+O5 
C 0 OWOE+OO O.OOWE+W O.WOOE+OO O.OOOOE+OO 0 WOOE+OO 
0 019288-05 4 8 3 7  

C O.OOOOE+W 0 WWEKlO O.OWOE+LM O.Mx)OE+N 0.OOOOEtOO 0 W W E t W  

S I  S2 S3 SINT SEQV 

-01186E-05 03114E+O5 02730EiOJ 

** MEMBRANE PLUS BENDING ** I-INSIDE C-CENlTR M U T S I D E  
sx SY sz SXY SYZ Sxz 

Cdcularion No 451-2003.3 
Revision 0 
Page 8 3  I of 31  

A9.2-99 



E-151 66 
HNF-SD-SNF-FDR-003 Rev. 0 

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

I -575.4 -5661. -92.14 2614 0 1392EIOS -5073. 
C 49.17 356.0 202.7 -89.04 -343 9 162.0 
0 673.8 6372. 497.5 -2792. 4.1460EcOS 53%. 

SI S2 51 SINT SEQV 
I 0.1 177E+OS 510 1 -0.1860E+O5 0.3037Et05 02659E+OS 
C 678.5 42.77 -113 5 792.0 726.6 
0 0 1996E+OS 457.0 -O.Il%E+OS 0.3192E+OS 0.2800E'05 

.* PEAK ** I-INSIDE C-CENTER O-OVISIDE 
sx SY s2 SXY SYZ sxz 

I -103.8 184.7 59 17 -72.21 403.3 142.6 
C 102.7 -162.2 42.38 6265 349.7 -125.1 
0 -18.55 268.4 173.9 -1329 -6942 233.2 

SI 52 S3 SMT SEQV 
I 563.0 -115.5 -3074 8704 792 I 
C 273.2 110.4 485.4 758.6 691.7 
o 982.8 -69.48 -489.7 1472. 1314. 

** TOTAL ** I-INSIDE C-CENTER O=OUTSIDE 

I -679.3 -5476. -j2.97 2542. O.I351E+OS 4930. 
C 151.9 1938 I6L.3 -26.39 5.800 36.85 
0 655.2 6641. 611.4 -292s. -0.1530Er05 5630. 

I 0.1146E+O5 393 9 d.l804E+OS 0.2951Ei05 0.2S82Et05 O . W E + W  
C 210.2 183.8 112.0 98 13 8795 
0 0.2094E+OS -526.6 

DISPLAY COORDINATE SYSTEM SETTO 

LISTALLSELECTEDNODESINRANGE 1367 TO 1486 STEP 119 DSYS= I 

sx SY sz SXY SYZ SXL 

SI S2 53 SMT SEQV TEMP 

-0.1244EtQJ 0.3338E+05 0.29306'05 0.OWOEIOO 

1 (CYLMDRICAL) 

NODE X Y 2 THXY THY2 THZX 
1367 200W -WOW 63900 OW 000 OW 
1186 22315 -16QW 6'7500 OW 000 000 

DISPLAY COORDINATE SYSTEM SETTO 

DEFINE A PATH FOR SUBSEQUENT CALCULATTONS THROUGH NODES 

0 (CARTESIAN) 

1367 1486 I 
PRINT LlNEARLZED S W S S  THROUGH A SECTION DEFINED BY LPATH COMMAND DSYS- 0 

**'** WSTl LINEARIZED STRESS LISTING 
INSIDE NODE = 1367 OUTSIDE NODE = 1486 

I 
LOADSTEP I SUBSTEP 1 
TIME= I oo00 LOADCASE- 0 

THE FOLLOWING X.Y.2 SWSSES ARE IN GLOBAL COORDINATES I ** MEMBRANE ** 
CPIcuhlioo No. 457-2003.3 
Revision 0 
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sx SY sz SXY SYZ sxz 
1146. 4760. $64.1 -192.8 6582 -301.0 

SI S2 53 SINT SEQV 
1504. 672.4 -4930 M33. 6061. 

** BENDING .* I-INSIDE C=CENTER G-OUTSIDE 
sx SY SI SXY SYZ sxz 

1-8194 4.IW3EMS -1645. 2069. -8455 3117. 
C 0.0000E+00 O.WOOE+W O.OOWE+W 0 WOOEM4 0 WWE+W 0.0000EMO 
0 819.4 0.1003Eto5 1645 -2069 8455. -3111. 

S l  P7 F1 CINT *En" - -- _ _  ". _l". 
I 4154 .6080 -0 I6WE4S 02020E-35 0 18298-01 
C OWOOE-00 0WWE-00 OOWOE-00 OWOOE-W 00003E.00 
0 016CdE-OJ 6080 JIV Q2320E.01 01829trOI .. MEMBRANE PLUS BENDING *. I-INSIDE C-CENTER O-OUTSIDE 

sx SY sz SXY SYZ sxz 
1 326.6 -0 1419E+05 -7846 1216. -7797 2816. 
C 1146. -4760. 860 1 -79211 658.2 -301 0 
0 1964 5274. 250s. -2862. 9113 -3418. . 

SI SZ S3 SlNT SEOV 
1 3940 -635.5 -0.18S6Et05 O . U J O ~ + O S  0.2059Et05 
C 1504. 612.4 -4930. 6433 6061 
0 0 14MEW5 519.0 4412. OZWSEt05 0.1784EX15 

** PEAK '* 1-NSIDE C=CMTER o=OUTSIOE 
sx SY sz SXY SYZ sxz 

I 39.71 -9599 -333.7 -504.1 4563 -169 I 
C-81.94 842.7 198.3 440.1 -33S.l 1170 
O I J 9 . 9  -1212 -1lJ4 612.8 3802 -1312 

S I  S2 S3 SlNT SEQY 
I 4144 -358.3 -1310 1724 1496 

** PEAK '* 1-NSIDE C=CMTER o=OUTSIOE 
sx SY sz SXY SYZ sxz 

I 39.71 -9599 -333.7 -504.1 4563 -169 I 
C-81.94 842.7 198.3 440.1 -33S.l 1170 
0 1 5 9 9  -1212 - l l 5 A  612.8 3802 -1312 

?dT SFOV 
196 

C 1102. 221 7 -W.3  1466. 1278. 
0 5 0 9 5  -161.4 -1515. 2025 1781 

'* TOTAL *' I=INSIDE C-CENTER 0-OUTSIDE 
sx SY sz SXY SYZ sxz 

I 3663 -01575EiO5 -1118 172.2 -7341 2647 
C 1064. -3917. 1058 -3527 323.1 -183.9 
0 2125. 4062. 2389. -3475 9494 -3149 

SI 52 S3 SINT SEQV TEMP 
I 3419. -1027 4 l896E-35 0.2244F.e 0.20SbE+OS D.OOWEto0 
C 1289. 811.4 .3961. 5 x 0  5057 
0 0.1471Eto5 180.8 -6315. 02103E*OS 0 186SE+05 OWOOE+OO 

DISPLAY COORDINATE SYSTEM SETTO I (CYLINDRICAL) 

LIST ALL SELECTEDNODES INRANGE 1373 TO 1492 STEP 119 DSYS= I 

NODE X Y Z TKXY M Y 2  THZX 
1373 20WO -13000 6.3900 0.00 0.04 000 
I492 22.315 -13000 6.7500 000 DO0 OW 

Calculuion No. 4S7-2003.3 
&virion 0 
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DISPLAY CCKRDMATE SYSTEM SET TO 

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES 

0 (CARTESIAN) 

1373 1492 

PRJNT LINEARIZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND DSYS= 0 

"'** POST1 LINEARIZED STRESS LISTING .**** 
INSIDE NODE = 1373 OUTSIDE NODE = 1492 

LOADSTEP I SUBSTEP- I 
TIME= 10000 lOADCASE= 0 

MEFOLLOWMG X.Y.2 STRESSES ARE IN GLOBAL COORDINATES 

.* MEMBRANE ** 
sx SY SZ SXY SYZ sxz 

3316. -1474. 446.1 -419.9 9.073 8458 
S I  S2 S3 S M T  SEQV 

3353. 446.1 -1510 4863. 4238. 

** BENDING ** I-MSIOE C-CENTER 0-OUTSIDE 
sx SY sz SXY SYZ S X I  

I 5315. 552.2 1411. -2029. -7795 9465 
C 0 W E + W  O.ooM)E+OO 0.0000E+OO O.WOOE+OO 0 W E i W  0 OOWEQO 
0 -5315. -5522 -1411 2029 7195. -9465. 

I 0.1596EiO5 509.3 -9191. 02515E-05 0.2197€+05 
C 0 0000E+00 0 OOOOE+OO O.OWQEi00 0 OOOOE+OO 00000E-W 

S I  S2 93 SINT SEQV 

o 9191. -509.3 -0 15%~+05 OZSISEHX O.ZI~~E+OS 

** MEMBRANE PLUS BENDING '. I-INSIDE C%ENTER U-OUTSIDE 
sx SY sz SXY SYZ sxz 

I 8632. -921 7 18Sl. -2449 -1786 9474. 
C 3316 -1474. 416 I 419.9 9013 8 4 5 8  
0 .I999 -2026 -964.5 1649 1804 -9457. 

S I  S2 53 SINT SEQV 
I 0 I77OE+Ol 614 \ -8111. 0.26528-05 02327€+OS 
C 3353 446 I -1510. 4863. 4238 
0 O.IW6Emj 435.7 -0.1461E+OS 0.24678+05 0.2144E105 

'. PEAK *. ]=INSIDE C=CENTER U=OUTSIDE 
sx SY sz SXY SYZ sxz 

I 9932 -635.4 -2700 147.8 471 2 -545.9 
C -9W.8 6009 9.365 -1197 ~358.9 4034 
0 1 3 4 1 .  -9075 19.10 1577 4304 4 7 5 4  

SI 52 53 SINT SEQV 
I 1232 7452 -915.6 2207 1912 
C 8188 -5531 -1054. 1873. 1623 
0 1494 78.64 -1120. 261s 2267 

IYTTWATIONAL I 

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

** TOTAL '' I-INSIDE C-CENTER @=OUTSIDE 
sx SY sz SXY SYZ SXZ 

I 9615. -1SSl. 1830. -2301. -7314 8928. 
C 2416. -012.9 455.4 -539.6 -349.8 411.8 
0 457.9 .2934. -9454 1767. 8234 -9932. 

SI 52 S3 SMT SEQV TEMP 
I 0.1743E+OS 8693 -8407. 0.25ME+O5 02267E05 O.OOO(IE+OO 
C 26C2. 410.8 -1015. 3617. 31S6 
0 O.IWIE+OS -279.0 -O.ISIlE+3S 0.2607Eto5 0.22MErO5 OWWEtOO 

DISPLAY COORDINATE SYSTEM SETTO 

LISTALLSELECTEDNODESINRANGE 3082 TO 3201 STEP 119 D S Y S  I 

I (CYLINDRICAL) 

NODE X Y Z THXY THY2 THzX 
3082 20.000 45.W 6.3900 0.W 0.00 0.00 
3201 22371 4 S o W  6.7500 000 OW 000 

DISPLAY COORDINATE SYSTEM SET TO 

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES, 

0 (CARTESIAN) 

3082 3201 

PRINT LINEAWED STRESS THROUGH A SECTION DEFlNED BY LPATH COMMAND, DSYS= 0 

*'*** POST1 LMEARIZED STRESS LISTING ***** 
INSIDE NODE = 3082 OUTSIDE NODE - 3201 

LOADSTEP I SUBSTEP- I 
TIME- I 0000 LOAD CASE- 0 

THE FOLLOWING X.Y.2 STRESSES ARE IN GLOBAL COORDINATES. 

** MEMBRANE .' 
sx SY sz SXY SYZ sxz 

2926. -2054. 463.8 4085 240.6 2290 
SI S2 S3 SINT SEgV 

2984. 458.5 -2106. SO90 4408. 

** BENDING ** I=MSIDE C-CENTER O-OUTSIDE 
sx SY sz S X Y  SYZ sxz 

I 3497. -1W.O 9261 1137 -9210. -9286. 
C O.WWE+W 0.0000E+M) O.OOWEIW O.OOWE-00 0 OWOE*OO O.WWE+W 
0 -3491. 1000 -926.1 -1137. 9210 9286 

I 0 lSOOE0J 261.1 -0 1154Ec05 0.2654EIOS 02303E05 
C 0 OWOEtW 0 W W E 0 0  0 WOOEiOO 0 OMMEiOO O.OOWE+OO 
0 0.1 154EtOS -261.1 

SI 52 S3 SINT SEQV 

-0 I5OOE+O5 0 2654E05 0.2303E+05 

** MEMBRANE PLUS BENDING *' I-DJSIDE C - C N E R  OPOUTSIDE 
sx SY sz SXY SYZ. sxz 

I 6423 .2754 1390 1546. -8969 -9051 
Cdruluion NO 457-2003.3 
Revision 0 
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C 2926. .2054. 463.8 408.5 2406 1290 
0 471.3 -1354. 462.8 -728.9 9450 9515. 

SI S2 S3 SMT SEQV 
I 0.1593EM 377 I 4 1125E+O5 02718EMS 0.2362EM5 
C 29114. 158.5 -2106. 5090 4408. 
0 0.1235EMS -236.5 -0 1451Effl5 0.2686Et05 0.2328E105 

** PEAK ** I-INSIDE C=CENTER O-OUTSIDE 
sx SY sz S X Y  SYZ sxz 

I 956.3 -790 I -83.09 -8789 551.9 540.9 
C -8775 729.3 46.03 -2945 d l 1  7 -4W.I 
0 1311. -1088. -16.b> 21.06 497.8 470.4 

S I  V S3 SMT SEQV 
I 1210. I 8 5 6  -1129. 2340 2026 
C 9440 -6.025 -1040 1984. 1719. 
0 1473. 26.55 -1293. 2 1 6  23% 

'* TOTAL ** I=INSIDE C-CENTER O-OUTSIDE 
sx SY sz SXY SYZ sxz 

1 7379. -3544 1307 1537 -8117. -8516 
C 2048 -1325. 5098 40J.5 -177.1 -171.1 
0 739.6 -2442. -479.5 -707 9 9948. 9985. 

Sl SZ 53 SINT SEQV TEMP 
I 0.1554E05 489.1 -0 1089EM5 0.2642€+05 0.2296Ei05 O.WOOEtW 
C 2119. 5WO -1316. 3505. 3038 
0 0.1318E+05 -153.4 4.15218105 0.2839EtO5 0.246OEIOS 00000E+OD 

DISPLAY COORDINATE SYSTEM SET TO 

LISTALLSELECTEDNODESINRANGE 2184 TO 2474 STEP 290 DSYS- 1 

1 (CYLINDRICAL) 

NODE X Y 2 THXY THY2 W X  
2184 22.550 -44.860 23.714 0.00 0.W 000 
2474 21.000 -45.000 23.680 0.00 0.00 0.00 

DISPLAY COORDINATE SYSTEM SET TO 

DEFINE A PATH FOR SUBSEQUENT CALCULATIONS THROUGH NODES, 

0 (CARWSIAN) 

2184 2474 

PRINT LMEARlZED STRESS THROUGH A SECTION DEFINED BY LPATH COMMAND, DSVS= 0 

**'** POST1 LINEARIZED STRESS LISTING .*.** 
INSIDE NODE - 2184 OUTSIOENODE - 2474 

LOADSTEP I SUBSTEEP I 
TIME= I OW0 LOADCASE= 0 

THE FOLLOlk7NG X,YZ STRESSES ARE IN GLOBAL COORDINATES 

'* MEMBRANE * *  
sx SY sz SXY SYZ sxz 

CdwIatIw NO 457-2003.3 
ReYlllO" 0 
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-3637. 414.0 -17.31 -1318. -1M5. 606.1 

1361. -384 I 4218 5580. 4944. 
S I  $2 S3 SMT SEQV 

'* BENDM ** I=MSIDE CICENTFR O-OUTSIDE 

I 1528. -1088. 1616. 20.35 9201. O.IO08E45 
C O.OMoE+OO O.OOOOE+W OWOOEcOO O.WOOE+OO 0-WOOEIM) O.WWE+W 
0 -1528. 1088 -1616. -2035 -9201. -0 I W ~ E W ~  

I 0.1470EUI5 95.24 
C 0.oooOEioO O.WOOEWI O.OOWE+W 0 OOWE-OO O.OOWE+W 
0 0.1274E45 -95.24 

sx SY SL SXY SYZ sxz 

S I  S2 53 SMT SEQV 
-0 1274EcO5 02744E+05 0.2378EcO5 

-0 I470EtO5 02744E+05 0.2378EcO5 

**MEMBRANE PLUS BENDMC *' I-MSIDEC<ENERO=OUTSSIDE 
sx SY sz SXY SYZ sxz 

1-2109. .673.8 1599. -1297. 8156 9470. 
C -3637 414.0 -17.31 -1318. -1045. .m I 
0 -51%. 1502. -1634. -1338. -0 102SEi05 4 1068Ei05 

SI S2 Si SMT SEQV 
I 0 1211E+O5 0.5126 4.3329Ei005 02540E*05 0.2200E+05 
C 1361. -384.1 4218 5580. 4944. 
0 0.1275E+OS 416.6 -0.1763Et05 0.3037EcO5 0.26388-05 

'' PEAK *' I-INSIDE C=CENTER C-oUTSIDE 
sx SY sz SXY SYZ sxz 

I -5505  1956 -231.3 -1209 470.6 -362.5 
C 378.6 -134.0 159.8 82 16 3377 2709 
0 -536.7 188.8 402.3 -1194 -943.0 -875.8 

S I  S2 S3 SMT SEQV 
I 508.6 -178.7 -916.0 1425. 1234 
C 6547 I 1 5 0  -365.2 1020. 883.7 
0 1021 -106.8 -1665. 2686 2336 

" TOTAL ** I-INSIDE C=CENTER O-OUTSIDE 
sx SY sz SXY SYZ sxz 

I -2660. -478 I 1368 -1418. 7685. 9107. 
C -3259. 280.0 I425 -1236 -707 I -335.2 
0 -5702. 1691. -2036 -1457. -0.1119EcO5-0.11J6E+05 

S I  52 S3 SMT SEQV TEMP 
I 0.1 126E+05 18 89 -0 1305EiOS 0.2432E+O5 0.2108EtOS D.OWOEcO0 
C IO55 -169.2 -3722. 4777 4298 
0 0 1375E-05 -509.1 

DISPLAYS PUT ON PLOT FILE x w  

ISHOW SET WITH DRIVERNAME- WIN32 , RASTER MODE, GRAPHlC PLANES - 8 

HIDDEN DISPLAY (FACE SORT) M WINDOW I 

-0.1929Ei05 0.33MEUIS 02870E+OS O.WOOEi(KI 

- RASTER MODE, 

Calrulallon No 457-2003 3 
Revwon 0 
Fage 037 of 37 
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Volume in drive A is EE4572003-3 
Volume Serial Number is 0000-0000 

Directory of A : \  

07/17/96 03:25p 1,242 MAS21.MAC 
11/06/96 02:57p 421 R-3EAM.MAC 

11/01/96 01:ZOp 100 MABBR.MAC 
11/07/96 05:48p 577 NDIS.MAC 
11/07/96 09:36p 863 TEST1.MAC 
11/07/96 10:Olp 75,593 kbasl.out 

11/07/96 09:5gp 3.588 k-pail.mac 

15 Filels) 828,116 bytes 
627,200 bytes free 

A9.2- 107 



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

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

E-15 I66 

APPENDIX D 
ANSYS Software Verification 

There a a total of p pages in Appendix D. 

Provided in Attachment D is the software verification package for ANSYS 5.2 on DEC-ALPHA 
a266 Computer Serial No. 02207. The verification test n m  are listed in a table provided on page I I 
Due to the enonnous number output pages, acNal computer run documentation has not been included 
with this appmdix. Computer run documentation is maintained in files IocaIed at NAC lnternational in 
Norcross, Georgia. 
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DESIGN REVIEW CHECKLIST 
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ANSYS, REVISION 5.2, COMPUTER CODE 
VERIFICATION ON DEC-ALPHA 

XL-266 COMPUTER, SERIAL NO: 02207 
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1.0 OVERVIEW 

3.0 ME"H0Wu)GY 
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Sjstem io be wed at the K-Basm Area ofthe Hmford site. ' 

[his calculation evaluates tk immersion pa11 smnd u t i l i i  the load factor requirements defmed in 
WSI Y14.6 (Reference 7.3). The immersion oail stand is mi of the ?N-WHC Cask and Transportation 

Revision - Affected 
Pages 

1 thru22 

I ,3thru 
23 

Original Issue Jeffrey R. Dargis 
11-10-% 

Revised method Jetlie). R. Dargis 
of calculating 
margin of safe?. 

Checker 
Name. initials, 

Date 
____I 

Thomas A. Danner 
11-1 5-96 

I 
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequestlCalculation No: 457-2005.2 Revision p 

Scope Of Analys s File This calcu.alion evaluates the mmerson Dall stand stand utiI.~ln9 
tne load factor reauiremenh d e h w  in ANSI N14 6 

Revmw Methodology Check of Calculations -Ezs 
Alternate Analyses - 
Other (Explain) - 

Confirm That The Work Request I Calculation Package Reviewed Includes: 

-=izsL- 
'F=T 

1. Statement of Purpose 
2. Defined Method of Analysis 
3 Listing of Assumptions 
4. Detailed Analysls Record 
5. Statement of Conclusions I Recommendations ( I  applicable) 

I "  I I 

A9.2-121 



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

Appendix A9.2.3 Support Structure Calculation 457-2005.2 (Continued) 

E-1 5 166 

INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequesVCalculation No 457-2005.2 Revision 1 

Swpe Of Analysis File This calculabon evaluates the immersion Dall stand stand utillunq 
the load factor reauirernents defined in ANSI N14 6 

Review Methodology Check Of Calculations -E < 
Alternate Analyses - 
Other (Explain) I 

Confirm That The Work Request I Calculation Package Reviewed Includes 

1 Statement of Purpose 7 2  q 
2 Defined Method of Analysis 
3 Listing of Assumptions 
4 Detailed Analysis Record 
5 

as 
Statement of Conclusions I Recommendations (tfapplicable) 

3 Loading sourm term 
I f  a supporfrng analysis IS reqmred to 
define Me load slate has d been 

3 
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1.0 

2.0 

3.0 

SYNOPSIS OF RESULTS 

summary of Stress Analysis 

Drawing Item I Component Applied Design Calculated 1 Allowable 
No I Load Check Loading I No 1 
457-102 4, 7, lieplates compression 480 psi 694 psi 

15. j 

18 i 
16, 
17. 

I I 
457-109 4 lockpm double shear 49 0 ksl 1 8 I 0 ksl 

457-109 10 , guide 5W beanng 160ksl , 54ks) 
i 5W 1 

assembl) I 

The m c r s i o n  pail suppon structure design meets the criteria defined ~n Section 4.2. 

MTRODUCTION I PURPOSE 

W s  calculation evaluates the immersion pail stand utilizing the load factor requuemcnts defined 
in Reference 7 3 The immemion pail stand configuration is p a l  of the TN-WHC Cask and 
Transportation System to be used at the K-Basin Area of the Hanford site. The immersion pail 
srand design mas initially evaluated in Reference 7. I ,  I 
METHOD OF ANALYSIS 

Hand calculations using classic textbook Solutions are used to structurally evaluate the 
immersion pail support s h ~ c t m .  Per Reference 7.14, the design considers the entme pail 
resting weiaht will be distributed to two (2) of the four (4) corner column supports. 

The design will be assessed uatnp the load factors discussed in Secrion 4.2. The acceptance 
criteria defined in Reference 7.3 limits the IiRing induced tensile stresses to the lesser of: 
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(a) one-third material yield strength: or 
@) one-fifth the material ultimate strength. 

Shear stresses will be limited 10 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. 

The following evaluations are documented witbio this calculation 

Frame S m d  Buckling Evaluation, 
Tie Plate Evaluation; - Guide Assembly Evaluation, and 

3.1 Frame Stand Buckline Evaluation 

Comer Post Assembly Buckling Evaluation; 

Base Assembly - Upper Assembly Joint Evaluation 

This evaluation will determine the critical buckling load for the stand assembly as a 
single unit, (simulmneous buckling of the enlire 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 bc 5 x the dead weight loadmg. 

To evaluate net stand buckling, the following steps are performed 

- The net cross section properties are determined: 
The klir parameter is determined; 
The maximum allowable section axial mess is determined; 
The cnttcal buckling load is determined: and 
The applied axial load (5W) IS compared to the cntical buckling load 

3.2 Tie Plate Evaluation 

Tie plater are used lo reduce the buckling ptential of the corner assemblies by making 
the mid-section (upper-to-iou'er stand section joint) behave as a frame u n ~ t  and to assist 
in the installation'fabricarlon of the stand. 

The tie plales arc concenuated at the mid stand height to emure the midpoint can be 
treaied as an inflection point @mnned-piMed end condition, no tendency for lateral 
mownent under had) for the comer assembly buckling evaluation (See Section 3.3). 
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The following steps are performed: 

. - 
rn 

The size of the tie plates is determined; 
The required spacing between Ue plates is determined: 
The tie plate design load is determined; 
The compression load on the tie plates b evaluated; and 
The tie plate welds are evaluaied. 

3.3 UDDm Frame Comer Post Assemblv Buckline Evaluation 

Each corner post assembly is composed of two 4x4 tubing sections CoMecled by corner 
plates The corner plates are installed in pairs oftwo. 

The buclding capacity is evaluated by determining the critical buckling length of the 4x4 
tubing only. The length determined is then compared lo the existing maximum length 
available to buckle in thecritical mode. 

The buckling length is determined by the following steps: 

The tuhe cross section properties are dctcrmined; 
The axial load is determined: and 

m The maximum allowable load IS dcre~mined and compared IO the axial load. 

3.4 Guide Assemblv Evaluation 

The guide assembly is comprised of a solid block element and a slide lock pin 
arrangement By inspection rhe 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. 

Base Assembl,-UDrrer Assemblv Joint Evaluation 

The base and upper stand assemblies arc connected by a solid connector plug inserted 
within the 4x4 column mblng. The c o ~ e c t o r  is full penetration welded to the base side 
tubing The load path under loading conditions is thmugh bearing at the tube steel-to-tube 
steel mierface. The connector and 11s weldment serve alignmeni and connectivq 
functions only. No structural evaluation is required. 

3 5 
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4.0 ASSUMPTIONS /DESIGN INPUTS 

4.1 Assumetiom 

There are no unverified assumptions within this calculatian. 

4.2 Desim Criteria 

4.2.1 Tensile Stresses 

Calculated tensile stress (based on load factor of 3) 
Calculated tensile stress (based on load factor of 5) 

< Sy,etd 
< Su,,,ma,e 

(Ref 7.3) 
(Ref. 7.3) 

4.2.2 Shcar Stresses 

Calculated shear stress @ased on load factor of 3) 
Calculated shear r m s  (bawd an load factor of 5 )  

< 0.6 x SI,.ld 
< 0.6 x SUI,,,, 

4.2.3 Bearing stresseq 

Calculated karing stress < I .5 x S, (Ref. 7.7.3) 

4.2.4 Buckling Desian 

Calculated buckling load (based on load factor of 5 )  <Pa 

4.2.5 Material PmDenies I Stress Desipn Checks 

All components evaluated within this WRR are made of A5OO. A36 or 4654 
carbon steel. 

Poison's ratio = 0 3 
Modulus ofElasticiry . E = 28 3 xlOkpsi (Ref. 7.7) 

Xormalizin~ the material yield and ultimate strengths by h e  Reference 7.3 load 
factors 1 ields the following (See Section 4 2.1 for load factors). 

A5W GR B Carbon Steel 
(Reference 7 10.7) 
F:: 46kn 
Ea. 58 ksi 
F,i3 = 46.000i3 i 1 5 , 3 3 3 ~ ~ 1  
F . J ~  = 58.noo i 5 = 11,600 DSI 
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I 
I 

ASTM A36 C&n Steel 
(Reference 7.10.8) 
Fy: 3 6 h i  
Fu: 5 8 h i  
FJ3 = 36.00013 = 12,OOOpsi 
FJ5 = 58,000i5 = 11,600psi 

ASTM A564 Carbon Steel 
Guide Pin Only 
(Reference 7.15)  
Fg: 105 ksi 
Fu: 135ksi 
F,/3 = 105.000/3 = 35.000psi 
FJ5 = 135,000/5 = 27.0OOpsi 

Bawd 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. 

I 

4.3 Design Conditons 

Load 60,000 Ibs 
Temperature: Ambient, 100 "F 
Lifting: Two Porn1 Lift (set) condition is design controlling per Reference 7.14 

4.4 Comoonent Prooenies 

4.4.1 
(Reference 7.1 0.1) 
size: 4 x 4 Y 0.5 
I :  12 3 In4 
1: 1 39 In 
area: 636,"' 
matl- A36 
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4.5 Elevations ofthe Fuel Pit (Reference 7.1) 

Pit floor elevation: . 2j'.9- 
Fuel floor elevation: - 2019" 
Load pit floor elevation: 0'-0" 
Top of pit wall elevation: - 2'4" 
Water elevation. - 4.9" 

5.0 ANALYSIS DETAIL 

5.1 Frame Stand Bucklina Evaluation 

5.1.1 Net Cross Section Prooerties 

The frame stand consisp of eight (8) vertical 4" x 4" x 0.5" tuk  steel members. 
Since the I and r of a tube are the Same for any orientation. consider the effective 
section as follows (Reference 7.6.2): 

oltubc 
IvTl 

Per Reference 1.6 2: 

L, = 5687"-(2x6 18") 

L, = 48.06' - (2 x 6.65") 
= 4451 In 

= 34 16 tn 
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The moment of inertia of the effective recuon, I .  is: 

I = ZAy'+ZI 
= [(E x 6 36) x (34.76 i 21'1 + [Sx (12.3)l 
= 15,467 in4 

= 1744 

5.1.2 klir Parameter 

Due to the location of smts at each corner assembly of the upper stand, consider 
k = 0.8 (Reference 7.10.3). The length. I ,  is: 

I = 160"+ 156.5" (Refercnce7.6.2) 
= 316.5" 
z 317in 

Therefore: 

klk = O.Sx(317)J17.44 
= 14.54 

5.1.3 Maximum Allowable Section Axial Stnss 

Per Reference 7.10.2 and conservatively using the A36 allowable in lieu of the 
A500 Gr B allon,able (1.e.. AS00 Gr B has a yield strength of42 kst compared to 
36 kri for A36) 

atkl'r = 14 54. 

F, = 20.92 ksi 
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5.1.4 Critical B u c k l i q & & I  

P,, = F, x A  
= 20,920x(8x6.36) , 

= I.064.410 Ibs 

5.1.5 Axial Load (5W. for bucklinn considerations) 

Axial load = 5 x 60.000 

= 300,000Ibs 

The axial load is less than the critical buckling load, Pc,: 

300.000 Ibs < 1,064,410Ibs 

The stand will not buckle as a frame assembly if lhe tie plate bracing is 
demonstrated to bz adequate (Section 5.2). 

5.2 Tie Plate Evaluation 

5.2.1 Sizing Of Tie Plates 

The frame uill be braced using IR” tie plates on all four (4) sides. Thhe upper 
frame (stand) assembly is designed with one ( I )  open side for placement and 
removal ofthe immersion pail. 

The tie plate requiremenls per Reference 7.10.9 are: 

.. the end tie plates shall have a length of not less than the distance between the 
lines of fasteners or welds connecting them to the components of Ihc member. 
lntennediate tie plates shall have a lmgih not less than 1/2 of this disrance The 
thickness oftie plarer shall not be less than 1150 of the distance between the lines 
of fasteners or welds connecting them to the components of the memkr.” 

L, = maximum distance between welds oftie plates 
= 44,” 

L2 = minimum width of end tie plates 
~ L ,  
= 44 In 
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I 
I 

Lj = mmmun width of intermediate tie plates 
= I R L ,  
= 2Zin 

t = minimum thickness of tie plates 
= 1/50 LI 
= OSSin 

Tie plates used in this design ate 0.5 in thick. Note that this is in violation of the 
requirements stated in the AlSC Code. However, the AlSC allows exception to 
these requirements, provided that stress allowable reduction factors for dender 
compression elements are applied (See Secrion 5.2 4). 

5.22 Snacine Between Tie Plates 

The tie plate spacing requirements per Reference 7.10.9 are: 

"Compression memhers composed ofhvo or more shapes separated by 
interminent fillers shall be connecled at these fillers at intervals such that the 
slenderness ratio kUr of either shape, between the fasteners, does not exceed 3i4 
times the governing slenderness ratlo ofthe built-up member. The least radius of 
gymtian r shall be used in computing the slenderness ratio of each component 
part." 

kWr,,,,,,. = kllr ofcomposite section from 5.1.2 
= 14.54 

kUr,,,,,,,,, = klir of.component section 

Per Reference 7.10.9 

kkmmmenl < 0.75 x klk,,,,,, 
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Therefore. the m i m u m  permissible spacing between tie plates is 15”. 

5.2.3 Tie Plate Desien Load 

The tie plates arz not SUbjeM to any side loads. therefore they will be designed to 
the load requiremmts of Reference 7.10.9 

“...resist a shearing stress normal to the axis of the member equal to 2% of thc 
total compressive stress in the member.” 

W - Loadonframe 
= 60,OOOIbs 

LF = Load factor for ultimate 
- 5  

f = Two point lifi criteria reduction factor 
= 2  

F,,, = Frame Vesign Load 
= 6 0 , 0 0 0 ~ 5 ~ 2  
= 600.000Ibs 

F,,,,,,. = Tie Plate &sign Load 
= 0.02 x F,.,,,. 
= 0.02 I 600,000 

= 12,000Ibr 

5.2.4 Tie PIate Eduation 

For the evaluation ofa tie plate of minimum width qual to 22” and maximum 
width equal in 5 0 .  both with a thickness of I T .  the AISC Code (Reference 7.10. 
pagc 5-36) contains the follo~vlg limmiions: 

For 50“ plate 

?It = 100 
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For 22" plate: 

b/t = 45 

Since bit > I6 in both cascs, a m a s  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-BW of AISC Code: 

then Q, = stress redunion factor 
26,200 k, I [F, x (b/t)'] = 

Since bit I S  greater for both size plates, for the 5 0  plate 

Q,ro = 26.200 k, i [F, Y (hlt)'] 
= 0036 

For the 22" plate 

Us>> = 26,200 k,! F, x (bt)'] 
= 0376 
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For 22" plate: 

b/t = 44 

Since b/t > 16 in both c a k ,  a 5V-5 reduction factor must be applted Note that 
th i5  falls in line with thickness conclusion in Section 5.2.1 of this calculation. 

The stress reduction faculr is calculated per Equation A-B54 of AlSC Code: 

w h m  b/t > '9i >195 
\Jk, E E 

(hli)o'6 

w h m  b/t > '9i >195 
\Jk, E E 

(hli)o'6 

where- k, = 4.05/ (h / 1)''' for h / I  > 70; and 

k, = 1 . 0 f o r h l t s 7 0 .  

h =  b 

then Q, = sues reduction factor 
26200 k. / [F, x (bit)'] = 

For 22" plate: 995 32.5 

Since b/i is greater for both size plates, for the 50" plate 

Q,ro = 26,200 k, I [F, x (bk)'] 
= 0.036 

I For the 22" plate 

Qr2: = 26,200 k, 1 [F, x (bh)'] 
= 0376 
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From Reference 7.10, page 5-101, 

Q = Q,,n = 0.036 

= Qa2 = 0.376 

2 x n ’ x E  
C’C50 = 

= JW 
= 647 

= 205 

For a plate with both ends welded- 

k = 0.65 

I = L, 
= 14in 

r = 0.289 x I (Reference 7.10) 
= 0.289 i 0.5 
= 0.1455 

klir ~ 6 5 x 4 4 l . 1 4 4 j  
= 198 
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Since Wr C C', for both the 50" and 22" plates: 

F,, = Stress allowable in comprtsslon. S0"plate 

Q .HI Z X C , '  xFy 

L J 

3 4 y )  (y)' 
- + . __ 
3 8 x C ,  S X C , '  

0 0 3 6 x  [ I -  2 -(198)1 x (647)'] x 3 6  

5 3 x ( 1 9 8 )  (198)' 
3 8 x 6 4 7  Sx(647)' 

= 0.694 ksi 

F,, = Shrss allowable in compression, 22" plate 

I 3x(IY8) (198)' 
3 8 x20S Sx(205) '  
- + -  .~ 

= 3 769 ksi 

The actual axial stresses are. 

am,., = 12.000 /(SO x 0.5) 
= 480psi 

aulrl zz = 12.000 l ( 2 2  x 0.5) 
= 1091 psi 

Both aclual stesses are less than the allowable, therefore the plates ranging from 
22" to S O  wide with a I/?'' thickness are acceptable. 

CaI~uIat~on No 457.2005 2 Rrfomed b) 

Checked by 
I 
I 

R B -  N-S-Sc Rcvlrlon I 

Dare Pqgc I 7  of 23 T C  1 1  /zd76 
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Smce Wr < C', for barh the 50" and 22" plates: 

F,, = Stress allowable in compresston. 50" plate 

- +  -__.__ 
3 E x c ' ,  Exc'.' 

0 036 x I - -(198L x 36 

5 3x(198)  (198)' 
3 8x647 Ex(647)' 

- [ 2 x (H7)']  

+ - - -  

= 0.694 ksi 

F,, = Stress allowable in compression, 22" plate 

0 376 x [I - **)'-_] x 36 

5 3 x (IY8) (198)' - + -  .___ 
3 8 x 2 0 5  Sx(205) '  

2 x (205)' 

= 3.769ksi 

The actual axial stresses are 

50 = 12.000 l (50  x 0 5 )  

UUIali2 - 12.000 / (22 x 0 5 )  

= 480 psi 

= 1091 psi 

Both actual slresses are less than the allnuable. therefore thc plates ranging from 
22"to S O  wide with a I/?" tluchess are acceptable 
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5.2.5 Tie Plate Weld Evaluation 

T k  plates will be welded OD both edges with double line fillct welds. For 5 0  
plate, the weld length is z 34". which is twice the AlSC Code requirement of 113 
the plate width = 50/3 = 16.7". Similarly, the 22" plate weld length is 14". which 
is hvice the AlSC Code requirement of 2213 = 7.3". 

Therefore, the weld design is adequate. 

5.3 Cornu Post Assembly Bucklinq Evaluation 

5.3.1 Tube Cross Seciion Prowrties 

Per Secfion 4.4.1 
Tube steel 
size = 4 x 4 x 0.5 
1 = 12.3 in* 
r = 1 3 9 i n  
area = 636in2 

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: 

Fm,- = LF x W x 2 I 8  (2 point set) 
= 5 ~ 5 8 , 0 0 0 x Z i 8  
= 72.500Ibs 

5.3.3 Bucklms Load Evaluation 

The bracing configuration was designed 10 ensure the stand will effectively 
tehaye as a frame assembly. However, due to the non braced section on the upper 
frame assembly, a localized buckling evaluation is performed The upper I lower 
hame assembly connection will serve as a pinned connection point (k = I .O 
applies). 

Per drawing Reference 7.6.2. the maximtun actual length. L,. , 

L.,- = 156in 
= 13.0fi . 
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PcrReference7.10.6,withkl= ] .Ox 13= 13.0: 

The maximum allowable concentric load is - 75 kips. 

Since the applied load is less than the maximum allow,able concenmc load. the 
comer tube will not buckle and is adequately designed against buckling failure. 

5.4 Guide Assemblv EvaluatioQ 

5.4.1 Bearine Check 

The pin bearing area is; 

Consider lock pin extends 90% thm guide, therefore extension length per item 98 
of Reference 7.6.4, 

L = 10.9 x (10.58 - 0.5 end pin chamfer)] - 1.5 (gap) 
= 7.572 in 

Pin bearing width, W , IS 

W = l . 5 - 2 ( 0 . l 3 ) .  
= 1.24in 

Bearingma = L x W  
~ 7.572 x 1.24 
= 9.39 id- 

Therefore, the bearing stress (guide assembly is A36 material, pin is 17-4PH) is: 

Stress,,,,., = LF x (W 1 2 )  i area 
= 5 x (60,000 / 2): 9.39 
= 15,974psi 

Safety Margin = 1 - (stress f ( 1  5 x S,)) 
= 1 - ( 1 6 0 / ( 1 . 5 ~ 3 6 ) )  
= 0 7 0  
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5.4.2 Double shear of the Lock Pin 

sheararea = W' 
= 1.24 x 1.24 
= 1.53 in' 

= LF x (W / 2) / (2 x sbsar m a )  
= 5 x(6O.O00/2)/(2 x 1.53)  
= 49,020psi 

shear stress 

Safety Margin = I - (shear stress / (0.6 x S,)) 
= 1 - (49.0 / (0.6 x 135)) 
= I - (49.0 / 81.0) 
= 0.40 
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457-102 
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Item 1 Component Applied Design Calculated I Allowable M.S. 
No. 1 Load Check Loading 1 .  

I 

98, framestand 5W 'buckling 300kips I 1.064kips 0.72 I 
99 assembly 
4,7, tie plates I 5W camprcnsion 480pst I694psi 0.31 I 
8.9. I 

6.0 SUMMARY OF RESULTS/CONCLUSIOYS 

S u m m q  of Stress Analysis 

18 

I ! I i 457-109 4 i lockpin 5 W  1 doubleshear 149.0ksi I81.0 ksi I I 0 4 0  I 
I 

The immersion pail support m c t w e  design meets the criteria defined in Section 4.2 
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Lift Beam E\.aluahon 

This calculation wduales the lift h a m  utilizing the load factor requiremcnu defined in AVSI N14 t 
(Reference 7.3). The lifl beam is Oan of the TN-WHC Cask and Transportation System to k used at rh< 
K-Basin Area of the Hanfard site. 

- 
Revision 
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1 

- 
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Pages 
Revision 
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Original Issue 

:wised method 
'fcalculatmg 
iargin of safety 

Checker 

11-13-96 11-14-96 

Project Manager 
ApprovaUDate 

I 
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For the scope of the defined anaiyss 
A Are the required data input complete' 

2 Geometw (drawing reference) 
3 Loading source term 

1 Material propemes / 
J 
J 
L/ 

c/ 

J 
J 

If a supporting analyszs 1s requrred to 
define the load state her ,t been 
defined? 

B Are baundav wnditms acceptable? 

is the method of anabsrs adequate lor the defined s w p 7  

15 the worst case badlngWnfiguratiOn documented? 

Are the acceptance cntena defined and wrnpiete? 

Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued) 

5 

INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequestlCalculation No: 457-2005.3 Revision 0 

I J I  I I Has all COnCunent ioadmg been considered? 

Scope Of Analysis File This calculation structuallv evaluates the Iifi beam utiluinu the load 
factor reauirements defined in ANSI N14 6 

6 

7 

8 

9 

Review Methodology Check Of Calculations - p S  
Alternate Analyses - 
Other (Explain) - 

Are analyses conistent wlth prewus work lor method and 
approach? 

Are the records for input and output complete? 

Is traceability to venfied sonware complete? 

Is Me statement of wncl~s lon~  and recommendatmr complete 
and acceptable lor the project and objectws 01 the defined 
Furpose7 

J 

!/ 

Confirm That The Work Request I Calculation Package Reviewed Includes: 
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Lift Beam Calculation 457-2005.3 (Continued) Appendix A9.2.4 

E-15166 

INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequesUCalwlation No: 457-2005.3 Revision 1 

Scope Of Analysis File This calculatiofi structurallv evaluates me lift beam utilizina the load 
factor reauirements defined in ANSI N14.6. 

Review Methodology: Check Of Calculations 
Alternate Analyses - 
Other (Explain) - 

Confirm That The Work Request / Caiculatton Package Reviewed Includes: 

Statement of Purpose as 
Defined Method of Analysis a 
Listing of Assumptions a -a Detailed Analysls Record 
Statement of Concluslons I Recommendabons (If applicable) E q  

V.- 
AnlvlUes In NO NI4 Comment. 

For the swpe of the defined anatys~s 
A Are the requtred data input complete? 

1 Matenat properties 
2 Geometry idrawmg reference) 
3 Loading source term 

J, 
J 
J 

/ 

If a supportrng analysis IS reqvned to 
defiw the load rfafe has d been 
defined? 

B Are boundary mnditions acceptable? 

Is the method of analysls adequate for the defined scope? 

Is the wont case loadinglmnflguratlon documented? 

Are the acceptance Cntene defined and complete? 

Has all concurrent toadlng been conndered? 

L/ 

r/ 
/ 

1 -  I I I 
&re analyses c ~ ~ l s l e n t  with prevlour Work lor rnethcd and 
approach7 I/ 
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Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued) 

E-15166 

1.0 

2.0 

3.0 

SYNOPSIS OF RESULTS 

Summary of Stress Analysis 

Drawing Item Component Applied Design Check Calculated Allowable M S. . 
No. No. Load Loading 

457-1 I2 1 weldment 180 kips beam bending 25,447 psi 30,000 psi 0.15 1 
@la=) 

, 150 kips beam shear 2,769psi 18.000 psi 0.85 I 
~ (rmnnion) 

trunnion shear 11.933 psi 40,200 psi 0.70 I 
457.112 IO eye plate 180kips tension 14,400pri 50,000pri 0.52 1 

bearing 10.65Opsi 45,OOOpsi 076 I 
The lift beam dcsrgn meets the criteria defined in Section 4.2. 

INTRODUCTION I PURPOSE 

This calculation evaluates thc hfi beam utilizing the load factor requirements defined in ANSI 
N14.6 (Reference 7.3). The lift beam is part of the 7N-WHC Cask and Transportation System U, 
be used at the K-Basin Area of the Hanford sitc. 

METHOD OF ANALYSIS 

Hand calculations using classic tenhook solulions are used to structurally evaluate the lift 
beam. 

(a) one-third material yield strength, or 
@) one-fifth the material ultimate slrength. 

The following evaluatms are documented within this calculation. 

Design Load Deuelopmcnt, 
Lift Beam Evaluation: and 
Pad Eye Evalualion 
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Lift Beam Calculation 457-2005.3 (Continued) 

E-] 5166 

4.0 ASSUMPTIONS / DESIGN INPUTS 

4.1 Assumvtions 

There are no unverified assumptions within dus calculation. 

4.2 Desien Criteria 

4.1.1 Tensile Stresses 

Calculated tensile stress (based on load factor of 3) 
Calculated tensile smss (based on load factor of 5) 

< F,,,,, (Ref. 7.3) 
< F,,, (Ref. 7.3) 

4.2.2 Shear Stress= 

Calculated shear stress (based on load factor of 3) 
Calculated shear stress (based on load factor of 5) 

4.2.3 Beanne stresses 

Calculated heanng stress C 1 5 x F,E,d. 

4.2.4 Material Prooerties / Smss Desicn Checks 

All components evaluated within this calculation are made of A516 CR55 or 
A588 GR A carbon steel. 

Poison's ratio = 0.3 
Modulus of Elasticity, E = 28.3 x106psi (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): 

A516 GR 55 Carbon Steel 
(Reference 7.10) 
Fy: 30ksi 
Fu. 55 ksi 
FJ3 = 3O.OOOi3 = 1O.OOOpsi 
F j 5  = 55.000i5 = 11,000 psi 
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I = 150,000Ibs 

5.2 Lift Beam Evaluation 
I 

The load is applied by the eye plate to the l i f t  beam as follows: + 
.L - 
where: 

L = 36.81 + ((3/2) x2) 
= 3'1.81 in 

E-15 166 

Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued) 

I -- , ..,-<, .,..- , I 

A9.2-151 



HNF-SD-SNF-FRD-003 Rev. 0 

Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued) 

E-1 5 166 

F = 180,000lbr 

180,000 x 39.81 
4 

= 1.791.450 in-lbs 

The effective cross section is 

2 x b x h '  
12 

I, = - 

- 2 x 1.25 x 13' 
12 

= 457.7 in' 

s, = t i c  

= 457.7/(13/2) 

= 70.4 a' 
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Calculation No 451-2005 3 Q R B -  Dats 
Performed by 

Checked br 
/,-sr-pc Revision 1 

Dare Page 9 of 14 5% l!lz5/9b 

E-15166 

I 
I 

The maximum bending svess is: 

ab = M / S x  

= 1,791,450/70.4 ' 

= 25,447psi 

MS 1 . 3  
F. 

= 
30,000 

= 0.15 

The maximum shear stress i s  

0" = (FR)/A,,. 

= 

= 2.769psi 

(180,000/2) / ( I3  x 1.25 x 2) 

= 1 - 2 . 7 6 9  
(0.6 x 30.000) 

= 0.85 

The maximum shear smss for the trunnion section: 

A, = n x rmmn,o: 

= n x (2)' 

= 1257in' 
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Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued) 

av = F / ( Z x A )  

= I50,000/(17.57) 

= 11,933psi 

The maximum allowable shear stress is: 

F, = 0.6 x Fu 

= 40,200psi 

The margin of safety is: 

= 0.70 

5.2 Eve Plate Evaluation 

Pn Reference 7.6.1, the minimum tmrile area of the eye plate is: 

A, = 5.00 x 2.50 

= 125in' 

The m M h u m  tensile strc~s in the eye plate is: 

F 
0, = - 

4 

180.000 
a, = __ 12.5 

= 14,400psi 
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Appendix AY.2.4 Lift Beam Calculation 457-2005.3 (Continued) 

E-15 166 

The maximum allowable tensile stress is: 

F = F, 

= 30,OOOpsi 

The margin of safety is: 

MS = 1.5 
F 

= ,-14,100 
30,000 

= 0.52 

The eye plate bearing area, AkmI , is: 

A,,., = 3.38 in x 5 in 

= 16.9 in' 

The maximum bearing mess in the eye plat is: 

180,000 
%"mc = __ 16.9 

= 10,650psi 

The maximum allowable bearing stress is 1.5 F,: 

F = 1.5 x r, 
= 45.CMI~si 
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Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued) 

E-1 5 166 

The margin of safety is: 

MS s I - %  

10,650 = 1.-  
45,000 

= 0.76 
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Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued) 

Drawing 
No. 

457-112 

457-112 

E-I 5 166 

Item Component Applied Design Check I Calculated Allowable M.S. 
No. Load 1 Loading 

1 weldment 180kips beamtendig 25,447psi 30,OOOpsi 0.15 1 
150 kips beamshear 2,769psi 18,OOOpsi 0.85 1 
( m i o n )  

trunnion shear 11,933 psi 40,200psi 0.70 I 
10 eveplate 180 kips tension 14,400pri 30,000 psi 0.52 I 

bearing 10,650psi 45,000 psi 0.76 I 

(plate) 

6.0 SUMMARY OF RESULTWCONCLUSIONS 

Calculation KO 457-2005.3 
Date. 

Performed by 
11-2 -fL Revision I 

Chccked by Dale Page 13 of  14 
‘ l /ZSf9P 

I 
I 
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Appendix A9.2.4 Lift Beam Calculation 457-2005.3 (Continued) 
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Cold Vacuum hying  Lid I 

This calculation svucturally evaluates the cold vacuum drying lid for internal pressure and lid lifting load 
conditions. The cold vacuum drying Lid is used dunng the MCO VXUUIII drying operation in the I 
conditioning facilir?. immediately a h  Le  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 i s  removed and ihe cold vacuum drying lid installed. I 
The lid provides pressure boundary ( wo seals) and pressure resvaint during MCO draining/dwing in 
addition to providing additional shielding during the streaming operatmn. 

The cold I 

Basin Are 
ium drying lid is pan ofthe TN-WHC Cask and Transportation System to be used at the K- I I 'ihe Hanford site. 

Descriptmn 

change in lid 
ternnology from 
condlllomng lid 
to cold MCUW 

drying lid Also, 
revised method 
of calculating 
margin ofsafety 

Preparer 
Name, I ~ t l a l ~ ,  

Date 

Iefliey R. Dargis 
I1-10-Y6 

lefiey R Dargis 

PP 
Il-dS-TL 

11-14-96 11-15-96 

TomlPagsr 14 1 
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued) 

INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequesffCalculation No 457-2001 '2 

Scope Of Analysis File 

Revislon 0 

This calculahon StNctUdh evaluates the rnndRionina lid for 
internal DreSSure and lid IMtlna lMd  cundmons - Review Methodology: Check Of Calculations 
Alternate Analyses 
Other (Explain) - 

Confirm That The Woh Request I Calculation Package Reviewed Includes: 

ZEZL- a 
Listing of Assumptions z z 

Statement of Purpose 
Defined Method of Analysis 

Detailed Analysis Record 
Statement of Conclusions / Recommendattons (rf applicable) Z T  

V.,l(lubon 
A M "  V- NO NIA Comnml. 

For Re smpe of the dehntd analyws 
A Are the rqutRtd data Input complete? 

I Matenal pmpemes 
2 Geometry (dnwlng reference) 
3 Loading source term 

1/ 
l/ 

i/ I f  a suppomng analyss IS reqmred to 
define Me load state has 1 been 
defined5 

B Are bundary condmons acceptable? J 
is the method of anslysir adequate for the defined wap? 

IS the War51 case loadingiconfiguration documented7 

%re the acceptance cmena defined and complete? 

ias  ail concumnt loading been considered? 

r/ 

v, 
d 
IJ 

9re analyses consstent mth prevous work for rnethcd and 
Ippmach? 

24 me rewrds for Input and output complete? I/ 
W A R D  s traceability to vcnfied smlware complete? 

E the statement of wncIu51on5 and rewrnmendatlanr complete 
md accePtaMe for the Prqccl and obpcbves Of the defined 
urpose7 

J 
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-200 1.2 (Continued) 

INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequestICalculation No. 457-2001.2 Revision _1_ 

Scope Of Analysis File: 's cal I ion rall ev I sthe I a um d in ' I 1 
Review Methodology Check Of Calculations V 

Alternate Analyses - 
Other (Explain) - 

Confirm That The Work Request / Calculation Package Reviewed Includes: 

Statement of Purpose z 
Defined Method of Analysis 
Listing of Assumptions 
Detailed Analysis Record 
Statement of Conclusions I Recornmendatlons (if applicable) 

v.rMuuon 
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued) 
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued) 

1.0 SYNOPSIS OF RESULTS 

Summary of Stress Analysis 

StKSS 

I Therefore the cold vacuum drying lid design meets the criteria defined in Section 4.2. 

2.0 INTRODUCTION /PURPOSE 

This calculation ~ t ~ ~ t u r a l l y  evaluates the cold vacuum dylng lid far m i d  pressure and lid 
lifting load conditions. The cold vacuum drying lid is used during the MCO vacuum drying [ 
operation in the conditioning facility immediately after the MCO is loaded. The internal pressure 
load is dewloped as a result of circulating hot water between the MCO outer surface and the 
inner surface ofthe cask. Once the cask IS within the conditioning facility. the cask lid is removed 
and the cold vacuum drying Ild installed. Thc lid is a “Z” shaped ring. The lower leg of h e  Z 
rests on the top of the cask. M e  (3) lid bolts are used lo join the cold Eacuum dyrng lid to the I 
cask. The upper Z Icg bears against the MCO top surface. The lid provides pressure boundary ( 
two seals) and pressure resmnt d u n g  MCO drailungidrying in admtion to providing additional 
shielding d u n g  the streaming operation. 

The cold vacuum drying lid is pan of the TN-WHC Cask and Transponabon System to be used at 
the K-Basin Area of the Hanford site The cold vacuum dying lid was initially evaluated in 1 
Reference 7.1 
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Checked by 
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued) 

I 
I 
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued) 

determine the adequacy of the lug design. The lug-to-lid weld will ais0 be msessed 

4.0 ASSUMPTIONS /DESIGN INPUTS 

4.1 Assummons 

There a n  no unverified assumptions within this calculation. 

4.2 Design Criteria 

4.2.1 Bolt and Flanne Bendina Evaluation 

Calculated bolt tensile mess (due to pressure) < S  (Ref. 7.7) 
Calculated flange torsional stress (due to pressure) (Ref. 7.7) < S 

4.2.2 Lift Lue Evaluation 

Calculated tensile siress (based on load facwr of 3) 
Calculated tensile sh’ess (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 m e s s  (based on load factor of 5 )  

< S,,,, (Ref. 7.3) 
< (Ref. 7.3) 

< O.6Sy,,, 
< 0.6S,,,,,,, 

< S,,, 
< 

4.3 

Pressure: 60 psi (Reference 7.10) 
Temperature Ambient. 100 ‘F 

4 4 Comoonent PmperIies 

Bolts: (Reference 7.6 I) 
Size 1.22” diameter 
Material: A276 TP304 SS 
Area: = n x D ’ i 4  

Threading: I - l i Z  6UNC-2.4 (Reference 7.6. I )  
= I 17 in2 
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued) 

Lid flange: (Reference 7.6.1) 
(upper leg) Size: 3.5” thick 

D , ” i  18.48 in 
D,Q 31.5 in 
Material: ASTM A240, Type 304 

Lid flange: (Refennce 7.6.1) 
(vnzical leg) Size: 11 - 3.5 - 4 = 3.5 axial length 

Dins: 25.5 in 
Don& 31.5 in 
Matenal: ASTM A240, Type 304 

Lid flange: (Reference 7 6.1) 
(lower leg) %re: 4.0” thick 

D,,$ 25.5 in 
Dons: 39.81 in 
Material: ASTM A240, Type 304 

Lih Lug: (Reference 7.6.1) 
Thickness: 0.375 in 
D,.,. 2.0 in 
D,& 1.0 in 
Material: ASTM A240, Type 304 

Lid Weight: W = 1535 Ibs. (Reference 7.6.1) 

O-ring: Diameter: 31.8 in (Reference 7.6.1) 

4.5 Material Prowmes 

ASTM A240 (Reference 7.7.1.7.7.2) 
(Note: use SA240, Type 304 SS propenies) 
Fy: 30 ksi 
Fu: 75 ksi (100”) 

SA276 TP?04 (Reference 7.5) 
Fy-  30ksi 
Fu. 75 ksi 

SA240, Type 304 (Reference 7 7.1) 
S .  16,700 psi (at 200 degrees) 

D I C  Calculslion No. 457-2001 2 
//-Js% Rwirim I I 

DafC Page 6 of 14 I 
Performed b) 

Checked by s ii/Zs/S b 
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Dale: Calculation No 451-2001.2 
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Page 9 of 14 

Performed by. 

Checked by 2% 

Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued) 

I 
I 

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, is: 

A = II14 (D-"":) 
A = I l / ?  (31.8') 
A = 795 in' 

The net pressure load, F, with no reduction for the wight  of the MCO is; 

F = pressurexarea 

= 60x795 

= 47,700 Ibs. 

The lid bolt load, F,,, , is; 

F,,, = F /no. bohs 
= F 1 3  
= 47,70013 
= 15,WOIbs. 

The bolt tensile stress is: 

Stress = Fbib; area 
= 15.900~1.17 
= 13,590psi 

The bolt allowable stress, S is: 

S ~ 16,700 psi 

Safety Margin = I - (stress / S) 
= I -(13,590/16,700) 
= 0.19 

A9.2- 167 



HNF-SD-SNF-FRD-003 Rev. 0 E-1 5 166 

Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued) 

PW Performed by. 
1l-95-96 

5.1.2 Lid Flanee Pressure Stress Evaluation 

Conservativelj, consider the pressure load is reacted at the cold vacuum drying 
lid upper flange. The maximum lid stress will then he developed by the rolation I 
of &e upper flange. TM reaclion along the inner edge of the upper flange per 
circumferential inch F., is: 

F. = F l ( 2 ~ n x R j ~ ~ ~ ~ t l d )  

4 7 , 7 o o i ( 2 ~ n x ( i s . 4 8 : 2 ) )  

= 822 lbdin 

The uniform toque about the upper flange center of p v i t y  due to F, is. 

‘L Fa x olwupF nI - L m r  nJ 

= 822 x I(3l.5 12) - (18.48 / 2)] 

= 5,351 in-lbs/in 

Per Reference 7.8. I ,  for a ring under distributed torque: 

~1019yl = To x R / ( I  1 c) 

where R is equal to the mean radius of the ring. 

The effective secuon i/c is: 

Calculation No 457-2001 2 
Revision I I 

The torsional stress, qorrur , is therefore. 

a,,,,9yI = To x R !(I I C )  
= 5.351 x((31.5+ 18.48)!4)/13.29 
= 5,031 psi 

Safety Margm = 1 - (strcss i S) 
’ = I -(5.03l / 16.700) 

= 0.70 

Checkcdby con I 
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Performed b) 

Checked by 
lI-Js*b Revision 1 
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Appendix A 9 2 5  Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued) 

5.2 Litline Lue Evaluation 

5.2.1 Bearine Check 

The pin bearing area is: 

Bearingarea = txDho, .  
= 0.375 x 1.0 
= 0.375 in’ 

To determine the mo3t conservative load factor, the material yield and ultimate 
slrcngtbr will be normalized. 

For SA240 Type 304 SS 

F , / 3  = 30,000/3 = 10,000pri 

F u / 5  = 7 5 , 0 0 0 / 5 =  15,OM)pri 

Therefore, comparing a factor (LF) o f 3  against yield is more restrictive. 

The bearing stress is: 

Stress = LF x (W I 3  lugs) /area 
= 3 ~ ( 1 , 5 3 5  /3) /0 .375  
= 4,093psi 

The safe9 margin is 

Safety Margln = 1 . (stress i Sr) 
= 1 . (4,093 / 30,000) 
= 0.86 

5.2.2 Ket Tension 

. h a  = 1 - Dhni.) 
= 0 375 (2.0 - I  0 ) 
= D375 m’ 
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued) 

E-15166 

The temile stress is: 

Stress = LF x (W i 3 lugs) /(Area) 
= 3x(1,535/3)/(0.378) 
= 4.093 psi 

The safety margin is: 

Safety Margin = 1 - (stress / S,) 
= 1 - (4,093 / 30,000) 
= 0.86 

8.2.3 Shear Pull Our At 48 D c m  

Shear .&ea = t - Rh,J 
= 0.378 (1.0-0.5) 
= 0.1875in2 

The shear stress is 

Srress = LF x (W I 3 lugs) / (Shear Area) 
= ;x(1.838!3 lugr)/(0.1878) - 8.187psi 

Safety Margin = 1 - (stress / (0.6 S,)) 
~ I -(8.187!18,000) 
= 058 

8.2.4 LUR To Lid \Veld 

The lug ro lid IS welded all-around with a 0.25" fillet. Consider the entire lug 
load is carried in shcar nlong the vertical weld section: 

A+,,,, = 

= 2475 in' 
2 x 0 707 x 0.28" x ( I  I" - 4") 

oucld ~ LF I (W ' no. of lugs) ! A,,,, 
= 3 x (1538! 3) / 2.475 
= 620 psi 

Allowable is large compared to actual stress. Therefore. weld is adequate. 
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Page 13 of  14 

Performed by 
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Appendix A9.2.5 Cold Vacuum Drying Lid Calculation 457-2001.2 (Continued) 

I 
I 

6.0 SUMMARY OF RESULTS /CONCLUSIONS 

Summay of Svess Analysis 

Dmwng Item Component 

457-106 1 lid flange 

457-106 2 bolt 

457-106 8 Iifimglug 

457-106 Item weld 

Item 

Therefore the cold vacuum drying lid design meets the criteria defined in Section 4.2. I 
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mmersion Pad Lid 

'ROBLEM STATEMENT OR OBECTWE OF THE CALCULATION 

'his calculation svucnually evaluates the immersion pail seal lid for internal pressure and lid tieing 
>ad conditions Maximum internal pressure is developed by Ihe positive pressure anti-c water system. 
idditionally, the lid lifting lugs and welds are desigmd and evaluated to c w  lid weight loading. 

'he immersion pail lid is part of the TN-WHC Cask and Transportation System to be used at K-basin 
rca at the Haniard site 

- 
Revision 4ffecled Revision 

-- 

I duu 13 Original Issue 

I ,  3 h Revised method 
14 ofcnlculating 

margin of safety 

Prepam 
Name, Initials, 

Date 

leffrey R. Dargis 
11-10-96 

Jeffrey R Dargis 

//-as4(. 
9RH 

Checker 
Name, Initials. 

Date 

Ravi Singh 
11-14-96 

Ravi Sin& 

z 
n/zs/9L- 

Project Manager 
AppronVDale 
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequesUCakulation No: 457-2004 2 Revision 2 

Swpe Of Analysis File: This calculation structurallv evaluates the immersion Dail la for 
internal oressure and lid lftina load condttions. 

Review Methodology: Check Of Calculations T S  
Alternate Analyses - 
Other (Explain) - 

Confirm That The Work Request I Calculation Package Reviawed Includes: 

3E 1 Statement of Purpose 
2 Defined Method ofAnalysls 
3 Lisbng of Assumptions 
4 Detailed Analysis Record 
5 Statement of Conclusions I Recommendations (If appltcable) L q  

VMi-" 
amp Cslibltka V- No WA CI*nm.nt. 

1 Forthe rwpe of he defined anaiysir 
A Are the required data mput complete? 

1 Matenel oronenes 1 . ~ ._. .. 
2 Oeometry ldrawmg reference) r /  

/ 
3 Loading s o m  term 

If a s u w r h n g  analpa IS iequtred lo 
dnfim the laad state has I been 

B Are boundary conditions acceptable? J defined7 

2 
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequestlCalculation No 457-2004 2 

Scope Of Analysis File 

Revision 1 

This calculation strudurallv evaluates the immersion mil Id fw 
internal Dressure and lid IiRino load wndnions 

Review Methodology Check Of Calculations 2 s  
Alternate Analyses - 
Other (Explain) - 

Confirm That The Work Request I Calculation Package Reviewed Includes 

Statement of Purpose 
Defined Method of Analysts 
Listing of Assumptions 
Detailed Analysis Record 
Statement of Conclusions / Recommendations (if applicable) 

V.- 
A d l v l W  

For the scow of the defined analysis 
A Am the required data input complete? 

Geometry (drmng reference) 
Loading source term 
I f  a *uppOff,ng snarpJs ,* requrred to 

dshne the load state has n been 
defined? 

E Are boundary condtions acceptable? 

Is the method of analysis adequate for the defined scope? J 
I 4  

Is me worst case loadingimnflguration documented? 

I J I  Are the acceptance critena defined and complete? 
I -  I 

Has all wncunenl loading been cons(dered7 JI  
I 1  

Are analyses consistent with previous war* for method and 
approach? 

IJ I Are the rewrds for input and output complete? 

15 traceahlily to venfled soware wmplete? 

NIA Cornmews 

3 
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1 .o 

2.0 

3.0 

SYNOPSIS OF RESULTS 

Summay of Stress Analysis 

The immersion pail lid design meets the criteriadefmed in Section 4.2. 

INTRODUCTION / PURPOSE 

This calculatlon StNcNrally evaluates the immersion pail seal lid for internal pressure and lid 
lihing load conditions. Maximum internal pressm load is developed as by the positive 
pressure anti-c water system. Additionally the lid IiAing lugs and welds are designed and 
evaluated to carry lid welght loading. 

The immersion pail lid is part ofthe TN-WHC Cask and Transponation System to be used at 
K-basin area at the Hanfurd site. The immersion pail system WBS initially evaluated in 
Reference 7 1 

METHOD OF ANALYSIS 

Hand calculations using classic tcrtbook solutions are used to structurally evaluate the 
immersion pail lid design. 

The lid design will be assessed lor an internal pressure loading of5 psi (Reference 7 4). Only 
the lid bolting and adjacent flange arc enfluenced by a pressure loading of this level. For the 
boltin$. the pressure induced SITCSS v.dI be compared lo the ASME Code Class 2/3 (Reference 
7.7) bolting allowable, S .  For flange bending. the pressure induced Stress will be limited to 
1.5 S. 

I 
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The lifting lug acceptance criteria is to limit tension and bearing s h x s  to the lesser of 

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

Shear suesses will be limited to 0.6 times the tensile smss limits 

The follou*ing evaluations are documented within this calculation. 

- Lifiing Lug Assessment. 

3.1 Lid Hold Down Evaluatiw 

Lid Hold Down Evaluation: and 

The lid is connected to the upper flange of the pail shell by four (4) %-I 0 balls. 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 uscd in the lid design. The seal at the outer lid 
d imner  seals the lid-to-pail shell connection. The inner seal seals the lid-to-MCO 
canister joint. The sealing is achieved by pressurizing rhe seals internally. 

To evaluate the lid hold down, the follouing steps will be performed. - The net pressure cross section and pressure load will be determined; 
The lid bolt load will be determined: and 
The maximum lid flange bending stress due to pressure will be determined 

3 2 Liftine Lue Evaluation 

The lid has ulree (3) liking lugs artached to the top surface of the lid. Thew lugs are 
used to installlremove the lid totfrom 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 IO determine the adequacy of the lug design 

4.0 ASSUMPTIONS /DESIGN INPUTS 

4.1 Assummons 

There arc no unxerified assumptions within this calculation. 
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Appendix A9.2.6 Seal Lid Calculation 457-2004.2 (Continued) 
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Lid Weight: 

4.5 Material Prowrties 

600 Ibs. (Reference 7.6.3) 

ASTM.4240 
(Note: use SA240, Tlpe 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 S S ,  commercial grade 
(Note: SA240. Type 304 propnies used.) 

5.0 ANALYSIS DETAIL 

5.1 Lid Hold Down Evaluation 

5.1.1 Lid Bolt Pressure Load Evaluation 

The l id pressure surface area, A. is: 

A = n i 4  ( D,? - D,' 1 
A = n i 4 (45.75' - 25,779 
A = 1,122 in2 

The net pressure load. F, is, 

F = pressure x arril 

= 5,1122 

= 5.610 Iba 

The lid bolt load F,,, , is: 
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D*,C Cilrulation No 457-2004 2 
11-d.s- 76 Revision I 

D e e  Page 9 of 14 
8* 
e Ilkrlsb 

Pslformcd h) 

Checked by - 

E-1 5166 

I 
I 

F,,, = F I no. belts 
= F 1 4  
= 561014 - 1.403Ibs. 

The bait tensile stress is: 

Stress = F,,,larea 
= 1403i0.334 
= 4,201 psi 

The bolt allowable dress, S IS: 

S = 16,700 psi 

The safety margm is: 

Safety Margin = 1 - (stress / S) 
= 1 - (4,201 116,700) 
= 0.75 
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Only four bolts are used 10 connect h e  lid. The bending moment. hi, is reacted 
by the effective flange arc length which is estimated IO be % the geometric arc 
asmiated with each bolt. 

Therefore the bolt arc angle is; 

arcL = 3 8 " -  [ (1 .25 / (45 .75 /2 ) )x (180° /~ ) ]  
= 34.87 - 

Therefore the eflective arc angle is: 

arc Lesa,". = 34.87 / 2 
= 1 7 4 4 0  

The arc length is: 

arc length ~ r x arc 
= ( 4 4 , ~ ) ~ ( 1 7 . ~ ~ n /  i e o ~ )  
= 6.7 in 

The effective section I k  IS: 

I = bt'il2 
= 6.7(0.175)'/12 
= 0.0294in' 

lic = bt'/6 
= 6 7 (0.375)'16 - 0.157 in' 

The bending SITCSS. oh, is therefore: 

U h  = M x c / l  
= l J 0 3 x ( 1 / 0 1 5 7 )  
= 893f ips  

The safety marpm is. 

Safety Margin = 1 -(stress / (1.5 x S)) 
= I -(8.936/(1.5x 16.700)) 
= 0.64 
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Conservatively computing the deflection of the flange: 

A = F,,, x (LD)’ / (3  E I)  

= 1 4 0 3 ~ ( 2 ! 2 ) ~ / ( 3  x 2 8 . 3 ~ 1 0 ~ ~ 0 . 0 2 9 4 )  

= 0.00056in 

The deflection of the flange is negligible. 

5.2 LiflinP Lue Evaluation 

5.2.1 Bearine Check 

The pin bearing area is: 

Bearingma = t x D h o .  ’ 

= O375x I O  
= 0375 in2 

To determine the most conservative load factor. the material yield and ultimate 
swenglhs will be normalized. 

Far S.4240 Type 304 SS 

F,i;  = 30.00Ot3 = 10,OOOpsi 

F. /5  = 7 5 , 0 0 0 / 5 =  15,oOOpsi 

Therefore, comparing a factor (LF) of 3 against yield is more reswtcttve 

The bearing stress is 

Suers = LF h (W / 3 lugs) / area 
~ 

= 1,600 psi 
3 x (600 13)  10.375 

The safety margin IS 

S a f q  Margin ~ I - (stress i 5,) 
- I - ( I  ,600 I jo,ooa) 
= 0 9 5  
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5.2.2 Net Tension 

Area = t (DIU, - Dhol.) 
= 0.375 (2.0 -1 .O ) 
= 0.375 in2 

The stress is: 

Stress = LF x (W / 3 lugs) / (Area) 
= 3 x (600 / 3) / (0.375) 
= 1,600psi 

The safety margin is: 

Safety Margin = 1 - (stress / S,) 
= I - (1,600/ 30.000) 
= 095 

5.2.3 Shear Pull Out At 45 Deerees 

Shear h a  = t (R,, - R,,J 
= 0.375(l.O-O.j) 
= 0 1875 in2 

The shear sucss is: 

Stress = LF x (W 3 lugs) / (Shear h a )  
= 3 x~600~3lugs)/(O.1875) 
= 3.200psi 

The safety margin is: 

Safuty Margin = I -(stress / (0.6 x S,) 
= 

= 0 8 2  
I - (3.200 / (0.6 x 30.000)) 

The lug to lid weld IS a 0.25” all-around w,eld and is negligibly loaded. 
Allowahle IS very large compared to actual stress. Therefore. weld is adequate 
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Appendix A9.2.6 Seal Lid Calculation 457-2004.2 (Continued) 

Drawing 
No. 

E-1 51 66 

Item Component Applied Design Calculated Allowable M.S. 
NO. Load Check Loading 

6.0 SUMMARY OF RESULTS t CONCLUSIONS 

457-103 

Summary of Stress Analysis 

2 lid flange prcssure bending 8,936 psi 25.05 ksi 0.64 

457-103 
457-103 

20 bolt pressure tension 4,201 psi 16.7 ksi 0.75 
3 lifting lug 3 times bearing 1600psi 30 ksi 0.95 

the 
weight tension 1600psi 30ksi 0 9 5  

shear 3200pri l 8 h i  0.82 

The immersion pail lid design meets h e  cntena defined in Section 4 2 

A9.2-184 



HNF-SD-SNF-FDR-003 ~ e v .  0 

Appendix A9.2.6 Seal Lid Calculation 457-2004.2 (Continued) 

E-1 5166 

7.0 REFERENCES 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

7 7  

7.8 

7.9 

Preliminary Design Analysis Report For The TN-WHC C a k  and Transporntion System 
Project 3035 
Transnuclear. Inc. 

Not Used 

ANSIN14.6 
.ber ican National Srandard for Radioactive Materials 
"special lifting devices for shipping containers weighing 10,OOO Ibs (4,500 kg) or 
more" 

Memo to Project File From T. A. D m e r ,  dated July 31, 1996. 

Hanford ECN 191402. 

K Basin Immersion Pail Assembly TN WHC Transport Cask &sings 
7.6.1 Project457 drawing 106 sheets 1, U2 
7.6.2 Project 457 drawing 102 sheets I ,  u2. 
7 6.3 Project 457 drawing 103 sheets 1.212. 
7.6.4 Project 457 drawing 104 sheet 1/1 

ASME Boiler & Pres~ure Vessel Code, I995 edition. 
7.7. I 
7.7.2 Section 11-D,page 441,Table U 
7.7.3 
7.7.4 Section 11-D, page 432,496 

Shigley's Mechanical Engineering Design. McCraw Hill. 1963, Page 603 

AISC Manual Of Steel Construction, 9th ediuon. 
7.9.1 Page4-147. 

Section IT-D, page 530, Table Y-l 

Section II-D, page 392 Table 3 

A9.2- 185 



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

Appendix A9.2.7 Loadout Pit Work Platform 457-2007.2 

E-1 51 66 

oadout Pit Work Platfom 

his calculauon evaluates the loadout pit work platform for design loads based on OSHA requirements 
eijned in Title 29 of the Code of F e d d  Regulauons. The loadout pit platform i s  parr of the n - W H C  
'&and Transpartation System to be used at Lhe K-Barin Area of the Hanford site. 
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Appendix A9.2.7 Loadout Pit Work Platform 457-2007.2 (Continued) 

INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequesffCalculatimn No: 457-2007.2 Revision 0 

Scope Of Analysts File 

Review Methodology Check Of Calculations 

This calculation evaluates the loadout DII work Dlatbm for desion 
loads based on OSHA rwuiremnk defined in Title 29 of the CFR 

Alternate Analyses - 
Other (Explain) - 

Confirm Thai The Work Request I Calculation Package Reviewed Includes 

1 Statement of Purpose 
2 Defined Method of Analysis 
3 Listing of Assurnptms 
4 Detailed Analysis Record 
5 

Ss-- 
rpc 
-SL- a Statement of Conclusions I Recommendations (f applicable) 

2 Geomelrv ldmwmg reference) 
3 Loading souhe term 

If a sowrtiw anafyss !s rcqumd to 
define the lead state has rl teen 

2 

A9.2- 187 



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

Appendix A9.2.7 Loadout Pit Work Platform 457-2007.2 (Continued) 

E-15166 

INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequesVCalculation No 457-2007 2 

Scope Of Analysis File 

Revislon 1 

This calculation evaluates the loadout r) It wok platform for desian 
loads based on OSHA reauirements defined in Title 29 of the CFR 

Review Methodology Check Of Calculations % !  
Alternate Analyses - 
Other (Explain) - 

Confirm That The Work Request / Calculation Package Reviewed Includes 

1 Statement of Purpose 'F1-9 
2 Defined Method of Analysis 
3 Listing of Assumptions 
4 Detailed Analysis Record 
5 Statement of Conclusions / Recommendations (if applicable) 
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Ye# No WA Comm.nD 
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457-111 

457-1 1 I 

E-15166 

510 weld 20WIbs combined 1,824 2.545 i 0.28 1 
9 shear and Ibs I in Ibs / in 

9 to weld 2000 Ibs weld shear 0.133 ksi 14.4 b i  0.99 I 
tension 

1 .o 

2.0 

3.0 

INTRODUCTION I PURPOSE 

Tlus 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 T N - W C  Cask and Transporntion 
System to be used at the K-Barin ARa of the Hanford site. The loadout pit work platform design 
was initially evaluated in Referencc 7.1 I 
METHOD OF ANALYSIS 

Hand calculations using classic textbook solutions are used to StruCNrally evaluate the loadout 
pit work platform. 

The design will be assesed using the design load developed in Section 5.1. The design loading 
conriden OSHA requirerncnls defined in Tltle 29 of the Code of Federal Regulations 
(Reference 7 5) The acceptance criteria limits the induced loads to the requirements of the 
AlSC Code (Reference 7.7) 

The work platform configuration consists of a tubing Game arrangement covered by steel 
decking. The frame IS cantilevered off a wall plate and utilizes a brace for additional suength. 
The wall plate wllsists of three (3) plates welded in an inverted " U  configuration for 
suspension . o f  the platform from the pit beam support stmcture. Drawing details are provided in 
Reference 1.6 
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The following evaluations are documented within this calculation 

J h i E n  Load Development; 
Brace Evaluation; 
ExtensionlBrace Evaluation; 

Wall Plate Saddle Evaluation. 

Frame / Wall Plate Interface Weld Evaluation, 
Wall Plate Weld Evaluation; and 

4.0 ASSUMPTIONS I DESIGN INPUTS 

4.1 AssumDtions 

There are no unverified assumptions wiKh this calculation. 

4.2 

4.2.1 &&g 

See Section 5.1. 

Bendme S u e s  Limits 

Bendinp svcss < 0.6 x S ,  

4 2 2 

(Reference 7.7.2) 

4.2 3 Shear Stress Limits 

Shear sires 0.4 x S, (Reference 7.7) 

4 2.4 Weld Limits 

Weld Allowable Stress Limits i 0.4 x Fr ofbase metal (fillet, penelration) 
(Reference 7 7, AlSC Tahle 12.5. page 5-70) 

4 2.5 Platform Parameters (Reference 7 6.11 

Bract Tube steel 
2" x 4' x 0 . 2 5 " ~  45.50 in long 
ASTM A500 GR B 
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Extension: Tube steel 
2” x 4‘’ x 0.25” x 14.22 in long 
ASTM A500 GR B 

Brace: Tubesteel 
2”x4”xO.Z5”x  15.33inlong 
ASTM A500 GR B 

Wall Plate: 24” x 30” x 0.625 in 
ASTM A36 

Tw Kick 
Plate / 
End Caps: 0.25 in thick 

ASTM A36 

Decking 
Surface 0.375” x 46.0“ x 14 22 in diamond plate 

4.2.6 Section PmDnties (Reference 7.7.3) 

Tube Steel 2” x 4” x 0.25 in 
Area = 2.59m’ 
1, = 4.69 in‘ 
S“ = z..ij in3 
1,Y = 1.j4in‘ 
SY = 1.54 in’ 

4.2.7 Material Pmmnies 

ASTM A36 Carbon Steel 
(Reference 7.1 4) 
Fy: 32ksi 
Fu. S8ksi  

ASTM A500 GR B Carbon Steel 
(Reference 7.7.5) 
Fy. 46 ksi 
Fu: 58 ksi 
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Appendix A9.2.7 Loadout Pit Work Platform 457-2007.2 (Continued) 

5.a ANALYS~S DETAIL 

5.1 Desien Load DeveloDment 

The design load. F. is based on the larger of the followmg two (2) conditions: 

Condition A The heavy duty uniform loahng of 29CFR1910 (Reference 7.5.2) 
multiplied by a load factor (LF) of four (4). The uniform distributed 
load, p, is 75 Ibs / f?. 

Each platform section carrying a load equal to the maximum intended 
load multiplied by a load factor (LF) of four (4). The maximum intended 
load, P, shall bc considered (0 be equal to two men, each weighing 250 
IbS. 

Condition B: 

FA = px(area)xLF 

= 75 (46.0 x 14.22 
144 ) x 4  

= 1363 Ibs 

F. = P x 4  

= ( 2 x 2 5 0 ) x 4  

= 2OOOlbs 

F = GreatcrofF, or F, 

= 20001bs 

5.2 Brace Evaluation 

The cntical brace stress IS located at the interface point with the extension. The notch 
connection will develop the full capacity ofthe brace (,.e., interface weld is full 
penetration on top and bonom. fillet on sides) 

5.2. I Bendinn Stress E valuatior! 

Conservatively considering the brace as a canillevered S~NC~UR fixed at the 
extension interface with the design load applied rs a concentrated load at the 
elatform's edge: 
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Pcrfomed by 

Chcckcd b) 
J l - L C - = i ~  

E-1 5166 

Calculation No 457-2007 2 
Re"(Sl0" I I 
Page 9 of IS I 

where: 

L = (46.0 - 12.0) 12 

= 1701" 

F = 2000Ibs 

M =  L x F  

= 17.0 x 2000 

= 34.000 in-lbs 

The bending strcss is. 

ab = M I S ,  

= 34,000 i 1.54 

= 22,077pn 

The allowable bending stress is. 

F, = 0.6 x F, 

= 0.6 x 46,000 

= 27,600~s i  
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5.2.3 Deflection Evaluation 

Per Reference 7.4. I, the platform deflecuon, A. is: 

A =  L F L ’  
3 @)O,>) 

1 (2000) (17.0)‘ 
3 (28.3 x 10‘)(1.54) 

= _  

= 0.075 in 

The platform deflection is insignificant. 

5 3 Extension I Brace E\alualion 

Two (2) extensions are cantilevacd horn lk wall, each a distance 14.22”. This is less 
than the distance of IT previously evaluatcd in Section 5 I for the brace. h f o r e ,  the 
rerultr from Section 5. I are conservative for the extension pieces. No funher evaluation 
is required. 

5.4 Frame Wall Plate Interface Weld Evaluatim 

The kicker is welded to the wall plate via a 0.25 in all-around fillet. 

The shear stres  in the weld 16. 

u, = F / LWla 

where: 

= 2 + 2 + 4 + 4  

~ 12 in (per kicker) 
Therefax. 

u, = 2000 I (2 x 12) 

= 83 Ibs /in 

The tensile siicss In the weld IS 

Calculation No 457-2007 2 
I 
I 

gRW I Dau 11-25-3(. Revision I 
Performed by 

Chcckedb) mC I Dale, , 1 Page I I Of IS 
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Performed by 

Checked by 
Q* 

--E% 
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Calculation No 457-2007.2 
' ~ ~ ~ L s +  ~evlrnon I I 

PagclZaf lS  1 '=* 
1 1  lzsf 9 b 
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Pafarmed hy Date. Calculation No. 451-2001 2 

Checked by 
~ I - L S - ~ ( .  Reviaon I 

Paps 13 or IS --s 

E-15166 

I 
. I  

1,824 
= 1 . -  

2,545 

= 0.28 

5.5 Wall Plate Weld Evaluation 

n e  wall mounting plate is constructed by welding Items I. 8, and 9. The 9 to 7 weld 
stress for the full penetration weld of a 0.625 in plate is as follows: 

a" = F I Amjd 

where: 

t = plate thickness 

= 0.625 m 

I = weld length 

= 24.0 in 

%<,d = t x 1 

= 0625 x 2 4 0  

= 15.0in2 

a\ = 2000 / 15.0 

= 133pai 

The weld stress is insignificant compared to the weld allowble. F, 
F, = 0.4 x F, (base metal) = I4.400 PSI. 

5 6 Wall Plate Saddle Evaluation 

The calculation performed under Section 5.5 demonstrates that the saddle itself will 
develop insignificant stresses. 
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6.0 SUMMARY OF RESULTS/CONCLUSIONS 

Summary of Stress A n a l y s ~  

Drawing Item Component Applied Design Check Calculated I Allowable ! M.S. 
No. No. Load Loading 

457-1 11 4,s. brace, 2000 Ibs tube bending 
; 3 extension. 1 
~ brace shear ' 

457-1 11 ' 5 to weld 2000 Ibs combined 1,824 2,545 I 0.28 
9 sheasand lbslin lbslin 

tension 
457-111 9 to weld 20001hs weldshear 0.133 ksi 14.4 ksi 1 099 I 

.I 
i 

7 1 

The loadout pit work platform design meets the criteria defined in Section 4.2. 
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INTERNATIONAL 

'ROBLEM STATEMENT OR OBJECTIVE OF THE CALCULATION 

rhis calculation evaluates the Ixuqmf t rder  work platform for design loads based on OSHA 
equirements defined in Title 29 of the Code of Federal Regulations. The acceptance critena h i t s  the 
nduced loads to the requirements of the AlSC Code. 

f i e  transpn trailer work platform is pan of the TN-WHC Cask and Transportation System to be used at 
he K-Basin Area ofthe Hanford site. 

- 
Revision 

~ 

0 

I 

41 thruA4 

of calculating 
margin of safety. 

I 

11-1 1-96 

effrey R Dargis 

1 1 - 15-96 

I/--25Vb 

TolslPsger 17 I 
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INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

Work RequesffCalculahon No 457-2002 2 Revislon 0 

Scope Of Analysis File: This calculabon evaluates the transDort trader olatfom for desian 
loads based on OSHA reouiremenls defined in m e  29 of the CFR. 

Review Methodology Check Of Calculations 916. 
Alternate Analyses d/4 
Other (Explain) N / .  

Confirm That The Work Request I Calculation Package Reviewed Includes: 

1. Statement of Purpose 
2. Defined Method of Analysis 
3. Listing of Assumptions 
4 Detailed Analysis Record 
5. Statement of Conclusions I Recommendations (a applicable) 

vmsnon 

A Are the required data lnput sornpletc7 
M a t e d  p q a ~  
Gaorneby (dravmg istenme) 
Loading soouroc tern 
If a supwrbng sneIv0,s IS required m 

define Um load state. has d been 
defined? 

8 Are boundary Wndhons acceptable7 J 
I I I  

J 
2 1s the methM of anaiysls adequate for the defined scope7 

I -  I 
J 4   re me acceptance c m n a  defined and complete? 

I I  
I/ 

5 Has all concurrent loadlng been consldered7 

6 Am analyses conslrlent with prenour work for memcd and 
approach? 

Are me records for Input and output wmplete? 7 

I I  

I 
9 Is me statement of COnClUUons and recornmendabms complete 

and aMpIaMe tor the prolm and objemves of the defined 
purpose', 

* a$- - 
I 

A9.2-202 



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

Appendix A9.2.8 Trailer Work Platform 457-2002.2 (Continued) 

E-15 166 

INDEPENDENT DESIGN VERIFICATION CHECK SHEET 

uVok RequestlCalculation No 457-2002 2 

Scope Of Analysis File 

Revision _1_ 

This calculabon evaluates the transpolt trailer DlaWon for desian 
loads based on OSHA reauirements defined in Title 29 of the CFR 

Review Methodology Check Of Calculations QW 
Alternate Analyses d / A  
Other (Explain) #/I+ 

Confin That The Work Request I Calculation Package Reviewed Includes 

1 Statement of Purpose 
2 Defined Method ofAnalysis 4%- 
3 Listlng of Assumptions 3!?!?2- 
0 Detailed Analysts Record L 
5 Statement of Conclusions / Recommendations (n applicable) W 

s1.p 1CU"lb.. 
1 For the swpe Of the defmed analysis 

A Are me required data input complete? 
I Matenal pmpertles 
2 G e m e m  [drawing reference) 
3 Loading sou- term 

If B supportmg analyssrs 1s requned to 
define the load state has it been 
defined? 

El Are boundary Conditions acceptable7 

2 IS the method Of analysts adequate for the defined Scape7 

3 

4 

5 

6 

Is the w s t  case IoadingIcOnfigumiDn documented? 

Are the acceptance critena defined and complete? 

Has all concurrent loading been considered7 

Am analyses vmsstenl with prwiws wotk tor method and 
approach? 

Are the record3 for input and OUtpUt complete? 

Is hamability 10 verified sohare complele7 

Is the statement of conciusions and recommendations complete 
and acceptable for me proiect and objectives of the defined 

7 

8 

9 

I purpose? 
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Performed b)  
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Appendix A9.2.8 Trailer Work Platform 457-2002.2 (Continued) 

Drawing Item Component Applied Design Check ~ Calculated ! Allowable 1 M.S. 
No. No. Load  loading 1 
457-105 24 channel 125Ib/A bending 8,676 psi 21,OOOpsi 0.59 

shear 820psi 14,OOOpsi 0.94 
457-105 26 plankhaak 591 Ibs bearing 1,182psi 35,OOOpsi 0.97 

i 

E-1 51 66 

1 
1 
I 

1.0 

2.0 

3.0 
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Appendix A9.2.8 Trailer Work Platform 457-2002.2 (Continued) 

Date: Calculation No 4S7-2002.2 
l1/>5[96 Revision I 

Dale: Page 6 of 13 
5% 
QRW //--fs-% 

Pcrfomrd by 

Checked by 

E-1 5166 

I 
I 

The following evaluations are documented within this calculation. 

Design Load Development; 
Channel 4 x ,180 Evaluation, 
Supporting Pipe Evaluation: and 
End Cap Evaluation. 

4.0 ASSUMPTIONS / DESIGN INPUTS 

4.1 ASSumDtionS 

There are no unverified assumptions within this calculation. 

4.2 Desien Criteria 

4.2.1 

SeeSection5.1. 

4.2.2 Stress Limits 

Bending stress < 0.6 x S, 

Shear stress < 0 4 x S. 

(Refenncc 7.7) 

(Reference 7.7) 

4.2.3 Platform Parmerers (Reference 7.61 

Channel: 1"xO.I8O'~x 113.45inlong 
ASTM B308 

Pipe: I112"NPS 
ASTM A53 

4.2.4 Material Prowmes 

ASTM B3OR Aluminum 
(Reference 7.3) 
Fy 35 ksi 
Fu. 38 ksi 
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Pcrfarmed by 

% 
9& Checked b l  
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Calculation NO. 457-2002 2 Dale 

Date 
112 9(p Revision1 I 

/ I+S-Vb Pagc7of13 I 

5.0 ANALYSIS DETAIL 

5.1 Desien Load Develooma 

The design load, F, is the based on the larger of the following two (2) conditions: 

Condition A: 

' 

The light duty uniform loading of 29CFR19 IO (Reference 7.5) 
multiplied by a load factor (LF) of four (4). The uniform distributed 
load, p, is 25 Ibs / f12. 

Condition B: Each platform wction carrying a load equal to the maximum intended 
load multiplied by a load factor (LF) offour (4). The maximum intended 
load, P, shall be considered to be equal to two men, each weighing 250 
Ibs. 

FA = px(area)xLF 

= 25 x 113.45 x 29.29 x 4 / 144 

= 2308Ibs 

F, = P x 4  

= ( 2 x 2 5 0 ) x 4  

= 2000Ibs 

F = GreaierofF, or F, 

= 2308Ibs 

For the channel ebaluatton an equivalent loadmg equal to 25 x 4 = 100 psf will be 
applied Conbertmg this IO a linear loading per channel 
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5.2 Cbau@ E valuation 

The channel is supponed by the scaffolding pipe at each end by caps, thus developing a 
simply supported beam loading confipuration: 

where: 

L = 9.45 ft 

w = 125 lbsifl 

M = Bjz 
8 

= 125 ’ x 9.45- 
8 

= 1,395 A-lbr 

= 16.744 in-lbs 

The bending mess is: 

ob = M /  S, 

= 

= 8,676psi 

16,744 I 1.93 (use C4 x 5.4 section modulus fmm Reference 7.7) 

The allowable bending stress ls. 

Fh = 0.6 x F, 

= 0.5 x 35,OOOpsi 

= 21,OOOpsi 
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The margin of safety is: 

8,676 = 1 . -  
21,000 

= 0.59 

The shear stress is: 

uv = (w x L) / (Zchannels x widthofchannelweb x webthickness) 

= 125x9.45/ (2  R 4 x 0.18) 

= 820psi 

The allowable shear stress is. 

F, = 0.4 x F, 

= 0.4 x 35,000 psi 

= 1 4 . 0 0 0 ~ ~ 1  

The margin of safety is- 

820 
i I _ _ _  

14.000 

= 0.94 
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Metal A m  
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0.7087 in’ 0.799 id 

5.2 Eioe Evaluation 

snC(1on Modulus 

IOCFR29. Par( 1910.28 specifies nominal N o  inch (2”) O.D. tube for scaffolding. Ihe  
drawing calls 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 propenies to 
those ofthe 2 inch tube. 

0.314 d 0.326 in’ 1 

PROPERTIES 1 2lh’TUBE 1 I .SWSCH40PIPE 

Tlus cornpanson shous Lhat 1 5 inch schedulc 40 pipe IS slrphd) monger Ihan the two 
rnch ( 2  ’1 tube mth a maximum wall hckness nt 0 120 inchcr Therefore. the 1.5 inch 
whedu e 40 p pc UIII perform as ucll a, thc two inch ( 2 ’ )  rube 

Thc tube propdies arc based on 2 tube w h  a 0 I 2 0  inch wall thickncss (Page 8-11 3 of 
Reference 7 4) The section rnudulus 15 hasrd on the hollou LITCIC L~mulas rcfnmced on 
pagc 6 20 of Rcfcrcnce 7 7 Ihc prapcnica for I 5 irch pipe are from pagc 1 93 of 
Reference 7 7 

tnd ( a~ tralualion 

The end cap I ,  d I 4 inch mirk ~‘uminum plrlc Its bawc loading whcmc c In direct 

5 4 

k3n l lg  

= F 3 AkMnl 

u hcrc 

F = w I[ L/2ehaMels 
= 

= 591lbs 
125 I 9.45 / 2 

performed hu I Daw I Calculalion No 4S7-20022 I 

Checked by 1 Date 
I .‘, 
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Date Calculation KO 457-ZW2 2 

Date 
11 9 Revision I 

Page I I of I3 

Performed by 

Checked by 
I (-25 % 

E-15166 

I 
I 

= 2 x 0.25 
= 0.5 inch’ 

The bearing S ~ E S  is: 

ob = 591 10.5 

= 1182psi 

The allowable bearing stress is: 

Fb = F, 

= 35.000psi 

The margin of safety is: 

1,182 = 1 . -  
35,000 

= 0.97 

The plate IS welded with 114 inch fillet weld on both sides. Therefore. the weld stress is 
Insignificant. ND funher evaluation is reqmrrd. 
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6.0 SUMMARY OF RESULTSICONCLUSIONS 

Summary of Stress Analysis 

Drawing Item Component Applied Design Check Calculated Allowable . M.S. 
No. No. Load Loading 

457.105 24 channel 125 I M  , bending 

~ _ _ _ _ _  I shear 1820psi 14,OOOpsi 0.94 I 
457-105 26 plankhook 591 Ibs 35,000ps1 -0.97 I 

j 8,676 21,000 10.59 I 

I 

The IranspoR trailer work platform design meea the criteria defined in Section 4.2 
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APPENDIX A 
Kee lndumial Products Load Data 

ll~ere a a total of 4 pages in Appendix A 

1 Performed by ,_ Duc. CaIcuI~lo~n No. 457-2002.2 I ll/8,/5 6 1 Revision 0 
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PART B: PACKAGE EVALUATION 

B1 .O INTRODUCTION 

B1 . I  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 thc cask complies with applicable requirements of the Hanford Specification"'. 

Detailed structiiral analyses of various cask components subjected to individual loads are provided 
in the Appendix B 4 . X  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-I 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 cstablishcd design criteria. This comparison permits the 
minimum margin of safcty 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 
difrerential expansion (such as heating l'rom 70°F to hot thermal conditions) are evaluated as 
primary stresses. In addition, some individual load cascs in Appcndix B 4 . C  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 rcportcd in Appendix B 4 . C  are the 
maximum stresses for cach 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 i bending stress components. 

Figure B4.3-1 shows the sclcctcd 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 

131-1 
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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. 
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% Pit-240, thirteen years after discharge from the N reactor. 

An evaluation of the shielding pcrformance of the cask was performed 

The gamma and neutron analyses arc pcrformcd using the one dimensional SASl 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. 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 dccay 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 uscd 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. 

Dctailed stresses and displacements in the ANSYS model of the cask body are obtained and 
stored (on magnetic tape) for cvcry node location for each individual load case. These stored 
rcsults 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 
requircd 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 SASl models used for thc analysis and Table 83.3-1 lists the compositions of the 
shiclding materials. 

The temperature distribution from the thcrmal analyses is uscd to evaluated the thermal stresses in 
the cask. The structural integrity of thc cask is maintained during normal and accident thcrmal 
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 84.3.4.3.8. 

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 wilinot 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 event 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 Scction 04.4.4.3.4. 

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 stecl cask body due to differcntial thermal expansion are 
insignificant. Thermal stress of the cask body due to the diffcrential thermal expansion under the 
thermal accident conditions (bctween l id  and lid bolts) is cvaluatcd in Section B4.4.4.2. 

From the analyses prescntcd in Scction 4.4, i t  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. 
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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 hc Evaluated 

B2.3.2 Containment Acceptance Criteria 

B2.3.3 Containm'ent Model 

B2.3.4 Containment Calculations 

B2.4 ACCIDENT CONDITIONS 

B2.4.1 Conditions to be Evaluated 

B2.4.2 Containment Acceptance 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-WMC 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. 
shielding is provided by the f~iel 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 
arc described in the Sections 83.3 and B3.4. 

A minimum cask lid thickness of 3.0 inches was used. Additional 

The shielding analysis of the cask is performed using industry standard codes and conservative 
modeling assumptions. 
basis fuel. 

The expected dose rates for the cask havc been evaluated for the design 

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 R3.7.1 dctails the conversion of the gamma source spectra for use in the SCALE code. 
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Average Energy Level 
(MeV) PhotodsedMCO 

E-I 51 66 

Fraction 

1.495 

1.165 

I F  2.25 I 8,88E+09 I 0.00000 II 

1.009E+l3 0.00348 

2.415B+13 0.00833 

II 1.83 I 6.828E+l1 I 0.00024 II 

0.7 

0.5 

9.045E+14 0.31211 

1.868E+15 0.64458 

II 0.9 I 3.727E+13 I 0.01286 II 

Total 2.898E+15 0.99989 

II 0.35 I 5.300E+13 I 0.01829 II 

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 7.3 17Ei-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 Rcfcrcnce 2. 
source spectra, this spectra must be converted into the proper neutron energy groups of the 
SCALE 2811-18y library. This is accomplished by apportioning the provided spectra into the 
SCALE energy groups. This analysis and convcrsion is detailed in Appendix B3.7.2. The 
spectrum used for the analysis is provided in Table B3.2-2 below. 

Similar to the gamma 
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SCALE GrOLlD No 

E-15166 

Spontaneous 
falnha.n~ Fission Combined 

Table B 3 . 2 - 2  Neutron Spectra 

Group 3 

Groun 4 

0.41486 0.22655 0.28869 

0.14504 0.12795 0.13389 

I I  Group I I 

Group 5 

Group 6 

Group 7 

I 0.02184 I 0.01463 

0.1 I620 0.15740 0.14380 

0.11214 0.15633 0.14175 

0.04767 0.08316 0.07145 

I( Group 2 I 0.16137 I 0.22278 I 0.20251 

Total: 0.9981 8 0.99601 0.99672 

B3.3  SUMMARY OF SHIELDING PROPERTIES OF MATERIALS 

One-dimensional SASl 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 fucl 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. 

l33-3 
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Figure B3.3-1 Axial Models 

Axial, Cask Top - Shield Plug and Lid 

1 7 . 6 2  cm Lid - SS304 

30 48 cm Shield Plug - SS304 

186.29 cm Fuel + Clad + Basket 

Axial, Cask Bottom 

t 
186.29 cm Fuel + Clad + Basket 1 

MCO Bottom 

15.56 cm TN-WHC Bottom t 
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Figure B3.3-2 Radial Model 

MCO 
Wall 

1.27 cm 

Void 
1.36 cm 

TN-WHC 
Outer Wall 

B3-5 
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Location 

Fuel + Clad + Basket 
(assuming basket is 100% 

steel) 
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Table B3.3-1 Material Densities 

Material Density (g/cc) 

Uranium 6.28 

Zircaloy 0.41 

Steel (SS304) 0.338 

Shield Plug 

II Cask Wall I Steel (SS304) I 7.92 II 

Steel (SS304) 7.92 

II Cask Lid I Steel ISS304) I 7.92 II 

83.4 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 mremihr and 
-the dose rate 2 meters from the surface of the cask shall be less than or equal to 10 mremihr"'. 

B3.4.3 Shielding Model 

The gamma and neutron analyses arc performed using the one dimensional SASl module of 
SCALE-4, with the 2711-1 Xg 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 or  the irregular bottom in the MCO, the 3-dimensional QAD-CGGP'" code was utilized 
to evaluate two modcls of the bottom: one with a cut-out and one without. Ratios of the 
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calculated dose rates (1.32 @ contact and 1.01 @ 2 meters) were used to correct the SASl 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-dimcnsiona1, 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 SASl and SAS4 modules are included in Appendix B3.7.3 

83.4.4 Shielding Calculations 

Dose points, shown in Tables B3.4-1 and B3.4-I, 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 
(mremfliour) 

Top, Cask Lid 

Neutron 

Total 3.10 92.7 

Table B3.4-2 Summary of Maximum Dose Rates - 2 meters f rom the Cask Surface 
(mrem/hour) 

Top, Cask Lid 
Sides 

Gamma 0.005 

Neutron 0.12 0.06 

Total 9.15 0.21 0.065 8.16 

* - on cask centerline, bclow 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 
mremihr neutron. At one foot from the drain port cover, the calculated dose rates were 62.7 
mremhr and 1.1 mremhr y and neutron respectively. 
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Figure B3.3-3 Drain Port Model 
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8 3 . 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 punctiirc 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 'exposure of the packaging system for not less than 30 minutes to a 80OOC fire 
that has an emissivity coefficient of 0.9. 

- 

- 

The impact, puncture and thermal scenarios will rcsult in no loss of shielding. Therefore, the 
accident dose rates are the same as the normal conditions dose rates. 

B3.5 .2  Acceptance Criteria 

The shielding 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'21. 

83.5.3 Shielding Model 

See Section B3.4.3 shielding modcl 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 SASl 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. 

B3-9 
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Energy (MeV) 

Rev. o 

PhotonsiseclMCO 

E-1 51 66 

0.015 

0.025 

B3.7-1 DETERMINATION OF THE GAMMA SOURCE SPECTRA 

1.67E15 

3.54E14 

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. 

0.125 

0.225 

Table B3.7-1 Photon Source for Mark IV Fuel 16% Pu 240 at 13 years decay 

1.38E14 

1.57814 

0.375 

0.662 

0.850 

1.250 

7.42E13 

2.33835 

5.92E13 

3.41E13 

0.058 3.35E14 

3.500 

5.000 

8.3 1 E7 

3.94E5 

1 1.000 

TOTAL 

2.250 8.8889 

5.1483 

6.09E15 

II 7.000 I 4.50E4 11 

For the gamma source term, the energy levels from 0.375 to 2.25 MeV 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 photodseclMCO (0.662l0.575) = 2.6881 5 photon/second/MCO 

R3.7-1 
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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 63.7-2 Photon Source for Mark IV Fuel 16% Pu 240 at 13  years decay 

The energy groups from this ORIGEN2 output need to be translated into the appropriate energy 
groups for the SCALE 27n-18g library. 
calculations illustrate the conversion between the ORIGEN2 energy levels to the SCALE code 
energy levels. 

This is done by conserving energy. The following 

Scale Groirp 35, 1.66-2.0: 

= 6:828E+li 

Scnle Group 36, 1.33 -1.66 MeV 

- (1.66 -1.5) 1.75 

= 1.009E+13 

* (-) * 1.05E+12 + (1 '5-1 '33)  * (E) * 3.41Ec13 
(2.0 - 1.5) 1.495 (1.5 - 1 .O) 1.495 

63.7-2 DETERMINATION OF THE NEUTRON SOURCE SPECTRA 

The neutron source in spent fuel is from either spontaneous fission of the actinides or from (cc,n) 
reactions. For this fuel, the spontaneous fission source and (a, n) reactions are present. The 
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Component of Source 

(w) 

spontaneous neutron source is due primarily to six nuclides: Cm-242, Cm-244, Cm-246, Pu-238, 
Pu-240, and Pu-242. 

Source Strength Yo 
(neutrons/sec/MCO) 

3.578B+06 33% 

Spontaneous Fission 

Total 

7.3 17E-1-06 67% 

1.090E+07 

133.7-3 
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Table B3.7-4 Spontaneous Fission Specrta 

Upper Energy (MeV) 

0 00 
0 10 
0 20 
0 30 
0 40 
0 50 
0.60 
0.70 
0.80 
0.90 
I .OO 
I .?0 
I40 
I 60 
I . X O  
2 00 
2.20 
2 40 
2.60 
2 80 
3 00 
3.20 
3 40 
3.60 
3 80 
4.00 
4.20 
4.40 
4 60 

5 00 
5 50 
6.00 
6 50 
7 00 
7 50 

9 00 
10.00 

12 00 
13 00 
14.00 
15.00 
Total 

4 80 

R no 

I 1.00 

Fraction 

0.00000 
0.01194 
001972 
0 02424 
0 02726 
0 02934 
0.03076 
0.03167 
0 03218 
0 03238 
0.0 3 2 3 2 
0.06368 
006140 
0 05832 
0.05475 
0 05090 
0 04695 
0 04301 
003917 
0.03549 
0.0 3 2 0 2 

0 02574 
0.02297 
0 02043 
0.01812 
0.01603 
001415 
0.01246 
0.01095 
0.00960 

0.02~76 

0.01907 
0.01354 
0 00953 
0.00665 
0 00461 
0.00318 
0 00366 
000169 
0.00076 
0 00034 
0 OOOl5 
0 00007 
0 00003 
0.99999 
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Table B3.7-5 ( a , n )  Fission Spectra 
~~ ~~ 

Upper h e r s y  (MeV) 

0 00 
0 10 
0 2 0  
0 30 
0 40 
0 50 
0 60 
0 7 0  
0 80  
0 90 
I 0 0  
I I 0  
I 2 0  
I30  
I 4 0  
I 5 0  
I 6 0  
I 7 0  

I90 
2 00 
2 I0 
2 20 
2 -30 
2 4 0  
2 '0 
2 60 
2 7 0  

2 90 
3 00 

3 20 
3 30 
3 4 0  
3 50 
3 60 
3 7 0  

3 90 
4 00 
4 10 
4 20 
4 30 
4 40 
4 50 

I xn 

2 an 

3 10 

3 80 

I'raction 

0 00000 
OOl059 
001184 
0 01 153 
0 0 1 3 7 1  
0 0 1 8 6 9  
002103 
0 02305 
0 02523 
0 02414 
0 01994 
0 0 2 0 ~ 7  
0 02259 
0 02'39 
0 02741 
0 02804 

0 0 3 1 9 3  
003551 
0 03692 

0 02944 

0 03879 
0 03x94 
0 114065 
0(1112X 
0 03956 
0 03785 
0 03645 
0 03474 
0 03209 
003115 
0 0292x 
0 0 2 5 8 6  
0 02430 
0 02087 
001498 
001.133 
0 0 1 2 3 1  
0 00997 
0.00857 
0 00748 
0 00607 
0 00545 
0 00358 

0 0 0 1 7 1  
0 0 0 1 0 9  
I00000 

0 002x0 
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FOR SPONTANEOUS FISSION SPECTlU 

For Group 1 ,  6.434-20.0 M e V  

(6’434-6’0) * (6.25) * 0.00953) +0.00665 +0.00461 +0.00318 
= ( (6.5 -6.0) 11.22 

+0.00366 +0.00169 +0.00076 +0.00034 +0.00015 +0.00007 +0.00003 
= 0.02184 

For Group 2, 3.00 -6.434: 

= 0.02876 10.02574 +0.02297 +0.02043 +0.01812 +0.01063 +0.01415 +0.01246 
6.25 

6.50 - 6.00 4.717 
+0.01095 +0.00960 +0.01907 +( 6’434 -“O0 * 0.00953 * -) +0.1354 

= 0.22278 

FOR (u,n) SPECTM 

For Groiip 2, 3.0-6.434 Mev: 

= 0.02586 +0.02430 +0.02087 +0.01698 +0.01433 +0.01231 -+0.00997 
10.00857 +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 

1.90 - 1.85 1.85 +- * 0.03692 * - 
1.90 - 1 .SO 2.425 

= 0.41486 
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B3.7-3 SASI INPUT FILES 

Axial Model, Top 

=SASI 

27N-18COUPLE INFHOMMEDIUM 
' 

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 
END COMP 
END 
LAST 
TOP MODEL 12" SIHIELD PLUG ONLY 
DISC REFLECTED 
1 130.0 40 -1 0 0 10.8 2.87E9 
1 186.29 40 -1 0 0 10.8 2.87889 
2 216.77 31 0 
END ZONE 

0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 262  
0,00000 0.00024 0.00348 0.00833 0.01236 0.3121 1 0.64458 
0,01829 42; 
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 0.3121 1 0.64458 
0.01829 4 2  
NDETEC=4 DY=103.06 DZ=l03.06 
READ XSDOSE 
51.53 
0.0 2.0 0.0 100. 0.0 200. 0.0 300. 

END 

K-BASIN FUEL 5/96 - NEUTRON WMC-ST-TP-SAW-017, GAMMA ECN 191402 

FUEL MODELED, 6.34 MTU PER MCO - SS304 BASKET - ZIRC CLAD 

=SASI 

27N- 18COUPLE INFHOMMEDIUM 
' 

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 

K-BASIN FUEL 5/96 - NEUTRON WHC-ST-TP-SAW-017, GAMMA BCN 191402 

FUEL MODELED, 6.34 MTU PER MCO - SS304 BASKET - ZIRC CLAD 
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END COMP 
END 
LAST 
TOP MODEL 12in MCO SHIELD PLUG AND 3in TN-WHC LID 
DISC REFLECTED 
1 130.0 40 -1 0 0 10.8 2.87E9 
I 186.29 40 -1 0 0 10.8 2.878E9 
2 216.77 31 0 
2 224.39 8 0 

0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 262 
0.00000 0.00024. 0.00348 0.00833 0.01236 0.3121 1 0.64458 
0.01829 4 2  
0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 262 
0.00000 0.00024 0.00348 0.00833 0.01236 0.3121 1 0.64458 
0.01829 4 2  
NDETEC=4 DY=103.06 DZ=l03.06 
READ XSDOSE 
51.53 
0.0 2.0 0.0 100. 0.0 200. 0.0 300. 

END 

END ZONE 

Axial Model, Bottom 

=SASI 

27N-I 8COUPLE INFNOMMEDIUM 

URANIUM 1 DBN=6.28 1.0 293 92235 1.0 92238 99.0 END 
ZIRCALLOY 1 DEN=0.441 END 
SS304 1 DEN=O.338 END 
SS304 2 1.0 END 
END COMP 
END 
LAST 
BOTTOM MODEL TN-WHC 6.125in THICK AND MCO 1.76in THICK 
DISC REFLECTED 
1 130.0 40 - 1  0 0 10.8 2.8789 
1 186.29 40 -1 0 0 10.8 2.878E9 
2 190.76 4 0 

K-BASIN FUEL 5/96 - NEUTRON WHC-ST-TP-SARP-017, GAMMA ECN 191402 

’ FUEL MODELED, 6.34 MTU PER MCO - SS304 BASKET - ZIRC CLAD 

03.7-8 
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2 206.32 17 0 
END ZONE 

0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 262 
0.00000 0.00024 0.00348 0.00833 0.01236 0.3121 1 0.64458 
0.01829 4 2  
0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 262 
0.00000 0.00024 0.00348 0.00833 0.01236 0.3121 1 0.64458 
0.01829 4 2  
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 

=SASl 

27N-18COUPLE INFHOMMEDIUM 

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 
END COMP 
END 
LAST 
RADIAL MODEL TN-WHC 7.25in THICK AND MCO 0.5in THICK 
CYLINDRICAL 

2 30.64 2 0 
0 32.00 1 0 
2 50.42 20 0 
END ZONE 

0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 262 
0.00000 0.00024 0.00348 0.00833 0.01236 0.3121 1 0.64458 
0.01829 4 2  
NDETEC=4 DY=103.06 DZ=103.06 
READ XSDOSE 
372.57 
52.00 186.29 152.00 186.29 252.00 186.29 367.64 186.29 

K-BASIN FUEL 5/96 - NEUTRON WHC-ST-TP-SAW-017, GAMMA ECN 191402 

’ FUEL MODELED, 6.34 MTU PER MCO - SS304 BASKET - ZIRC CLAD 

1 29.37 30 - 1  0 0 10.8 2.87E9 
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SAS4 INPUT FILES 

Radial Gamma 

=sas4 
Westinghouse Hanford Cask 3-D Shielding Analysis 7/96 
27N-18couple infliommedium 
' 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 
ss304 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 2 0 2 end 
xend 
tim=20.0 nst=500 nod=3 sfa=2.898+15 fr2=0.7 f'r3=0.7 fr4=0.7 
igo=O mfu=l nit=800 end 
soe 341. 0.00024 0.00348 0.00833 0.01286 0.31211 0.64458 
0.01829 42 end 
det 52.0 0. 194.16 81.0 0. 194.16 81.0 0. 206.0 end 
gend 
TN-WHC Cask Radial Gamma Dose Rate around drain port with cover(H0LE) 
fue 186.29 186.30 end 
Send 
eav 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 
as1 2 37.95 198.12 end 
eend 
end 

Radial Neutron 

=sas4 
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Westinghouse Hanford Cask 3-D Shielding Analysis 7/96 
27N-1 lcouple infiommedium 
’ 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 
ss304 2 1.0 end 
end comp 
idr=0 ity=l izm=4 frd=29.37 end 
29.37 30.64 32.00 50.42 end 
1 2 0 2 end 
xend 
tim=30.0 nst=100 nod=3 sfa=l.O9+7 fr2=0.7 fr3=0.7 fr4=0.7 
igo=O mfu=l nit=100 end 
soe 0.01463 0.20251 0.28869 0.13389 0.14380 0.14175 0.07145 
202 end 
det 52.0 0. 194.16 81.0 0. 194.16 81.0 0. 206.0 end 
gend 
TN-WMC Cask Radial Neutron Dose Rate around drain port with cover(H0LE) 
fue 186.29 186.30 end 
fend 
eav 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 
as1 2 37.95 198.12 end 
cend 
end 
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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"'. 

84.2 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 7.3 1 inch thick ASME SA336 Type 
F304 stainless steel shell welded to a massive stainless steel bottom closure. 
6.13 in. thick. 

The cask bottom is 

The lid assembly is a 3.50 in. thick plate made of ASME SA336 Type F304 stainless steel. 
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 seds 
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 thc lid enable the packaging to withstand 
the hypothetical puncture accident. The shell and l id  are designed to be both strong and ductile 
in order to he capable of withstanding the punch loading. 

Appendix B4.5A provides the impact analysis of the cask. Appendix B4.SB describes the lid 
bolt analysis. 
B4.5D presents the stress analysis of the cask lifting attachment. 

The 

Appendix R4SC presents the structural analysis of the cask body. Appendix 

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 intcnsity limits for the various 
stress categories are discussed in Sections B4.3 and B4.4. 

Table B4.2-1 Temperature Dependent Material Properties 

Component 

Lid Bolt 
XM19 

Hot Rolled 11 j 21.6 j 9.02 200 1 
26.5 9.14 

300 

400 

* Mean Coefficient of Thermal Expansion (idin-"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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SA-336, Type F304 

SA-479 XM19 Hot Rolled tl:: Bolt 

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 thc 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. 

Brackets and Gussets 

Vent & Drain Covers 

The basic components of the cask arc thc 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 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 i s  transported in the vertical orientation with the lid end facing the up- 
direction. During transport, the cask is supported on the trailcr by a tiedown system. 

Type 304 SS 

SA-240 TVDC 304 

Table B4.2-2 Material of Construction 

Bolts for Vent & Drain Covcrs 

II Comuonent I Material II 

SA- 193-B8 

11 Shell Assembly I SA-336, Type F304 II 

11 ‘Trunnion I SA-182, GR. F304 II 

134-3 
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Figure 64.2-1 General Arrangement of TN-WHC CASK 
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64.2.5 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 Ibs 
Weight of Shell: 34,300 Ibs 
Weight of Bottom: 2,270 lbs 
Weight of Lifting Attachment: 
Weight of Dry MCO: 

500 lbs 
18,950 lbs 

Gross Package Weight (Dry): 57,910 Ibs 

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. 

64.2.6 Tamper - Indicating Feature 

The tamper indicating feature is not required. 

64.2.7 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. 

84.2.8 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. 

64.2.9 Brittle Fracture 

Brittle fracture of the cask body components is precluded by the choice of austenitic stainless 

B4-5 
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steel for fabrication of the cask. 

84.3 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 loads 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. 

Reoortine Method for Cask Body Stresses 

.4ppendix 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-I 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 (IG) 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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Table 84.3-1 Normal Conditions of Transport, TN-WHC Cask Performance Evaluation 
Overview 

B4.3.4.2 

B4.3.4.2 

Loading 
Conditions Section 

Conclusions B4.3.4.3.9 

Maximum B4.3.4.2 

Pressure 

Reduced External B4.3.4.3.2 
Pressure 

~ 

Vibration B4.3.4.3.3 

Free Drop B4.3.4.3.5 

B4.3.4.3.5 

Penetration 1 B4.3.4.3.6 

Scope of Evaluation 

Cask Body Stresses due to Different Thermal 
Expansion - Hot 

Cask Body Stresses due to Different Thermal 
Expansion - Cold 

Cask Body Stresses due to Maximum Internal pressure 

Cask Body Stresses (External Pressure = 20 psi) 

Cask Body Stresses (Internal Pressure = 161.2 psi) 

Cask Body Stresses for Vibration Normally Incident to 
Transport 

Negligible 

Cask Body Stresses for Bottom End and Lid End 
Drops 

Cask Body Stresses for Side Drop 

Cask Body Stresses for C.G. Over Lid End Corner 
Drop 

Negligible 

Fatigue Analysis Under Normal Transport Condition 

Lid Bolt Stresses - Lid End Corner Impact 

Summary of the Results 
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Load Case 

IL-1 

Table 64.3-2 Normal Conditions of Transport, Individual Load Cases for Cask Body 
Analysis 

Individual load Description Stress Results 
Table 

Bolt Preload B4.K-3 

IL-6 

IL-7 

11 IL-2 I Thermal Stress at Hot Environment I B4.5C-11 

1G Down Cask Supported by Tie-Down B4.5C-7 
System 

Vibration Load Cask Supported by B4.5C-6 
Tie-Down System 

IL-8 

IL-9 

One Foot End Drop on Bottom End (1G) B4.5C-7 

One Foot End Drop on Lid End (1G) B4.5C-8 

11 IL-5 I External Pressure I B4.5C-5 

IL-11 One Foot C.G. Over Lid End Corner Drop B4.5C-10 
(1G) 

11 IL-10 I One Foot Side Drop (1G) I B4.5C-9 
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Table 84.3-3 Summary of Load Combinations for Normal Conditions of Transport 

Load Combinations 

Hot Environment 

Cold Environment 

Transport 
Vibrations 

1 Foot Bottom End 
Drop (2%) 

I Foot Lid End Drop 
( 2 5 ~ )  

1 Foot Side Drop 
(24G) 

1 Foot Lid Comer 
Drop ( l8G) 

Applicable Individual I Stress Result 
Table No. 

B4.3-5 

B4.3-6 

84.3-7 

B4.3-8 

X 84.3-9 
F= 
25 
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84.3.1 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 11 5 O 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 truckitrailer are those stated in Hanford Specification. 

B4-11 
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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 
Ib (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 masimum 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. 

B4- 12 
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The acceptability of the containment boundary under the applied loads is based on the following 
criteria: 

- 
Buckling to be Prevented 

ASME Code Design Stress Intensities 
Fatigue Failure to be Precluded 
Brittle Fracture to be Precluded 

The values for material properties, design stress intensities (S,) and design fatigue curves for 
Class 1 components given in Part D of Section I1 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. 

Boltine 

In the special case of bolting, the average bolt stress is limited to 213 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. 

B4-13 
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STRESS CATEGORY 

Table B4.3-4 Containment Structure/Fastener Allowable Stress 

CONTAINMENT STRUCTURE ALLOWABLE 
STRESS 

Normal Conditions I Accident Conditions 

Range of Primary + Secondary 
(P, or p d  + P, +Q 

Bearing Stress 

Pure Shear Stress 

Primary Membrane Lesser of 
2.4 S, or 0.7 S, (1) 

Primary Membrane + Bending 
(P, or P L )  + p, 

3.0 S, 2 x S, for 10 Cycles 
(Code Sect. 111, App. I) 

S, Elsewhere 
SY S, for Seal Surface 

0.6 S- 0.42 S 

1.5 S, 

Fatigue 

STRESS CATEGORY 

Lesser o f :  
3.6 S, or S, (1) 

~~ 

Cumulative Fatigue Not Applicable 
Usage Factor < 1 

CONTAINMENT FASTENER ALLOWABLE 
STRESS 

Average Tensile Stress 

Normal Conditions Accident Conditions 

213 S) Lesser of: 
0.7 S,, or S, 

Average Shear Stress 

Maximum Combined Stress 

0.4 S, Lesser of  
0.42 S, or 0.6 S, 

0.9 S, S" 

(1) 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 primar) stress intensity at any location (PL or P, + Pb) shall not exceed 0.9 
S,. These limits are in accordance with Appendix F of Section I11 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. 

84.3.4 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, (I50 + 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-5 
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. 
for the hot thermal condition are included in the load combination. 

The lid bolt preload and gravity load are included. The thermal stress 

Table B4.3-5 lists the total nodal stress intensity at each of the standard stress reporting locations. 
I t  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. 

B4.3.4.3.4 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. 

B4.3.4.3.5 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 IO. 

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 intensit) at each of the standard stress reporting locations 
for the bottom end drop under hot environment conditions. 
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. 

The maximum stress intensity 

84-18 



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

E-15166 

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. 
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. 

The maximum stress intensity 

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. 
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. 

The maximum stress intensity calculated 

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. 
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. 

The maximum stress intensity 

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). 
intensity calculated for this load combination is 3025 psi which occurs at node number 427. This 
stress intensity is well below the allouablc membrane stress intensity of 20,000 psi, and 
membrane plus bending stress intensity of 30,000 psi. 

The maximum stress 

Table B4.3-16 lists the total nodal strcss intensit) 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 intensit) is me11 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). 
stress intensity calculated for this load combination is 12,252 psi which occurs at node number 
5 1. 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. 

The maximum 

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). 
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). 
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). 
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. 

The 

The maximum 

The 

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- 114 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 c\clical loading is the 
vibration loading. The highest nodal stress intensity under vibration loading in the containment 
boundary is +I38 psi (Table B4.5C-6. node number 133). 

If u c  apply a stress concentration factor of 4 for the structural discontinuities. the total peak 
stress intensity range is k552. As shown in Figure 1-92,? of the ASME Code Section 111, 
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-6007'6'. 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 15OoF 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. 

84-2 1 



HNF~D-SNF-FDR-OO~ Rev* 0 
E-15166 

Figure B4.3-1 Standard Stress Reporting Locations 

56 
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Table B4.3-5 Cask Body Stresses Under Hot Environment 
(Bolt Preload, Hot Thermal,l6l.Z psi Internal Pressure,lG Gravity) 

* See Figure 04.3-1 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) 

Cask Bottom 

* See Fiyure 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) 

Cask Bottom 

* See Figure B4.3-l 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) 

* 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) 

Cask Bottom 

~~ 

* See Figure BJ.3-I for node locations. 

B 4 - 2 7  



E-15166 HNF-SD-SNF-FDR-003 Rev. 0 

Table 84 .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) 

Cask Bottom 

* See Figure B4 3-1 for node locations 
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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) 

Cask Bottom 

* See Figure 64.3-I 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 2%) 

Cask Bottom 

* 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) 

* See Figure B43.I for node Iocatlons 
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Table 64.3-14 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) 

Cask Bottom 

* See Figure B4.3-l for node locations 
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Table B4.3-15 Cask Body Stresses Under Cold Environment 1 Foot Side Drop 
I contact side) 

(Bolt Preload, Cold Thermal, 20 psi External Pressure, 1 Foot Drop 24G) 

* See Fiyurc B-I 3.1 for node locationi 
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Table B4.3-16 Cask Body Stresses Under Cold Environment 1 Foot Side Drop 
fopp. contact side) 

(Bolt Preload, Cold Thermal, 20 psi External Pressure, 1 Foot Drop 24G) 

* See Figure 84  3.1 for node locatlolls 
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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, 1 Foot Drop on lid side 18G) 
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Table B4.3-18 Cask Body Stresses Under Hot Environment 1 Foot Corner Drop 

(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 1 Foot Drop on lid side 18G) 
(opp. contact side) 

Cask Cylinder 
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Table 84.3-19 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 1%) 

* See Figure B-1.3-1 for node locations 
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Table B4.3-20 Cask Body Stresses Under Cold Environment 1 Foot Corner D~~~ 
(opp. contact side) 

(Bolt Preload, Cold Thermal, 20 PSI External Pressure, 1 Foot Drop on Ild s,de 18G) 

E-15166 

Cask Cylinder 

* See Flgure 84  3-1 for node locnt~ons 
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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 F 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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Cask Body Stresses due to Maximum Internal 
pressure 

Cask Body Stresses for Bottom End and Lid 
End Drops 

Table B4.4-1 Accident Conditions of Transport, TN-WHC Performance Evaluation 
Overview 

B4.4.4.3.2 

B4.4.4.3.3 

Loading 
Conditions 

Cask Body Stresses for Side Drop 

Cask Body Stresses for C.G. Over Lid End 
Corner Drou 

Thermal Accident 

B4.4.4.3.6 

Maximum Pressure 

Impact 

Summary of the Results 

Lid Bolt Analysis 

Puncture 

Conclusions 

Expansion 

B4.4.4.3.4 I Lid Bolt Stresses - Lid End Corner Drop 11 
II Cask Body Evaluation for 40 inch Drop onto 

B4.4.4.3.5 I the Puncture Bar 
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Load Case 

Table B4.4-2 Accident Conditions of Transport, Individual Load Cases for Cask Body 
Analysis 

Individual load Description Stress Results 
Table* 

Bolt Preload 

Thermal Stress at Hot Environment 

B4.5C-3 

B4.5C-11 

11 IL-3 1 Thermal Stress at Cold Environment I B4.5C-12 11 
IL-4 

IL-5 

Internal Pressure B4.5C-4 

External Pressure I B4.5C-5 

IL-8 

IL-9 

IL-IO 

End Drop on Bottom End (IG) B4.5C-7 . 
End Drop on Lid End (1G) B4.5C-8 

Side Drou (IG1 B4.5C-9 

84-42 

IL-11 C.G. Over Lid End Comer Drop (IG) B4.5C-10 
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Table B4.4-3 Summary of Load Combinations for Accident Conditions of Transport 
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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. 

84.4.1.3 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 

84.4.2 Acceptance Criteria 

Containment Boundarv 

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 111, 
Service Level D allowables will be used for acceptance. 
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. 

After any accident condition, as a 

Boltina 

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 precluded. 

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. 

84.4.4 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 evaluations 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 B4.5'2, 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 temperaturs 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. 
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. 
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). 

The maximum stress intensity 

The maximum stress intensity 

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. 
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). 

The maximum stress intensity 

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). 
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), 

The maximum stress 

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). 
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). 

The maximum 

B4.4.4.3.3 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). 
maximum stress intensity calculated for this load combination is 13,747 psi bvhich 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). 
maximum stress intensity calculated for this load combination is 11,338 psi xvhich 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). 
stress intensity calculated for this load combination is 15,293 psi which occurs at node number 
51. This stress intrnsity is \%ell belon 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 

The 

The 

The maximum 

84-48 



HNF-SO-SNF-FOR-003 Rev. 0 E-15166 

for the lid end corner drop under hot environment conditions (opposite contact side). 
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). 

The 

B4.4.4.3.4 Lid Bolts 

The lid bolts were analyzed in accordance with NUREGKR-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. 
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. 

The results in Appendix B4.5B 

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 N e l m ~ ' ~ '  equation. The Nelms puncture relation is 
given as: 

t = (WIS,)O7' 

Where: 
t = lid thickness = 3.5" 
W = package weight = 57,910 Ibs 
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 Ibs 
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The actual package weight is 57,910 Ibs, Therefore, the factor of safety for puncture resistance on 
the energy basis is: 

F.S. = 409,482157,910 = 7.07 

When the package contacts the puncture bar, the force applied to the package is: 

F, = impact force = crs A, 
os = dynamic flow pressure of stainless steel = 45,000 psi (reference 8) 
A, = area of the puncture bar = d 4  (6)2 = 28.27 in2 
F, = 45,000 x 28.27 = 1.272 x lo6 lbs 

This force produces a cask deceleration: 

G = cask deceleration = F,/W = 1.272 x 106/57,910 = 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 Ibs 

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) 
(Figure B4.5C-23) 

84 

94 

93 

92 

91 

E-I 5 166 

p, (Psi) p, + p, (Psi) 

12,560 83,280 

10,880 85,010 

5,275 70,560 

30,780 57,550 

25,430 59,960 

Location (Node number) 
(Figure B4.5C-23) 

84 

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. 

p, (Psi) P, + P, (psi) 

2,934 45.030 

Plastic Analvsis: 

93 

92 

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. 

6,889 42.140 

25.470 36.060 

91 

II 94 I 3,326 I 46,620 I1 

26,350 40,780 
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B4.4.4.3.6 Conclusions 

E-1 5166 

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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Location 

Cask Bodv ComDonent Node Number' 
Cask Bottom 133 

131 

214 

157 
142 

Table 84.4-4 Cask Body Stresses Under Hot Environment 30 Foot Bottom End Drop 
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 30 Foot Drop 3OG) 

Nodal Stress Intensity 
(PSI) 

I826 

2067 

2674 

199 

1121 

Cask Cylinder 

Cask Flange 

460 1529 

427 1 I63 

395 957 

369 1091 
283 1225 

316 874 
348 813 

256 817 
1 1 1 1  265 

1112 536 

1115 384 

Lid 34 729 
33 588 

51 1012 

41 414 

14 722 

16  505 
48 82 I 

45 365 

94 1093 

92 993 

61 1 IO5 
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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) 

* See Figure 84.3-1 For Node Locations 
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Table 84.4-6 Cask Body Stresses Under Hot Environment 30 Foot Lid End Drop 
(Bolt Preload, Hot Thermal, 161.2 psi Internal Pressure, 30 Foot Drop 30G) 

* See Figure B4.j- l  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) 

* See Figure 84  3.1 For hode 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) 

* See Figure B.13-I Fur 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) 

* See Figure 84.3-1 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) 

* See Figure B.1 3-1 For Node Locations 
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Table 84.4-1 1 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) 

* See Figure B4.3-l For Node Locations. 

84-60 



HNF-SD-SNF-FRD-003 Rev. 0 E-15166 

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) 

* See Figure B4.3-1 For Node Locations. 
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Table 84.4-13 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 comer 2013) 

* See Figure BJ 3 .  I 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) 

* See Figure B4.3-l 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) 

* See Figure B4.3-I For Node Locations 
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APPENDIX B4.SA 

G LOAD CALCULATION 

B4.SA-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.SA-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. 

2.  

A small target deformation is taken 

The geometry of the cask relative to the target is used to compute the impact area for the 
given deformation. 

The target hardness is then computed for this target area 

The data in the EPRI report is used to determine the force associated with the 
deformation. 

3 .  

4. 
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5 .  The energy absorbed in the increments in deformation is evaluated as the area under the 
force vs. deformation curve for the increment in deformation. 

Rebar Size 

Suacine 

6. 

7. 

The deformation is increased and step 2-5 repeated 

This process is continued until the absorbed energy equals to weight times drop height. 
This is the final solution for the force and deformation. 

#I (7/8") 

12" 

B4.5A-3 CASK AND CONCRETE PADlSOIL 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 slabisoil are : 

W = Weight of cask = 60,000 Ibs 
E, = Concrete elastic modules = 3.6E6 psi 
ou = Ultimate concrete strength = 4,000 psi 
us = Poisson's ratio of concrete = 0.17 
h, = Concrete pad thickness = 8 inches 
S, = Rebar yield strength = 60,000 psi 
E, = Sub-soil modulus = 28,000 psi 
us= 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 Dia. 

Yield Strength - S, 60,000 psi 

B4.5A-2 
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Table B4.5A-2 
Mu Calculation - 8" Concrete Slab With 7/8" Diameter Rebar 

Size of Rebar = 7/8" 
A, = Cross Section Area of rebar = 0.6 in2 
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 X F = O  C = T  

ASS, = 0.85 f, b a 

a = A, S, / 0.85 f, b = 0.6 x 60,00010.85 x4000 x 12 = 0.8824" 

C M = O  

Mu = ASS, (d - a/2) = 0.6 x 60,000 (5.125-0.8824/2) = 168,618 lbsiin 
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END DROP 
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The results of the EPRI reports are presented in term of a target hardness number (S). In general 
this is given by: 

M" 0" A 

w2 6, 
s =  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Where 
Mu = Ultimate moment capacity lfoot section of slab = 168,624 #/in. 

A = Area of impact surface. 
W = Weight of cask = 60,000 Ibs. 
6, = Deflection of cask under weight of cask (1G). 

= Ultimate concrete strength = 4,000 psi 

For the end drop, the area A= Area of the cask 

A = n R2 = n (40.57/2)' = 1292.7 in2 

The deflection ( 6,) is given as: 

Where 

TL (28,000) 
= 115,758 p s i h  - 

= E, 
k =  _ _ _ _ _ _ _ _ _ _ _ _  - _.._____________ 

1 - us? 1 - 0.49' 
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w 60000 

= 0.013" 

Then 

Mu 0, A 168618 x 4000 x1292.7 

w2 6, 600002 x 0.013 
fj = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  = ________________________________ = 18 656 

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,, = W F ( 0.3912 + ( x - 0.39 )) 

W = 60,000 Ibs 

F = 25 

The potential energy of the drop is 

E,,, = W (H + x) H = drop height 

For 1 foot (12") dron 

W (12 + x) = W (25) (0.3912 + x - 0.39) 

x = 0.7031" 

The total energy is 

Edinp = W (H + x) = 60000 (12 + 0.7031) =762,186 in-lbs 

E,, = W F ( 0.39/2 + x - 0.39 ) = 60000 (25) (0.3912 + 0.7031 - 0.39) = 762,150 in-lbs 
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For 30 foot (360") drop 

W (360 + X) = W (25) (0.39/2 + x - 0.39) 

x = 15.203" 

The total energy is 

Edrop = W (H + x) = 60000 (360 + 15.203) = 22,512,180 in-lbs 

E,, = W F ( 0.39/2 + x - 0.39 ) = 60000 (25) (0.39/2 + 15.203 - 0.39) = 22,512,000 in-lbs 

The results of end drop: 

lfoot Drop Peak Acceleration = 25 G 
Target Displacement = 0.7031" 

30 foot Drop Peak Acceleration = 25 G 
Target Displacement = 15.2" 
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Figure B4.5A-1 
Force vs. Displacement Curves 

W 
0 
P 
0 
U 
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Side Drop 

The side drop analysis is conducted in the same manner as for the end drop except that the 
expression for 6, varies and the target impact area changes as the depth of the penetration 
increase. 6, is given as: 

Where 

I, = 1/12 L h3 = 1/12 (168.5) (8)' = 7189 in4 

I 14 28,000 
fi = (____________-----_-___________) = 0.0228 

4 x 3.6 x lo6 x 7189 

k = E, = 28,000 psi 

Wl3 

2 k  
6 ,  = ------------ = 60000 x 0.0228/(2 x 28000) = 0.0244" 

Then 

= 7.678 A 

The impact area A = L x d, where d depends on the deformation x and is shown on Table 
B4.5A-3. 
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Table B4.5A-3 
Side Drop Area Calculation 

SIN €3 = (R-X)/R 

R2 = (R-X)' + (d/2)' 

d/2 = (2RX - X')'" 

A = I, x d = 2L (2RX - X')''* 

S = 7.678 A = 7.678 (2) (L) (2RX - X2)"* = 15.356 (L) (2RX - X2)'" 

€3 = SIN-' (R-X)/R 

d = 2(2RX - X')"' 

E-15166 

B4.5A-9 



HNF-SD-SNF-FRD-003 Rev. 0 

S - Hardness 

12,900 

25,800 

86,000 

F - Force Remark 

21G Figure 14 

29G Figure 14 

48.56 Figure 16 

For 1 foot 112") drop 

Let x = 1" 

Potential Energy = W (H + 1) = 60000 (12 +1) = 780,000 in-lbs 

Eabsorbed by ,he '"'Set = 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 

Eahiorhed bv 

G = FIW = 2,195,973160,000 = 36.6 G's 

Wrgc, = 23,284,539 in-lbs [from Table A-4) ) 22,320,000 in-lbs 

B4.5A-10 
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Figure B4.5A-2 
Force vs. Target Hardness Curve 
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Table B4.5A-4 
Calculation of Absorbed Energy for Side Drop 

1 d s Fwcc Encrg) lncr Told1 Energy 
(inchcs) (inchcs) (Ibs) (in-lbs) (in-lbs) - 

0 0.00 
0.5 8.95 

I 12.58 
1.5 1531 
7 17.57 

2.5 19.51 
3 21.23 

3.5 22.78 
4 24.19 

4.5 25.48 
5 26.61 

5.5 27.78 
6 28.80 

6.5 29.76 
7 30.66 

7.5 31.50 
8 32.28 

8.5 33.02 
9 33.71 

9.5 34.36 
10 34.97 

10.5 35.54 
11 36.07 

11.5 36.57 
12 37.03 

12 5 37.46 
13 37.86 

13.5 38.23 
14 38.57 

14.5 38.89 
15 39.17 

15.5 39.43 
16 39.65 

16.5 39.86 
17 40.03 

0 
I 1,582 
16.777 
19,808 
27.7?6 
25,243 
27.470 
29.473 
31.295 
32,965 
34,507 
35,936 
37,265 
38.505 
39,665 
40,754 
4 1.767 
42,72 1 
43,615 
44.441. 
45,240 
4 5 9 7  
46,666 
47310 
47.910 
48,- 
48.986 
49,464 
49.904 
50307 
50.674 
51.032 
51303 
51.565 
51,794 

0 
1346.669 
1,454,766 
1.536.084 
I.fQ3,3.260 
1.661.7-18 
1.7 12.498 
1,758,614 
1.8@3W 
1,839,027 
1,874,520 
1,907,422 
1,938.03 1 
1.966s5 
1.9m.277 
2,018,265. 
2,041,682 
2,063,641 
2,084,237 
2,103552 
2,121,659 
2,138.617 
2.154.483 
2,169,304 
2,183,122 
2,195973 
2.207.892 
2.218.908 
2,229,046 
2,238230 

2,254,412 
2,261246 
2,267.2B 
2,272,565 

2.246.m 

336.667 
700359 
747.713 
784,836 
816,119 
813.429 
867,778 
889.794 
909.897 
928387 
945,485 
961363 
976,154 
989.965 
1,002,885 
1,014,987 
1.026331 
1,036,969 
I.W,947 
l.Oj6303 
1.065.069 
1.073.275 
1.080,9'17 
1,088, IO6 
1,094,774 
1.100.9W 
1.106,700 
1.111.989 
1.116,%4 
1.121.277 
1,125,298 
1,128,915 
1.132.134 
1 .l34.96? 

0 
336,667 
1,037,026 
1,784,739 
2,569,575 
3385,694 
4329.113 
5.096.901 
5.986.695 
6.896.591 
7,824,978 

9.731.826 
10.707.980 
1 1,697,946 
12,700,831 
13.715.818 
14,742,148 

16,826,065 
17,882,368 
18,947,437 
20,020,712 
21,101,659 
22,189,765 
23,284,539 

25,4%,2@5 
26.604.194 
27.72 1,038 
28,842,315 
29,967,613 
3 1,096,528 
32,228662 
33,363,626 

8.no.a 

1 ~ n 9 . 1 1 8  

24335.95 
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L,",,,,, l3 
10 0.0462 

8 0.0489 

6.5 0.05 15 

6.2 0.0521 

E-1 5166 

6, Lfina, 

0.0495 5.84 

0.0523 6.00 

0.055 6.16 

0.056 6.20(solution) 

B4.5A-6 C.G. Over Corner Drop 

The C. G. over corner drop is performed in a similar manner as the side drop: Calculation of 6, 
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, 6,. This deflection 
will occur as a result of the cask resting on a small portion of the cask with the area increasing as 
6 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 

I, = 1/12 L h3 = 1/12 (L) (8)' = 42.6 L 

I14 28,000 

4 x 3.6 x lo6 x I, 
fl = (______._______________________) = 0.21/(4)~ '~ 

k = E, = 28,000 psi 

6, = W P/2k = 60000 x l3/2 x 28000 = 1.071 P 

L = 2 5 2 R 6, icos e - F:icos2e 1 = 2 (173.376 6, - ti:/o.0548)'/~ 

This equation is solved iteratively 

B4.5A-I 3 
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From the above table, the solution of 6, = 0.056, then 

S = M, IS, A/W2 6, = 168618 x 40000 x A/60O0O2 x 0.056 = 3.346A 

The solution is obtained on spread sheet by the following steps and is shown on Table B4.5A-5: 

1. 
2. 
3. 
5. 
6. 

Calculate S, S = 3.346A (reference Table B4.5A-5 for value of A) 
Calculate F, F= [ 18 + S(48.7-18)/80000 1 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) 

For 1 foot (12") drop 

Let x = 1" (reference Table B4.5A-6) 

Potential Energy = W (H + 1) = 60000 (12 +I) = 780,000 in-lbs 

by Uletargel = 812,430 in-lbs ) 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-lbs 

by Urgel = 22,865,s 14 in-lbs ) 22,800,000 in-lbs 

G = FIW = 1,180,536160,000 = 19.7 G's 

B4.5A-14 
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SIN e = w oc 
bc = O c  cos e = R ( cos e/ SIN e ) 

cos e = bc / oc e = 76.46" 

ac = ab - bc = A / SIN 8 - R ( COS e/ SIN 8 ) 
ad = ab/COS 8 = A /SIN @COS 8 

u,,, = oc + acCOS e = WSIN 8 + acCOs e = WSIN e + A ~ ( COS e/ SIN e ) 
a,,, = ad - a,, = A /SIN ecos e - WSIN e - 

= A g  

A~ = A  -bcSIN 8 = A -RCOS 8 

( COS e/ SIN e ) 
 ISIN IN ecos e - cos e/ SIN e ) 
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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: 

a = XSINB + ZCOSB 
p = - XCOSB + ZSINO 

X = aSINB - PCOSB 
Z = aCOSB +PSINO 

Equation of cylinder is 

a2SINB2 - 2aPSINB COS8 + p2COSB2 + Y2 = R2 

By setting the intersection of this surface with target surface, p = A 

X2 + Y2 = R2 or by transforming coordinates: 

Then equation of intersection curve is: 

a2SINB2 - 2 a a  e SIN0 COS0 + A :COSB2 + Y2 = R2 

B4.5A-16 
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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: 

a2SINB2 - 2aa e SIN0 COS0 +A *C0SB2 + Y2 = R2 

%lux 

Area A =  2 1 Yda 
arnm 

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. 

B4.5A-17 
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Figure B4.5A-4 
CG Over Corner Drop - L Dimension Calculation 
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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 
19.000 
19.500 
20.000 

Table B4.5A-5 
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 

AMAX 
19.842 
19.962 
20.082 
20 I 203 
20.323 
20.444 
20.564 
20.684 
20.805 
20.925 
21.046 
21.166 
21.287 
21.407 
21.527 

21.768 
21.889 
22.009 
22.129 
22.250 
22.370 
22.491 
22.611 

21.648' 

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 

AREA 
26.822 
74.604 
134.708 
203.698 ~~. 
279.381 
360.141 
444.618 
531.663 
620.218 
709.248 
797.786 

969.272 
1049.996 

8a4.820 

1125.637 
1194.561 
1254.594 
1302.268 
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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0.5 
1 

1.5 
2 

2.5 
3 

3.5 
4 

4.5 
5 

5.5 
6 

6.5 
7 

7.5 
8 

6.5 
9 

9.5 
10 
10.5 
11 

11.5 
12 

12.5 
13 

13.5 
14 

145 
15 

15 5 
16 

16 5 
17 

17.5 
18 

18.5 
19 

19.5 
20 

26.82 
74.60 
13171 
203.70 
279.38 
360.14 
411.62 
-S31.66 
620.22 
709.25 
777.79 
881.82 
969.27 

1.OM.00 
1,125.64 
1,194.56 
1.W.4 
1.30227 
1.328.26 
1,328.72 
1.329.00 
1.329.05 
1.328.45 
1.329.09 
1.329.01 
1,329.04 
1,328.16 
1.328.83 
1.327.61 
1,328.15 
1.328.16 
1,327.66 
1.326.4s 
1,328.75 

1,328.61 
1.326.68 
1,325.26 
1.328.48 
1,326.55 

1.3n.55 

M 
250 
451 
a2 
935 
1.205 
1.488 

2.075 
2.373 
2.669 
2.951 
3,243 
3,513 
3.766 
3.937 

4,357 
4.444 
4.446 
4,437 
4.417 
4.415 
4.417 
4,417 
4.447 
4,445 
4 . a  
4.412 
4 . a  
4 . u  
4,442 
4.438 
4.416 
4,W2 
4.W6 
4.440 
4 . 4 4  
4,415 
4,439 

1,779 

4.198 

i.ea.rn3 
I.OS5.GU 
l.mO.209 
1.W5.438 
1,101,173 
1.107.294 
1.1 13.696 
I ,  120,273 
I ,  l27.W 
1.133.752 
1,14O,?G2 
I ,  147.058 
1,153,458 
1.159,SIG 
'1.165.309 
1.170.532 
1,175,082 
1,178,695 

1.180.6W 
1,1S0,721 
1.180.725 
1.180.679 
I .  180,727 
1,180,724 
1.180.724 
1,180,680 
1,180,708 
l.lSO.GI8 
1,180.656 
I .  180,657 
1.180.619 
1,180,529 
1.180.702 
I. 160.61 1 
1,180,6'?3 
I,lS0,%0 
1.ISO.GCI5 
1 , 1 8 0 , ~ 1  
1.160,YG 

3.180.a. 

270.-W 
21.922 
51),%6 
545.412 
9 9 .  I53 
552.117 
555.248 
555,47l 
561.821 
Ks. I89 
568.553 
571.W 
575,129 
m 2 5 9  
581,221 
583.960 
586.403 
=,a 
589,610 
593,341 
593.355 
590,361 
5M.351 
590.352 
590.363 
590.362 
593,351 
590,347 
573,331 
590.3 IS 
573,328 
573.319 
590.2s7 
5M.30S 
5M.328 
590.326 
530,313 
530,306 
590.336 
593.3c-l 

Table B4.5A-6 
Calculation of Absorbed Energy for CG Over Corner Drop 

X Area S rvrcc Encrg) lncr Tohl Encrgy 
(inclies) (sq in) (Ibr) (in-lbr) (in-lbs) 

270.m 
812,430 

1.3.%,39G 
1,m2,807 
2.45 1,360 
3.w.m 
3,559.325 
4,117,822 
4.679.Md 
5,211,835 
5,813,389 
6.385.268 
6.960.3W 
7.538,GYi 
8.11 9,877 
8.703.837 
9,290,241 

10,468,525 

1 I .649,22 I 

12.824934 
13,420.285 
14.010.6%s 
14.Go1.010 
15.191.361 
15,781,708 
16,372,039 
16,962,357 
17,552,686 
18.143.M)5 
18,733,292 
19,323,600 
19.913.928 
20,.501.251 
21.094.567 
21.682.873 
22,275,210 
22.865514 

9.m4685 

11;058.866 

12.239.583 
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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 model presented in the EPRl 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 geomctric 
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 
o,,, = 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 
I1 = Drop Height 

B4.5.4-21 
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Table B4.5A-7 
Energy Absorbed By Second Limiter During Slapdown 

0.25 

0.33 

0.50 

0.25 

0.33 

0.50 

0.25 

0.33 

0.50 

0.25 

0.50 

0.25 

0 50 

25 
50 
75 
IO0 
25 
50 
75 

100 
25 
50 
75 
IO0 
25 
75 

IO0 
25 
75 

too 
25 
75 

100 
25 
50 

100 
25 
75 

100 
25 
75 

100 
25 
75 
100 
25 
75 

100 
25 
75 

too  
25 
75 

100 

0.25 

0.25 

0.25 

0.5 

I 0.5 . :  
0.5 

0.75 

0.75 

0.75 

0.25 

0.25 

0.75 

0.75 

I .75 

1.75 

1.75 

1.75 

1.75' . 
1.75 

1.75 

1.75 

1.75 

3.50 

3.50 

3.50 

3.50 

7.8 0.704 
3.0 0.72 I 
2.0 0.725 
1.5 0.725 
6.9 0.682 
4. I 0.695 
2.4 0.702 
I .3 0.719 
9.0 0.598 
4.4 0.637 
2.5 0.650 
2 5  0.650 
3.5 . 0.693 
I .o 0.70 I 
0.8, 0.705 
4.1 0.660 
1.0 0.684 . 
0.8 0.675 
4.0 0.582 
I .3 0.603 
0.9 0.61 I 
2.2 0.670 
1 .o 0.678 
0.5 0698 
2.4 0.628 
1.4 0.634 
0.6 0.662 
'2.0 0.528 
0.9 0.549 
0.7 0.647 
15.0 0.645 
7.4 0.686 
6.0 0.690 
FIRSTIt4PKlCInORESEVERE 
5.8 0.582 
3.7 0.598 
4.6 0.638 
2. I 0.678 
I .o 0.656 
FIRST IMPACT MORESEVERE 
FIRST IMPACT NORESEVERE 
I .3 0.502 
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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 0.725105 = 

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 j decreases 

oIl1 R:/W = increases 

(B-A)/R, * decreases 

H/L 3 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 slabisoil 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 = O  

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 Ibs) by the total impact area (2~37.5~37.5) .  Therefore: 

G~~~ = 2,195,9731 (2x37.5x37.5) = 781 psi 

G[ [ ,  RI’/W = 781x 20.285*/60,000 = 5.4 

(B-A)/R, = (37.5-0)/20.285 = 1.85 

The folloming conservative values (see above discussion of variation of energy ratio as a function 
of the parameters) are sclected: 

G~~~ R,’IW = 25 

B4.5A-23 
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R,/L 

0.25 

0.33 

0.5 

E-1 5 166 

Energy Ratio 

0.67 

0.628 

0.528 

(B-A)R,- = 0.75 

HII, = 1.75 

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 = [ i s  + s(48.7-18)180000] = I[ 18 + j2487(48.7-18)/~0000] = 3x.1 G 

I t  is recommended that the maximum deceleration for the slapdown case be taken as 39 G based 
on the maximum impact area. 

B4.5 A-24 
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APPENDIX 84 .58  

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 NUREGICR-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 

Fa = QKD, 

where Q 
K 

is the applied torque for preload, 3,565 in. Ibs. 
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. 
is the minimum diameter of the closure bolt, 1.22 inch D 

F, = 3565/(0.1)(1.22) = 29,225 Ibs 

h 

The torsional bolt moment per bolt is 

M: = 0 5 Q = 0 5 (3565) = 1783 in-lbs 

The maximum residual tensile bolt force after preload is 

F,, = F, = 29,225 Ibs 

B4.5B-1 



HNF-SD-SNF-FDR-003 Rev. 0 E-15166 

FIGURE 64.56-1 
TN-WHC LID CLOSURE 

39.81” CASK/LID O.D. 

B4.5B-2 
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FIGURE B4.5B-2 
TN-WHC LID BOLT 

p- 7.40” 1 

E-15166 

1.50”-6UNC 
1.22” DIA. 

1.50” SOCKET HEAD -.12*’ X .12” CHAMFER 

3.00” MIN. THD. LENGTH 

TYP. 

1.50”-6UNC 1 1.22” DIA. 1/ 3.00” MIN. THD. LENGTH 

1.50” SOCKET HEAD -.12*’ X .12” CHAMFER 
TYP. 

MATERIAL: 9 - 4 7 9 ,  XM-19, HOT ROLLED 
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FIGURE B4.5B-3 
TN-WHC FLANGE AND LID BOLT ARRANGEMENT 

E-15166 
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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 D,, 
PI, 
PI, 

N, 

is the closure lid diameter at the inner seal, 31.57 in 
is the pressure inside the closure lid and 
is the pressure outside the closure lid. 

is the number of bolts, 12 

The maximum differential pressure for both normal and accident conditions is 161.2 psi 

F a =  n (31.57)' (161.2)/4 (12) = 10,515 Ibs 

The increased external pressure combined with no internal pressure results is a force of 
F, = -1305 lbs. 

The shear bolt force due to 161.2 psi differential pressure is 

where 
E, is Young's Modulus of the closure lid material, 28.3 x lo6 psi 
t, I S  the lid thickness, 3.5 inches 
PI, - 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, 2 8 . 3 ~ 1 0 ~  psi 
t, is the thickness of the cask wall, 7.3 inches 
Nu, is Poisson's ratio of the closure lid material, 0.3. 

F,= n (28 3 x 1O6)(3.5)(36.44)'(l61.2)/2(12)(28.3 x 106)(7.31)(1-0.3) 

= 19,167 Ibs 

B4.5B-5 
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The fixed edge closure lid force (FJ and Moment (MJ for the calculation of prying tensile bolt 
force and bending bolt moment are given by the formulas below. 

Ff = Dlb(Pl, - PJ4 = 36.44 (161.2)/4 = 1,4691bs 

M, = D,;(P,, - Pl,)/32 = 3644' (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 n (Db)2(Eb)(~ITI - abTb) 

E, 
aI 
TI 

is the Young's Modulus of the bolt material, 28.3 x lo6 psi 
is the thermal expansion coefficient of the lid material, 8.55 x 
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, TI is 130°F for the hot environment and -97'F for the cold 
environment. 

ab is the thermal expansion coefficient of the bolt material, 8.87 x I O w 6  in/in°F 
T, is the temperature change of the bolt material. This is the same as TI. 
D, is bolt diameter 

in/in"F 

F, = 0.257~ (1 22)' (28.3x106)(8.55x106 - 8.87x1O6)13O 

= -1377 Ibs for the hot environment 

F, = -1028 Ibs for the cold environment 

There is 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 o n  the bolts due to a I foot drop IS  during an lid end corner drop 
the cask protects the closure lid during the side drop 
one foot lid end corner drop I S  

The lip on 
The non p'ying tensile bolt force due to a 

F, = 1.34 (sin xi)(D,J(WI + W,) (ai)/N, 

where D,, I S  the dynamic load factor, I 2 
W ,  
W, 

I S  the weight of the lid, 1890 Ibs 
is the maximum weight of the cargo, 19120 Ibs 
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ai is the maximum rigid body impact acceleration of the cask, 
18 g's 

xi angle of impact 

Fa = 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 (MJ 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 (W,+W.) 
F, = 

x D,, 

(1.34l(1.2r(sin 76°)(18)(21010) 
F, = 

~(36.44)  

= 5,155 Ibs 

I 3 4  D!, (sin xi)ai (W,+WJ 
M, = 

8 x  

(1.34)(1.2Ksin 76'!(1 8N2lO 101 
~ - 

8x 

= 23,477 Ibs 

B4.5B-7 
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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 
NUREGICR-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 + 5 1 5 5  = 6624 Ibs and the 
maximum combined prying moment M,, is 6689 + 23477 = 30166 in-lbs. 

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 

S,, = FJA, 

Where A, is the tensile area of the bolt, 1.169 in2 

S,,i = 59,68511.169 = 51,060 psi 

The allowable tensile stress is 2/3 of the yield strength at the operating temperature of 150°F, or 
213 (101,000) or 67,330 psi 

The shear bolt force IS  not evaluated since the bolts and closure lid are protected during an 
impact by the lip of the cask flange 
The bending bolt moment IS  calculated below 

The bolts are not relied upon to resist transverse shear load 

B4.5B-8 
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Where 

Kb =[Nb/L,I[E,/DibI[D~/641 

=[ 12/4.65][28.3x106/36.44][ 1.2Z4 /64] 

= 0.0694 x 106 

6 
K, = 8.405 x 10 
M,, = 30,166 in-lhs 

M,, = [?~(36.44)/12][.0694~10~ / 8 4 0 5 ~ 1 0 ~  + .0694x106][30,166] 

= 2,358 in-lbs. 

The maximum bending stress caused by the bending bolt moment is 

S,, = 10 186 Mhh/(Dha)’ 

The minimum bolt diameter is equal to 

D,, = 1 22111 

E-15166 
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The maximum shear stress caused by the torsional bolt moment, M, is 

S,, = 5.093 MJ(D,,)' = 5.093 (3565)/(1.22)3 = 10,000 psi 5 0.4Sy = 40,400 psi 

The maximum stress intensity caused by tension plus shear plus bending plus torsion is 

S,, = [(Sba + Shh)2 + 4(S,J2]"' = #51060 + 13230)' + 4(10000)2]0s = 67,330 psi 

This is less than the allowable maximum stress intensity of 0.9Sy = 90,900 psi. 

64.56-3  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. 

1 Operating Preload 
2 Pressure Fluctuations 
3 Road Vibration 
4 Test Pressure 
5 
6 Handling Load 

Impact (1 Ft) End Drop 

Number of Load/Stress Cycles for Each Lordinv 

A. Test Pressure: 

Proof Test 
lifetime 

1 5 x MNOP = 241 8 psi This occurs once during the TN-WHC cask 
(See Table B4 5B-1 for stress calculations) 

B4.5B-10 
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B. 

C. 

D. 

E. 

F. 

Preload 

The number of preload cycles is two times the number of trips, or 800. (See Table 
B4  5B-1 for stress calculations). 

Road Vibrations 

The bolt stresses are negligible for the road vibrations 

1 Foot D ~ o D :  

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. 

Pressure a n d  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). 

Handl ing 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 1-9.4 of ASME Section I11 Appendices. The cumulative fatigue damage factors 
in this case is 0.621 which is less than the limit of I O  Therefore, the TN-WHC cask lid bolts 
satisfy the fatigue requirements 
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Mf 
(IN-LB) 

10,034 

3,565 

TABLE B4.5B-1 
FORCES, MOMENTS AND STRESSES CALCULATED FOR FATIGUE EVALUATION 

Fa, 
(LBS) 

0 

0 

EVENT/ F, 
LOAD I (LBS) 

TEST 
PRESS. 

PRE- 
LOAD 

ONE FOOT 
DROP 

PRESS. + 
TEMP. 

HANDLING 
LOAD 

15,773 

29,225 

49,170 

11,543 

15,000 

2,204 

__-_ 

5,155 

1,469 y 
9,540 

18,062 

52,370 

12,810 

B4.5B-12 
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FIGURE B4.5B-4 
SCHEMATIC OF STRESS HISTOGRAM AT LID BOLTS (K = 4) 

CYCLES 

B 4 . 5 B - 1 3  
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EVENT 
COMBINATIONS 

TEST 
PRESSURE 

PRELOAD 

ONE? FOOT DROP 

VIBRATION 

TEMPERATURE 
AND 
PRESSURE 

E-15166 

STRESS Sa FATIGUE CYCLES DAMAGE 
RANGE CURVE FACTOR 

n (PSI) (PSI) N n/N 

72250 36125 1-9.4 1 5000 0.0002 

128060 64030 1-9.4 800 2000 0.4000 

209480 104740 1-9.4 2 450 0.003 

328 164 1-9 4 7 . 2 ~ 1 0 ~  w 0 

51240 25620 1-9.4 800 20000 0.0400 

TABLE B4.58-2 
BOLT FATIGUE DAMAGE FACTORS 

HANDLING 
LOAD 

68100 34050 1-9.4 1600 9000 0.178 

TOTAL DAMAGE FACTOR 

B 4 .  SB-14 
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B4.56-4 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: 

F, = 1.34 (Dlf)(sin xi)(W, + W,) (ai)/Nb = 1.34(1.2)(sin76)(210IO)(20)/12 =54,633 lbs. 

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 (FJ and moment (MJ are 

1.34[D,,)(sin xi)aitW,+w3 
F, = 

71% 

= 5,727 Ibs. 

1.34(D!,Z(sin xi) ai (W,+W,) 
Mf = 

8X 

[I .34)(1.2(sin76)~20~~21010) 

87t 
= 26,085 in-lbs 

B 4 . 5 B - 1 5  
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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, 
fa.c = 10515 + 54,630 = 65,148 Ibs. 

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 Ibs The combined 
prying moment M,, is 26,085 + 6698 = 32,783 in. Ibs. 

The prying tensile bolt force for the combined load is zero. 

Combining the non-prying and prying tensile bolt force 

Fa.< = 65,148+ 0 = 65,148 Ibs 

The maximum average tensile stress in a lid bolt is 

S,, = 65,14811 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 

R1 + R,’< 1 

where R, is the stress ratio for average tensile stress and R, IS  the stress ratio for average shear 
stress ratio 

B4.5B-16 
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(.613)* + (.24)’ = .43 5 1 

which is acceptable 

The maximum combined fixed edge moment due to pressure and 30 foot drop, M, = 6698 + 
26085 = 32,783 in-lbs. 

Bolt bending moment, M,, = [2358/30166]x 32783= 2562 in-lbs. 

Bolt bending stress, S,, = 1.186 x 2562/(1.22)3 = 14,372 psi 

The maximum stress intensity due to tension, bending and shear is 

S, = [(55730 + 14372)’ + 4(10000)2]05= 72,900 psi 

This stress is less than the allowable S, of 133,000 psi. 

B4.56-5 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, - ab) = 23 5 x 10” (1091 - 70)(10 24-9 40) x I O 6  = 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 is below the bolt material tensile strength (S,= 112,500 psi at 1100’ F) 
will therefore be secure inside the cask during the tire 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 

The MCO 

B4.53-17 
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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 = ~ [ ( 2 9 . 7 6 ) ~  - (25.5)2]/4 = 184.9 in2 

For conservatism, it is assumed that only a 120" arc of the shoulder is effective. Effective shear 
is: 

2 
Effective Shear = 1201360 (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 = 0.4SY = 0 4 (30000) = 12,000 psi 

Factor of Safety = 12,000/737 = 16.3 

Hwothetical 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 = SJ2 = 75,000/2 = 37,500 psi 

Factor of Safety = 37,50011,228 = 30.5 

B4.5B-18 
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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 213 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 Sy). 

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 psi. 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. 

B4.5B-19 
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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 combinatiops 
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 he 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: 

O ANSYS Analysis - Axisymmetric and Asymmetric Loads 

O 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 
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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. 
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. 

A separate analysis 

B4.K-2 
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Figure B4.5C-1 
TN-WHC Cask Structural ANSYS Model 

(2D AXISYMMETRIC) 

B4.5C-3 
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Figure B4.5C-2 
TN-WHC Cask Structural ANSYS Model 

(2D AXISYMMETRIC) 

S H i L  L 
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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 Boundarv 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: 

Figures B4.5C-5 and 6: 

Figures B4.5C-7 and 8: 

Figures B4.5C-9 and 10: 

Figures B4.5C-11 and 12: 

Boundary conditions for bolt preload, pressure and thermal 

Boundary conditions for bottom end drop 

Boundary conditions for lid end drop 

Boundary conditions for side drop 

Boundary conditions for comer drop 

B4.5C-5 
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Figure B4.5C-3 
Boundary Conditions For Bolt Preload, Pressure, and Thermal 

B 4 . Z - 6  
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Figure B4.5C-4 
Boundary Conditions For Bolt Preload, Pressure, and Thermal 

(Lid and Lid Bolt) 

B4.5C-7 
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Figure B4.5C-5 
Boundary Conditions For Bottom End Drop 

B4.5C-8 



Figure B4.5C-6 
Boundary Conditions For Bottom End Drop 

(Lid and Lid Bolt) 
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Figure B4.5C-8 
Boundary Conditions For Lid End Drop 

(Lid and Lid Bolt) 

L I D  B O L T  
0F4M3 
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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) 

SH€C L 
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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) 

f 
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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 Axisyrnrnetric Loadings 

The following individual axisymmetric load cases analyzed using this ANSYS model are 
described in this section. 

( I )  Bolt preload 

(2) Internal pressure loading 

(3) External pressure loading 

(4) 

(5) 

(6) 

(7) 

(8) Thermal accident condition 

1 foot and 30 foot end drops on bottom 

1 foot and 30 foot end drops on lid 

Thermal stresses for hot environment at 115°F ambient temperature 

Thermal stresses for minimum air temperature of -27°F plus zero heat generation. 

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 idin in the bolt elements. The inputs for the ANSYS's finite element 
analysis are as follow: 

Number of Bolts: 12 
Diameter of Bolt: 1 112 in. 
Bolt Circle Dia: 36.44 in. 
Bolt Prestrain: 0.000958 idin 

B4.5C-16 
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2. Internal Pressure Loading 

An internal pressure of 161.2 psi is applied to the cavity surface as shown in Figure B4.5C- 
13. 

3. 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. 

4. 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: 

Maximum Deceleration: 
Pressure due to cargo inertia load 

O Weight of Cargo: 
39,600 Ib.(Actual wt.=38,960 Ib) 
19,120 Ib.(Actual wt.=18,950 lb.) 
25 G for 1 foot drop and 30 G for 30 foot drop 

P = 19,1201~ (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. 

B4.X-17 
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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 DroDs 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 body is presented on Figure 
B4.5C-16 , and the derivation of the magnitudes follows: 

39,600 Ib. 
19,120 Ib. 
25 G for 1 foot drop and 30 G for 30 foot 
drop 
P = 19,120h (12.595)' = 38.366 psi for 1 G 

O Weight of Cask Body: 
' Weight of Cargo: 

Maximum Deceleration: 

Pressure due to cargo inertia load 

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 115OF Ambient TemDerature 

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 
11 5" 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 -27OF DIUS zero heat aeneration. 

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 

B4.5C-21 
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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. 

B4.5C-22 
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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 (Le., 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 Ibs 

A cosine distribution is assumed with 90' 5 0 5270' 

3nl2 

F = 19,120 = P cos 0 r d0 L cos 0 = P r L x12 

P = 2FlrLrr = 2(19,1200)/12.595(160.5)rr = 6.0214 psi 

This peak pressure (P times fourier coefficients) is applied to the inside surface nodes. 

B4.K-24 
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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 # 

= 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. 

B4.5C-25 
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Figure B4.5C-17 
Load Distribution - Side Drop 
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Figurc 134.X-I  8 
Fouricy Cocff'icient\ for the Function 90" 5 8 5 270" 

STEF 
ISE 268' 320, '400 

120 EOQ 288 368 , 

I U R  FOlJr i I t IR  COEFFICIENTS 

****+I FOURIER COEFFICIENTS it**** 
TERU MODE*I SYM COEFFICIENT 

i 0 -0.3178O103E+00 
2 I. 0. $$931477E+00 
3 7 -3.21206110E+00 
,* 3 -0. 15267271E-12 



1 COSIFE FUNCTION COEFFICIENTS, 1 TERYS 

UUU** FOURIER COEFFICIENTS **U** 
TERM MODE*ISYM COEFFICIENT 

l 
a 
3 
4 
5 
4 
7 
6 
9 

10 
11 
12 
13 
14 
15 

-. 

0 -0. 10412053Ei~GO 
1 0. 2 0 8 2 5 2 7 7 E + O O  
2 --0. 1 1 6 5 3 7 4 2 E + 0 0  
3 0. 1 7 7 7 4 1 9 7 E + 0 0  
4 -0. 1 5 3 4 4 8 1 0 E + 0 0  
5 0. 1 2 5 2 7 3 3 6 E + 0 0  
4 -0. 9 4 4 4 5 3 9 7 E - 0 1  
7 0. 4 3 6 7 9 3 8 3 E - 0 1  
El -0. 34231121E-01 
7 0 7 ' 7 5 0 2 0 5 3 E - 0 2  

10 0. 1 3 7 9 7 3 0 0 E - 0 1  
11  -0. 30109963E-01 
12 0. 40171713E-01 
13 -0. 4 4 7 7 6 7 2 5 E - 0 1  
14 0 43594560E-01 
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2. 1 Foot and 30 Fog1 C.G. Over Tor, Corner ( Lid End) DroEs 

The crush footprint of the concrctc slab was projected to the cask surihcc. ?'he impact 
i'orcc was dcterinincd from the iiicrtiii loading reportcd in  Appendix 134.513. The impact 
angle for the C.C.  over corner drop is approuima!ely 79.83". Figure B4 .K-20  shows the 
free body diagram for the 1 foot and 20 foot free drops on the corner of the packaging 
slioming :1!1 ol' the h r c c s  actin; oi l  :he c:isk. Thcse are: 

(I) The crush l'ootpriiit oi' the concrclc slab \vas projected to t!ic cask surface. The 
impact l'orcc \vas determined from the inertial loading rcpor?cd in Appendix B4.5A. 'The 
crush force was converted into an c:luiv;tlcnt clement surface pressure (which varies 
sinusoidally in  both the circunili.rcnlial and axial directions) which was applied normal to the 
sti:-l"xcs All presswcs are calcitlatcd l'or 1 G decclc:.ation. 

______ Normal Pressure 

Crushing dcptii. i,= 15.0" 

P, ,,,,,,,, j = 2 / r  I. ?I 

The total length of 15.0"(1,) is dividcd t i \ o  lengths: 

7.0"(1,,) fo! i5.75" t-ndi,.ts o t i i l  S.0" (L2) l'or 19.9115" rxliiis 

PI.! = 3 1.969 psi 

I),: == 22.133 psi 

Thcse prcssurcs arc aswined !o be ii cosinc !Iinctioti over 90" to 270" range. The fo~:t  icI 
coef!icients for this !'unction arc co!nputctl in  Figure R4.5C-18. 

Axial Pressure 

The axial load is tlistribiitcd sinv,soidnlly on tlic outer surfacc of the lid: 

I: ,,,,,,, = 37.400 x 0 . 9 S 4  - '~  !$.I20 x 0.OS4 = 55.616 11)s 

'I he computer analyris is hawc! o n  ihc pressure ~ n r y i n g  sinusoidally at k i l f  of tlic outer 
surface of the l i d .  

P,,, ,,,, = 2 x 55.616,' 'I x 15.75' ~ 142 73 psi 
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( 2 )  The rcsul!nnt boc!y incrtiLi forcc (I G tlcce!era!ioii) i s  sho\vn acting at thc cask C.G. i n  
Figure l34.5C-20 

( 3 )  'The cargo incrtia loading \~Y:IS applied i n  two inutually perpendicular directions (onc along 
the axis of the cask and thc othcr pcrpcndicular to it). ?'he component along tlic axial 
direction \CIS distributcd vnii'ornily ovcr tlic inside surfiicc of the lid. Thc othcr 

:inti ti:c lowcr half of thc inside suri'ncc 
e not oniy varicd sinusoitially riround the 
cc G.oni thc bottom inner surface (0) IO 

For 1G acceleration at CG:  

Axial G 7 1 0 x sin7O.S3" ~ 0.984 
Normal <; 1 . 0  x cos79.i(i" == 0.177 

Axial Pressgre 

I',,,,, = 19,120 (0.9S4)h Y 11.595' = 37.'- 1>2 psi 

~~ Normal  Pressure 

The normal nccclcration component varistion is assiiinetl iis triangular. This triangular G 
distribution is divided in four step conservative distribution a s  follow: 

I', = 0.089 C = 0 536  psi 
P, = 0.177 G 7 1.065 psi 
P; = L3-745 <; 1.652 p s i  
P, -1- 0.373- G = 2.23s  psi 

Thcsc prcssiircs are aswmctl tc be a cosii ic i'tiiiction ovcr 90" to 270" range 
Tlic fuurier cocilicients for tliis ilinctioii a x  computed in I'igurc B 4 . K - 1  8.  
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Figrirc 134.5C-20 
Load Distribution - Lid End  Corner Drop 
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P U N C T U R E  ANALYSIS 
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Puncture Force 

The most se\,crc tlaiiingc to tlic cnsk rcwlting rrom the puncture c h i )  will occur on  the outer 
center ol'the lid. The analysis is based on  the Ncl~i is '~ '  equation. The Nclms puncture rela?ion is 
given as: 

1 (W/S,J' 

Where: 
t ~ lid thickncqs = 3.5" 
\V 7 package weight = 57.800 Ihs 
S ,  = Liltimnte tensile strcngtli o f  tiic l id  == 70,000 psi 

LV 7 S,, t '  ' I  = 70,000 ( 3  5 ) '  " ~ 400.482 Ibs 

Thc actual package weight is 57.910 Ibs .  Therefore, the riictor o r  safety for puncture resistance on 
the energy b a s i s  is: 

F 5 = 409,4S2,57,910 = 7 07 

When the pncknge coi1tncf.s tlic Ixi i icf~.irc b x  tlic forcc applictl to the package is. 

I:, = impact force 
(T, = dynamic flow pressure of stainless steel = 45,000 psi (refcrcncc 4) 
A,, = area of tlie ~iiincture b x  = n/4 (6)' = 28.27 in' 
I', = 45,000 x 28.27 ~ 1.1-72 x 10'' l bs  

CT\ A, 

'I'his i'orcc produces a c;~sI< t!ecclcrntion: 

C = cask deceleration = Fl:\V = 1.272 x lO6/57.91C = 22 

This deceleration is smaller tlian :ii:it nhicli wi!l O C C L I ~  diving impact on end after the 30 roo? frcc 
drop (2iC;) I'hcrcrilrc. glohal stt-cssc\ h i t  rcsult (i-om tlic inertial force will be smaller. Tlic 
bending strcss at tlic centcr of llic !it! \ \ i l l  bc cnlculatctl using the above finite clement niodcl. 
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I',,, (psi) 
[Fizure B4.56-23) 

Lid Stresses 

p,,, + p, (psi) 

The lid stresses itre complutcd using ~ h c  2 - 9  mode! as describcd in Section B4.5C-2. Tllc loading 
distribution and boundary conditions are shown on Figures R4.5C-21 and B4.5C-22. The 22 C 
inertia load t l x  to 40" drop is applied 3s body acceleration. The contents inertia load is ::pplicd 
as eo,ui\~nlent preswrc on the lid ns ~oIlo\v: 

I 
I 

.~ Elastic Analysis: 

ATSYS computer Code is ascd for llic analysis. 11 stress ran was madc u i n g  the above noted 
loads and boundary conditions. S'I'II' 42 (Auisynimetric) finite clement \\'as used in the analysis. 

T h c  stress arc !inenrizcd at critical sec!ii)iis. The txixim~Liiii nicmbrrinc and mauiniuni mcmbrane 
plus bending stress intensities are 3s I ;~ l low~ 

I 94 lO.SI(0 85.01 0 

93 5.275 70,560 

II 84 I !2.560 I 83,280 /I 

11 92 I 30.780 1 57.550 II 

______.__~ Plastic Analysis: 

I\ p!xtic anaiysi\ \vas pcrfornicd (tis; 
loads). 'fhe stress-s!rain propertic.; ti. lOr the s!ainici  steel ar cti i n  I,'iguri. B 4 . K - 2 1 .  The 
totd lo;d (22 G incrtia ctnd 244.05 psi) was clivitled in eight load steps lix a proper conicrgcd 
so I u t  ion 

~ ! i c  same finite clement .I. boundary conditions. and 
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Scctioii at Node number , I’,,, (Pi) P,,: P, (psi) ----- (Figure B4.5C-23) 

84 2.934 45.0.30 

0-1 I 3.326 46,620 

93 6,889 42,140 

25.470 36,060 

26.350 40,780 

The nicixiniwni !nen:branc s!ress in!:nsit); ~a l~ i ! ! : i t~d  for this load is 26,350 psi at node numbcr 91 
. below the nl!o\vnb!c memhmnc stress intensity of  47.670 psi (0.7S,,). The 
1emhr;iiic plcs bci;ding stress intensity is 46.620 psi at node number 94. This stress 

~ n ~ h i : i n c  plus bcnding stress intensity of 61.290 psi (0 9s”). ‘The 
s arc \vi;!iin the ASME Code nllownblcs. 
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Figure U 4 . K - 2 1  
Lo:ict Distribution - I’uncturc :it Ccntcr of Lid 
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Fixurc I3J.K-22 
Bo11ntl;ir~ Conditions - Puncture at Center of Lid 

- 5 E E  DFT.?/L 
ON N4. 5 d _ Z C  -12 

\ 
I 

E-15166 
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Fignrc  134.5C-23 
Streas Itcporting Loc;itions - I’nnctnrc at C c n t c r  of Lid 
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Fiqurc B4 .K-24  
Strcsc - Stain C u n c  for 304 Stainless Steel 

E-15166 
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B4.5C-5 STRESS RESULTS 

Detailed stresses and tiisplacemcnts it: the AVSYS nio:icl of the cask body are obtained and 
stored (on magnetic tape) for  evcry no&:, localion for each individual load case. These stored 
results arc postprocessed to pi 
structure shonm in  Tignri: B4. 
points that. when c;ircfti!ly sti 
stress may occur at a different location tor cnch indi 
arc linear!y elastic. their r 
the normal and liypotlictic 

he s t r c w s  at 2!, standard locations on tlic cask bod 
The locations sciectcd as sholvvn in Figure B 4 . K -  

itlieate t\!c bch:!vior 01 the entire structure. The ~nn~tn ium 
11 load. Since the individual land cases 
iposed as rcquircd i n  order to pcrform 

'l'hc individual load c x c s  ;in;ilyred :!re llstcd i n  'Table 134 5C-2. Lincar elastic analyses c e r e  
pcrfornicd for a l l  itxid cs. 
reported i n  'Tnbles B4, 5 to l34.5(;-12 :IS iislctl i n  Tnhic 134 5C-2. The magnitude of Imds  
us:d in each indi\,idual looc! c x e  and  siimninry o f  thc tiiasimitn: strcsws arc described in the 
'Table l34.5C-I . l'!ierc XI: no spcctfic l i m i t s  1or indi \  idual load stresses for comparison with 
allowab!c strcsses. 

flit notinl sires\ intctisitics for each of the ten load cases arc 

I! should bc no!ccI tiin!. lo r  tlic nsisyinnie!ric analyscs, the stress is constant around the cask at 
every location. For 3s cs Lvith significant differences in 
opposite sides o f  !lie c at Ioc:l!ions on both sides o!' the 
side opposite contact durin: inipc!) nrc reported in s t r c s  tables. 
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Figure B4.5C-25 
Standard Stress Reporting Locations 

/ 

I 
I 
\ 

56 

134.5C:-40 
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Load Case Idoncling Calculated Stress Reference 
intensity Table No. 

I (Psi) 

Bolt Prelocid 25.000 psi  313 B4.5C-3 

Estcrnnl Pressure 20 psi 208 B4.5C-5 

30 Foot Bottom End 30 G 1,440 R 4 . X - 7  

1 Foot Lid End Drop 25 G 3,625 ~ 4 . 5 ~ - 8  

Vibration 1 .6G i'. .3G . .3G 13s 134.5C-6 

3 0  Foot I,id End Drop 

I I:not Side Drop 
(Envelop Slnn Down) 

3 0 G 4.350 B4.5C-8 

24 c 3.091 R4.5C-9 

I Ii B4.K'-12 i 23 
Thermal Stress (Cold) 27" 1: I/ lhvironnient 

30 Foot Side Drop 
(Ihvelop Slap D o ~ n )  

1 Foot Lid End 
Corner Drop 

40 G 1 5.152 134.5c-9 

1s G 13.468 R4.5C-10 

30 Foot Lid End 
Corner Drop 

'~he rmnl  Stress (I lot) 

20 G 14,964 R4 .K-10  

115" I: 1.197 134.5C-11 
Environmcnt 

22 G I I'unctiirc 46.620 Section I34.5C-4 
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Table B4.5C-2 
Individual Load Cases For TN-WHC Cask Body Analysis 

Load Cnsc Individunl  Load Dcscription Stress 
K umber Result 

Tab!. 

1 Bolt Prclond 1 2 i . O C O  psi) D4.5C-3 

2 liitcrnnl Prcssurc (p  =- 161 .2 p s i )  B4.5C'-4 

I ;sternal I'rwwrc ( ; 2  = 20 psi) B 4 . K - 5  

4 \'ibrn:ion (.>ti long.. .3G 1:or. . .GG \.crt.) D4.5C-6 

5 Drop on Hot!ot:i! Gravity 1.oxI (I G) B4.5C-7 

6 Drop on Lid l l nd  ( I  G)  B4.5 C - S 

7 Drop on Side ( I  GI l34.5C-9 

Drop over Corner. 1,id 13nd ( 1  G) B4.SC- I O  

B4.5C-I 1 9 Thermal Strcss (hot) 

I O  l'het-mal Strcss (cold) , B4.Sc'-12 
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Table BJ.5C-3 
Ca\k Body Stresscs For Bol l  Preload (25,000 psi) 

E-1 5166 

* Scc iigorc 114 5C-25 for the node locations 

B4.SC-43 
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Table B4.5C-4 
Cask Body Stresses For 161.2 psi Internal Pressure 

B4.5C-44 
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Cnsk C! Iii idcr 

E-15 166 

Jon 67 

427 66 

.395 66 

364 64 

Table B4.5C-5 
Cask Body Stresses For 20 psi External Pressure 

348 21 

I I12 31 

1.111 

I I15 

.; 4 I 52 

50 

3 3  

~ 

1 I O  

9'1 208 

36 

* Scc l'igilrc U4 5C-25 Cor t h e  nodc locatioiii 

S I  I O S  
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Table B4.5C-6 
Cask Body Stresses For Vibration Loadings (.6g vert., .3g long., .3g lat.) 
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Table 84.5C-7 
Cask Body Stresses  For Bottom End Drops and Gravity Load 

1 G results, t o  be  ratioed for  1 foo t  (25 G) and 30 foot (30 GI drops 
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Table B4.5C-8 
Cask Body Stresses For Lid End Drops 

1 G results, t o  be ratioed for 1 foot I25 G )  and 30 foot I30 GI drops 
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Table B4.5C-9 
Cask Body Stresses For Side Drops 

1 G results, t o  be ratioed for 1 foot  ( 2 4  GI and 30 foot  I40 G )  drops 
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Table I!J.5C-10 
C;i~li I3ody S t r e w s  For  Corner  Drops 

IC; rcsulty, to he rxtioed for 1 loot (1X C )  n n d  30 foot (20 C )  drops 

* Scc I’igiiic 0 4  iC-75 lor the node loc;itirin\ 

U4.5C-50 
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Table B4.5C-I  1 
Cask Body Stresses For Normal Hot Condition 
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Table B4.5C-12 
Cask Body Stresses For Normal Cold Condition 

E-1 5166 

* See Figiirc U4 5C-15 for thc nodc locations 

R4 5c-52 
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APPENDIX B4.5D 

CASK LIFTING ATTACHMENT 

E-15166 
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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 lifting 
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) 

LoadiTrunnion = 60,000 x 3 12 = 90.000 lbs. 

(a) Stresses at Section E-B (See Figure R4.5D2a) 

Shear Stress. S, = 900001 [n (2)’ ] = 7,162 psi 

Shear stress is less than the allowable 0.42 S,=31,500 psi , 

bfonicnt of Inertia 

. . 0 . K  

I = x (2)‘/4 = 12.57 in‘ 

Bending Stress 

S, = M C / 1 = 90,000 x 1.505 x 2 / 12.57 = 21,552 psi 

B4.5D-I 
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Combined Stress Intensity 

SI = [ S:+ 4 (SJ’]’’ = [21552*+ 4 (7162)’lo5 = 25,878 psi 

. . . . . . , O.K. This stress is less than the allowable S,= 30,000 psi, 

[b) Stresses at Section A-A (Weld) 

Weld Thickness = 1 in. 

(See Figure B4.5D-2b) 

Moment of Inertia 

I = x 164 [ d4, - d4,] = x /64 [7 - 54] = 87.18 in4 

Bending Stress 

S, = M C / I = 90,000 x 5.505 x 3.5 B7.18 = 19,890 psi 

Shear Stress 

S, = 90,000/(~ /4 [7 - 5’1 = 4,775 psi 

Combined Stress Intensity 

SI = [19890’+ 4 (4775)’Io5 = 22,065 psi 

This stress is less than the allowable Sy= 30,000 psi, . . . . . . . O.K. 

[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 = 90,00015.785 = 15.560 psi 

This stress is less than the allowable Sy=  30,000 psi , , , . . . . 0 . K  

Id) Stresses at Weld Between brackets, gussets and Lid 

The weld section propcrties, I = 317.58 in4, e = 4.85 in. 

The maximum bending moment = 90,000 (5.505 + 4.85) = 931,950 in-lb 

The maximum stress at bracket weld is: 

B4.5D-2 
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F1A + MC1I = 90000/9.279 + 931950(4.85)/317.58 = 23,932 psi < 30,000 psi ......._.._ 0 . K  

The maximum stress at gusset weld is: 
FIA + MC1I = 9000019.279 - 931950(9.4)/317.58 = -17,886 psi I30,OOO 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 Ibs. (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. 

H4.5D-3 
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Figure B4.5D-1 
Cask Lifting Attachment Components 

0" 

270 

B4.5D-4 
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Figure B4.5D-2 
Trunnion Analysis 

E-15166 

90.000# 

2.25" THK. LIFTING HOOK 

! 

a) TRUNNION ASSEMBLY 

RUNNION 

LIFTING HOOK 

40 

b) SECTION A-A BEARING AREA = L x HOOK DEPTH 
c) BEARING AREA 

B4.5D-5 
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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 

65.1 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; 

* 

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. 

Determination of the maximum MCO temperature. 

65.2 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. 

65.2.1 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. 

B5-1 
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Payload Surface Heat Surface Heat Surface Heat Total Power 
Flux At MCO Flux At MCO Flux at MCO 
Sidewalls Bottom 

Maximum 12.7 Watts/ft' 6.0 W/ft* 

Minimum 

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. 

Flux at MCO 

~ 

Minimum 0 0 0 

Flux at 

Bottom 

1200 w 

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. 

BS-2 
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Temperature 

(deg F) 

1 0 0  

2 0 0  
_ _ _  

8 0 0  

9 0 0  

1 0 0 0  

1 5 0 0  

E-1.5 I66 

Conductivity gPP2/P2 Prandlt No. 
(Btu/hr-ft-F) (l/F-CU. ft) 

0 . 0 1 5 4  1 . 7 6  E 6  0 . 7 2  

0 . 0 1 7 4  0 . 8 5  E 6  0 . 7 2  
- - _  - - _  _ _ _  

0 . 0 2 8 6  4 9 . 8  E3  0 . 6 9 7  

0 . 0 3 0 3  3 6 . 0  E3  0 . 7 0 5  

0 . 0 3 1 9  2 6 . 5  E3 0 . 7 1 3  

0 . 0 4 0 0  7 . 4 5  E3 0 . 7 3 9  

a. Helium ( ' I  
Used for: Gaps between cask and MCO 

II Temperature 

0 . 0 9 7  4 . 8 3  E - 6  

0 . 1 1 5  3 . 7 0  E-6  

0 . 1 2 9  3 . 0 1  E - 6  

0 . 1 3 8  2 . 5 2  E - 6  

Heat Capacity 

(Btdlb-F) 

1 . 2 4  

1 . 2 4  

1 . 2 4  

1 . 2 4  

1 . 2 4  

Used for: Convection coefficients on cask surface 

R.5-3 



HNF-SD-SNF-FDR-003 Rev 0 

0 . 2 8 2  

0 . 2 8 2  

0 . 2 8 2  

0 . 2 8 2  

0 . 2 8 2  

0 . 2 8 2  

0 . 2 8 2  

0 . 2 8 2  

0 . 2 8 2  

0 . 2 8 2  

E-1 5166 

0.110 

0.110 

0.110 

0.110 

0.110 

0.110 

0.110 

0.110 

0.110 

0.110 

c. Stainless Steel (18Cr - 8Ni) 
Used for: MCO shell and cask body 

Temperature 

3 0 0  

4 0 0  

5 0 0  

6 0 0  

8 0 0  

Conductivity (3) 

(Btu/hr-ft-F) 

8 . 6  

8 . 7  

9 . 3  

9 . 8  

1 0 . 4  

1 0 . 9  

1 1 . 3  

1 2 . 2  

1 3 . 2  

1 4 . 0  

B5.4 THERMAL EVALUATION FOR NORMAL TRANSFER CONDITIONS 

85.4.1 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. 

R5-4 
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Time 

I a.m. 

5 a.m. 

% a.m. 

10 a.m. 

12 noon 

2 p.m. 

p.m. 

6 p.m. 

8 p.m. 

Table B5.4-1 Hanford Air Temperature 

Table B5.4-2 Maximum Solar Radiation Received (Btu/hr-ft2) 

N 

0 

57 

35 

42 

45 

42 

35 

57 

0 

NE 

0 

192 

173 

56 

45 

42 

32 

17 

0 

Vertical surfaces facing 

E 

0 

211 

268 

177 

49 

42 

32 

17 

0 

SE 

0 

105 

208 

213 

120 

45 

32 

17 

0 

S 

0 

17 

42 

126 

167 

I26 

42 

17 

0 

- 
sw 
- 

0 

17 

32 

45 

I20 

213 

208 

105 

0 

W 
- 

0 

17 

32 

42 

49 

177 

268 

21 1 

0 

NW 

0 

17 

32 

42 

45 

56 

173 

192 

0 

- 

Horizontal 
surface facing 

UP 

0 

64 

127 

281 

314 

281 

127 

64 

0 

B5-5 
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65.4.2 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. 

65.4.3 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 

B5-6 
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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, PLANE55, 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/ft2 and 6.0 W/ft2, 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 PLANE55 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 e ,  depends on 
natural convection and radiation at the cask surface, and varies with the ambient temperature, 
Tamb, the surface temperature, T,, and the properties of air, which are evaluated at the average 
temperature, (T,+ Tamb)/2. An environmental view factor of 1 .0 and an environmental emissivity 
of 1.0 are assumed. The relationship is given below: 

= hconv + brad 

brad = O b  e [ T,4 1 ’ (Ts - Tamb) 

where. C, = 0.130 for vertical cylindrical surfaces‘”, and 

e = 0.85 for weathered stainless steel‘” 
0.156 for horizontal surfaces facing up‘” 

(with T in O R )  

85.4.4 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:OO 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. 

65.5 THERMAL EVALUATION FOR ACCIDENT CONDITIONS 

65.5.1 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 
tire. 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. 

65.5.2 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. 

65.5.3 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 
Wift' on the center 28" section of the MCO sidewall, 12.7 Wift' on the remainder of the sidewall, 
and 6.0 Wift' 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 
PLANE55 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 , ,  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 T8,,,J2. An environmental view factor of 1 .O and an environmental emissivity 
of 1 .0 are assumed. The relationships are as given in B5.4.3, with T,,, = 11 5.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: 

h, = ob e, [ T: - e, (1475°R)4 J / (T, - 1475'R) (with T, in OR) 

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-fi'-'F at 85"F, 
increasing linearly with temperature to 2000 Btu/hr-ft'-"F at 212"F, and constant at 2000 B t u h -  
ft'-"F for temperatures greater than 212°F"'. 

85.5.4 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 
1 15"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. 
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Figure 05.4.3 1 Normal Crinditiuus Thermal  Model 
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Figure  85.4.4 2 Normal Condiriuns M C C  a n d  Cask Temp. Distritiution . Nlaximum MCO Temperature 
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Figure 85.4.4-3 Normal Condi?ions Cash Tcmpera!urc Distri t iution - Maximum Cask T e m p e r a t u r e  
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Figure 85.5.4-1 Acc ident  Contli?ions Tlicrmal Model 
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Figure  85.5.4.2 Accident Condit ions Tctitpcratiire H i s t o r y  a t  H o t t e s t  MCO locat ion 
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Figure 85.5.4.3 Accident Cariilitioris Tcmpcr;.:m Clistory a t  Top Carrier [Hottest Cask; 
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Fig i i r e  85.5.4-4 A c c i d e n t  Condi t ions  VC5 a n d  Cnsk Temp. D i s t r i b u t i o n  - In i t i a l  C o n d i t i o n s  
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Figure 85.5.4-5 Acciricrit ionditiuris MCO and Cask  Temp. Distribution . E I I ~  of Fir: 
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Figure 85.5.4-6 Accident Cor id i t io r i s  M C O  and Cash Temp. D i s t r i h u t i o n  . H o t t e s t  MCO 
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B6.0 PRESSURE AND GAS GENERATION EVALUATION 

B 6 . 1  G A S  GENERATION 

To I.?: provide:! by,, IlESIl. 

B S . 2  P A C K A G E  P R E S S U R E  

'i'lic t?iasitiitini ititcrnal working prcsstirc [or tlic cask i s  150 p i g  (1033 kPn) as rcqtliretl by the 
WIIC Spcctticncion. T i c  strcss chic to t!lis prcssure is ci~a!uutcd in Section B4.0. 

86.3 APPENDIX 
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B7.0 PACKAGE TIEDOWN SYSTEM EVALUATION 

B7.1 SYSTEM DESIGN 

- i::-ames anti rIc:m5 - Cask Tiedown l l c v i c c  - Cask I Iold Dmvn Device 
Cask Support Device 

The eight ii-amcs. [\bo c r o w  bcan7.s a:id two support braces (including tlic iveld attachments of the 
vertical support li.ames to the support pads of' tlic trailer) arc the major components of thc 
tiedown s) stem: Tlic loads from the cask arc transmi:te:! by the frames to the trailer. The cask 

s. six ttcdown bolts. and two hold down pins. The 
clip. bottom plntc. and foul-teen ( 1  4) attacliincnt 

drawing for 1lic cask ticdown qystc~n is provided in Section A9.!.  

The cask is supportcil by tlic support Jcxicc (c>lindricciI cup) at the bottom and secured by the 
ticdown dcvicc ( t u n  rotating flnnscs) ;:t [!IC t op .  Tlic t\vn rotating flangcs can be opened and 
closcd (by rcmoving tlic si\ tiedo\vii bolts a i d  rotated liom the hold down pins) for loading and 
unloading t!ic cask. Figure B7.1- 1 siions !lie opciicc i d  closed positions of tlic rotating flaiiges 
oi' the cask ticdon.n d e b i c e .  The c;isk IS traiispo:.tcd in t!x vertical orientation with the li:! end 
facing up 

B7.2 ATTACHMENTS AND RATINGS 

B7.2.1 Des ign  Load Factors 

I'lic ticilown system is ~isccl to scciirc the c:!sli t o  :Iic tniler during triinsportatioii, m d  is designed 
to nwct thc rcquircnicnts oi' I lanrord Spccilication"'. 'i'hc tiedown systems is capnb!~ oC resisting 
the forces ror road. :IS clewibec! he lo\^ 
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E7.2.2 Design Weight 

The ionding condiiion LISCC! Cor designing the t iedowr. system includes the total weight 01 the 
loadcd cask. 60000 Ihs. a116 \wight oi'ticcio\vn system. 51100 Ibs. for a total design weigl.? OC 
65000 lbs. 

87.2.3 Design Loadings 

In  the transport configuration (Figure 137.2-1). tlic t icdonn loads from the cask arc transmi!tcd 
through the cask hold do \vn  devices anti the cask su r fxcs  in contact with thc tiedown system, to 
tlie ticdown system. As iicscrihcd r~bove. t he  totn! loading iised for dcsigning t he  tiedowri system 
is 65.000 Ihs. 'I lic 2G \ cask liold down devices and transmitted 
to t!ic cask ticdo\vn device as slioxvn on Figure 07.2-2.  Thc 3G vertical down load is supported 
by !hc cask support device which i? directly wcldcd 10 tlic traiicr n v h i  beams. Figure B7.2-3 
shows this lociding condition. Thc 1.5G l o x t  coinponcnt \vliicli is trnnsvcrsc to the direction of 
trave! is sl~arecl bct\ \wn !lie i h i c e  n:id c:isk support dcvice as shown on Figure 

t i  the tlircctiun of trnvcl is also shared bctwwn the cask 
shown on Figure? R7.2-5 :ind R7.2-6. k'igurc 137.2-7 

11 iond i s  shared by !lie 

s1iov.s 1G static l o n d  ~ v i t l i  dcllection. 

E7.2.4 Summary  and Conclusions 

l k t a i l c d  stress :inal!,sis o!' t i l  

critical stresscs is prcscntcd i:i 'I-ahle 137. 
tlic nl1ow:ihlcs fire b a d  011 

analysis , i t  is cnncludcti that t l ic ticdo\vi syitcm is structurnlI>/ safe for the specified I U I I ~ S .  
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Table B7.2-2 Summary of Tiedown System Stress Evaluation 

Colllpollellt 

I rame- Leps 

Cross Dcatn 

Wclds a! 3ottotn Leg 

Cas!< 1IoitI ! h w n  Dcvicc 
-,\rt11 

Cask Support Dcvicc 
-l'!alc 

- I h l !  

Max. Direct = 5,073 (Compression) 
Max. Bcntlii:g =14,477 

M a u  Teiision = 19.224 
hlax Shca.- -- 5-707 

Max. Diicc! = 2.446 (Tcnsion) 
>lax. Bcnditig = 20,5 1.3 

Mas. Slieiir = 23.460 
hlnx. Tcnsion 36.700 

' v l n  '~'etrsion ~ 1 I .430 
'vlax. Bcniling 2 43.200 
Uau. Slicar ~ 11.933 

h f n .  llctitiing - !  9.429 

, M i l l .  S ! l C X  = 14.560 

~- 

hl!owab!c 
Stress 
(Psi) 

26.400 
29,040 

26,400 
29.040 

26,400 
17.600 

23,400 
25.740 

40,400 
60.600 

43,960 
64.430 
39.080 

66.660 
40,400 

30,000 
17.550 
15.600 

19.400 

40.d00 
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Component 

Frame Leg 

Ticdown Clamp 

E-i 5 166 

Mas. Asi;?l Compression 2nd Bcnding 
(N1’-32?2.i. Eq~xition 20 SC 21) 

0.522 0.65 

Mas. Axial Tension and Bending 
(NF-3522.1. Equation 21) 

0.902 
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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 - 2 G  Vertical Up 
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Figure B7.2-3 Tiedown Loading Condition - 3G Down 

4 CASK TIE DOWN DEV!CE 
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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 67.2-7 Tiedown Loading Condition - 1G Static Deflection 
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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 lo6 
psi for steel and 10 x lo6 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 
substantiall) 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. 

B7.3-1 
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Figure B7.3-1 
Tiedown System Components 

E-1 5 166 

REF. 

190. REF. 

146.1. 

111 

REF. 

CASK TE DOWN DEVICE 

6 

/ C A S K  LIFTNG ATTAG-AENT 

MVKE 

- 1  

I 
I 

di C.G. 

Bl.3-2 
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Bolts for Tiedown 
device 

Table B7.3-1 
Material Properties of The Tiedown System 

A-479 XM19 
Hot Rolled 
Stainless Steel 

Frames A500 Gr.B 

Cross Beam A500 Gr.B 

Clamp Aluminum 
(0.3 1 " date) 

Support Device 6063-T6 
Aluminum 

Device 

Pins A-479 XM19 
Hot Rolled 
Stainless Steel 

E-15166 

S,= 46 s, = 44 
S..= 58 

~ 

s,= 44 I S,= 46 
S,,= 58 

S,= 40 
s,= 45 

s, =39 

s,= 100 S, =97.1 
s,,= 110 

S,= 31 S, =29.4 

S,= 105 s, = 101 
S, ,= 125 

S,= 105 
S,= 135 

s, =lo1 

S,= 105 
S,= 135 

s, = 101 

07.3-3 
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Table B7.3-2 
Estimated Weight of The Tiedown System Components 

Component ll 
Frames (8 ) TS 7"x 7"x 0.5 /I 
Stiffening Braces (4 ) II TS 4"x 4"x 0.5" 

Cross Beams (2 ) 
-TS 8"x 8"x 0.625" 
-Plates 61"x 8"x 0.625" I 
Tie Down Device 

- Brackets (8 ) 
- Clamps (2 ) 

Hold Down Device 
-Arms ( 4 )  

Support t Device (1) 

Bolts, Pins 

Total Estimated Weight I' 

Estimated Weight - Ibs 

2,986 

351 

789 

175 

174 

388 

120 

4983 
(~5000)  

u7.3-4 
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Table B7.3-3 
Load Factor for Tiedown System 

~~ 

Load 
Condition 

Tiedown 
System 

Trailer 

Design Load 
Factors for 
Tiedown 
System 

E-15166 

~ 

Longitudinal Lateral Vertical 

2 G 1 G  3 G down 
2 G up 

2.0 G up 

2 G up 

2 G fore 1.5 G 2.5 G down 
1.5 G aft 

2 G fore 1.5 G 3 G down 
2 G aft 

B7.3-5 
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87.3-5 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 (2). 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. 

B7.3-6 
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Figures 67.3-2 
ANSYS Finite Element Model - Frame (nodes) 

E-15166 

3 

V 

1- 
h 

TN-WHC CASK T I E - D O W N  SYSTEM, F I N I T E  ELEMENT MODEL, NODES 

B7.3-7 



HNF-SD-SNF-FRD-003 Rev. 0 

Figures B7.3-3 
ANSYS Finite Element Model - Frame (elements) 

E-15166 

i. 
I \ 

TN-WHC CASK TIE-DOWN SYSTEM, F I N I T E  ELEMENT MODEL,ELEMENTS 

B7.3-8 
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Figures 37.3-4 
ANSYS Finite Elornent Model - Crame (!.03l constants) 

. 

rN-WHC C A r K  TILI-DO\r 'N SYSTEM TINIT:  CLLI4CNT M O D E L  .REAL CONSTANTS 
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Figure B7.3-5 

Analvsis 
Frame PAodci - Loadins 23 Eoundary Conditicns ior Longitudinsl 2G ((ore! Load 

TIII-WHC CASK TIE-DOWII. LONGITUDINAL,  2 G  LOAD. A T  NODES 1 0 1  A l i a  1 0 2  
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F:gLrre 67.3-6 
Frame M d e !  - Loading EL Boundary Conditicns fo: Longitudinal 2 G  (air)  Load Analysis 

"--+ 

--. 

-N-WHC CASK TIE-DOI.II:  S'ISTLtI. L O I I G I T U D .  2 G  L O A D ,  AT NODES 1 0 3  A N D  l o <  



rN-WIIC CASK TIL-DO'3m!hJ REV,LATERAL.l.SG L O A D ,  AT NODES 105 AND I C G  



?N-VHC CASK T i i - 0 0 ' ~ ' ' d  S Y S T E M .  7 G  I C A D .  AT NODES 1 0 1  TO 1 D J  
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Tab!e B7.3-4 
Frame Finite Elcrne?.: i \L3lel  - Zenm Real Constants  

137.3-14 

. .. . 



Tcble 57 3-5 
Fratwe Members  '3resses - Lyading Longitudinal 2 G  (fore) 

( F x  a t  nodes 161 and 1021 

1 7605 542 

10 

14 - 6620 

- 4007 

4640 

i 7783 

1s 

17 -364 I 683: j 7317 

31 364 I 6Sil j 7317 17788 I0506 

15344 S I  1 0 
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Table 67.3-E 
Frame Members  Stresses - Loading Longitudinal 2G (af t )  

(Fx a t  nodes 103 and 104 ) 

4615 1 5050 

Strcss Strcss 

561 0 - 1  j757 

-56 10 - 15727 T I5379 -; 0477 

137 3-  1 h 
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Table 87.3-7 

( Fz at  nodes 105 and 106) 
Frame Members Stresses  - Loading Lareral 1.5G 

Direct Bending Dending Max. 
Strcs.: St!.css- 

z - as1s Stress 
--7 i y - axis 

-505 1 230 1 7862 1 7588 

-3615 1 322 ~ 8748 ~ 5453 

I 0248 12765 

iO0 8384 8719 

-8598 

2685 

-5786 

-s954 

-is025 

u7.3-17 
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Table 67.3-8 

( Fy a t  nodes 101,102,103 and 104) 
Frave Members Stresses - Loading Up 2.OG 

Direct 
Strcss 

S55 

1765 

1765 

737 

707 

328 

Stress- 
y - asis z - axis Stress 

, ) i o  i - - -  so 1 1787 

100 ~ 2164 ~ 3061 
I I 

100 I 2164 1 C G l  
, 

;IO3 I 1386 4828 

( p s i )  

-182 

-182 

-1486 

486 

so 

80 

- 467 

1467 

-1172 

___- 

B7.3-I X 
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Fic-:re B7.3-9 
Ciamp Model - Loading & Botindary Conditions for Longitudinal 2G Load Analysis 

Y 

h-x 
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Fig::re R7.3-:0 
Clamp Model - Leading 2: Eoilndary Condiriens for Lateral 1.5G Load Ana!ysis 

117.3-21 
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Figure B7.3-I  1 
Clamp Model - L o a d i ~ g  & Boundary Conditions for Up 2.OG Load Analysis 

b 

13:' 3-22 

, .- . 
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c) Cask I-lold do\:.n !kvicc 

old d o ~ m  a r m ,  brackets and bolts. The ana!ysis was 
only load that is applicable for these componcnts is 2G 

apn.nrd. Thc rcs:i! ia.izcd in 'Tablc 137.3-10 

d) Cask Su;.lmrt :)C~:ICC 

, l ie cask slippoi-t device consists of support platc. cup nnd h)lts. The anal , I .  

B7.3-6 DESiGN CRITERIA F O R  TIECOWN SYSTEM 

T!ic:c nre sc\" 
I O  c i i~u rc  s!:ib 

critcri:1. 
natc:.inls bnvd on this 
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Table 27.3-9 
Stress Criteria for the  TIedown System 

E-1 5 166 

5S.62 

6C.6 

NF-3222.1 
EQ. 23 or 31 

117 3-14 
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Table B7.3-IO 
Summary - Siress Evaluation 

Max. Direct = 5.07; (Compression) 
Mas. Bending -14,477 

hlas. Dii-cct = S2X (Tension) 
M;Ix. !3ctiding = 15,852 

M : l Y  'I'cIIsion - 19,224 
Rlax. SI1car - 5.707 

26,400 
29.040 

26.400 
29,040 

26,400 
17.600 

23,400 
25,740 

40.400 
60,600 

4.3.960 
64.480 
3(>. 98 0 

66,660 
40.40i) 

30,oi;o 
17.550 
15,600 

19.400 

40.400 

!J7.1-26 
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Table B 7 . 3 - i  1 
interaction Equation Evaluations 

137.3-27 

.. . , 
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1s-1 

17'-6 3/4" 

SEISMlC EOLDDOWN LUG 

3/4" 

12'-1( 

&ASK SUPPOST DEV:CE 

SIDE VIEW 

r C A S K  & TRAILER & 

0" 

bd 
REAR VIEW 

ACCESS STA:RS REMOVED FOR CLARiTY 

DEVICE 

'1 

1: r: 
c 
-1 

TRANSPORTATION SYSTEM 
ARRANGEMENT DWG 

ITEU KLGER 7 WHC DWG NO H-1-81533 
W W FEffKATCXi RRDu\si C U X R  Kl.BER W R  WHC-5-0356 W - P X - 4 5 2 7 2 7  2::: I,kI 3,0?5;' [2\ 
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IOOR 

PAL LID STORAGE 

EXISTING HANFORD 
"J" HOOK, REF. e 
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7 VENT PORT, REF. 

I 

VENT PORT 

/ A - d  
-0 ALGNMENT P N  
.OCATION, REF. 
:7" LG. PIN) 

TOP VIEW 

NOTE 7, 

PARTS LIST 

- 

NOTE 7 

NOTE 4 t 
A 

NOTES: 
1. OELETEO 

160.50" CAVITY LENGTH, REF. 2. DELETED 

3. DELETE0 

4. * WCATES NON SAFETY RELATE0 ITEM. 

5. TWS PARTS LlST IS FOR SHEET 1 ONY. 

LO BOLTS: 320 FT. LBS. k 10 FT. LBS. 
VENT & DRAN WRT COVER SCREWS: 

A L M N T  FV-6 40 FT. LBS. f 5 FT. LBS. 

.13" 
EF. 

A 6. TCRW REO.J?€MENTS: 

15 FT. L K . f  3 FT. LBS. 190.25" REF. O.A. 

7. LID BOLTS & ALGWENT PNS TO RE CHROMIUM PLATED 
THREADS ONLY) PER Qo-C-320-5 CLASS 2 TYPE 1 
0002" MN. THK.) BOLT TO BE NSPECTEO TO 'h-2580 

ROTATED NTO VEW 0 CASK ASSEMBLY 
SECTION A-A 1. 

OF ASME 8 & PV CCOE SECTION B NCLUDW VT 
(VISUAL EXAMNATW) & LP (LIQUO PENETRANT 
EXAMNATION), BEFORE RATNG. 

A 
7.40" 

1.50"-6UNC (AFTER PLATING) 
3.00" MN. THD. LENGTH 

1.50" SOCKET HEAD .12" X .12" CHAMFER 
PER ANSI 818.3 TYP- 

@ LID BOLT 

1.50" OIA. 
8. LUBRKATE BOCTS WITH MOLUBE AS NEEDED. 

1.50"-6UNC (AFTER PLATING) 
3.00" MN. THD. LENGTH 

-12" x .12" CHAMFER 

7.00" (1 REQ'D.) 
r( 10.00" ( 1  REO'O.) - 
8 LID ALIGNMENT PIN 

TOLERANCE:+/-.03" 
SURFACE FINISH: 12;/ ITEM NO. 7 

SHEET 1 OF 5 

c-3 

TOLERANCE:+/--03" 
SURFACE FINISH 12;/ 
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NOTES: 

2. TOLERANCE. N E S S  OTHERWISE SPECF ED:+/-.l2: 

1. FOR CASK ASSEMBLY SEE DWG. 3035-3. SHEET 1. 

' I L  TO TOP OF K O  
STANDOFF 

* 
ANGLES: +/-1 

3. NUMBER & LCCATKJN OF FILL  PENETRATION WELDS 

4. REMOVE ALL BuflRs & WELD SPLATTER AM) 

5. SURFACE F W ,  M E S S  OTHERWEE SPEWFED: E$,' 

6. DELETED 

TO BE SPECFED BY FABRICATOR, RT & PT RECURED. 

BREAK ALL WARP EDGES. 

DETAIL D DETAIL C 
154" REF. 

DRAN PGRT(R0TATED N T O  SECTION) 
%SEAL WELD SEE DETAIL B ON DWG. 3035-3, SHEET 3 \ 

SEE DETAL D 
HOLE ROTATED NTO SECTION 

FOR BOTTOM DETAILS 

'+.03" 
-.OO" 

I NOTE 3 q  
7.31" 4 .06" 

7 * INDICATES NON SAFETY RELATED ITEM 

8 TMS PARTS LIST IS FOR SHEETS 2 AM) 3 ONLY 

9 BOLTS TO BE C H R W W  PLATED ( THREADS M Y )  

10 LUBRKATE BOLTS WITH NEOLUBE AS CEDED 

PER 00-C-320-B. CLASS 2, TYPE 1 (0002" MN T k )  

All NAMEPLATE TO BE CENTERED ABOUT D"AXIS 

3 

L1.50"-6UNC X 3.00" DP 
36.440'?.010" D.E.C.. 2 PLACES 
AT 30"& 240" AS SHOWN 
(FOR LID ALIGNMENT PINS) 

TRANSPORTATION SYSTEM 
SECTION A-A icHp& .& CASK BODY & PARTS LIST 

WHC DWG NO H-1-81535 cHKop& & CASK ASSEMBLY ci! ~~El?lFICATION NO WHC-S-0396 
WHC PURCHASE ORDER NO MJK-SPX-452727 3!23c563 I R A  ",c ss SCALE I SIZE 1 

SHEET 2 OF 5 
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.50-13UNC X .50” DP 
HELlCOlL NSERT 
1185-8CN-0500 (ITEM 
OR EQUIV.. 4 PLACES m0 O 6 I E l t l  
A 

TD O-RING PORT PER 
J514. 1.0625“-12FT 

\I I I \ T\-.12” X 1.25” UNDERCUT 

.63”* .D3’ 
DIA.. TYP. 

A m  

< .50”-13UNC TER PLATWG x .75” LG SCREW 
50” SOCKET HEAD 
’ER ANSI 818.3 

I 2.50 DA. - 

ITEM 8 

A @  
.12” + 

DETAIL B 
FROM OWG. 3035-3, SHEET 2 

NOTE DRAIN 6 LOCATED AT 90‘ 

14, REF.) 

NOTFS: 
1. FOR CASK ASSEMBLY SEE DWG. 3035-3. SHEET 1 
2. TCCERANCE. M E S S  O T H R W E  SPECFED: +/-.12” 
3. EMOVE ALL BURRS & WELD SPLATTER AND 

4. SURFACE FNSH, M E S S  OTHRWISE SPECFED: 1 2 7  
.5. RADlUS TO BE SPECFED BY FABFKATOR. 

BREAK ALL WARP EDGES. 

DRILL -56 2.03” DIA. THRU 
C‘BORE .80’?.03” DIA. 
.50? .03” DEEP 
la0 0 2 8  I A l S O ~  ITFM 7 

TO SHARP CORNERS 

DETAIL F 
TRANSPORTATION SYSTEM 

EcHp2s CASK BODY DETAILS 
P S  ITEM NO 7 WHC DWG H-1-81535 

WHC SPECFICATION NO WHC-S-0396 
WHC PURCHASE ORDER NO MJK-SPX-452727 DIN ”,G 

clxD BI L 

SHEET 3 OF 5 

c-5 
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I 

REF. 

&- .D6”& -03” 

DETAIL B 

A t i  

BOLT TIGHTENING SEQUENCE 
SEE DETAIL H ON 
DWG. 3035-3, SHEET 5 

162” +/- 03” DIA. HOC€ THRU 
ON 36.440” +/- .010” D.E.C. 
2 PLACES A S  SHOWN 
AT 3D’AND 240‘ 
~ 1 0 . 0 2  81 A IB Q 

TOP VIEW 
0 LID ASSEMBLY 

4 PLACES 
SEE NOTE 5 

DETAIL C 
1.62” +/- .03” CIA. C‘EORE X 
1.50”-6UNC X 1.00” AT TOP 

36.440” +/- ,010” D.B.C. 

SECTION A-A 

NOTES: 
1. FOR CASK ASSEMBLY SEE DWG. 3035-3, SHEET 1 

2. TOLERANCE, UNLESS OTHERWISE SPECFED 
2 PLACE DECMALS +/- .12” 
3 PLACE DECIMALS +/- ,010” 
ANGLES: +/- 1’ 

3 REMOVE ALL BURRS & WELD SPLATTER AN) 

4. SURFACE FMSH. M E S S  O T K R W E  SPECFED 125 
5. RADlUS TO BE SPECFED BY F A R A T O R  
6. DELETE0 
7. F A m A T O R  HAS W T W  TO USE SA-240 TYPE 3 0 4  

8. * NDICATES NON SAFETY RELATED ITEM. 
9. THS PARTS LIST IS FOR SHEETS 4 AND 5 ONLY. 

10. EOCTS TO BE CHROMIW PLATED ( THREADS ONLY) 

BREAK ALL SHAW EDGES. 

J 

PLATE, WELDED TOGETHER. RT & PT E&D. 

PER 00-c-~ZO-B, CLASS 2, TYPE 1 (.DOOZ” w. THK.). 1-43.83” R E F . 1  
A 11. TOLERANCE THICKNESS PER PLATE MANUFACTLRER 

SPECIFICATION DURING FABRICATION LOCALIZED SURFACE 
IRREGULARITIES, ETC. PER TOLERANCE FROM NOTE 2.  

2.00” DIA. HOLE THRU 

ITEM NO. 7 
WHC SPECFCATION NO. WHC-S- 

SHEET 4 OF 5 
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.50”-13UNC x .75” LG SCREW NOTES: ,.364..+.015” 
.50” SOCKET HEAD AFTER P L A T W  
PER ANSI 618.3 

1 FOR CASK A S K W Y  SEE DWG. 3035-3, SKET 1 

2. TOLERANCE, UKESS OTHERWISE SPECFED: 
2 PLACE DECIMALS: +/- .12” 
3 RACE DECMALS +/- .OK)” 

.015”R 
CHAMFER,TYP. .025”R 

.075.- +.015” ITFM 8 A ANGLES: +/- .5” 
-.OOO” 

3. REMOVE ALL BW3S & WELD SPLATTER AM, 
BREAK ALL SHARP EDGES. DETAIL G 

4. SURFACE FWSH, UNLESS OTHERWISE SPECIFED: 125 

5. RALXE TO BE SPECFED BY FABRICATOR. 

6. TEXT SIZE S O ”  HIGH, METHOD TO BE PERMANENT 

ACROSS FLATS J 

IDENTIFICATION MARKING. 

A 7. LUBRCATE BOLTS WITH NEOLUBE AS NEEDED. 

BOLT TGHTENING SEQUENCE 
.4375”-20UNF-2A SEE NOTE 6 
2 PLACES 

CHAMFER, TYP. 

ITEM 6 

1.i , ,p,  7 RECESS 1800 

DRILL .56 ? .03” DIA. THRU 
C‘BORE .80’%.03” OIA. 
.50Y -03” DEEP 
[@I0 0 2 9 l ~ i ~ b I  A ITFM 4 

DETAIL H 
FROM OWG. 3035-3, SHEET 4 

STOTHO O-RING PORT 
PER J514, 7/16-20 

FROM DWG 3035-3. SHEET 4 

TRANSPORTATION SYSTEM 

SHEET 5 OF ’ 
c-7 
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I FCU CETALS Y E  DWC 5035-7. S E T S  2 & 3. 
2. TCCERAM. W S S  DMRwhE SPECFED: +/- .Q- 
3. STEEL C-NTS SHALL BE PANTED WTH 

t%%%FEl%.;YmL%m AMRCOAT 

4. RfMM ALL EWES. E M  ALL WdfP E M S  AN) EMOM 
WELD SRATTER FRCU &?€AS wH3( CASK WLL CCNTACT 
AN) NTEFFEE WTH CPERATNC ff M TEWWN SYSTEM, 

5. W A C €  F N Y I  M E S S  O T H M  SPECFED 2% 

6 TRALER M/\NFACRI?ER TO NSTALL KCPREN AS EECCI?ED 
TO MANTAN A M/u(MM .Q' Gap. AT FNAL FIT LP WTH CASK 
AS MOWN bLY-ESM PER W A C T L R E  E C M N I A T I O N  

J 

7. NCN-SAFETY ELATED 

1201 

a L ~ T E  BOLTS WITH =am AS EQSD. 

9 T- aw B ~ T S  TO 2~ FT. LE 
U. ALL M A T E W  PRCPERTES N C L W  K m K )  E D  FW 

LXW CF T H  TEWWN SYLTEM 9 0 l D  BE TAKEN AT W ' F .  

0.00" 
CASK TE WWN 

TOP 'VIEW 
c € m m m  

LOCATKWU OF CROSSBEAMS ARE PKTCRAL C N Y  

m 
CA% TE WWN E K E  
SEE CETAL CN 

T! 
A! 
2 __ 

111 

b" x 62" X 61.00" LG. 

TS 7" X 7" X .50" 
A X O .  GRADE E 

210.7 
LO SEE hOTE 6 

21" TO C L A W  

CASK HOLD DOWN 

REF. 
:D 2" 

19O.i 
LC 

\ \  F" 
146.12" REF. 

LOADED I I  I !  I I  I /  
NO D A T d  REVIS!OhS D W N I W C I  M D I lO/ApRO. 
A??qOVALPATE 

mod 44 I/qtsTRANSNUCLEAR, HAWTHORNE, N Y INC 
%he TN-WHC CASK 

.33" T h x  GUSSET.TYP. 

CASK SIJPFQRT CEV'CE. SiE CETAL 
ON DWG. 3035-7. S E E T  3 

ITEM W E E R  7 
WhC SPECFKATION h W E R  WHC-5-0396 
WHC R R C H A Y  OROER hWEER M-K-SPX- 

ORAN ACCESS OPENiNG 
I 

SIDE VIEW 

3 

VEW A-A 
-r 

452727 

SPEET 1 C i  3 

c-10 
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SECTIOK B-B 
C L A W  P N  iViD LCCKXUT NOT SECT.OhED 

KAT'L: A-514, GR. B.(Tl, TYPE A) 
4 REQ'D. l iEM h W E R  7 

WHC YECIFCATIOh W E R  WC-S-0396 
WqC FIECHASE WOE2 hLWBER MJ-SPX-452727 

WHC DWG. NO. H-1-81539 
0 

.ow%@ 1 %  2zgE l=j!il 3g?2;;,7 L E \  

C H L %  i%6 
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ITEM MABER 7 

6 REOD WHC WHC SPECFICATCN FIXCHASE ORDER NWBER FIWEER WC-S-0396 hl&-SPX-S52727 
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