
�1�

Attention: 

Subject:

Mr. Donald A. Nussbaumer, Chief 
Source and Special Nuclear Materials Branch 

Application for Amendment of License IiNM-338, 

Docket 70-33L, to Authorize Use of NFD Shipping 
vof Complianc 

Packages

Gentlemen: 

The Westinghouse Electric Corporation hereby 

requests amendments to the subject license to authorize the 

delivery of special nuclear material to a carrier for trans

port in the packagings described in our application dated 

November 18, 1966, as revised by our transmittals of 

May 25, 1967, December 8, 1967, December 12, 1967 and the 

attachment to this letter.  

Please send the amendments to me at the above 

address.  

If you have any questions, please write to me at 

the above address or telephone me collect, (412) 255-3907.  

Very truly yours, 

Karl R. Schendel 
License Administrator

Attachment: License 

7 copies transmitted

ITEM # L- Fiom GO - Hdqrs..  

32.

/U 0 Westinghouse Electric Corporation 

3 GatewayCz1 

Box 2.278, Pittsburgh, Pa. 152.30 

January 30, 1968 

U. S. Atomic Energy Commission 
Division of Materials Licensing 
Washington, D. C. 20545
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Shipping - NFD 
1/30/68 

FILING INSTRUCTIONS 

The transmittal letter should be filed in the binder, "Amendment 

of License SNM-338, Docket 70-337, to Authorize Use of NFD 

Shipping Packages," immediately in front of the last previous 

transmittal letter, dated December 15, 1967.  

Revised pages 7, 9, 11, 13, 16, 17, 20, 28 and 29 should be 

inserted in the binder and the old pages removed. The revised 

tabular page of Appendix K should be inserted and the old page 

removed.  

The removed pages may be filed in the back of the binder.
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Appendix 

15 

Appendix 

34-40 
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28 
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Appendix

ed Revision Reason 

Added Section 14 and 

Appendix J 

Added BB 300-1 package 

J Added 

Added Spc. Pkg. for Zorita 
Spc. Assy's 

Added Spc. Pkg. for Selni Rod 

Shipments 

New 

Added RCC-I package 

New 

< Added 

Inserted reference to Draw
ing SKA-219 

B Added Drawing SKA-219 

Revised Section 14 to describe 

BB-250-1 packaging and testing 

J Drawing revised 

Added requirement that com

puted keff values be adjusted 

& 20 Changed to read "adjusted 
k " 
eff 

Added paragraph on nuclear 

safety referencing General 

Criticality Standards section 

Revised Package Array Evalu

ation section. Added details 
on calculations.  

K Decreased Max. Enrichment.  
Eliminated need for Poison Pl.
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4.1 (continued - RCC) 

method of poison plates in the packaging, when the 

poison plates are required.  

Coolants - Not applicable.  

4.2 Contents Description 

Radioactivity - Not applicable.  

Identification and Enrichment of SNM - The SNM will be 

unirradiated uranium enriched - 5 w/o in the 

isotope U-235.  

Form of SNM - The SNM will be in the form of clad fuel 

assemblies. Specific data on maximum assembly 

parameters are included in Appendix A. The reactiv

ity values listed in Appendix A equal the computed 

reactivity adjusted by a factor to provide for the 

probable error in the calculations. The contents 

will be loaded in such a fashion that if the package 

were to be flooded and subsequently drained, any 

water which may have penetrated the contents would 

drain simultaneously.  

In the clad form, the assemblies will not disruptive

ly react or decompose at the Accident Thermal condi

tion. No chips, powders, or solutions will be 

offered for transport in this packaging.

Docket 70-337 Date: 11/18/66 Revision No. 11 Date: 1/30/68
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Shipping - NFD 

4.2 (continued - RCC) 

design of the lifting lugs will be such that, under 
an excessive load, the lug will fail across the hole 
before it would transmit disruptive stresses to the 
container. Similarly, the tie-down devices, which 
will accomodate 1" diameter steel cables, will have 
adequate strength to meet the static load requirement.  

General Criticality Standards - The contents of each 
package will be so limited that, for a single con
tainer, with the contents maximumly moderated and 
fully reflected, the adjusted k of the contents eff 

will be ý 0.90. No consideration of dispersable 
material is required because the contents will be 
limited to clad components. See specific data in 
Appendix A.  

The calculations will be made by the Nuclear Engi
neering Department using LEOPARIA or PDQ-03/2 or 
similar experimentally verified procedures. The 
requirement that fuel be in assemblies in a fixed 
array will assure that these calculations will be 
accurate and directly applicable. The calculations 
will include the effects of the neutron absorbing 

plates, when used.  

Lk Barry, R.F., "LEOPARD - A Spectrum Dependent Non-Spatial Depletion Code for the IBM 7094," WCAP-3269-26 (September 1963).  

Z2 Caldwell, W.R., "PDQ-03 - A Program for the Solution of the Neutron Diffusion Equations in Two Dimensions on the IBM 704," 
WAPD-TM-179 (May, 1960).  

Docket 70-337 Date- 11/18/66 Revision No. 11 Date: 1/30/68 11
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4.3 (continued - RCC) 

Any number of undamaged but flooded packages will also 

be nuclearly safe, since a single package will have a 

k ef f o 0.90 and there will be a minimum of 12 inches 

of water between the contents of any two packages.  

If the water drains away, the contents will also drain, 

so that the array returns to an unmoderated condition.  

For the low-enriched assemblies under consideration, 

studies using LEOPARD and PDQ-03 demonstrate that a 

rise of k (above the single package value) for an 
eff 

unlimited array does not occur at any reduced water 

density, due to the parasitic neutron absorption by 

the container walls and internal structure. Conse

quently, no degree of interspersed partial moderation 

can produce an array k in excess of the single eff 
package keff resulting from complete flooding.  

The maximum credible accident condition is conceived 

to involve only two packages, crushed top-to-top so 

that the spacing between the pairs of assemblies will 

be 1.7 inches, and aligned parallel to each other.  

This array is then assumed to be flooded. The heavy 

structural members of the base and the internal com

ponent support structures of the packagings will pro

vide sufficient spacing so that any other package in 

the shipment will be isolated from this combination 

by a minimum of 12 inches of water.  

The Nuclear Engineering Department will use the calcu

lational procedures specified under General Critical

ity Standards to assure that the adjusted keff does 

not exceed 0.98 for the four assemblies in the maximum 

credible accident (MCA) array.  

Docket 70-337 Date: 11/18/66 Revision No. 11 Date: 1/30/68 Page 13
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5.2 Contents Description - CC 

Radioactivity - Not applicable.  

Identification and Enrichment of SNM - The SNM will be 

unirradiated uranium enriched - 5 w/o in the isotope 

U-235.  

Form of SNM - The SNM will be in the form of clad fuel 

assemblies. Specific data on maximum assembly param

eters are included in Appendix B. The reactivity 

values listed in Appendix B equal the computed reac

tivity adjusted by a factor to provide for the prob

able error in the calculations. The contents will 

be loaded in such a fashion that if the package were 

to be flooded and subsequently drained, any water 

which may have penetrated the contents would drain 

simultaneously.  

In the clad form, the assemblies will not disrup

tively react-or decompose at the Accident Thermal 

condition. No chips, powders, or solutions will be 

offered for transport in this packaging.  

Neutron Absorbers, etc. - Not specified. No decrease in 

reactivity resulting from this type of material is 

included in the nuclear safety analysis.  

Maximum Weight of Fissile Content - Listed in Appendix B.  

Maximum Net Weight of Contents - Listed in Appendix B.  

Maximum Decay Heat - Not applicable.

Docket 70-337 Dat: 11/18/66 Revision No. 11 Date: 1/30/68 Page 16



SNM-338 
Shipping - NFD 

5.3 Compliance with Subpart C of 10 CFR 71 

General Standards - The materials specified for the pack

age will not produce significant chemical or galvanic 

reactions. The closure devices specified must be 

deliberately unfastened. Each of the four lifting 

lugs will be capable of supporting the loaded con

tainer individually, so the system of four lifting 

lugs will support three times the weight of the 

loaded container. In addition, the design of the 

lifting lugs will be such that, under an excessive 

load, the lug will fail across the hole before it 

would transmit disruptive stresses to the container.  

Similarly, the tie-down devices, which will accomo

date 1" diameter steel cables, will have adequate 

strength to meet the static load requirement.  

General Criticality Standards - The contents of each 

package will be so limited that, for a single con

tainer, with the contents maximumly moderated and 

fully reflected, the adjusted keff of the contents 

will be - 0.90. No consideration of dispersable 

material is required because the contents will be 

limited to clad components. See specific data in 

Appendix B.

Docket 70-337 Daee 11/18/66 Revision No. 11 Date.: 1/30/68 S~17
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5.3 (continued - CC) 

ings will provide sufficient spacing so that any 

other package in the shipment will be isolated from 

this combination by a minimum of 12 inches of water.  

The Nuclear Engineering Department will use the cal

culational procedures specified under General Crit

icality Standards to assure that the adjusted kff 

does not exceed 0.98 for the four assemblies in the 

maximum credible accident (MCA) array.  

Since only two packages will combine to form the 

MCA array with a k 0.98, and any additional MCA rra wit a eff-.  

packages can only form similar isolated arrays, any 

number of the CC packages will be nuclearly safe 

under hypothetical accident conditions.  

5.4 Fissile Class II Limits 

Thirty-two (32) packages will be offered as a maximum 

Fissile Class II shipment. Each package will be assigned 

1.2 radiation units.  

The nuclear safety evaluations indicate that any number 

of packages would be safe. The limitations specified in 

this section have been based on considerations of vehicle 

capacity, shipment value and other non-nuclear considera

tions.

Docket 70-337 Date: 11/18/66 Revision No. 11 Date: 1/30/68 Pag~e 20
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10.3 (continued - 2 Barrel) 

General Criticality Standards - Table I of TID-7016 
shows that a 5 inch diameter, infinitely long 
cylinder is nuclearly safe for homogeneous uranium 
at any enrichment under all conditions of modera
tion and reflection. Calculations using LEOPARD 
show that an 8 inch diameter, infinitely long cyl
inder is nuclearly safe under all conditions of 
moderation and reflection for heterogeneous uranium 
enriched • 5 w/o in the isotope U-235.  

Single Package Evaluation - The Double Barrel Scrap 
Shipping Container is structurally equivalent to, 
or superior to, the unit reported as "Series-3 
Test and Result," page 16, ORNL 3735 /i The re
striction on axial loading t•o 70 pounds per lineal 
foot will produce less deformation as a result of 
impact tests than that reported in the referenced 
report. The assumption of optimum moderation and 
reflection obviates the necessity for leak testing.  
The restriction of the contents to non-pyrophoric 
forms will obviate the necessity for the Thermal 

Accident condition.  

The accident conditions in Appendix B of Part 71 
will not credibly produce an arrangement of special 
nuclear material more reactive than that analyzed 
under General Criticality Standards.  

li Shappert, L.B., "Results of Impact Tests Performed on 55Gallon Drum Type Birdcage," ORNL-3735.

Docket 70-337 Date: 11/18/66 Revision No. 11 Date: 1/30/68 Paes 28
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10.3 (continued - 2 Barrel) 

Package Array Evaluation - Calculations using LEOPARD, 

and considering the parasitic neutron absorption of 

the packaging walls, show that any number of damaged, 

optimumly moderated packages in any array would be 

safe for any degree of interspersed, partial moder

ation. Thus, any number of packages will be nuclear

ly safe in any array under any credible conditions.  

The calculations considered both homogeneous and 

heterogeneous material, moderated to H/U-235 ratios 

ranging from 200-240, depending on the material 

form. The packages were considered .to be spaced on 

a 22" center-to-center dimension. The density of 

the interspersed moderation was varied from 5% to 

100% of light water density. The maximum adjusted 

K was determined to be - 0.85 and to occur at 
co 

approximately 10% of light water density.  

10.4 Fissile Class II Limits 

Eighty (80) packages will be offered as a maximum Fissile 

Class II shipment. Each package will be assigned 0.5 of a 

radiation unit.  

10.5 Fissile Class III Limits 

A maximum of one hundred-sixty (160) packages will be 

offered as a Fissile Class III shipment.

Docket 70-337 Date: 11/18/66 Revision No. 11 Date: 1/30/68



Appendix K 

Products Shipped in Type RCC-I Packages 

Indian Pt. No. 2Type

Pellet Parameters 
Material 
Enrichment (Max) 
Diameter (Nom) 

Rod Parameters 
Cladding Mt'l 
Diameter (Nom) 
Fuel Length (Nom. Max.) 

Assy. Parameters 
No. of Rods (Max) 
Pattern (Basic) 
Lattice Pitch (Nom) 
Outside Dimen. (Nom) 

Licensing Criteria 
Total U-235 (Max/Pkg) 
keff (Max/Ass'y) 

k (Max/l Pkg) eff 

keff (Max/MCA) 

Poison Pl. Req'd 

Net Wt. of Contents 
(Max)

U02 
3.2 w/o 
.372" 

Zirc.  
.422" 
144" 

204 
15 X 15 sq 
.563" 
8.4" sq

30 kg 
< 0.88 

< 0.90 

• 0.97 

No

3200#

cj�

. I



Westinghouse Electric Corporation 

3 Gateway Center 
Box 2.2.78, Pittsburgh, Pa. 15230

April 29, 1968

U. S. Atomic Energy Commission 
Division of Materials Licensing 
Washington, D. C. 20545

Attention: 

Subject:

Mr. Donald A. Nussbaumer, Chief 
Source and Special Nuclear Materials Branch

Application for Amendment of License SNM-338 
Docket 70-337, to Authorize Use of NFD Shipping 
Packager ,.= 4 . ;1TW=

Gentlemen: 

The Westinghouse Electric Corporation hereby 
requests amendment of the subject license to authorize 
the delivery of special nuclear material to a carrier for 
transport in the packaging described in the attachment to 
this letter.

Please send the amendment to me at the above
address.

If you have any questions, pleape write to me at 
the above address or telephone me collect, (412) 255-3907.  

Very truly yours, 

Karl R. Schendel 
License Administrator

Attachment; License Amendment 
7 copies transmitted ITEM #

�" -r

-0 -1563
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4/29/68 

FILING INSTRUCTIONS 

The transmittal letter should be filed in the binder, "Amendment 

of License SNM-338, Docket 70-337, to Authorize Use of NFD 

Shipping Packages," immediately in front of the last previous 

transmittal letter, dated April 8, 1968.  

Revised pages 3, 4, 7.1, 8 and 42 should be inserted in the 

binder and the old pages removed. Also, the revised tabulations 

should be inserted in the binder in Appendices A, B and K, and 

the old pages removed.  

New page 50 should be inserted in the binder immediately following 

page 49. New Appendix M should be inserted immediately following 

existing Appendix L.  

The removed pages may be filed in the back of the binder.
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1. Introduction 

An amendment to License SNM-338, Docket 70-337, is hereby 

requested to authorize the delivery of special nuclear material 

to a qarrier for transport in the packagings described herein.  

2. Correspondence - Return Address 

The license amendment and any associated correspondence should 

be sent to Karl R. Schendel, Westinghouse Electric Corporation, 

Box 2278, Pittsburgh, Pennsylvania 15230.  

3. Administrative Control 

The administrative control of the packaging operation will be 

carried out in accordance with the requirements contained in 

the Westinghouse Electric Corporation Health Physics Manual, 

WAED-HP-103, as amended. Currently, the latest revision of 

this manual is Revision V, dated May, 1966.  

4, R.C.C. Packaging 

4.1 Packaging Description 

Designation - RCC (Rod Cluster Control) Shipping Container 

BE. Permit #2254.  

Gross Weight - 6,300 pounds 

Fabrication - The design and fabrication details for the 

RCC Shipping Container are given in Equipment Spec

ification E-676200, dated 8/9/65, and Westinghouse 

drawings EDSK319401F, EDSK319402F and EDSK323!33B, 

which are attached as Appendix A to this application.  

Westinghouse drawing 684J580 is also included in 

Appendix A to indicate the location and retention

DocV 70-337 "' 11/IP/66 Revision No. 17 Date: 4/29/68 PC". f 8
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15.4 Limits and Controls 

The Fissile Class II limit, Fissile Class III limit and 

Procedural Controls presented in Sections 5.4, 5.5 and 

5.6, respectively, will apply directly to this package.  

16. RCC-l Packaging 

16.1 Packaging Description 

Designation - RCC-l Shipping Container 

Gross Weight - 7,200 pounds 

Fabrication - The design and fabrication details for 

the shipping containers in the RCC-I series are 

given in Equipment Specification E-676498, 

Revision 0, and Westinghouse drawings 684J898 and 

541F351, which are attached as Appendix K to this 

application. Westinghouse drawing 684J861 is also 

included in Appendix K to indicate the location 

of, and the method of retaining, poison plates in 

the packaging, when they are required.  

Coolants - Not applicable 

16.2 Contents Description 

The descriptions and discussions given in Section 4.2 

will be directly applicable in all respects, if "and 

Appendix K" is added after "Appendix A" and "drawing 

684J861" is substituted for "drawing 684J580".  

16.3 Compliance with Subpart C of 10 CFR 71 

The descriptions and discussions given in Section 4.3 

will be directly applicable in all respects, if 

"Equipment Specification E-676498" is substituted for 

"Equipment Specification E-676200".

Docket 70-337 DaW 11/18/66 Revision No. 17 Date: 4/29/68 e l 42
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19. RCC-2 Packaging 

19.1 Packaging Description 

Designation - RCC-2 Shipping Container 

Gross Weight - 6,300 pounds 
Fabrication - The design and fabrication details for the 

shipping containers in the RCC-2 series are given 
in Equipment Specification E-676200 as modified by 
Addendum A to become Revision 1, and Westinghouse 
drawings 541F613 and 541F614, which are attached 
as Appendix M to this application. Westinghouse 
drawing 684J963 is also included in Appendix M to 
indicate the location of, and the method of retain
ing, poison plates in the packaging, when they are 
required.  

Coolants - Not applicable 

19.2 Contents Description 
The descriptions and discussions given in Section 4.2 
will be directly applicable in all respects, if "drawing 
684J963" is substituted for "drawing 6843580".  

19.3 Compliance with Subpart C of 10 CFR 71 
The descriptions and discussions given in Section 4.3 
will be directly applicable in all respects. It is 
understood that the reference to Equipment Specification 
E-676200 implies the appropriate revision.  

19.4 Limits and Controls 
The Fissile Class II limit, Fissile Class III limit, 
and the Procedural Controls presented in Sections 4.4, 
4.5, and 4.6, respectively, will apply directly to this 
package. It is understood that the reference to Equip
ment Specification E-676200 implies the appropriate 
revision.  

Docket 70-337 D'Yf- 11/18/66 Revision No. 17 Datb, A /2cl/•P



Appendix A 

Products Shipped in Type RCC and RCC-2 Packages

14 X 14 Zr Clad 
Type Assemblies

14 X 14 SST Clad 
Assemblies

15 X 15 SST Clad 
Assemblies

Pellet Parameters 
Material 
Highest Enrichment (Nom) 
Diameter (Nom) 

Rod Parameters 
Cladding Mt'l 
Diameter (Nom) 
Fuel Lgth (Nom) 

Assy. Parameters 
No. of rods (Max) 
Pattern (Basic) 
Lattice Pitch (Nom) 
Outside Dimen. (Nom) 

Licensing Criteria 
Total U-235 (Max/pkg) 
keff (Max/ass'y) 
k F (Max/1 pkg) eff 
k (Max/MCA) 

Poison Pl. Req'd 
Net Wt. of Contents 

(Max)

U02 
3.7 w/o 
.367"

Zirc.  
.4-23" 
120"

180 
14 X 14 sq 
.556" 
7.8" sq

32.0 kg 
0.86

0.87 

0.96

No

UO2 
3.9 w/o 
.384"

SST 
.422" 
120"

180 
14 X 14 sq 
.556" 
7.8" sq

36.0 kg 
0.86

0.87 

0.96

No

2200# 2200#

U02 3.7 w/o 
.384" 

SST 
.422" 
122" 

204 
15 X 15 
.563" 
8.4" sq 

40.0 kg 
0.85

sq

0.87 
0.96 

No

W~ W~ 

LO

2500#



Appendix B

Products Shipped in Type CC Packages

Type 

Pellet Parameters 
Material 
Highest Enrichment (Nom) 
Diameter (Nom)

14 X 14 SST Clad 
Assemblies 

UO 
. w/o 

0.317"

15 X 15 SST Clad 
Assemblies 

UO 
4.f w/o 
0.355"

Rod Parameters 
Cladding Mt'l 
Diameter (Nom) 
Fuel Lgth (Nom)

Assy. Parameters 
No. of rods (Max) 
Pattern (Basic) 
Lattice Pitch (Nom) 
Outside Dimen. (Nom) 

Licensing Criteria 
Total U-235 (Max/pkg) 
keff (Max/ass'y) 

keff (Max/1 pkg) 

keff (Max/MCA) 

Poison P1. Req'd 
Net Wt. of Contents (Max)

SST 
0. 341" 
105" 

173 
14 X 14 
0.4533" 
6.284"

20 kg 
0.74 

0.84 

0.98 

N.A.  
2000#

S ST 
0. 385" 
106"

sq

208 
15 X 15 sq 
0.513" 
7.695"

27 kg 
0.86 

0.90 

0.98 

N.A.  
2200#

4 

z



Appendix K 

Products Shipped in Type RCC-1 Packages

14 X 14 Zr Clad 

Type Assemblies

15 X 15 Zr Clad 
Assemblies

Pellet Parameters 
Material 
Highest Enrichment (Nom) 
Diameter (Nom) 

Rod Parameters 
Cladding Mt'l 
Diameter (Nom) 
Fuel Length (Nom) 

Assy. Parameters 
No. of Rods (Max) 
Pattern (Basic) 
Lattice Pitch (Nom) 
Outside Dimen. (Nom) 

Licensing Criteria 
Total U-235 (Max/Pkg) 
k (Max/Ass'y) eff 

k (Max/l Pkg) 
k IMax/MCA) 

eff 

Poison P1. Req'd 
Net Wt. of Contents 

(Max)

U0 2 
3.5 w/o 
.372"

Zirc.  
.422" 
'144"

180 
14 X 14 sq 
.556" 
7.8" sq

31 kg 
<0.84 

-0.86 

•_0.96 

No 

3200#

U02 
3.2 w/o 
.372"

Zirc.  
.422" 
144"

204 
15 X 15 sq 
.563" 
8.4" sq

30 kg 
<0.88 

<0.90 

<_0.97

No

3200#

11

0o OD

ooLno



EQUIPMENT SPECIFICATION COVER SHEET 
WESTINGHOUSE FORM 54064 A 

EQUIPMENT SPECIFICATION DATED JREVISION NO. jDATED 

676200 August 9, 196$ 1 May 26, 1967

PROJECT: 

SHOP ORDER:

137" Fuel Assembly Shipping Container 

General

SYSTEM: 

EQUI PMENT: Fuel Assembly Shipping Container

WESTINGHOUSE ELECTRIC CORPORATION 
Atomic Power Division 
P.O. Box 355 
Pittsburgh, Pennsylvania, 15230

IGINAL ISSUE SUPERSEDES 
-- R LPREVIOUS 

REVI S IONS 

ATTACHMENTS

Drawings: 541F613 
541F614

Appendix A 

Addendum A

REV. REVISION ENTERED 
NO. I BY & DATE

APPROVAL 

ORIGINAL qSUE REV. I REV. 2 REV. 3 REV. 4 

_J. J. Hutchinson< 

SHOP ORDER HOLDER H. W. Keller 

?.ROJECT MANAGER H. N. "nrw -~ ____ ____ 
-___

ITEM # Le Page 1 of 3 Pages

FOR SUPPLIER'S CONVENIENCE



A

E•3IPMENT SPECIFICATION 

ADDENDUM A 
Make the following substitution unless it is stated otherwise.  

Page 5, Item 1 c 

Acceptance testing of production prototype unit using cradle assembly designed by W and shear mounts specified by W.  

Page 5, Item 2 o 

a) Westinghouse Drawing 541F351 
b) Westinghouse Drawing 684J898 
c) Delete 

Page 6, Item 3.1.1 

In addition, the container must satisfy the Department of Transportation (D.O.T.), ICC, and Atomic Energy Commission regulatory standards on container specific design features and structural integrity with regard to nuclear safety.  

Page 6, Item 3.1.2 

The internals and component parts shall be designed by W.  

Page 8, Item 3.1.3.2 f 

All components shall be detachable from the container assembly.  

Page 9, Item 3.1.3.2 

Shock overload monitors will be specified by W.  

Page 9, Item 3.1.3.3 

Delete: Figure 3 is an example of one type of structural integrity closure clamp fitting that will be acceptable.  

The container shall be capable of being pressurized to 10 lb/in2 gauge with dry air or nitrogen. Sealed closure must be maintained at a pressure of 5 psi gauge under repeated use.  

Page 10, Item 3.1.3.4 d 

In addition, the container shall be suitable for parallel triangular stacking with one container stacked on top and across two like containers positioned side by side and in contact.  
WESTINGHOUSE ElECTRIC CORPORATION 
ATOMC POWER DIVISION 

Revision No. 1 
to 

WAPD FORM 41 2 E-Spec. 676200 page 2 of 3 Pages
Sm



EQUIPMENT SPECIFICATION 

Page 11, Item 3.1.3.5 d 
A relief valve actuate at 7.5 + 1 psi gauge and closing at 5 - 1 psi gauge shall be 
provided on the surface of the container with rapid depressurization facility.  
Page 12, Item 3.1.3.7 
A minimum thickness of .074" steel shall be used for the container assembly shell.  
Page 12, Item 3.2 
The container shall be of the minimum practicable weight consistent with the performance requirements of this specification.  

Page 13, Item 3.6 d 
BME Permit No. to read DOT Permit No. and include Model No. on label.  
Page 17, Item 4.1.5.2 
The container shall be filled with air to 10 psi gauge and tested for leakage by either water immerision test at a loss of gauge pressure test.  
Page 18, Item 4.1.5.4 (b)(c) 

36" should read 30" 

APPENDIX A 1) -Neutron poison material is contained when required in the lateral spacing between the fuel assemblies to maintain nuclear safety of the shipment under maximum credible accident conditions.  
2) Delete: Brackets are welded to the angle frame members for attachment of the shockmounts.  
5) Item 6 - Attach crane to lifting lug at the forward end of the fuel assembly support frame.  

Item 21 - Move outrigger members to their storage position.  

WESTINGHOUS E .CTRIC COIYWORATION 
ATMIC POWER DIVISION

Revision No. 1 

to 

E-Spec. 676200WAPD FORM 412 Pag'e 3. . of 3.. Pager,
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Westinghouse Electric Corporation 

3 Gateway Center 
Box 2-L78, Pittsburgh, Pa. 15.3o 

March 14, 1968

U. S. Atomic Energy Commission 
Division of Materials Licensing 
Washington, D. C. 20545

Attention: 

Subject:

Mr. Donald A. Nussbaumer, Chief 
Source and Special Nuclear Materials Branch 

Applic±i.- fr Amendment of License SNM-338 
DockEý337 to Authorize Use of NFD Shipping 
Packages

Gentlemen:

The Westinghouse Electric Corporation hereby 
requests an amendment to the subject license to authorize 
the delivery of special nuclear material to a carrier for 
transport in the package described in the attachment to 
this letter.  

Please send the amendment to me at the above 
address.  

If you have any questions, please write to me at 
the above address or telephone me collect, (412) 255-3907.  

Very truly yours, 

Karl R. Schendel 
License Administrator

Attachment: License Amendment 
7 copies transmitted

ITEM #
HW�.

.ji~

.1
t/A

C.. ,.2



I.

SNM-338 
Shipping - NFD 
3/14/68 

FILING INSTRUCTIONS 

The transmittal letter should be filed in the binder, "Amendment 

of License SNM-338, Docket 70-337, to Authorize Use of NFD 

Shipping Packages," immediately in front of the last previous 

transmittal letter, dated March 5, 1968.  

Revised pages 7.1 and Appendix B should be inserted in the 

binder and the old pages removed.  

The removed pages may be filed in the back of the binder..
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SNM-338 
Shipping - NFD

REVISION RECORD (continued)

Revision 
No.  

13 

13 

14 

15

Date of 
Revision Pages Revised 

3/1/68 43-49

3/1/68 

3/5/68 

3/14/68

Appendix L 

Appendix K 

Appendix B

Revision Reason 

Added Section 18, the 
BB 250-2 package 

Added 

Added RGAF data 

Added SELNI data

Docket 70-337 Date: 11/18/66 Revision No. 15 Date: 3/14/68 Pqge 7-1



Appendix B 

Products Shipped in Type' CC Packages

CEX SELNI

?ellet Parameters 
Material 
Enrichment (Nom) High Zone 
Diameter (Nom) 

Rod Parameters 
Cladding Mt'l 
Diameter (Nom) 
Fuel Lgth (Max) 

Assy. Parameters 
No. of rods (Max) 
Pattern (Basic) 
Lattice Pitch (Nom) 
Outside Dimen. (Nom) 

Licensing Criteria 
Total U-235 (Max/pkg) 
keff (Max/ass'y) 

k (Max/l pkg) eff 
k (Max/MCA) eff 

Poison Pl. Req'd 
Net Wt. of Contents (Max)

U0 2 
4.1 . W/o 
0. 317" 

SST 
0.341" 
102"

172 
14 X 14 sq 
0.453" 
6.284"

20 kg 
0.74 

0.84 

0.98 

N.A.  
2000#

U0 2 4.1 w/o 
0. 355" 

SST 
0. 385" 
102"

201 
15 X 15 sq 
0.513" 
7.695"

27 kg 
0.86 

0.90 

0.98 

N.A.  
2200#

Type

LA) Pl) U 
0•' I-'* IA 

co ýI 0o IQ 

IJ



Westinghouse Electric Corporation Power Systems Water Reactor Divisions 

Box 355 
Pittsburgh Pennsylvania 15230 

July 17, 1973 

U. S. Atomic Energy Commission 
Directorate of Licensing 
Washington, D. C. 20545 

Attention: Mr. Charles E. MacDonald, Chief -' 
Transportation Branch / 

Gentlemen: 

Subject: A lication for Amendment of License SNM-338, 
ocket 70-3 , to Authorize Use of NFD Shipping 

Packages 

The Westinghouse Electric Corporation hereby requests 
amendment of the subject license to authorize the delivery 
of special nuclear material to a carrier for transport in 
the Model CC Shipping Package described in the attachment 
to this letter. Please note that this application revises 
the parameters associated with fuel assembly shipping, only.  
This change is not intended to affect the authorization 
which currently exists under Amendment 71-10.  

Please send the amended license to me at the above address.  

If you have any questions, please write to me at the above 
address or telephone me collect (412) 373-4652.  

Very truly yours, 

Karl R. Schendel 

License Administrator 

KRS :jh 

Attachment 

ITEM #_



SNM-338 
Shipping - NFD

FILING INSTRUCTIONS

The transmittal letter should be filed in the binder labelled 

"Application for Amendment of License SNM-338 for NFD Shipping 

Package" immediately in front of the transmittal letter dated 

April 6, 1973.  

Revised pages 7.3, Appendix B, and the report, "CC Package 

Nuclear Criticality Safety Model" should be inserted and the 

old pages removed.  

The removed pages may be filed in the back of the binder.  

Revision No. 31 
July 17, 1973
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SNM-338 
Shipping - NFD

Revision Record (continued)

Revision 
No.

26

26 

26 

26 

27 

27

Date of 
Revision 

7/23/71 

7/23/71 

7/23/71 

7/23/71

9/3/71 

9/3/71

Pages Revised

60, 60.1 

62 

64 - .66 

Appendix R

65

Appendix R

Revision Reason

Added discussion of 
structural adequacy of 
MIL inner can.  

Editorial corrections.  

Added results of 
Super KENO calculations.

Added MS-24347

H/U of 1.5 was 0.5

Added "Single Package 
Evaluation" and Figures 
2 thru 9.

18 

19

Appendix B

53 - 55 

55.1

Appendix P 

Appendix B

Appendix B and 
Criticality Safety 
Model report

Updated LEOPARD 
reference

.500 inches was .444 

Added 14 X 14 Assembly 
with 4.5 w/o enrichment.  
Also added safety model 
report.  

Added provisions for 

shipping loose rods.  

New 

Added rod shipping 
nuclear criticality 
safety model.  

For 15X15 Ass'y increase 
enrich, to 4.5 w/o and 
Total U-235 to 30 kg.  
Added calculations.  

Changed total 235U to 
20 kg. Clarified 
reactivity model with 
steel included.

Docket 70-337 Aate 11/18/66 Revision No. 31 Date:

28 

28 

28

10/8/71 

10/8/71 

10/8/71

29 

29 

29

2/25/72 

2/25/72 

2/25/72

30 4/6/73

31 7/17/73

7/17/7 3 Page 7. 3
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Appendix B 

Products Shipped in Type CC Packages

14 X 14 SST Clad 
Type Assemblies

Pellet Parameters 
Material 
Highest Enrichment (Nom) 
Diameter (Nom)

Rod Parameters 
Cladding Mt'l 
Diameter (Nom) 
Fuel Lgth (Nom)

Assy. Parameters 
No. of rods (Max) 
Pattern (Basic) 
Lattice Pitch (Nom) 
Outside Dimen. (Nom) 

Licensing Criteria 
Total U-235 (Max/pkg) 
keff (Max/ass'y) 
keff (Max/i pkg) 
keff (Max/MCA) 
Poison Pl. Req'd 
Net Wt. of Contents (Max)

002 
4.1 w/o 
0. 317" 

SST 
0. 341" 
105" 

173 
14 X 14 
0.453" 
6.2841"

sq

20 kg 
0.74 
0.84 
0.98 
N.A.  
2000#

15 X 15 SST Clad 
Assemblies

00 4 2 w/o 
0.355" 

SST 
0.385" 
106"

208 
15 X 15 sq 
0.513" 
7. 695"

26 kg 
0.86 
0.90 
0.98 
N.A.  
2200#

14 X 14 SST Clad 
Assemblies

ow/o 

0.313" 

SST 
0.341" 
90"

173 
14 X 14 sq 
0.453" 
6.284"

20 kg 
0.78 
0.84 
0.98 
N.A.  
2000#

-4 (n W) -Jrm 
H I-.l.  

•- .10 I 
•j H1I. W 

to

0



1. INTRODUCTION 

These calculations are in support of an applicatioi for an AEC license to 
ship cruciform core SS clad, SS can uranium assemblies enriched up to 4.5w/o.  
It is concluded that such assemblies can be safelyishipped. A more detailed 
description of the assembly design is given below, together with details 
of the calculations performed and their results.  

2. ASSEMBLY DESCRIPTION AND ASSUMPTIONS 

A cross-section of the assembly appears in Figure 1. There are eleven thick 
clad rods in corners as shown in the figure. The average rod pitch is .518", 
the maximum fuel enrichment, 4.5w/o and the density, 95% of theoretical.  

The shipping container in which the fuel will be shipped is described in the 
following Champion Company, Springfield, Ohio, drawings: 

Drawing No. Title 

10410 Container'- Shipping, Reusable, Metal 

10541 Mounting Assembly Bottom 
10536 Bottom Assembly (two sheets) 
10538 Top Weldment (three sheets) 

The manner of placing the two assemblies in each container is such that the 

sides of the assembly that are recessed to accommodate the cruciform rods, 
are away from each other as shown in Figure 2. The assemblies have been 
represented in the spatial x-y calculations accordingly.  

The following assumptions have been made which are all conservative from the 

standpoint of criticality safety: 

" The assemblies have been assumed to be of infinite length iie., they have 

a zero axial buckling.  

" None of the structural material of the cask has been included in the 

calculations, except the wall thickness in the maximum credible accident 
(MCA).  

"- As the fuel is under-moderated in the assembly design, the density of 
the water has been assumed to be at its maximum value of 1.0 gms/cc.



3. CALCULATIONAL MODEL

Calculations were performed using modified versions of the LEOPARD and PDQ03 
codes. The PDQ03 calculations were performed for each of the following 

cases: 
"• A single assembly, flooded.  

"• Two assemblies in a shipping cask, flooded.  

"* Two shipping casks crushed together and flooded - the MCA. The two 
assemblies in each cask are assumed to remain intact and separated by 
their usual distance. The casks are assumed to be crushed together 

so that both pairs of assemblies are perfectly aligned opposite 
each other. Only the wall thickness of the two casks are assumed to 
lie in between the pairsof assemblies. The two pairs of assemblies are 
then assumed to be separated by that distance which gives the highest 

multiplication factor.  

The geometry, mesh intervals and boundary conditions used in the PDQ03 
calculations for each of the above three cases are shown in Figures 3 

through 5 respectively.  

For the MCA the distance separating the two pairs of assemblies was varied 

to determine that which gives the maximum multiplication factor. Calculations 
were performed at the separations of .324", .384", .5", 1" and 2". Initially 

no cask wall steel was placed in between. The .384" separation gave the 

highest multiplication. Cask wall steel was then inserted.  

4. CALCULATIONAL RESULTS 

The results of the above calculations are tabulated in Table 1.  

A plot of Keff as a function of the distance separating the two pairs of 

assemblies in the MCA appears in Figure 6.  

The criticality safety criteria for the single assembly flooded and the two 
assemblies in the cask, flooded, is a Keff of < .90. For the MCA, with cask 
wall steel included, the required Keff is < .98. The corresponding Keff 
values obtained in the calculations appear at Serial Nos. 1, 2 and 8 
respectively, in Table 1. They are all below the criteria and therefore



the package is safe for shipment.

The following additional information is included: 

Atom Densities Table 2 

Macroscopic Cross-sections Table 3 

5. CONCLUSIONS 

Cruciform core SS clad, SS can uranium fuel as described in this report 

and enriched up to 4.5w/o can be safely shipped in the Champion Company 

shipping container.  

A. Saeed



Table 1

Multiplication Factors

Serial No.  

1 

2 

3 

4 

5 

6 

7 

8

Case 

Single assembly flooded 

Two assemblies in cask flooded 

MCA (two pairs of assemblies in two casks 
crushed together) with no cask wall 
steel in between. Separation between 
pairs of .324".  

Same as 3 with .384" separation 

Same as 3 with .5" separation 

Same as 3 with 1" separation 

Same as 3 with 2" separation' 

Same as Serial No. 3 with cask wall 
steel in between

Keff 

.8109 

.8642 

.9996 

1.00228 

1.00195 

.9936 

.9583

.9712



Table 2

Atom Densities 

(Atoms/cc, 1024 units) 

Flooded Fuel 
Assembly, 4.5w/o

Hydrogen 

Oxygen 

Zi rcaloy 

Stainless Steel 

U-234 

U-235 

U-236 

U-238.

.03800 

.03439 

.0001513 

.007299 

.000002854 

.0003506 

.000002184 

.007342

Element SteelWater 

.06688 

.03344

.0897
I



Table 3

Macroscopic Cross-Sections 

(Temperature = 600F, Water density used = 1.0 gms/cc)

Cross-Section 

Group 1 

D (an) 

D (cm) E a (cm-) 

ER (cm-) 

Uzf (a-1 ) 

Group 2 

D (cm) 

za (cm
1-) 

uz~f (an"1 )

Flooded Fuel 
Assembly, 4.5w/o

1.1306 

.01119 

.02146 

.009583

.2077 

.2353 

.3796

Water

1.2855 

.0004409 

.04888

.1642 

.0222

Steel 

1.18 

.00055 

.000331 

.337 

.22



Table 4

MCA - Row Mesh Intervals 

From Row 27 through Row Boundary 

(Applies to Figure 5) 

Separation Between Boundary 
Pairs of Assemblies Row No.  

Inches

Mesh Intervals 
Row 27 through 
Row Boundary, an

.324 28 .4115 

.384 29 .0762, .4115 

.5 29 .2235, .4115 

1.0 30 .4293,..4293, .4115 

2.0 31 .7095, .7095, .7095, 
.4115 

NOTE: The .4115cm distance represents half the thickness of the cask 

wall steel between the two pairs of assemblies.



LEGEND: 

W1 INSTRUMENT WATER HOLE

M Zr FILLER BAR 

"D THIN CLAD RODS

a

THICK CLAD RODS.  2', NIL THICK WALLS

l SS CAH AROUND ASSEABLY

Figure 1 Assembly Regular and Thick Clad Rod Pattern



_. •Sides recessed to accommodate 
cruciform rods. Clamps press 
assemblies down on these sides 
against a rigid base and studs 
separating them.

Figure 2 Manner of Placing Cruciform Assemblies in Shipping 
Container



27 -
0

8 

27 

35 

Boundary conditions: Zero flux on all four sides.  

Column mesh intervals in cm: 

Columns 0 thru 8; reflector: 3.0, 3.0, 3.0, 3.0, 3.0, 2.0, 1.0, .5 

Columns 8 thru 27; assembly: .1791, 1.0922, .2235, 13 times 1.3157, .2235, 

1.0922, .1791 

Columns 27 thru 35; reflector: same as columns 0 thru 8 in reverse 

Row mesh intervals: same as column mesh intervals 

Figure 3 Geometry and Mesh Intervals for a Single Assembly Flooded

0 35



8 27" 35 

8 

27 

35 

Boundary conditions: Zero current on left, Zero flux on the remaining 
three sides 

Column mesh intervals in cm: 

Columns 0 thru 8: gap between the two assemblies in cask, .51, .51, .51, .51, 

.51, .51, .50, .25 

Columns 8 thru 35, assembly and reflector: same as for columns 8 thru 35 
in Figure 3 

Row mesh intervals: same as in Figure 3

Figure 4 Geometry and Mesh Intervals for Two Assemblies in Cask Flooded

4 . .



- I *

0 8 27 35 0 

8 

27 

Variable 
(see below) 

Boundary conditions: Zero current on left and lower sides, Zero flux on 
remaining two sides 

Column mesh intervals: Same as in Figure 4 

Row mesh intervals in cm: Row 0 thru 27, same as in Figure 3 

Row 27 thru row boundary, see Table 4

Figure 5 Geometry and Mesh Intervals for the MCA
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

DEC 2 1 1970

Amendmnts Nos.37* 71-38 

estirK-houso Electric-Corporation 
3.ttn: '.r. Karl R. Schendel 
,' stinohouso Building 
3 Gatew•-y Center 
21ttsiwurgh, Pennsylvania 15222 

,;entlemun:

Distribution: ' 
Docket File, w/encl 

- Document Room, w/encl 
SState Health (License only) 

• pliance, Hq (2), w/encl 
H. J. McAlduff, OROO, w/encl 
-R. Weber, SMM, w/enc" 
C. Thornton, IMS, w/encl 
A. Cabell, ADNZ:DR, w/encl 
R. L. Stevenson, DNL, v/el 
D. A. Nussbaumer, VIL, w/encl 
C. E. MacDonald, MgL, .w/encl .  
Branch RPF, w/enl.  

.M% R/F, .w/o encl

:?ncloL.cd are Amendments r•os* 71-37 and 71-38 to Special Nuclcor 
.Iatert-1. License No& 51&-338 authoriziMn the delivery of special 
nuclcr material to a carrier for transport in the RCC and RCC-1 
pack,.ges. These amendments supersede amendments previously issued 
for tIeGse packages*.  

Plea..- note that the amendments do not authorize the transport of 
speci.1 nuclear material. Such transport is normally subject to.  
regulc~tion by the Department of Transportation (DOT)i questions 
regardina their requirements should be directed •to DOT.

/
Sincerely,

Original Signed by" 
Afl C. Rouse 

,ýyDonald A. Nussbaumer. Chief 
6 Fuel Fabrication and 

Transportation Branch 
Division of Materials Licensin;

Enclosures: 
As stated

cc: $,,r. Alfred V. Grella 
Department of Transportation

t

ITEM # 43

"-.3;7

tv"j-, 7001



•":ii., .,UNITED STATES 

.....- ' - ATOMIC ENERGY-.COMMISSION 
WASHINGTON. D.C. 20545

MRS~
MIfL:C 

:-.70-33 
S SNI-3 

• :.: .,.,/

J7 

.. . . .- . ;- " . .  

38o Amendmewnts Nops. 71-35 .71Z-36 

"Westioghouse Electric Corporation 
Attn: Mr. Karl R. Schendel 
Vestin&house_ Bulding.S 
3 Gateway Coter... : 

i... .ttsburgh,' =y1van1& 15222

"T 2 3 1 Distribution: 190 Dock~et FiLle, w/encl • 
Document Room, /encl -A / 

State Health (License only) 
Compliance, HQ (2) 
H. J. McAlduff, OROOP w/ensnot 

W. Weber, SM1, W/encl 
"* . . Director, IS, v/encl 

': " A. Cabell, ADX:DR, w/encl 

R. L. Stevenson, fl1L& v/enl 
C. E. MacDonald, ML, v/encl (2 
"Branch R/F, v/en .  
"MhIL RIF-W v/o encl

Gentlemenw-

-Enclosed are A dments Nos. 71-35 and 71-36. to Special Nuclear Mate
rial License No. SI-338 authorizing the delivery oZ special nuclear 
material to a-carrier for transport in the RC• and RCC-l packages, 
'These ama ents. upersede amandments previously issued for these 
packages.

Pleas note that ýthe mndments do not authori, e the .;ransport of 
s special . r "aterial. Such transport is nozmally subjected to 

gardi.g their . ..uixa.ment hogld e .drectoedtQ= W,.  

. " .• ...... Sincerely,

-- driguinlig d by . .  
1Donald A. Iussbaumer

*/

Donald A, Nusbaumers Chief 
Fuel Fabriction and 

Transportation Branch 
Division of Materials Licensing

X, 

Enclosures; 
As stated 

cat Mr. Alfred Me-.Grellk 
Department of Transportation.

.1* 

7-TEM#.

Jý

j. _



form. Ag-401a 
(7/70) CoPy OCT 2 3 1970

UNITED STATES 
ATOMIC ENERGY COMMISSION 

LICENSE AMENIMENT 
for 

DELIVERY OF RADIOACTIVE MATERIAL 
to a 

CARRIER FOR TRANSPORT 

Pursuant to the Atomic Energy Act of 1954 and Title 10, Chapter 1, Code of 
Federal Regulations, Part 30, "Rules of General Applicability to Licensing 
of Byproduct Material", Part 70, "Special Nuclear Material", as appropriate, 
and Part 71, "Packaging of Radioactive Material for Transport", the follow
ing amendment to the license identified below is hereby issued, authorizing 
the licensee to deliver radioactive material to a carrier for transport, 
and is subject to the conditions specified in that license and to the condi
tions specified below: 

LICENSEE 

1. Name: Westinghouse Electric 3. License No. SNM-338 
Corporation 

2. Address: 3 Gateway Center Amendment No. 71-35 
Box 2278 
Pittsburgh, Pennsylvania 15222 Docket No. 70-337 

CONDITIONS

4. (a) Packaging

(1) Model number 

(2) Description 

(3) Drawings

RCC

Steel fuel element cradle assembly 
consisting of a strongback and adjust
able fuel element clamping assembly, 
shock mounted to a minimum 0.074" 
steel outer container by; shear mounts.  
Neutron absorber plates are required 
for the contents described in 4(b)(1) 
(ii).  

Container constructed in accordance 
with Westinghouse Electric Corporation 
Drawings EDSK319401F, EDSK319402F, 
EDSK323133B, and 684J580 or 684J963, 
541F613, 541F614, and EDSK323133B.

AoRPY
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LICENSEE: 

LICENSE NO: 

DOCKET NO:

Westinghouse Electric Corporation

SNM-338' 

70-337

PAGE 2 

AMENDMENT NO. 71-35:

Contents

(1) Type and form 
of material

(i) Uranium dioxide as zircaloy or stain
less steel clad unirradiated fuel 
elements of the following specifica
tions:

Pellet diameter (Nom) 
Rod diameter (Nom) 
Maximum Fuel Length 
Maximum Rods/element 
Maximum Cross Section (Nom) 
Maximum U-235/element 
Maximum :U-235 enrichment

14 x 14 
Zr Clad 

0.367" 
0.423" 

120" 
180 
7.8" sq 
16 kgs 
3.7 w/o

14 x 14 
SST Clad 

0.384" 
0.422" 

120" 
180 
7.8" sq 
18 kgs 
3.9 w/o

15 x 15 
SST Clad 

0.384" 
0.422" 

122" 
204 
8.4" sq 
20 kgs 
3.7 w/o

(ii) Uranium dioxide as zircaloy or 
stainless steel clad unirradiated 
fuel elements. Two (2) neutron 
absorber plates consisting of 0,19" 
thick, full length stainless steel 
containing 1.3/. minimum boron or 
0.19" thick OFHC copper are required 
between fuel elements of the follow
ing specifications:

14 x 14 
Type Zr Clad

Pellet diameter (Nom) 
Rod diameter (Nom) 
Maximum Fuel Length 
Maximum rods/element 
Maximum Cross Section (Nom) 
Maximum U/235/element 
Maximum U-235 enrichment 

(2) Maximum quantity of 
material per package

0.367" 
0.422" 

120" 
180 

7.8" sq 
16.5 kgs 
3.85 w/o

14 x 14 
SST Clad 

0.384" 
0.422" 

120" 
180 

7.8" sq 
18.5 kgs 
4.0 w/o

15 x 15 
Zr Clad 

0.367" 
0.422" 

120" 
204 

8.4" sq 
18.0 kgs 
3.59 w/o

15 x 15 
SST Clad 

0.384" 
0.422" 

120" 
204 

8.4" sq 
20.5 kgs 
4.0 w/o

For the contents described in 
4(b)(1)(i) or 4(b)(1)(ii): 

Two fuel elements containing not 
more than 41 kilograms U-235.

cOpy
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(c) Fissile Class II and III 

(1) Minimum transport index 
to be shown on label 
for Class II 

(2) Maximum number of packages 
per shipment for Class III

1.5

60 packages

5. This amendment supersedes, in its entirety, Amendment No. 71-32 to SNH-338, 
dated March 24, 1970.  

6. The package authorized by this amendment is hereby approved for use under the 
general license provisions of Paragraph 71.7(b) of 10 CFR Part 71.  

REFERENCES 

Licensee's application dated November 18, 1966, requesting approval to deliver 
special-nuclear material to a carrier for transport in the RCC package.  

Supplements dated May 25, 1967, January 30, April 29, 1968, February 18, and 
October 20, 1970.  

FCR THE ATomIC ENERGY COMMISSION

Original Signed by 
Donald A. tlussbaumer

Date of Amendment OCT 2 3 1970
Donald A. Nussbaumer 

S.Division. of Materials Licensing
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UNITED STATES 
ATOMIC ENERGY COMISSION

LICENSE AMENDMENT 
for 

DELIVERY OF RADIOACTIVE MATERIAL 
to a 

CARRIER FOR TRANSPORT 

Pursuant to the Atomic Energy Act of 1954 and Title 10, Chapter 1, Code of 
Federal Regulations, Part 30, "Rules of General Applicability to Licensing 
of Byproduct Material", Part 70, "Special Nuclear Material", as appropriate, 
and Part 71, "Packaging of Radioactive Material for Transport", the follow
ing amendment to the license identified below is hereby issued, authorizing 
the licensee to deliver radioactive material to a carrier for transport, 
and is subject to the conditions specified in that license and to the condi
tions specified below: 

LICENSEE 

1. Name: Westinghouse Electric 3. License No. SNM-338 
Corporation 

2. Address: 3 Gateway Center Amendment No. 71-36 
Box 2278 
Pittsburgh, Pennsylvania 15222 Docket No. _70-337 

CONDITIONS

4. (a) Packaging

(1) Model number RCC-l

(2) Description 

(3) Drawings 

(4) Fuel rod container

Steel fuel element cradle assembly con
sisting of a strongback and adjustable 
fuel element clamping assembly, shock 
mounted to a 14-gage steel outer con
tainer by shear mounts. Neutron absorber 
plates are required for the contents de
scribed in 4(b)(1)(ii).  

Container constructed in accordance with 
Westinghouse Electric Corporation Drawings 
541F351, 684J861 and 6843898.  

Reinforced 13-gage steel box approximately 
9" x 9" x 160" constructed in accordance 
with Westinghouse Electric Corporation 
Drawing C5650D55.

C:

"Form -AEC-401a 
(7/70)

0
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LICENSE NO: SNK-338 

DOCKET NO: 70-337 

(b) Contents

(1) Type and form 
of material

Type

Pellet diameter (Nom) 
Rod diameter (Nora) 
Maximum Fuel Length 
Maximum Rods/element 
Maximum Cross Section (Nom) 
Maximum U-235/element 
Maximum U-235 enrichment

AMENDMENT NO. 71-36

(i) Uranium dioxide as zircaloy or stainless 
steel clad unirradiated fuel elements of 
the following specifications:

15 x 15 14x 14 
Zr Clad Zr Clad

0.367" 
0.422" 

141" 
204 

8.4" sq 
15 kgs 
3.2 w/o

0.367" 
0.422" 

144" 
180 

7.8" sq 
15.5 kgs 
3.5, w/o

14 x 14 
Zr Clad 

0.367" 
0.423" 

120" 
180 

7.8" sq 
16 kgs 
3.7 w/o

14 x 14 
ST Clad 

0.384" 
0.422" 

120" 
180 

7.8" sq 
18 kgs 
3.9 w/o

15 x 15 
SST Clad 

0.384" 
0.422" 

122" 
204 

8.4" sq 
20 kgs 
3.7 w/o

(ii) .Uranium dioxide as zircaloy or stainless 
"steel clad unirradiated fuel elements.  
Two (2) neutron absorber plates consisting 
of 0.19" thick, full length stainless 
steel containing 1.3% minimum boron or 
0.19" thick OFHC copper are required be
tween fuel elements of the following 
specifications: 

14 x 14 15 x 15 14 x 14 14 x 14 15 x 15 15 x 15 
-Zr Clad Zr Clad Zr Clad SST Clad Zr'Clad SST CladType

Pellet diameter (Nom) 0.367" 
Rod diameter (Nom) 0.422" 
Maximum Fuel Length 144" 
Maximum Rods/element 180 
Maximum Cross Section (Nom) 7.8" sq 
Maximum U-235/element 17 kgs 
Maxfimum U-235 enrichment 3.85-w/o

0.367" 0.367" 0.384" 
0.422" 0.422" 0.422" 

144" 120" 120" 
204 180 180 

8.4" sq 7.8" sq 7.8" sq 
17 kgs 16.5 kgs 18.5 kgs 
3.59 w/o 3.85 w/o 4.0 w/o

0.367" 0.384" 
0.422" 0.422" 

120" 120" 
204 204 

8.4" sq 8.4" sq 
18.0 kgs 20.5 kgs 
3.59 w/o 4.0 w/o

(iii) Uranium dioxide as zircaloy or stainless 
steel clad unirradiated fuel rods of the 
following specifications:

Tpe 

Pellet diameter (No.) 
Rod diameter (Nom) 
Fuel length (Max) 
Maximum U-235 enrichment

SST Clad 

0.372" 
0.422" 

144" 
3.9 w/o 

COPY

* COPY 
-Westinghouse Electric CorporationLICENSEE: PAGE 2

Zr Clad 

0. 372" 
0.422" 

144" 
3.7 w/o
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LICENSE NO: .SR4-338 AMMEDMT NO: 71-36 

DOCKET NO: 70-337 

(2) Maximum quantity of (iL) For-the contents described in 4(b)(1)(i) 
material per package or 4(b) (1) (ii): 

Two fuel elements containing not more 
than 41 kilograms U-235.  

(ii) For the contents described in 4(b)(1)(iii) 

Two inner containers described in 4(a)(4) 
containing not more than 66 kilograms 
U-235.  

(c) Fissile Class II and III 

(1) Minimum transport index to be 1.5 
shown on label for Class II 

(2) Maximum number of packages 60 
per shipment for Class III 

5. Fuel rods shall be closely packed in the fuel rod container on no more than an 
equivalent metal-to-metal square lattice. Partially loaded fuel rod containers 
shall be fitted with a minimum of three, equally spaced blocks, of which the non
combustible portion of the block shall assure that the rods are maintained on no 
more than an equivalent metal-to-metal square lattice within the fuel rod container..  

6. This amendment supersedes, in its entirety, Amendment No. 71-33 to SNM-338, dated 
March 24, 1970.  

7. The package authorized by this amendment is hereby approved for use under the 
general license provision of Paragraph. 71.7(b) of 10 CFR Part 71.  

REFERENCES 

Licensee's application dated December 8, 1967, requesting approval to deliver special 
nuclear material to a carrier for transport in the RCC-l package.  

Supplements dated January 30, March 1, March 5, April 29, 1968; May 28, July 28, 1969, 
February 18, and October 20, 1970.  

FOR THE ATOMIC E1MERG" COMMISSION 

Original Signed by 
heald A. Russbaurn 

Date of Amendment OCT 2 3 1970 

Donald A. Nussbaumer 
Division of Materials Licensing 

coPy
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U.S. ATomjC EVRG COMMJ

PR CHARLES MACDONALD , " 

US.S. ATOM-C ENERGY COMMISSION 1i. ;.  

DIVISION OF MATERIALS LICENSING.  

FUEL FABRICATION & TRANSPORTATIONl BRANCH 

WASHINGTON, D. C.  * j1--D7 . .0 , -. .. .... -.....  ý. --: 0 m->O- 0 " 7 0 • •3 .0 7 P..... .. . " 

cor DIv of C6mplianc.  
THE WESTINGHOUSE ELECTRIC CORPORATION HEREBY REQUESTS AMENDMENTS TO. LICENSE SNM-338 DOCKET TO REVISE EXISTING LICENS .0, 

7-AMENDMENTS 71-32 Aft~ 71-3.3 TO' ADD TH OLWNG ULASML 
:•V•. A MA ETrRS,~ .. ". : 

PLLET MATERIAL. ... UO 

V. 2 
HIGHEST ENRICHMEND /NOM./ 4.0 W/o 

" I DIAMETER \/NOM. 9 34" 

ROD CLADDING MATERIAL SST 
J ' DIAMETER /NOM./ .422" 

FUEL LENGTH /NOM./ 120" 

ASSEM.BY NUMBER OF RODS /INA..I/ 204 • 
''LATTICE PITCH /NOL./ 

.563" 

OUTSIDE LeMENSION /NOI'I/ 9.4" qO.3

4

•.• '.'•i!:i- ---' -.....--



255

TOTAL U 4/MAX/PcG/ 41 KG

LESS THAN 0.99

EFF

POISON PLATE REQUIRED 

hrNT WEIG,,T /MAX./

OFHC COPPER 

3100 LBS

PLEASE SEND TH AIMENDNlN-s TO NE AT WESTINGHOUSE ELECTRIC CORPOR

ATION, WESTINGHOUSE BUILDING, GATEWAY CENTER, PITTSBURGH2 PA.  

15222.  

IF YOU HAVE ANY QUESTIONS TELEP,,ONE COLLECT AT 412-255-3907.  

KARK R. SCHENDEL, LICENSE ADMINISTRATOR WESTINGHOUSE ELEC CORP.,, 

GATEW'JAY CENTER, PITTSBURGH, PA.  

5C 284 

RL

4'. 1

3361END

0

K
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545

L:FM:CEM 
70-337 
SM4-338, Amendment No. 71-43

MAY 1 9 1972

Westinghouse Electric Corporation 
ATTN: Mr. Karl R. Schendel 
Box 355 
Pittsburgh, Pennsylvania 15230 

Gentlemen: 

Enclosed is Amendment No. 71-43 to Special Nuclear Material License 
No. S144-338 authorizing the delivery of special nuclear material to 
a carrier for transport in the RCC, RCC-l, and RCC-2 packages. This 
amendment supersedes in its entirety, Amendment No. 71-34 to this 
license.  

Note that this amendment does not authorize the transport of special 
nuclear material. Such transport is normally subject to regulation 
by the Department of Transportation (DOT). Questions regarding their 
requirements should be directed to DOT.  

Sincerely, 

Charles E. MacDonald, Chief 
Transportation Branch 
Directorate of Licensing

Enclosure: 
As stated

cc: Mr. Alfred W. Grella 
Department of Transportation

ITEM #up-

Distribution: w/encl.  
Document Room 
State Health (License only) 
Docket File 
CO:HQ (2) 
HJMcAlduff, OROO 
RWeber, HUMS 

RGPage, L:MPP (2) 
ACabell, ADM:DR 
BBrooks, WCRR 
RLStevenson, L:FM 
Branch R/F 
L:FM R/F, w/o encl

A

ýyr
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UNITED STATES 
ATOMIC ENERGY COMMISSION

MVAY 1 1972

LICENSE ANENDMENT 
for 

DELIVERY OF RADIOACTIVE MATERIAL 
to a 

CARRIER FOR TRANSPORT 

Pursuant to the Atomic Energy Act of 1954 and. Title 10, Chapter 1, Code of 
Federal Regulations, Part 30, "Rules of General Applicability to Licensing 
of Byproduct Material", Part 70, "Special Nuclear Material", as appropriate, 
and Part 71, "Packaging of Radioactive Material for Transport", the follow
ing amendment to the license identified below is hereby issued, authorizing 
the licensee to deliver radioactive material to a carrier for transport, 
and is subject to the conditions specified in that license and to the condi
tions specified below: 

LICENSEE 

1. Name: Westinghouse Electric 3. License No. SNM-338 
Corporation 

2. Address: Box 355 Amendment No. 71-43 
Pittsburgh, Pennsylvania 

15230 Docket No. 70,n337 

CONDITIONS

4. (a) Packaging

(1) Model number 

(2) Description 

(3) Drawings

(4) Fuel rod

RCC, RCC-l, and RCC-2 

Steel fuel element cradle assembly con
sisting of a strongback and adjustable 
fuel element clamping assembly, shock 
mounted to a 14-gage steel outer con
tainer by shear mounts. Neutron absorber 
plates are required for the contents as 
specified.  

Containers constructed in accordance with 
Westinghouse Electric Corporation Drawings 
EDSK319401F, EDSK319042F, EDSK323133B, 
684J580 for the RCC, 541F351, 684J861, 
684J898 for the RCC-l, and 684J963, 541F614 
and EDSK323133B for the RCC-2.

container Reinforced 13-gage steel box approximately 
8" x 8" x 160" constructed in accordance 
with Westinghouse*Electric Corporation 

Co E3 \/Drawing C5650D55.



LICENSEE: Westinghouse Electric Corporation

LICENSE NO: SNM-338

MAY 1 9 1972

PAGE NO: 2 of 3 

AMENDMENT NO: 71-43 

DOCKET NO: 70-337

(b) Contents

(1) Type and form of 
material

(i) Mixed PuO2 in natural U02 as pressed 
sintered pellets fully clad in leak
tight zircaloy of minimum 0.018" 
thickness as fuel rods which are 
assembled into fuel elements. Two 
(2) neutron absorber plates consisting 
of 0.9" thick, full length stainless 
steel containing 1.3% minimum boron 
or 0.19 thick, full length OFHC copper 
are required between fuel elements of 
the following specifications:

Type 
Pellet diameter (Nom) 
Rod-diameter (Nom) 
Maximum Fuel Length 
Maximum Rods/element 
Maximum Cross Section (Nom) 
Maximum Pu/element 
Maximum Pu fissile/element

14 x 14 
0.367" 
0.429' 

120" 
180 

7.8" sq.  
14.5 kgs.  
3.31 w/o

(ii) Mixed Pu0 2 in natural U02 as pressed 
sintered pellets fully clad in leak
tight zircaloy of minimum 0.018" 
thickness as fuel rods of theffollow
ing specifications:

Pellets diameter (Nom) 
Rod diameter (Nom) 
Fuel length (Nom) 
Highest w/o Pu fissile..

(2) Maximum quantity 
material per package

0.367.' 
0.422" 

120" 
(Nom).. 3.6.w/o

(i) For the-contents described in 4(b) (1)(i) :

Two fuel elements containing not more 
than 29 kilograms'plutonium.  

(ii) For the contents described in .4(b) (1) (ii) :

GOR.Y
Two inner containers described in 
4(a) (4) containing -not more than 
66 kilograms Pu.

cop.y
V
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LICENSEE: Westinghouse Electric Corporation PAGE NO: 3 of 3 

LICENSE NO: SNM-338 AENDMENT NO: 71-43 

DOCKET NO: 70-337 

(c) Fissile Class II and III 

(1) Minimum transport index 1.5 
to be shown on label for 
Class 1I 

(2) Maximum number of packages 60 
per shipment for Class III 

5. Fuel rods shall be closely packed in the fuel rod container on no more than 
an equivalent metal-to-metal square lattice. Partially loaded fuel rod con
tainers shall be fitted with a minimum of three, equally spaced blocks, of 
which the noncombustible portion of the blocks and the method by which they 
are secured shall assure that the rods are maintained on no more than an 
equivalent metal-to-metal square lattice within the fuel rod container.  

6. This amendment supersedes, in its entirety, Amendment No. 71-34 to this 
license dated June 11, 1970.  

7. The package authorized by this amendment i_-.heiby aparoved for use under 
the general license provision of Paragrap6I 71.9(b) o'f'10 CFR Part 71.  

REFERENCES 

Licensee's application dated March 13, 1970, requesting approval to deliver special 
nuclear material to a carrier for transport in the above packages.  

Supplements dated March 19, May 22, 1970, and February 25, 1972.  

FOR THE ATM2IC ENERGY CON MISSION 

Date of Amendment-', 
flixectorate of Ligensing C •. -.. •_Washington, D. C. 20545



Westinghouse Electric Corporation Power Systems Bx3 PiWtrg Pnsylvana 15230 

February 25, 1972 

U. S. Atomic Energy Commission 
Division of Materials Licensing 
Washington, D. C. 20545 

Attention: Mr. Donald A. Nussbaumer, Chief 
Fuel Fabrication & Transportation Branch 

Gentlemen: For Div. Ot CompliWIGC 

Subject: Applicat or Amendment of License SNM-338, 
Docke t70-337) to Authorize Use of NF•--nphg 
Package--

The Westinghouse Electric Corporation hereby requests 
amendment of the subject license to authorize the delivery 
of special nuclear material to a carrier for transport in 
the Model RCC Series Shipping Packages described in the 
attachment to this letter. Please note that this application 
revises the parameters associated with plutonium fuel shipping, 
only. This change will revise amendment 71-34 but is not 
intended to affect the authorizations that currently exist 
under Amendments 71-37 and 71-38.  

Please send the amended license to me at the above address.  

If you have any questions, please write to me at the above 
address or telephone me collect (412) 373-4652.  

Very truly yours, 

Karl R. Schendel 

License Administrator 

KRS : jh 

Attachment



SNM-338 
Shipping - NFD 

FILING INSTRUCTIONS 

The transmittal letter should be filed in the binder labelled 

"Application for Amendment of License SNM-338 for NFD Shipping 

Package" immediately in front of the transmittal letter dated 

October 8, 1971.  

Revised pages 7.3, 53, 54, and 55 should be inserted and the 

old pages removed.  

New page 55.1 should be inserted immediately following page 

55. The new report, Rod Shipment - Nuclear Criticality Safety 

Model sh6uld be inserted immediately following the second page 

of calculations in Appendix P.  

The removed pages may be filed in the back of the binder.  

Revision No. 29 
February 25, 1972



SNM-338 
Shipping - NFD

Revision Record (continued)

Revision 
No.

26

26 

26 

26 

27 

27

28 

28 

28

29 

29 

29

Date of 
Revision 

7/23/71 

7/23/71 

7/23/71 

7/23/71

9/3/71 

9/3/71

10/8/71 

10/8/71 

10/8/71

2/25/72 

2/25/72 

2/25/72

Pages Revised

60, 60.1 

62 

64 - 66 

Appendix R

65

Appendix R

18 

19

Appendix B

53 - 55 

55.1

Appendix P

Revision Reason

Added discussion of 
structural adequacy of 
MIL inner can.  

Editorial corrections.  

Added results of 
Super KENO calculations 

Added MS-24347

H/U of 1.5 was 0.5

Added "Single Package 
Evaluation" and Figures 
2 thru 9.  

Updated LEOPARD 

reference 

.500 inches was .444 

Added 14 X 14 Assembly 
with 4.5 w/o enrichment 
Also.added safety model 
report.  

Added provisions for 
shipping loose rods.  

New 

Added rod shipping 
nuclear criticality 
safety model.

Docket 70-337 Data 11/18/66 Revision No. 29 Dat2• /.2/25/72



SNM-338 
Shipping - NFD 

20.3 (continued) 

If one box of loose rods and one fuel assembly are loaded 

in a single package, the resulting reactivity values would 

be some intermediate values, so that a mixed load will 

also be nuclearly safe.  

20.4 Limits and Controls 

The Fissile Class II limit, Fissile Class III limit and 

Procedural Controls presented in Section 4.4 or 16.4, 

will apply directly to this package.  

21. Mixed Oxide Fuel Shipping Package 

21.1 Packaging Description 

The RCC, RCC-l or RCC-2 Packagings described in Sections 

4.1, 16.1 and/or 19.1 will be used. When loose rods are 

being shipped, the inner box of #13 Ga. steel described 

in Section 20.2 will be used.  

21.2 Contents Description 

Radioactivity - 250,000 curies, maximum 

Identification of SNM - The SNM will be plutonium at 

several weight percentages (not to exceed 4.4 w/o) 

in natural uranium.  

Form of SNM - The SNM will be in the form of plutonium 

oxide mixed with natural uranium oxide. The mixture 

will have been pressed and sintered into pellets, clad 

in Zircaloy as fuel rods and , possibly, assembled into 

clad fuel assemblies. Tests have established that the 

clad fuel rods meet the criteria for special form material

Docket 70-3'37 Date 11/18/66 Revision No. 29 Date: 2/25/72



SNM-338 
Shipping - NFD

21.2 (continued) 

Specific data on maximum parameters are: 

Pellet Material PuO2 - U02  Pu02 - U02 
Highest w/o Pu (Nom.) 3.31 w/o Fissile 3.6 w/o Fissile 
Diameter (Nom.) .367" .367" 

Rod Cladding Material Zircaloy Zircaloy 
Diameter (Nom.) .429" .422 
Fuel Lgth. (Nom.) 120" 120" 
Cladding Thick. (Min.) 0.018" 0.018" 

No. of Rods per Assy or 
Box (Max) 180 .361 
Pattern (Basic) 14 x 14 sq. Sq.-Close Packed 
Lattice Pitch .556" (Nom)* .556 (Max) 
Outside Dimen. (Nom.) 7.8" sq. 8.2" sq.  

*See Appendix P for enrichment pattern 

Total Pu (Max/pkg.) 29 kg 66 kg 
keff (Max/MCA) 0.97 0.977 
Poison.PI. Req'd OFHC Copper Steel Box 
-Net Wt. (Max.) 2500# 5500# 

The descriptions and discussions contained in Sections 

4.2, 16.2, 19.2 and/or 20.2 will be directly applicable if 

references to Appendix A and Appendix K are superseded by 

the specific data in this Section.  

21.3 Compliance with Subpart C of 10CFR71 

The descriptions and discussions contained in Sections 

4.3, 16.3, 19.3 and 20.3 will be directly applicable, 

provided that: 

(1) The references to Appendix A and Appendix K are 

superseded by the specific data in this Section.  

(2) The reference to the nuclear criticality safety 

of unmoderated uranium enriched < 5 w/o is super

seded by the statement that LEOPARD, PDQ-03 cal

culations have established that an infinite lattice 

Docket 70-237 Date 11/18/66 Revision No. 29 Date: 2/25/72 Page 54



SNM-338 

Shipping - NFD 

21.3 (continued) 

of mixed oxide fuel assemblies as described in 

Section 21.2 will have k, <1 in the unmoderated 

condition. Therefore, any number of unmoderated 

packages will be nuclearly safe.  

The requirements of § 71.32 are readily fulfilled by this 

package. Calculations of the stresses which would occur 

in the packaging shell when transporting fuel assemblies 

result in a computed maximum stress of 1" 7,250 psi for a 

36,000 lb (5 X 7200 lb) uniformly distributed load. When 

transporting boxed fuel rods, the maximum stress is calculated 

to be approximately 10,300 psi. These values both are well 

below the accepted yield strength value of even a mild 

steel, and the maximum stress values are conservative since 

the calculations do not consider the effects of the rest of 

the packaging structure, such as the very rigid support 

members that carry the shock mounts. Basic computations 

are supplied in Appendix P.  

With regard to pressure resistance, the package loading is 

restricted to clad fuel rods. Regarding each fuel rod as 

the containment vessel for the fuel pellets within it, 

each containment vessel is designed to withstand, without 

failure, an external pressure of 2250 psi at elevated 

temperatures. The 25 psi external pressure criteria is very 

conservatively less than these design working parameters.

Docket 70-337 Da 11/18/66 Revision NO. 29 Date: 2/25/72
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Shipping - NFD 

21.3 (continued) 

The nuclear criticality safety model used to evaluate 

the transportation of boxed rods is supplied in 

Appendix P.  

21.4 Limits and Controls 

The Fissile Class II limit, Fissile Class III limit and 

the Procedural Controls presented in Sections 4.4, 4.5, 

4.6, 16.4 and/or 19.4, as appropriate, will apply direct

ly to this package.

Date: 11/18/66 Revision No. 29 Date: 2/25/72Docket 70-337 Pgge 5 . 1 __



Appendix P

ROD SHIPMENT - NUCLEAR CRITICALITY SAFETY MODEL 

1.0 INTRODUCTION 

Criticality calculations were performed as an analytical 

backup for a licensing request to ship PuO2-UO2 rods. Three 

basic configurations were considered; (1) one flooded box of 

rods surrounded by an infinite amount of water, (2) two 

boxes in a single package flooded, and (3) the Maximum Credible 

Accident (MCA) which consists of two packages crushed top-to

top with a separation of 1.7 inches between assemblies in 

different packages with both packages flooded. For these 

configurations, two cases were used to describe the geometry 

of the rods, which will not be in-assembly form but, will be stackec 

in close contact. For one case, the rods are assumed to have a 

square pitch of 0.422 inches, which allows them to remain in 

contact with one another. The second case assumes loose packing 

such that an effective square pitch of .556 inches is obtained.  

This second case is more reactive and this study assumes that 

an effective pitch greater than .556 inches will be prevented 

by the method of packing the plutonium fuel rods.  

Geometry and model considerations are described in the 

Figure on Page 5. Atom densities and two group cross sections 

are listed on Pages 6 and 7. Table 1 summarizes the 

calculations performed.

-1-



Appendix P

Configurat 

One assemb 

One packag 

flooded 

MCA

TABLE 1 

keff For Considered Configurations 

:ion Pitch (Inches) 

ply, flooded .422 
.556 

e (two boxes) .422 
.556 

.422 

.566

Calculated keff 

0.582 
0.818 

0.686 
0.899 

0.768 
0.977

2.0 DISCUSSION 

The ARK, PDQ-03 calculational model was used to determine keff 

for the various configurations. (The ARK Code is an updated versior 

of LEOPARD). Cross sections for water for all cases correspond 

to water at 680 F and density equal to 1 gm/cm3 .  

The PuO2 -UO 2 rods to be shipped include three different plutonium 

enrichments. These enrichments are nominally 4.2, 3.40, and 

2.6 w/o total plutonium, where enrichment is defined by the 

following-.  

Total Plutonium Enrichment = PuO2 

PuO2 + U02 

Natural uranium is the constituent uranium with a 2 3 5 U weight 

percent of 0.711. Although the proportion of the 4.2 w/o 

rods will be only approximately 70% of the total number of 

rods, it was assumed for calculation purposes that all rods 

were of the highest enrichment which was taken to be 4.4 w/o 

instead of 4.2 w/o. It was further assumed that the material 

retained the isotopic distribution measured in July, 1971.

-2-



Appendix P

2.0 (continued) 

That measured Pu isotopic distribution is given below.:.  

Isotope w/o 

Pu-238 0.09 
Pu-239 78.13 
Pu-240 18.27 
Pu-241 3.05 
Pu-242 .47 

Pu-239 + Pu-241 = 81.2 
Total Pu 

The dimensions of the shipping box were taken to be 8.4" x 8.4" 

which is slightly larger than the nominal 8.2" x 8.2" as 

indicated by the shipping box drawing. The geometric 

configuration was assumed to be infinitely long so Bz 2 = 0.0 

for all configurations. No cask or shipping box steel was 

included in the calculations for a single flooded assembly 

or single flooded package. For the MCA a 0.15 inch thickness 

of steel is inserted between the packages. This amount 

(and placement) of steel is conservative since this thickness 

is exceeded by the shipping boxes alone, without considering 

package steel. The above ground rules and geometric 

configurations are similar to those discussed in a recent 

criticality study for fuel assemblies. (1) 

Sealed rods of partial length containing pellets (a. means 

of shipping Pu0 2 -UO 2 archive pellets) at compositions up to 

4.4 w/o PuO2 will also be covered by the above calculations 

so long as the geometric conditions are the same as used for 

full length rods. Neutron leakage due to the finite length 

of the fuel rod was not included in the calculations.  

(1) See Appendix B of this application.  

-3-



Appendix P 

2.0 (continued) 

Specifically, short rods should be loaded end-to-end to 

approximate full length rods. They may not be interspersed 

with long rods in a box such that a significant fraction of 

the long rods (regular fuel rods) has an effective pitch 

greater than 0.556 inches.
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Appendix P

SAFETY MODEL ATOM DENSITIES (1024)

Pitch = 0.422 Inches

Flooded Box 
Enrichment = 4.4 w/o Water 

0.0669 

0.0334

0.01435 

0.03332 

0.007375 

0.0000003749 

0 00008999 

0.000001075 

0.01241 

0.0004487 

0.0001045 

0.00001734 

0.000002649

Pitch = 0.556 Inches

Flooded Box 
Enrichment = 4.4 w/o Water 

0.0669 

0.0334

0.03662 

0.03337 

0.004249 

0.0000002160 
0.000051 84 

0.0000006192 
0.007147 

0.0002585 

0.00006020 

0.000009994 

0.000001526

-6-

Element 

Hydrogen 

Oxygen 

Zirc-2 

U-234 

U-235 

U-236 

U-238 

Pu-239 

Pu-240 

Pu-241 

Pu-242

El ement

Hydrogen 

Oxygen 

Zi rc 

U-234 

U-235 

U-236 

U-238 

Pu-239 

Pu-240 

Pu-241 

Pu-242



Appendix P

SAFETY MODEL NUCLEAR CONSTANTS 
(All Temperatures = 680F)

A. Group 1 

D (cm) ra(cm'l) 

ZR(cm- ) 

vzf(cm)

B. Group 2 ( 
D (cm) 

Ea(cm') 

vZf(cm-1)

Flooded Fuel 
Pitch = .422 Pitch = .556 

1.199 1.217 
0.01617 '0.0139 
0.00355 0.0179 
0.01524 0.0113

0.0 - 0.625 ev) 

0.2825 

.1.011 
1.717

0.2077 
0.407 
0.6921

-7-

Water 

1.2333 

0.000471 
0.04760 
0.0

0.165465 

0.022210 

0.0

Steel 

1.18 

0.00055 

0. 000331 
0.0

0.337 

0.22



UNITED STATES 

ATOMIC ENERGY COMMISSION 

WASHINGTON. D.C. 20545 

~FES ~NOV 2 8 1972 

L:TB:RHO 
70-337 
SNM-338, Amendment No. 71-42, 

Rev. I 

Westinghouse Electric Corporation 
ATTN: Mr. Karl R. Schendel 
Box 355 
Pittsburgh, Pennsylvania 15230 

Gentlemen: 

Pursuant to 10 CFR Parts 30, 70 and 71, Item 6 of Amendment No.  
71-42 dated April 5, 1972 to AEC License No. SNM-338 is hereby 
deleted.  

All other conditions of this license shall remain the same.  

FOR THE ATOMIC ENERGY COMMISSION 

Original Signed by 
a•rles E. MacDoI14 

Charles E. MacDonald, Chief 
Transportation Branch 
Directorate of Licensing 

cc: See attached list 

Distribution: 
Public Document Room 
Stte Uealth 
Docket File 
RO:IIQ (2) 
UHJMcAlduff . CR00 
ACaebell, DRA 
L~rooks, GT3.1 
VJDAmico, 1O0 
C=acDoraild, TZ 
EI.Odegearden, TB 
F.Rdialdi, TB 
Branch nrIP 
L:F&H R/F "' 

ITEM #



NO 6 1972,.  

Mr. Alfred W. Grella 
Office of Hazardous Materials 
Department of Transportation 
400 - 6th Street, S.W.  
Washington, D.C. 20590 

Nuclear Materials and Equipment 
Corporation 

ATTN: Mr. E. K. Reitler 
Apollo, Pennsylvania 15613 

Nuclear Fuel Services, Inc.  
ATTN: Mr. C. J. Michel 
Erwin, Tennessee 37650 

Babcock & Wilcox Company 
ATTN: Mr. R. H. Clark 
P.O. Box 1260 
Lynchburg, Virginia 24505 

Nuclear Engineering Company, Inc.  
ATTN: Mr. Barney Roberts 
Box 146 
Morehead, Kentucky 40351 

Protective Packaging, Inc.  
ATTN: Mr. John D. Simchuk 
P.O. Box 1192 
Tacoma, Washington 98401



UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

APR 5 1972 

DmL: aEM 
70-337 
ST-I-338, Amendment No. 71-42 

Westinghouse Electric Corporation 
ATTN: Mr. KArl R. Schendel 
Box 355 
Pittsburgh, Pennsylvania 15230 

Gentlemen:

. ..... .. -.- .. ) ; 

....  

1*.-. , .  

: - ". 

I.... . 2

Enclosed is Amrendment No. 71-42 to Specia'i Nuclear Material License No.  
SIW-338 authorizing the delivery of fissile and large quantity radio
active material to a carrier for transport in the Super Tiger package.  
Please note that for Fissile Class I shipment the concentration in the 
55-gallon drum is limited to not more than 5 grams fissile material in 
any liter. This amendment supersedes, in its entirety, Amendment No.  
71-39 to this license. We have registered this package for use under 
the general license provisions of Paragraph 71.9(b) of 10 CFR Part 71 
for Special Nuclear Material Licenses.Nos. SbEi-124, SM-778, SM--414 
.and Byproduct Material License No. 04-03766-01.  

Note that this amendment does not authorize the transport of radioac
tive material. Such transport is .normally subject to regulation by the 
Department of Transportation (DOT). Questions regarding their require
ments should be directed to DOT.  

Sincerely, 

Original signed by 
Donald A. Nussbaumer 

Donald A. Nussbaumier, Chief 
Fuel Fabrication and 

Transportation Branch 
Division of Materials Licensing 

Enclosure: 
As stated 

cc: w/enclosure 
see attached list

ITEM#____
N 

(�j _ -7

I .



4i.  

10 no 

n 

pl 

I E j'.;u D, ~ 

0.1..o,.  

4.•



Fori A•C-40O3 
(7/70) co y APR 1972

UNITED STATES 
ATOIQC ENERGY COMMISSION 

LICENSE AMENDMENT 
for 

DELIVERY OF RADIOACTIVE MATERIAL 
to a 

CARRIER FOR TRANSPORT 

Pursuant to the Atomic Energy Act of 1954 and Title 10, Chapter 1. Code of 
Federal Regulations, Part 30, "Rules of General Applicability to Licensing 
of Byproduct Material", Part 70, "Special Nuclear Material", as appropriate, 
and Part 71, "Packaging of Radioactive Material for Transport", the follow
ing amendment to the license identified below is hereby issued, authorizing 
the licensee to deliver radioactive material to a carrier for transport, 
and is subject to the conditions specified in that license and to the condi
tions specified below: 

LICENSEE 

1. Name: Westinghouse Electric 3. License No. SNM-338 
Corporation 

2. Address: Box 355 Amendment No. 71-42 
Pittsburgh, Pennsylvania 15230 Dct No. 70-337 

CONDITIONS

4. (a) Packaging

(1) Model number 

(2) Description

Super Tiger 

A protective overpack which provides 
containment, Impact resistance and 
thermal resistance for its contents.  
The containment vessel (cavity) is 
approximately 76" x 76" x 172" con
structed of 3/16" thick and 10-gage 
mild steel. Closure of the containment 
vessel is by a 1/4" thick aluminum plate 
with silicone rubber gasket which is 
bolted to the containment vessel. A 
pressure fitting with cap on the closure 
plate provides a means for leak testing.  
The containment vessel is centered and 
supported in an outer 3/16" thick steel 
jacket by approximately 32" of polyure
thane foam insulation at the end and 10" 
on the sides. A removable section or 
cap consisting of approximately 34" of



"COPY 

P: Westinghouse Electric Corporation 

NO: Sm-338

(a) (2) Description contd.

(b) Contents

(1) Type and form of 
material

(2) Maximum quantity of 
material per package

APR 5 1972 

PAGE: 2 of 4 

AMENDMENT NO: 71-42

Fissile material not to exceed the gener
ally licensed quantities as defined in 
Section 71.8 of 10 CFR Part 71 and/or 
large quantity licensed material.

VII

polyurethane foam insulation encased in steel 
with a silicone rubber gasket is'bolted to 
the main outer steel jacket. The overall 
dimensions of the package are approximately 
8' x 8' x 20'. Vent holes are provided on 
the sides and ends of the container. Set 
into each corner of the outer container are 
standard I.S.O. steel castings. The total 
weight including weight of the contents is 
45,000 pounds.  

Packaging is constructed in accordance with 
Protective Packaging, Inc.,Drawings Nos.  
32106, Sheet 1, Revision D and 32106, Sheet 2.  

(1) Radioactive material including fissile 
material as solids or liquids, in 
normal or special form packaged within 
secondary containers thag meet the 
performance requirements for Type. A 
packaging as defined in Paragraph 
173.389(j) of 49 CFR Part 173.  

(ii) Radioactive material including fissile 
material as solids, in normal or special 
form packaged in DOT Specification 17C 
or 17H 55-gallon steel drums. Fissile 
material concentration shall'be no more 
than 5 grams fissile material'in any liter.  

(iii) Radioactive material including fissile 
material as solids, in normal or special 
form packaged within secondary containers 
that meet the performance requirements 
for Type A packaging as defined in Para
graph 173.389(j) of 49 CFR Part 173.  

(i) For the contents described in 4(b)(1)(i):



Westinghouse Electric Corporation

APR 5 1972 

PAGE: 3 of 4

AMENDMENT NO: 71-42

(b) (2) Contents contd.

(c)' Fissile Class 

(1) Fissile Class I 

(2) Minimum transport index 
to be shown on label for 
Class II 

(3) Maximum number of packages 
per shipment for -Class III

(ii) For the contents described in 4(b)(1)(ii): 

Forty-two 17C or 17H 55-gallon steel 
drums. Each drum is limited to a 
maximum of 200 grams fissile material 
with no more than 5 grams fissile 
material in any liter and a maximum 
of 200 pounds of graphite and/or large 
quantity licensed material.  

(iii) For the contents described in 
4(b) (1) (iii) : 

Not more than 5 grams/ft 3 fissile mate
rial and/or large quantity licensed 
material.  

I, II and III 

For the contents described in 4(b)(1)(ii) 
and 4(b)(l)(iii). and limited in 
4(b)(2)(ii) and 4(b)(2)(iii).  

For the contents described in 4(b)(l)(i) 
and limited in 4(b)(2).(i):..  

As .prescribed by Section 71.8 of 
10 CFR Part 71.  

For the contents described in 4(b)(1)(1) 
and limited in 4(b)(2)(i): 

One (1)

5. The maximum weight of the contents including secondary containers, dunnage, shoring 
and bracing must not exceed 30,000 pounds.  

6. The external dose rate must not exceed 10 mrem/hr 3 feet from the surface of the 
package.  

7. The maximum decay heat generation per package must not exceed: 

(i) 30 watts and the heat sources are distributed throughout the cavity such that 
the temperature at any point within the cavity does not exceed 200°F or 

(ii) 235 watts provided combustible solids or liquids are not present and the heat 
sources are distributed throughout the cavity such that the Internal surface 
temperature of the cavity walls will nowhere exceed 3500 F.



COPY 
LICENSEE: Westinghouse Electric Corporation PAGE NO: 4 of 4 

LICENSE NO: SNM-338 AMENDMENT NO: 71-42 

8. The contents described in 4(b)(1)(ii) and limited in 4(b)(2)(ii) may be inter
mixed with the contents described in 4(b)(1)(iii) and limited in 4(b)(2)(iii).  

9. For less than full loads, sufficient dunnage, shoring and/or bracing shall be 
utilized to minimize secondary impact of the Type A packages within the cavity 
under normal and accident conditions.  

10. Protrusions from Type A packaging such as lifting eyes, etc., shall be positioned 
such that they will not contact the cavity walls, or shoring shall be provided to 
prevent puncture of the cavity walls by the protusions under the normal and acci
dent conditions.  

11. Radiation shielding as required shall be part of the Type A packages.  

12. Contents shall be positioned in the cavity such that the center of gravity of 
the loaded package is substantially the same as the center of gravity of an 
empty package.  

13. A leak test shall be conducted of each Super Tiger package prior to delivery to 
a carrier for transport to ensure that it is properly sealed.  

14. Shipment of liquids where freezing may be encountered must receive approval 
with regard to arrangements made to prevent freezing of the contents.  

* 15. The package authortzed by this amendment is hereby approved for use under the 
Sgeneral license provisions of Paragraph 71.9(b) of 10 CFR Part 71.  

16. This amendment supersedes, in its entirety, Amendment No. 71-39 to this license 

dated October 5, 1971.  

REFERENCE S 

Mechanics Research, Inc., Report C2378, "Engineering Evaluation of. the Super Tiger 
Overpack Designed for the Shipment of Large Quantities of Hazardous Materials," 
submitted with the licensee's application dated May 28, 1971.  

Protective Packaging, Inc4, Drawing Nos. 32106, Sheet 1, Revision D and 32106, 
Sheet 2 submitted with the licensee's application dated February 4, 1971.  

Nuclear Materials and Equipment Corporation's application dated September 17, 1971, as 
supplemented January 6, 1972, Docket 70-364, requesting approval to deliver special 
nuclear material to a carrier for transport in the Super Tiger package.  

FOR THE ATOMIC ENERGY COMISSION 

Original signed. by 

tAPR 5 1972 Donald A. Nussbaumer Da•te of Amendment AR5 17 

Donald A. Nussbaumer 
Division of Materials Licensing

- . . 0
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I

a
Donald A. Nussbaumer, Chief 
Fuel Fabrication and 

Transportation Branch 
Division of Materials Licensing

Enclosure: 
As stated 

cc: Mr. Alfred W. Grella 
Department of Transportation

ITEM #

Ditsribution: w/enci 
Docket File 
DwCeuent Rooa 
State Health (License onL

i Compliance, HQ (2) 
MJ•cAlduff, ORO0 
Weber, SM" 

CDMThornton, Mm 
!-Catell, ALM-,DR 

dj [ RLStevenson, 1UM (2) 
CEMGcDonald, MM (2) 
Branch Rip 
-- t RIW, v/o enel

-UNTED STATES 
ATOMIC ENERGY COMMISSION 

WASHINGTON. D.C. 20545 

' NOV 1S71a 
DML: CEM 
70-337 / 
SNM-338, Amendment No. 71-41 

Westinghouse Electric Corporation 
ATTN: Mr. Karl R. Schendel 
Box 355 
Pittsburgh, Pennsylvania 15230 

Gentlemen: 

Enclosed is Amendment No. 71-41 to Special Nuclear Material License No. SNM-338 authorizing the delivery of special nuclear material to a carrier for transport in the Model CC package.  

Please note that this amendment does not authorize the transport of 4pecial nuclear material. Such transport is normally subject to regulation by the Department of Transportation (DOT). Questions regarding their requirements should be directed to DOT.  

Sincerely,.  

*� Bi ka HuL o auam

fr/i

. . .



* Form AEC-401a 
-(7 /70')

UNITED STATES 
ATOMIC ENERGY COHMISSION

LICENSE AMENDMENT 
f or 

DELIVERY OF RADIOACTIVE MATERIAL 
to a 

CARRIER FOR TRANSPORT 

Pursuant to the Atomic Energy Act of 1954 and Title 10, Chapter 1, Code of 
Federal Regulations, Part 30, "Rules of General Applicability to Licensing 
of Byproduct Material", ..Part 70, "Special Nuclear Material", as appropriate, 
and Part 71, "Packaging of Radioactive Material for Transport", the follow
.ing amendment to the license identified below is hereby issued, authorizing 
the licensee to deliver radioactive material to a carrier for transport, 
and is subject to the conditions specified in that license and to the condi
tions specified below: 

LICENSEE 

1. Name: Westinghouse Electric 3. License No. SNM-338 
Corporation 

2. Address: Box 355 Amendment No. 71-41 
Pittsburgh, Pennsylvania 15230 

Docket No. 70-337 

CONDITIONS

4. (a) Packaging

(1) Model number 

(2) Description 

(3) Drawings

(b) Contents 

(1) Type and form 
of material

Tzpe 
Pellet diameter (Nom) 

-* •. Rod diameter (Nom) 
Maximum Fuel Length 
Maximum Rods/element

CC

Steel fuel element cradle assembly 
consisting of a strongback and fuel 
element clamping assembly, shock 
mounted to a 14-gage steel outer con
tainer by shear mounts.  

Container constructed in accordance 
with The Champion Company Drawings 
10410, 10536, 10538, and 10541.  

Uranium. dioxide as stainless steel 
clad unirradiated fuel elements of 
the following specifications:

14 x 14 
0.317" 
0.341" 

105" 
173

15 x 15 

0.355" 
0.385" 

106" 
208

14 x 14 

0.313" 
0.341" 

90" 
173



CORPY
Westinghouse Electric Corporation PAGE NO:

LICENSE NO: SNM-338

DOCKET NO:

AMENDMENT NO: 71-41

70-337

5. (b) (1) (Continued)

Maximum Cross Section (Nom) 
Maximum U-235/element 
Maximum U-235 enrichment

14 x 14 

6.284" 
10 kgs 

4.1 w/o

15 x15 14 x 14

7.695" 
13.5 kgs 
4.1 w/o

6.284" 
10 kgs 

4.5 wlo

(2) Maximum quantity of 
material per package

Two fuel elements 
than 27 kilograms

containing not more 
U-235

(c) Fissile Class II and III 

(1) Minimum transport 
index to be shown 
on label for Class II 

(2) Maximum number of packages 
per shipment for Class III

1.5

60 packages

6. This amendment supersedes, in-its entirety, Amendment No. 71-23 to SNM-338, dated 
May 28, 1968.  

7. The package authorized by this amendment is hereby approved for use under the 
general license provisions of Paragraph 71.7(b) of 10 CFR Part 71.  

REFERENCES 

Licensee's application dated November 18, 1966, requesting approval to deliver special 
nuclear material to a carrier for transport in the CC package.  

Supplements dated May 25, December 12, 1967, January 30, March 14, April 29, 1968, 
and October 8, 1971.  

FOR THE AT(C4IC ENERGY CCOMISSION

NOV 3 1971 Date of Amendment______

Org*l 'Vicd by 
Bn~d L hsabamq

Donald A. Nussbaumer (I-2 f 9, • ::Y• %•Division of Materials Licensing

I

LICENSEE: 2



V,

•vestinghouse Electric Corporation Power Systems PWR Systems Division 

Box 355 U 
Itts•urgh Peffsylvania 15 

October 8,1

U. S. Atomic Energy Commission 
Division of Materials Licensing 
Washington, D. C. 20545 

Attention: Mr. Donald A. Nussbaumer, Chief -c-.  

Fuel Fabrication & Transportation Branch \

Gentlemen: /vZ. I 

Subject: Application for Amendment of License SNM-338,• 
Docket 70-337, to Authorize Use of NFt'iping 
Packages 

The Westinghouse Electric Corporation hereby requests 
amendment of the subject license to authorize the delivery 
of special nuclear material to a carrier for transport in 
the Model CC Shipping Package described in the attachment 
to this letter. Please note that this application revises 
the parameters associated with fuel assembly shipping, only.  
This change is not intended to affect the authorization 
which currently exists under Amendment 71-10.  

Please send the amended license to me at the above address.  

If you have any questions, please write to me at the above 
address or telephone me collect (412) 373-4652.  

Very truly yours, 

Karl R. Schendel 
License Administrator

KRS: j h 

Attachment

-S.
,6.



SNM-3 38 
Shipping - NFD

FILING INSTRUCTIONS

The transmittal letter should be filed in the binder labelled 

"Application for Amendment of License SNM-338 for NFD Shipping 

Package" immediately in front of the transmittal letter dated 

September 3, 1971.  

Revised pages 7.3, 18 and 19 should be inserted and the old 

pages removed.  

The new report, CC Package Nuclear Criticality Safety Model 

should be inserted immediately following drawing SKA-219 

in Appendix B.  

The removed pages may be filed in the back of the binder.  

Revision No. 28 
October 8, 1971



SNM-338 
Shipping - NFD

Revision Record (continued)

Revision 
No.

Date of 
Revision Pages Revised Revision Reason

60, 60.1 

62 

64 - 66

Appendix R

65

Appendix R

Added discussion of 
structural adequacy of 
MIL inner can.  

Editorial corrections.  

Added results of 
Super KENO calculations.

Added MS-24347

H/U of 1.5 was 0.5

Added "Single Package 
Evaluation" and Figures 
2 thru 9.

18 

19

Appendix B

Updated LEOPARD 
reference

.500 inches was .444 

Added 14 X 14 Assembly 
with 4.5 w/o enrichment.  
Also added safety model 
report.

Docket 70-337 Date: 11/18/66

26 7/23/71

26 

26 

26 

27 

27

7/23/71 

7/23/71 

7/23/71 

9/3/71

9/3/71

28 

28 

28

10/8/71 

10/8/71 

10/8/71

Revision No.28 Date: 10/8/7"_



SNM-338 
Shipping - NFD 

5.3 (continued - CC) 

The calculations will be made by the Nuclear Engi

neering Department using LEOPAR-I or PDQ-03'/ or 

similar experimentally verified procedures. The 

requirement that fuel be in assemblies in a fixed 

array will assure that these calculations will be 

accurate and directly applicable.  

Single Package Evaluation - Westinghouse requests that 

the test conditions specified in paragraphs 4.4.2, 

4.4.3, 4.4.5, 4.4.6, 4.4.7 and 4.4.8 of specifica

tion MIL-C-5584B be approved as normal conditions 

of transport in lieu of those specified in Appendix A 

of Part 71. A written test report will be available 

demonstrating that a preproduction prototype package 

fulfilled the test requirements.  

The accident conditions specified in Appendix B of 

Part 71 will not credibly produce an arrangement 

more reactive than that analyzed under General Crit

icality Standards. The clearance between the massive 

vertical member of the internal components and the 

shell of the container will be such that a fuel 

assembly will not pass. Any crushing due to the 

Accident Free Drop would only decrease the clearance.  

The necessity for evaluating the Accident Puncture 

and the Water Immersion conditions is obviated by the 

assumption of maximum moderation and full reflection.  

/1 Barry, R.F., "The Revised LEOPARD Code - A Spectrum Dependent 
Non-Spatial Depletion Code" WCAP-2759 (March 1965) 

/2 Caldwell, W.R., "PDQ-03 - A Program for the Solution of the 
Neutron Diffusion Equations in Two Dimensions on the IBM 704," 
WAPD-TM-179 (May, 1960).  

Docket 70-337 Date 11/18/66 Revision No. 2 8 Date: 10/8/71 pae
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5.3 (continued - CC) 

The necessity for evaluating an Accident Thermal 

condition is obviated by the limitation of the con

tents to clad fuel assemblies.  

Package Array Evaluation - Any number of undamaged, un

moderated CC packages will be nuclearly safe, since 

uranium enriched to 5 w/o or less in U-235 is 

nuclearly safe in any quantities under any condi

tions. Any number of undamaged but flooded packages 

will also be nuclearly safe, since a single package 

will have a k of - 0.90 and there will be a eff 

minimum of 12 inches of water between the contents 

of any two packages. If the water drains away, the 

contents will also drain, so that the array returns 

to an unmoderated condition.

For the low-enriched assemblies under consideration, 

studies using LEOPARD and PDQ-03 demonstrate that a 

rise in k (above the single package value) for an 
eff 

unlimited array does not occur at any reduced water 

density, due to the parasitic neutron absorption by 

the container walls and internal structure. Con

sequently, no degree of interspersed partial moder

ation can produce an array keff in excess of the 

single package keff resulting from complete flooding.  

The maximum credible accident conditionis conceived 

to involve only two packages, crushed top-to-top so 

that the spacing between the pairs of assemblies 

will be .500 inches, and aligned parallel to each 

other. This array is then assumed to be flooded.  

The heavy structural members of the base and the 

internal component support structures of the packag-

Docket 70-337 Date: 11/18/66 Revision No. 28 Date: 10/8/71 Pae 19



Appendix B 

Products Shipped in Type CC Packages

14 X 14 SST Clad 
Type Assemblies

Pellet Parameters 
Material 
Highest Enrichment (Nom) 
Diameter (Nom)

Rod Parameters 
Cladding Mt'l 
Diameter (Nom) 
Fuel Lgth (Nom)

Assy. Parameters 
No. of rods (Max) 
Pattern (Basic) 
Lattice Pitch (Nom) 
Outside Dimen. (Nom) 

Licensing Criteria 
ýotal U-235 (Max/pkg) 
eff (Max/ass'y) 

keff (Max/l pkg) 
keff (Max/MCA) 
Poison Pl. Req'd 
Net Wt. of Contents (Max)

U02 
4.1 w/o 
0. 317" 

SST 
0.341" 
105" 

173 
14 X 14 
0.453" 
6 .284"

sq

20 kg 
0.74 

0.84 
0.98 
N.A.  
2000#

15 X 15 SST Clad 
Assemblies

UOf / 4.• / 
0. 3 55 

SST 
0.385" 
106"

208 
15 X 15 sq 
0.513" 
7.695"

27 kg 
0.86 
0.90 
0.98 
N.A.  
2200#

14 X 14 SST Clad 
Assemblies

UO 

0. 313" 

SST 
0.341" 
90"

173 
14 X 14 sq 
0.453" 
6. 284"

20 kg 
0.78 
0.84 
0.98 
N.A.  
2000# 

4H. W



CC PACKAGE NUCLEAR CRITICALITY 

SAFETY MODEL 

This report describes the nuclear model used for 'the Model 

CC Shipping Package nuclear criticality safety analysis.  

Figure 1 details the geometrical model. Table 1 gives 

the element atom densities and Table 2 the nuclear 

constants used in the two-group criticality calculations.  

The model is given for a single flooded assembly; for 

two flooded assemblies (one package); and for the 

MCA, which is two packages crushed to a separation of 

0.5 inches between assemblies (the maximum reactivity con

figuration). The model is conservative in two respects: 

1. The container material is deleted from most 

of the calculations. The MCA was run with 

and without the steel and a keff less than 

0.98 was obtained in both cases, and 

2 
2. The transverse leakage, Bz, was set equal to 

zero.  

Since the maximum keff computed using these conservative 

assumptions was less than the specified maximum for each 

case, the CC Shipping Package nuclear criticality safety 

has been amply demonstrated.
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TABLE 1 

SAFETY MODEL ATOM DENSITIES (10 24)

Element 

Hydrogen 

Oxygen 

Stainless Steel 
2 3 5 U 

2 3 6 U 

238 U 

234 u

Assembly (flooded), 
Enrichment = 4.5 w/o 

.03993 

.03451 

.006415 

.0003292 

.00000218 

.006938 

.00000195

Water (p=l.0g/cc) 

.0667 

.0333
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TABLE 2 

SAFETY MODEL NUCLEAR CONSTANTS 

(All Temperatures = 68° F)

Assembly Water

A. Group 1

B. Group 2

D (cm) 1.16104 1.2333 

Z( (cm-1) .012944 0.000471 

2r (cm- 1 ) .02144 0.04760 

-1 
v f (cm-) .010846 0.0 

(0.0 - 0.625 ev) 

D (cm) 0.21435 0.165465 

Z. (cm-l) 0.264446 0.02221.0 

vjf (cm- 1 ) 0.440723 0.0

1.18 

0.00055 

0.000331 

0.0

0.337 

0.22 

0.0

Steel



U1I4TED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 2.0545

DVL: CIM 
70-337 7 
SI,4-338, .mendment No. 71-406'

SEP 2 0 1971

Westinghouse Electric Corporation 
ATTN: Mr. Karl R. Schendel 
Box 355 
Pittsburgh, Pennsylvania 15230 

Gentlemen: 

Enclosed is Ainendcment No. 71--40 to Special RucIear Material License No. SJ,:2-338 authorizing the delivery of special nuclear material to a carrier for transport in the B 250-2 package. This a5!endirdent supersedes in its entirety mncnd;erent No. 71-26 to this license.  

Note thet Condition 4.(b)(2)(ii) requires four (4) steel drums for each shipping insert and a U-235 mass li•mitation per drume for the contents as specified. Also note that this amendment does not authorize the transport of special nuclear raaterial. Such trmasport is nornally subject to regulation by the Department of Transportation (DOT). Questions regarding their requircements should be directed to 
DOT.  

Sincere ly, 

huald VO Iusbtu.  

Donald -A. Nussbaumer, Chief 
Fuel Fabrication and 

Tran-nportation Br-anch 
Divis.ion of haternials Licensing

Enclosure: 
As stated 

cc: Mr. Alfred I. Grella 
Department of Transportation 

ITEM#___

Distribution: w/encl 
Docket File 
Documrent Room 
State , ea3 th (License only) 
Compliance HQ (2) "-jiýC-Iduff, ORO0 

RWeber ,4b17M 
CCWTho~rnt n, Ilids 

ACabell, AI>" DR 

RLgtCevCso 0 , DiL (2) 
CE - RacDo.1ld ,Ž- , (2) 

D.L i/F, w/o enc.

I-



Form AECd-4bla 
(7/70) -- COpy

SEP 2 0 1971
UNITED STATES 

ATGMIC ENERGY COMMISSION 

LICENSE AMENDMENT 
for 

DELIVERY OF RADIOACTIVE MATERIAL 
to a 

CARRIER FOR TRANSPORT 

Pursuant to the Atomic Energy Act of 1954 and Title 10, Chapter 1, Code of 

Federal Regulations, Part 30, "Rules of General Applicability to Licensing 

of Byproduct Material", Part 70, "Special Nuclear Material", as appropriate, 

and Part 71, "Packaging of Radioactive Material for Transport", the follow

ing amendment to the license identified below is hereby issued, authorizing 
the licensee to deliver radioactive material to a carrier for transport, 

and is subject to the conditions specified in that license and to the condi

tions specified below: 

LICENSEE 

1. Name: Westinghouse Electric Corpora- 3. License No. SNM-338 
tion 

2. Address: Box 355 Amendment No. 71-40 
Pittsburgh, Pennsylvania 15230 

Docket No. 70-337 

CONDITIONS

4. (a) Packaging

(1) Model number BB 250-2

(2) Description Inner container is 11.5" ID, 16-gage steel 
cylinder, 63.5" long, with bolted and 
gasketed top flange closure and seal welded 
bottom plate. Inner container is centered 
and supported in a. 22.5" ID by minimum 74" 
long 16-gage steel drum by 1/4" diameter 
spring steel rods and vermiculite. Con
tainer is constructed in accordance with 
Westinghouse Electric Corporation Sketch 
SKA-252-1.  

(b) Contents 

(1) Type and form (i) Bulk uranium oxide (U02 or U3 08 ) powder 
of material with a maximum density of 2 g U/cc and 

enriched to a maximum 4 w/o in the U-235 
isotope. The maximum H/U atomic ratio, 
considering all sources of hydrogenous 

S, material within the inner container shall 
"- _ -••/, not exceed 1.13.



COP 
LICENSEE: Westinghouse Electric Cor 

LICENSE NO: SNM-338 

(1) Type and form 
of material contd.  

(2) Maximum quantity of 
material per 'package

Y 
poration

SEP 2 0 1971

PAGE NO: 2 of 3 

DOCKET NO: 70-337

(ii) Uranium compounds which will not de
compose at temperatures up to 750 0 F.  
Uranium may be enriched to a maximum 
5 w/o in the U-235 isotope. The 
maximum H/U atomic ratio, considering 
all sources of hydrogenous material 
within the inner container shall not 
exceed 1.5.  

(i) For the contents described in 4. (b) (1) (1) : 

Total contents not to exceed 250 
pounds, with the U-235 content not 
to exceed four (4) kilograms.  

(ii) For the contents described in 4. (b) (1) (11): 

Total contents not to exceed 250 
pounds, with the U-235 content not 
to exceed five (5) kilograms. Four 
(4) steel drums containing not more 
than 1.3 kilograms U-235 each shall 
be packaged in the shipping insert 
within the inner container as shown 
in Westinghouse Electric.Corporation 
Sketch SKA-252-1 and Drawing C7108D10.  
The steel drums shall be constructed 
in accordance with US Military Stan
dard MS 24347 with a maximum ID of 
8.5" and a nominal height of 15.38".

(c) Fissile Class 

(1) Minimum transport index 
to be shown on label for 
Class II 

(2) Maximum number of packages 
per shipment for Class III

II and III

0.5

200!packages

5. The package authorized by this amendment is hereby approved for use under the 
general license provisions of Paragraph 71.7(b) of 10 CFR Part 71 

6. This amendment supersedes, in its entirety, Amendment No. 71-26 to this license 
dated June 17, 1968.



LICENSEE: Westinghouse Electric Corporation 

LICENSE NO: SNM-338

PAGE NO: 3 of 3 

AMENDMENT NO: 71-40

REFERENCES 

Licensee's application dated March 1, 1968, requesting approval to deliver special nuclear material to a carrier for transport in the BB 250-2 package.  

Supplements dated April 8, May 21, 1968, May 21, July 23 and September 3, 1971.

SEP 2 0 1971 
Date of Amendment

FR THE ATCNIC ENERGY CC4MISSION 

Original siw,• 
Donald A Jusbaha r 

Donald A. Nussbaumer 
Division of Materials Licensing

* ¶



nn.u 33
Vestlngnouse Electric Corporation Power Systems Box 355 

PlISjf gt, P'erwisylvanma 523G 
December 6, 1971

U. S. Atomic Energy Commission 
Division of Materials Licensing 
Washington, D. C. 20545

Attention: Donald A. Nussbaumer, Chief 
Fuel Fabrication and Transportation Branch

Gentlemen: 

Subject: Application for Shipping Package Amendment 

Our application, dated September 3, 1971, on Docket 70-337, that requested authorization to deliver our BB 250-2 package to a carrier for transport contains data that was subsequently 
determined to be in error. The results of calculations 
acrried out using the Super KENO code, as given on revised 
page 65 of the application should read:

Interspersed H2 0 
Density - g/cc

0.0 
0.05 
0.10 
0.30 
1.00

Keff of 
Array 

0.062 
0.576 
0.607 
0.417 
0.350

These results do indicated mild reactivity peaking at about 10% water density. This increase in array reactivity does not even approach critical, however, so the nuclear criticality 
safety of the array is not jeopardized.  

The discrepant data was supplied to Westinghouse by Battelle Pacific Northwest Laboratories. By letter dated November 10, 1971, Battelle provided the following statement regarding the 
situation: 

t.,*4 43
(I.

D Ot Compil•an¢•'

i
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W, inghouse Electric Corporation Power Systems PWR Systems Dviskim VP

Box 315 
Pitts•ruh Pemnsylvnuia 15230 

May 21, 1971..-W'J1t

U. S. Atomic Energy Commission 
Division of Materials Licensing 
Washington, D. C. 20545

Attention: Mr. Donald A. Nussbaumer, Chief 
Fuel Fabrication and Transportation Branch

Gentlemen: 

Subject: App].ication for Amendment of Licene eSrNM-338, 
Docket 70-337, to Authorize Use of NFD Shipping 
Packa es _for Diiv. e Compliance 

The Westinghouse Electric Corporation hereby requests amendment 
of the subject license to authorize the delivery of special 
nuclear material to a carrier for transport in the Pellet 
Shipping Package described in the attachment to this letter.  
Please note that the Pellet Shipping Package represents an 
additional application of our BB 250-2 packaging, so that the 
requested authorization should be issued in addition to all 
existing license amendments.  

Please send the amended license to me at the above address.  

If you have any questions, please write to me at the above 
address or telephone me collect (412) 373-4652.  

Very truly yours, 

Karl R. Schendel 
License Administrator

KRS:jh

AttachLment

A 
/



SNM-338 

Shipping - NFD 

FILING INSTRUCTIONS 

The transmittal letter should be filed in the binder labelled 

"Application for Amendment of License SNM-338 for NFD Shipping 

Package" immediately in front of the transmittal letter dated 

February 4, 1971.  

Revised pages 4 and 7.2 should be inserted and the old pages 

removed.  

New page 4.1 should be inserted immediately following page 4.  

New pages 60 through 64 should be inserted immediately follow

ing page 59. New Appendix R should be inserted immediately 

following Appendix Q.  

The removed pages may be filed in the back of the binder.  

Revision No. 25 

5/21/71
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51 - 53 
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5/21/71 Appendix R Added

Date 11/18/66 Revision No. 2Z Date: 5/21/71

Revision Reason 

Added Section 20, the RCC 
Fuel Rod Shipping Package 

Added 

Added OFHC copper as poison 
material.  

Changed "< 0.90" to "obviously 
less than the 0.98 values....  
(MCA) situation." 

Changed "• 0.90" to "obviously 
<0.98." 
Deleted k f.(Max/ass'y) and 

keff (Max~p]g). Added fuel 
assembly descriptions requir
ing OFHC copper poison plates.  

Added Section 21.  

Added Section 21, the Mixed 
Oxide Fuel Shipping Package 

Added 

Added Rod Cladding Thick. (Min.) 

Revised to specify compliance 
with 10CFR71.32.  

Retyped.  

Added computations.  

Revised to add RCC and RCC-2 
pkgs. for fuel rods.  

Added 15 X 15 SST Clad Par
ameters for poisoned package 
per 10/20/70 TWX.  

Added Section 22, Super Tiger 
Shipping Package 

Added 

Added Section 23, the Pellet 
Shipping Package

25

Docket 70-337' PaOe 7.2



SNM-338 
Shipping - NFD 

23. Pellet Shipping Package 

23.1 Packaging Description 

The packaging will be the BB 250-2 packaging as 
described in Part 18.  

23.2 Contents Description 

Radioactivity - Not applicable 

Identification and enrichment of SNM 

The SNM will be unirradiated uranium 1iched 
to a maximum of 5 w/o in the isotope U.  

Form of SNM 

The SNM will be solid uranium compounds that 
will not react chemically or decompose at 
temperatures below 7500 F. The material will 
be enclosed within a container constructed of 
steel having a 2 4 -gage specified minimum 
thickness. The container will have a maximum 
ID of 8.5" and a nominal height of 15.375", 
and will utilize a gasketed lid with locking 
ring. The container will be constructed in 
accordance with US Military Standard MS 24374.  
A maximum of four of these containers will be 
inserted in each package. The maximum 
allowable H/U ratio, considering all sources 
of hydrogenous material withincthis inner 
cylinder of the packaging will not exceed 1.5.  
A typical arrangement for shipping material 
in the form of pellets is shown in Westinghouse 
Drawing C7108D10, which is enclosed as part of 
Appendix R.  

Neutron Absorbers, etc. 

None 

Maximum Weight of Fissile Content 

5.0 kilograms contained 235U.  

Maximum Net Weight of Contents 

250 pounds of uranium compounds.  

Maximum Decay Heat - Not applicable

Docket 70-337 Date 11/18/66 Revision No. 25 Date: 5/21/71 Pag 6O0
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23.3 Compliance With Subpart C of 10CFR71 

General Standards 

The materials which have been specified for this package will not result in significant chemical 
or galvanic reactions. There will be no specific 
lifting or tie down devices.  

General Criticality Standards 

Figure 1.8.1.6 on Page 55 of our application, 
dated December 16, 1969, as amended, which was 
submitted on Docket 70-337, indicated that the.  
inner containers' specified maximum inside diameter is equal to the recommended maacimnm-per
missible diameter for an infinitely long, fully 
reflected cylinder of W •erogeneous uranium 
enriched < 540 w/o in '3 U, under any conditions 
of moderation. The 8.5" diameter is conservatively 
safe for homogeneous material of the same 
specifications.  

Normal and Accident Condition 

Evaluation - The physical condition of the 
package under normal and accident conditions 
will be that described in Part 18.  

Single Package Evaluation 

The restriction of SNM to a maximum permissible 
cylinder diameter will assure the nuclear criticality safety of a single package under any conditions 
of transport, as demonstrated under General 
Criticality Standards.  

Package Array Evaluation 

The basic nuclear criticality safety data for 
heterogeneous UO 2 rods at an enrichment of 5 
w/o are listed in Table I, and are partially 
plotted in Figure I, of Appendix R.  

In Part 18, it was shown that under both normal and accident conditions, the seal integrity of 
the 11" ID inner cylinder of the packaging would not be violated. Similarly, the 8 1/2" inner 
containers would provide an additional layer of

Docket 70-337 Dat. 11/18/66 Revision No. 25 Date: 5/21/71 Page r, i



Shipping - NFD 

23.3 Compliance With Subpart C of 10CFR71 (continued) 

Package Array Evaluation 
containment. Therefore, the maximum modera
tion within the infler containers will be the 
specified maximum L/U ration of 1.5, which re
presents a maximum H/ 2 35U ration of 30 for 
5 w/o enriched uranium.  
The H/U ratio of the pellet packaging 
described in Westinghouse drawing C 7108D10 
is conservatively calculated to be 0.6.  
However, a specification limit value of H/4.  
4 1.5 was selected to provide some flexibility 
in selecting contents or cushioning materials.  
From Figure I of Appendix R, the critical un
reflected mass of heterog 3ous material at 5 
w/o enrichment is 62 kg U for the specif 
H/U limit of 1.5, which corresponds to an H/1U 
of 30 at 5 w/o.  
Then, the critical reflected mass of an array 
can be calculated from: 

Mc.(zefll)fMc (bare)r /_ 

Fr Fm 
Where: Mc (refl)critical reflected mass 

of an array.  

Mc (bare)rritical unreflected mass 
of an array.  

Fr "reflector factor for an 
array - 8t,.  

Fm Einterspersed moderator 
factor for an array = 1.46LI.  

= average density of 2 3 5 U 
in array.  

-TInitial density of 235U 
in array 

=0.3080 g/cc 
(From Table I data by inter
polation at H/X=30) 

s ý-2(1-fraction critical) 
Li Data from AEC Report SC-RR-65-98, Proceedings International 

Symposium for Packaging and Transportation of Radioactive 
Materials. "Criticality Safety Evaluation of Packages for 
the Transport of Fissile Material," D.R. Smith, January, 1965

Docket 70-337 Date: 11/18/66 Revision No. 25 Date: 5/21/71 Page 6 2
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23.3 Compliance With Subpart C of 10CFR71 (continued) 

Then, for the undamaged condition,, 

500o0g 

(3.14) (li.25in) 2 (74in) (16.4cc/in3.  

_* 5000o• = 

482,000 cc. 0.0104 g/cc.  

For the accident conditiono 

5000gq 
(3.14) (10)' (70) (16.4) 

= 5000 
= 0.0139 g/cc.  

Also, the fraction critical equals 5,000 .  
62,,000 0.081, 

so, s = (2) (1-0.081) 

s = (2) (0492) = 1.84 

Substituting in the equation for the 
critical reflected mass: 

Mc (refl)( 080) .*84 

;t(5308) (0.0338) -1.84 

t-(5308) (509) 

Mc(refl))2,702,000 g for undamaged 

packages.  

Then the number of undamaged packages 
required to provide this critical re
flected mass in an array containing 
interspersed moderation is: 

Nc 2,7025000 
"5000 I 540 packages

Docket 70-337 Dat 11/18/66 Revision No. 25 Date: 5/21/71
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23.3 Compliance With Subpart C of 10CFR71 (continued) 

For the dmaged packages, the corresponding 
calculations are: 

62,000 10.0139 -1.84 
"Nc(refl) 8)(0.46) 

>- (5308) (0.0451) -1.84 

.-.(5308) (299) 
Mc(refl) > 1,587,000 grams 

Nc , 1,587,000 
S5000 ;•317 packages 

Therefore, the allowable number of un
damaged packager in a Fissile Class II 
shipment is .g1- or 108 packages. In 
a Fissile Class III shipment, the allow
able number would be = 270 packages.  
For the damaged condition, the corre
ponding allowable numbers would be 4_7 
or 158 packages and 317 packages. -Tere
fore, the undamaged package limits will 
govern.  

23.4 Fissile Class II Limits 

One hundred (100) packages will be offered 
as a maximum Fissile Class II shipment. Each package 
will be assigned a transport index of 0.5.  

23.5 Fissile Class III Limits 

A maximum of two hundred (200) packages will be 
offered as a Fissile Class III shipment.  

23.6 Procedural Controls 

The contents of Section 10.6 of this application will 
be directly applicable to this package in all aspects.  

As part of the necessary controls, the H/U ratio, in
cluding all hydrogenous material within the inner 
cylinder of the packaging in any computations, will be 
determined to assure that the H/U < 1.5 requirement is 
observed.

Date 11/18/66 Revision No. 25 Date: 5/21/71Docket 70-337 Page 64
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SNM-338 
Shipping - NFD 

FILING INSTRUCTIONS 

The transmittal letter should be filed in the binder labelled 

"Application for Amendment of License SNM-338 for NFD Shipping 

Package" immediately in front of the transmittal letter dated 

May 21, 1971.  

Revised pages 60, 62 and 64 should be inserted and the old pages 

removed.  

New page 7.3 should be inserted immediately following page 7.2.  

New pages 65 and 66 should be inserted immediately following 

page 64. New drawing MS-24347 should be inserted into Appendix 

R immediately following existing Figure I.  

The removed pages may be filed in the back of the binder.  

Revision No. 26, 
July 23, 1971



SNM-338
Shipping - NFD

Revision Record (continued)

Revision 
No.

Date of 
Revision Pages Revised Revision Reason

60, 60.1 

62 

64 - 66 

Appendix R

Added discussion of 
structural adequacy of 
MIL inner can.  

.Editorial corrections.  

Added results of 
Super KENO calculationE 

Added MS-24347

Docket 7C'-337 DOae: 11/18/66 Revision No. 26 Date: 7/23/71

26

26 

26 

26
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SNM-338 
Shipping - NFD 

23. Pellet Shipping Package 

23.1 Packaging Description 

The packaging will be the BB 250-2 packaging as 

described in Part 18.  

23.2 Contents Description 

Radioactivity - Not applicable 

Identification and enrichment of SNM 

The SNM will be unirradiated uranium 5jiched 
to a maximum of 5 w/o in the isotope U.  

Form of SNM 

The SNM will be solid uranium Compounds that will 

not react chemically or decompose at temperatures 
below 7500 F. The material will be enclosed with

in a container constructed of steel having a 24

gage specified minimum thickness. The container 
will have a maximum ID of 8.5" and a nominal height 

of 15.375", and will utilize a gasketed lid with 

bolted locking ring. The container will be 
constructed in accordance with US Military Standard 

MS 24347. As an inner container within the BB-250-2 

packaging's inner cylinder, it is considered 
completely adequate to retain the SNM under the 

hypothetical accident conditions. A comparison 
between the structural features of this container 
and a DOT Spec. 17-H container is shown in Table 
23.2.1. A maximum of four of these containers will 

be inserted in each package. The maximum allowable 

H/U ratio, considering all sources of hydrogenous 
material within the inner cylinder of the packaging 

will not exceed 1.5. A typical arrangement for 

shipping material in the form of pellets is shown 
rin Westinghouse Drawing C7108D10, which is enclosed 

as part of Appendix R. Military Standard MS 24347 

also is enclosed as part of Appendix R.  

Neutron Absorbers, etc. 

None 

Maximum Weight of Fissile Content 

5.0 kilograms contained 235U 

!)ocket 37 -: 11/18/66 Revion to. 26 DCe: 7/23/7" Pge 60



SNM-338 
Shipping - NFD

23.2 Contents Description (continued) 

Maximum Net Weight of Contents 

250 pounds of uranium compounds.  

Maximum Decay Heat - Not applicable 

Table 23.2.1

Structural 
Feature 

Capacity (gal.) 

Type.  

Diameter (in.) 

Height (in.) 

Metal Gauge 

Body 
Cover 
Bottom 

Closure 

Construction

MS24347 
Container 

3.5 

Straight Side 

8.5 

15.375 

24 
24 
24 

Bolted Locking 
Ring 

Welded Seam

Spec. 17-H 
Container 

5 

Straight Side 

11.25 

12.75 

24 
20 
24 

Multiple Lags 

Welded Seam

€-

Data. !1L '18/66 Peviko No. 26 >e: 7/2 '71]Pý D&Ml~e 70-7': PEe f,0 . 1



SNM- 338 
Shipping - NFD 

23.3 Compliance With Subpart C.of 10CFR7i (continued) 

Package Array Evaluation 

containment. Therefore, the maximum modera
tion within the inner crontainers will be the 
specified maximum H/U ratio of 1.5, which re
presents a maximum '/ 2 3 5 U ratio of 30 for 
5 w/o enriched uranium.  

The H/U ratio of the.pellet packaging 
described in Westinghouse drawing C 7108D10 
is conservatively calculated to be 0.6.  
However, a specification limit value of H/U 
- 1.5 was selected to provide some flexibility 
in selecting contents or cushioning materials.  

From Figure I of Appendix R, the critical un
reflected mass of heteroeneous material at 5 
w/o enrichment is 62 kg 23 5 U for the specifi25 
H/U limit of 1.5, which corresponds to an H/I U 
of 30 at 5 w/o.  

Then, the critical reflected mass of an array 
can be calculated from: 

MC (refl) (bare) M / 

Fr Fm 

Where: M 
c (refl) 'critical reflected mass 

of an array., 

c (bare) Ecritical unreflected mass 

of an array.  
F r Ereflector factor for an 

array = 8/1..  
F m Einterspersed moderator 

e factor for an array - 1.46/1.  

S�Eaverage density of 2 3 5 U 
in array.  

PO Einitial density of 235U 
in array.  

E0.3080 g/cc 
(From Table I data by inter
polation at H/X=30) 

s E2 (1-fraction critical) 

/i Data from AEC Report SC-RR-65-98, Proceedings International 
Symposium for PackaQing and Transportation of Radioactive Materials.  
"Criticality Safety Evaluation of Packages for the Transport of 
Fissile Material," D, R. Smith, January, 1965 

c!.. ....... / ../66 • Wo. 26 Mte: 7/23,, P3e C2
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SNM-338 
Shipping - NFD 

23.3 Compliance With Subpart C of 10CFR71 (continued) 

For the damaged packages, the corresponding 

calculations are: 

Mc (refl) Ž 62,000 000139• -1.84 

(8) (1.46) (o.3o080) 

- (5308) (0.0451) -1.84 

S(5308) (299) 

Mc (refl) - 1,587,000 grams 

N a 1,587,000 3 
c 5000 317 packages 

Mathematically, the allowable number of un
damaged packages in a Fissile Class II 
shipment is 5 or 108 packages. In a 
Fissile Class III shipment, the allowable 
number would be 540= 270 packages.  

For the damaged condition, 3 te corresponding 
allowable number would be .- or 158 packages 
and 317 packages. Therefore, the undamaged 
package limits will govern.  

The requirements for determining the transport 
index specify that it shall be 4 = 0.463, 
which rounds up to 0.5. Therefore, one hundred 
(100) packages will constitute a Fissile Class 
II shipment.  

The nuclear criticality safety of the shipping 
array limitations determined by these density 
analog calculations have been independently 
verified using Monte Carlo type computer 
methods.  

The latest Oak Ridge version of the Monte Carlo 
code, Super KENO, with Hanson-Roach 16-group 
cross-sections was used to calculate the Keff 
of the array of packages. The limit of 100 
packages in a Fissile Class II shipment implies 
that the minimum critical number of packages 
must exceed 500. For the BB 250-2 package, the 
most nearly cubic array containing this number 
is 13X13X3 high array that involves 507 packages.  
However, the computer code uses a rectangular 

ket 70-7 Daefv /18/66 Revision Nc. 26 Date: 7/2- '71 Paae r;4



SNM-338 
Shipping - NFD 

23.3 Complinace With Subpart C of 10CFR71 (continued) 

lattice, so a 14X14X4 high array (784 packages) 
was used in the calculations. Uranium enriched 
to 5 w/o, as a homogeneous U0 2 -water mixture at 
2g U/ml and a moderating ratio (H/U) of 0.5 
was assumed to fill the inner container; and at 
this low moderatintg ratio, the results derived 
using this material can be considered equally 
applicable to packages containing heterogeneous 
material. A full density water reflector was 
assumed around the array and the density of 
water within the outer container and the spaces 
among the containers was varied to determine the 
effect of various degrees of interspersed 
moderator. The results of these calculations are 
as follows: 

Interspersed H2 0 keff of 
Density Array 
S/cc 

0.0 140.i 
0.1 0.101 + .003 
0.5 0.273 + .010 
0.7 0.319 T .009 
1.0 0.394 T .012 

Check calculations of a critical, single, 
cylindrical, stainless-steel container of uranium 
at 4.89 w/o enrichment as UO2 F 2 yit• 1 full water 
reflection gave a Keff of 1.00§ j with the 
Super KENO code, and 1.007 ± .01 with the GEM-4 
code.  

These calculations indicate that the 500 package 
array, considered to approach the minimum critical 
number of packages, is in fact very subcritical 
under all conditions of interspersed water 
anoderation.  

Furthermore, the k. implied from the ratio of 
fissions to absorptions from the Super KENO output 

.indicates that an infinite array would be subcritical.  
The steel in the packagings is apparently sufficient 
to reduce the k, and eliminate the interaction 
packaging caused by interspersed moderators in the 
array.  

flocket 70- 7 Date: 11/18/66 Revision No. 26 Date: Paqe 65



. SNM-338 SShipping - NFD 

23.4 Fissile Class II Limits 

One hundred (100) packages will be offered as a 
maximum Fissile Class II shipment. Each package 
will be assigned a transport index of 0.5.  

23.5 Fissile Class III Limits 

A maximum of two hundred (200) packages will be 
offered as a Fissile Class III shipment.  

23.6 Procedural Controls 

The contents of Section 10.6 of this application will 
be directly applicable to this package in all respects.  

As part of the necessary controls, the H/U ratio, in
cluding all hydrogenous material within the inner 
cylinder of the packaging in any computations, will be 
determined to assure that the H/U - 1.5 requirement is 
observed.

Dockee 70-337 Date: 11/18/66 Revision No. 26 Date: 7/23/71
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.inghouse Electric Corporation Power Systems PWR Systems Division 

"Box3 .5 (355 
Pittsburgh Pennsylvania 15230 

September 3, 1971 

U. S. Atomic Energy Commission -/ 
Division of Materials Licensingc 
Washington, D. C. 20545 

Attention: Mr. Donald A. Russbaumer, Chief 
Fuel Fabrication and Transportation Branch 

Gentlemen: 

Subject: Application for Amendment of License SNM-3`8, 
Docket 70-337, to Authorize Use of NFD Shipping 
Packages 

The Westinghouse Electric Corporation hereby requests 
amendment of the subject llicense to authorize the delivery 
of special nuclear material to a carrier for transport in 
ther!. v'eLiet sft.ippinq Package described in our application 
dated May 21, 1971 as amended by our application dated 
July 25, 1971, and the attaeIurent to this letter. Please 
note that the Pellet ShiDping Package represents an additional 
application of our BE 250-2 packaging, so that the requested 
authorization should be issued in addition to all existing 
license amendments dealing with that packaging.  

Ple&se send the amended license to me at the above address.  

if you have any questions, please write to me at the above 
address or telephone me collect (412) 373-4652.  

Very truly yours, 

Karl R. Schendel 

License Adiniistra tor 

KRS: j h 

Attachment 

-. EM#



SNM-338 
Shipping - NFD

FILING INSTRUCTIONS

The transmittal letter should be filed in the binder labelled 

"Application for Amendment of License SNM-338 for NFD Shipping 

Package" immediately in front of the transmittal letter dated 

July 23, 1971.  

Revised pages 7.3 and 65 should be inserted and the old pages 

removed.  

The new report, "Single Package EvaluatiOn" and Figures 2 

through 9. should be inserted immediately following drawing 

Ms-2434-I.  

The removed pages may be filed in the back of the binder.  

Revision No. 27 
September 3, 1971
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Revision Record (continued)

Revision 
No.  

26 

26 

26 

26 

27 

27

Date of 
Revision 

7/23/71 

7/23/71 

7/23/71 

7/23/71 

9/3/71 

9/3/71

Pages Revised 

60, 60.1 

62 

64 - 66 

Appendix R 

65 

Appendix R

Revision Reason 

Added discussion of 
structural adequacy of 
MIL inner can.  

Editorial corrections.  

Added results of 

Super KENO calculationE 

Added MS-24347 

H/U of 1.5 was 0.5 

Added "Single Package 
Evaluation" and Figure: 
2 thru 9.

ticket 71,- 37 Date: 11/18/66 Revision No. 27 Date: 9/3/71
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SNM-338 
Shipping - NFD 

23.3 Complinace With Subpart C of 10CFR71 (continued) 

lattice, so a 14X14X4 high array (784 packages) 
was used in the calculations. Uranium enriched 
to 5 w/o, as a homogeneous U0 2 -water mixture at 
2g U/ml and a moderating ratio (H/U) of 1.5 
was assumed to fill the inner container; and at 
this low moderating ratio, the results derived 
using this material can be considered equally 
applicable to packages containing heterogeneous 
material. A full density water reflector was 
assumed around the array and the density of 
water within the outer container and the spaces 
among the containers was varied to determine the 
effect of various degrees of interspersed 
moderator. The results of these calculations are 
as follows: 

Interspersed H2 0 keff of 
Density Array 
gzcc 

0.0 10.1 
0.1 0.101 + .003 
0.5 0.273 T .010 

1.0 0.394 T .012 

Check calculations of a critical, single, 
cylindrical, stainless-steel container of uranium 
at 4.89 w/o enrichment as U0 2 F2 yith gull water 
reflection gave a Keff of 1.008 - with the 
Super KENO code, and 1.007 - .u12 with the GEM-4 
code.  

These calculations indicate that the 500 package 
array, considered to approach the minimum critical 
number of packages, is in fact very subcritical 
under all conditions of interspersed water 
moderation.  

Furthermore, the k. implied from the ratio of 
fissions to absorptions from the Super KENO output 
indicates that an infinite array would be subcritical.  
The steel in the packagings is apparently sufficient 
to reduce the k. and eliminate the interaction 
packaging caused by interspersed moderators in the 
array.  

Docket 70-:-' Date: 1!.,'18/66 Revision No. 27 Date: 9/3/71 Page 5



APPENDIX R

SINGLE PACKAGE EVALUATION 

A single Pellet Shipping Package was subjected to a "free drop" test as outlined in 10CFR71, Appendix B, to determine 
its effect on the integrity of the inner containers. The 
complete Pellet Shipping Package consists of a Model BB250-2 Shipping Package, handling insert, and four (4) 
inner containers constructed in accordance with US Military 
Standard MS 24347 and described in Section 23.2 of this 
application.  

Prior to the test, each of the four pellet (or inner) containers was filled with sixty (60) pounds of loose dry sand and pieces of scrap metal to simulate the same weight of UO2 . One of these filled containers is shown in Figure 2 (Note the absence of any Fiberpak drum or other lining).  
The pellet containers were then loaded into the handling 
insert as shown in Figure 3. Each of them was separated 
by a 3/4" thick polystyrene disc eight inches in diameter.  
Finally, the loaded insert was placed iir the Model BB-2502 Shipping Package and the complete Pellet Shipping Package was transported approximately 10 miles to the test site.  

A L.Lctur-tread crane equipped with a forty (40) toot boom and a 45,000 pound capacity electromagnet pickup was used 
to perform the drop test.  

The Pellet Shipping Package was raised to a height of thirty (30) feet above ground level and then dropped onto a 1/2 inch thick steel plate lying on a flat, horizontal 
dirt surface well compacted by heavy equipment travel. The impact occurred on the bottom edge of the package with the longitudinal axis in a nearly vertical position. Following 
the drop test, the Pellet Shipping.Package was transported 
approximately 10 miles back to Westinghouse NFD in a 
horizontal position.  

Although the bottom edge of the outer package was compressed 
somewhat, the damage was not extensive as is shown in Figure 4. The inner cylinder of the outer package suffered no apparent damage and consequently, there was no reduction in the integrity of the water tight, gasketed and bolted 
closure of the inner cylinder.  

Figure 5 shows the loaded handling insert immediately after its removal from the outer package. The pellet container 
stack height was reduced approximately 3 inches by the free fall. This can be seen by a comparison of Figure 3 and Figure 5. The reduction in stack height was caused by compression of the polystyrene spacers and the two bottom pellet containers. Figure 6 and Figure. 7 show two views of
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APPENDIX R - SINGLE PACKAGE EVALUATION (continued) 

pellet containers after they were removed from the handling 
insert. Damage to either of the two top pellet containers 
was very minor and the gasketed and bolted locking ring 
closures were intact. The pellet container: (Figure 8) 
immediately above the bottom one suffered greater damage.  
One side of the top rim was compressed approximately one 
inch and the lid was forced down into the body of the 
container on the opposite side. There was also minor 
damage to the bottom rim. Although the gasketed lid was 
displaced, the seal between the lid and the body of the 
container was sufficient to prevent any leakage of sand 
from the container. Damage to the bottom pellet container 
was very similar to the one above it, but somewhat more 
severe (Figure 9). The lid and one side of the top rim 
were compressed approximately 2 inches and at one point 
on the perimeter of the lid there was a small gap between 
the lid and the body of the container through which 
approximately 55 grams (45 cc) of the loose sand leaked 
out. The fact that the package was transported in a 
horizontal position during the 10 mile return trip to 
Westinghouse NFD undoubtedly contributed to the leakage 
of sand from the urntai,,ez.  

In every case the integrity of the welded seams wae 
maintained. Also, the safe geometry of the system was 
effectively maintained.
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igure 2: Undamaged Pellet Contain 
(US Military Standard MS 24347)
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Figure 3: Loaded Handling Insert 
Prior to Drop Test
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gure 4: Damaged Model BB-250-2 
Shinnina Pnnvn&rj

Figure 5: Damaged Pellet ContainerE 
As Removed from Outer 
Package 

(Left to Right, Bottom to Top)
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Figure 6: Side View of Damaged 
Pellet Containers 

(Left to Right, Top to Bottom)
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Figure 7: Bottom End View of 
Damaged Pellet Containers 

(Left to Right, Top to Bottom)
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igure 8: Damaged Pellet Container Figure 9: Damaged Pellet Container 
in Next to Bottom Positio - in Bottom Ponitinn
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SIM-338, Amendment No. 71-39

UN1TiP t'ATE5ý 
ATOMIC ENER6 COMMISSION 

WA.SH ItNG'ONQC. 20545 

OCT 5 1971

(�j

Westinghouse Electric Corporation 
ATTN: Mr. Karl R. Schendel 
Gateway Center 
Pittsburgh, Pennsy a 15222 

Gentlemdo 

Enclosed is Amendment No. 71-39 to Special Nuclear Material License 
No. SNM-338 authorizing the delivery of large quantity radioactive material to a carrier for transport in the Super Tiger package.  

Please note that this amendment does not authorize the transport of 
. radioactive material. Such transport is normally subject to regulation by theADepartment of Transportation (DOT). Questions regarding 

th'eir requirements should be directed to DOT.  

Sincerely, 

Mod DP by 
BUil A. hubaime 

Donald A. Nussbaumer, Chief 
Fuel Fabrication and 

Transportation Branch 
Division of Materials Licensing 

Enclosure: 
As stated

cc: Mr. Alfred W. Grella 
Department of Transportation 

Protective Packaging, Inc.  
ATTN: Mr. John D. Simchuck 
P.O. Box 1192 
Tacoma, Washington 98401 

ITEM # q/

Distribution: J/ent! 
Docket File 
Document Room 
State Health 
Compliance, RQ (2) 

LHEcAlduff, ORO0 
SWeber, S1M 
C•"Thornton, NS 
ACabell, AI~4:DR 
RLStevenson,. MIL (2) 

i.CEMscDonald, IX4L (2) 
" Branch P/F n R4 /F, w/o encl.

/�1 

''C

F17" 
wq a



Form .ABC0-41a 
"(7/70) COPY

$ 197�
UNITED STATES 

ATHOIC ENERGY COMMISSION

LICENSE AMENDMENT 
f or 

DELIVERY OF RADIOACTIVE MATERIAL 
to a 

CARRIER FOR TRANSPORT 

Pursuant to the Atomic Energy Act of 1954 and Title 10, Chapter 1, Code of 
Federal Regulations, Part 30. "Rules of General Applicability to Licensing 
of Byproduct Material", Part 70, "Special Nuclear Material", as appropriate, 
and Part 71, "Packaging of Radioactive Material for Transport", the follow
Lag amendment to the license identified below is hereby issued, authorizing 
the licensee to deliver radioactive material to a carrier for transport, 
and is subject to the conditions specified in that license and to the condi
tions specified below: 

LICENSEE 

1. Name: Westinghouse Electric 3. License No. SNM-338 
Corporation 

2.. Address: Box 355 Amendment No. 71-39 
Pittsburgh, Pennsylvania 15222 

Docket No. 70-337 

CONDITIONS

4. (a) Packaging

(1) Model nia 

(2) Descript

mber Super Tiger

ion A protective overpack which provides 
containment, impact resistance and 
thermal resistance for its contents.  
The containment vessel (cavity) is 
approximately 76" x 76" x 172" con
structed of 3/16" thick and 10-gage 
mild steel. Closure of the containment 
vessel is by a 1/4" thick aluminum plate 
with silicone rubber gasket which is 
bolted to the containment vessel. A 
pressure fitting with cap on the closure 
plate provides a means for leak testing.  
The containment vessel is centered and 
supported in an outer 3/16" thick steel 
jacket by approximately 32" of polyure
thane foam insulation at the end and 10" 
on the sides. A removable section or 
cap consisting of approximately 34" of 

•. .r'_",• lyurethane foam insulation encased in



LICENSEE:

OCT 5 -°1971
Westinghouse Electric Corporation

LICENSE NO: SNN-338 AMENDMENT NO:

(a) (2) Description contd.

(b) (1) Type and form of 
material 

(2) Maximum quantity of 
material per package

steel with a silicone rubber gasket is 
bolted to the main outer steel jacket. The 
overall dimensions of the package are ap
proximately 8' x 8'.x 20'. Vent holes are 
provided on the sides and ends of the con
tainer. Set into each corner of the outer 
container are standard I.S.O. steel cast
ings. The total weight including weight 
of the contents is 45,000 pounds.  

Packaging is constructed in accordance with 
Protective Packaging, Inc., Drawings Nos.  
32106, Sheet 1, Revision D and 32106, 
Sheet 2.  

Radioactive material including fissile 
material as solids or liquids, in normal 
or special form packaged within secondary 
containers that meet the performance re
quirements for Type A packaging as defined 
in Paragraph 173.389(j) of 49 CFR Part 173.  

Fissile material not to exceed the generally 
licensed quantities as defined'in Section 
71.6 of 10 CFR Part 71 and/or large quantity 
licensed material provided the maximum 
weight of the contents including secondary 
containers, dunnage, shoring, and bracing 
does not exceed 30,000 pounds, the external 
dose rate does not exceed 10 mrem/hr 3 feet 
from the surface of the package and the 
maximum decay heat generation per package 
does not exceed 

(i): 30 watts and the heat sources are 
distributed throughout the cavity 
such that the temperature at any 
point within the cavity does not 
exceed 200°F or 

(1i) 235 watts provided combustible solids 
or liquids are not present and the 
heat sources are distributed through
out the cavity such that the internal 
surface temperature of the cavity walls 
will nowhere exceed 350 0 F.

ff�

PAGE NO: 2 of 3

71-39
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LICENSEE: Westinghouse Electric Corporation PAGE NO: 3 of 3 

LICENSE NO: S-M-338 AMENDMENT NO: 71-39 

(c) Fissile Class II and III U (1) Minimum transport index - As prescribed by Section 71.6 of 10 CFR 
to be shown on label Part 71.  
for Class II 

(2) Maximum number of One (1) 
packages per shipment 
"for Class III 

5. For less than full loads, sufficient dunnage, shoring and/or bracing shall be 
utilized to minimize secondary impact of the Type A packages within the" cavity 
under normal and accident conditions.  

6. Protrusions from Type A packaging such as lifting eyes, etc., shall be positioned 
such that they will not contact the cavity walls' or shoring shall be provided to • prevent puncture of the cavity walls by the protusions under the normal and acci
dent conditions.  

7. Radiation shielding as required shall be part of the Type A packages.  

8. Contents shall be positioned in the cavity such that the center of gravity of the loaded package is substantially the same as the center of gravity of an empty 
package.  

9. A leak test shall be conducted of each Super Tiger package prior to delivery to a carrier for transport to ensure that it is properly sealed.  

10. Shipment of liquids where freezing may be encountered must receive approval with regard to arrangements made to prevent freezing of the contents.  

11. The package authorized by this amendment is hereby approved for use under- the general license provisions of Paragraph 71.7(b) of 10 CFR Part 71.  

REFERENCES 
Mechanics Research, Inc., Report C2378, "Engineering Evaluation of the Super Tiger Overpack Designed for the Shipment of Large Quantities of Hazardous Materials," 
submitted with the licensee's application dated May 28, 1971.  

Protective Packaging, Inc. Drawings Nos. 32106, Sheet 1, Revision D and 32106, Sheet 2 submitted with the licensee's application dated February 4, 1971.  

FOR THE ATOMIC ENERGY COMMISSION 

&Wm SOPW by 

Date of AmendmentOCT 5 1971 

Donald A. Nussbaumer 
Division of Materials Licensing



Weainghouse Electft.Cr*oration "" ' Westinglous Building 
*Gateway Center 60 

Pittsburgh Pennsylvania 15222 

February 4, 1971 

"'-.:'5 / " , > .  

U. S. Atomic Energy Commission 
Division of Materials Licensing 
Washington, D. C. 20545 

Attention: Mr. Donald A. Nussbaumer, Chief 
Fuel Fabrication and Transportation Branch 

Gentlemen: 

Subject: Application for Amendment of License SNM-338, 
-Docket 70-337, to Authorize Use of NFD Shipping 
Packages 

The Westinghouse Electric Corporation hereby requests amend
ment of the subject license to authorize the delivery of 
special nuclear material to a carrier for transport in 
Protective Packaging, Inc., "Super Tiger" packaging described 
in the attachment to this letter.  

Please send the amendment to me at the above address.  

If you have any questions, please write to me at the above 
address or telephone me collect, (412) 255-3907.  

Very truly yours, 

Karl R. Schendel 
License Administrator 

KRS: sw 

Attachment: License Amendment 
7 copies transmitted ITEM #

6V_1



SNM-338 
Shipping - NFD

FILING INSTRUCTIONS

The transmittal letter should be filed in the binder labelled 

"Application for Amendment of License SNM-338 for NFD Shipping 

Package" immediately in front of the transmittal letter dated 

11/24/70.  

Revised pages 4, and 7.2 should be inserted and the old pages 

removed.  

New pages 56 through 59 should be inserted immediately follow

ing page 55. New Appendix Q should be inserted immediately 

following Appendix P.  

The removed pages may be filed in the back of the binder.  

Revision No. 24 

2/4/71
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Revision Reason 

Added Section 20, the RCC 
Fuel Rod Shipping Package 

Added 

Added OFHC copper as poison 
material.  

Changed "< 0.90" to "obviously 
less than the 0.98 values....  
(MCA) situation." 

Changed "` 0.90" to "obviously 
<0.98." 

Deleted k ef (Max/ass'y) and 
keff (Sax/pg). Added fuel 
assembly descriptions requir
ing OFHC copper poison plates.  

Added Section 21.  

Added Section 21, the Mixed 
Oxide Fuel Shipping Package 

Added 

Added Rod Cladding Thick.(Min.  

Revised to specify compliance 
with 10CFR71.32.  

Retyped.  

Added computations.  

Revised to add RCC and RCC-2 
pkgs. for fuel rods.  

Added 15 X 15 SST Clad Par
ameters for poisoned package 
per 10/20/70 TWX.  

Added Section 22, Super Tiger 
Shipping Package 
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DatOW 11/18/66 Reviion No. 24 Date: 2/4/71 .Page 7.2Docket 7 0- 13 7



SNM- 338 
Shipping - NFD 

22. Super Tiger Packaging 

22.1 Packaging Description 

Designation - Super Tiger Shipping Container DOT SP 6400 

Gross Weight - 45,000 pounds, maximum 

Fabrication - The package will consist of two, rectangu

lar, essentially concentric, steel boxes. The space 

between the boxes is filled with a rigid, foamed 

plastic. The overall dimensions of the outside shell 

will be approximately 8' X 8' X 20'. The design and 

fabrication details for the PPI Super Tiger Shipping 

Container are given in PPI Drg. 32106 which is 

attached as Appendix Q. The contents will be fur

ther enclosed in a DOT Spec. 7A, or equivalent, pack

aging. The inner packaging will be tied down or 

braced so as to withstand the forces specified in 

10CFR71.31(d).  

Coolants - Not required.  

22.2 Contents Description 

Radioactivity - Not to exceed 2500 curies of recycle 

plutonium.  

Fissile constituent - Recycle plutonium possibly mixed 

with enriched uranium. Total Pu plus 235U will not 

exceed 300 grams.  

Form of SNM - The SNM will be in the form of a solid, 

non-pyrophoric dispersion as a contaminant on or 

mixed with otherwise non-radioactive material. The 

non-radioactive base material may be metal, plastic,

Docket 70-337 Date: 11/18/66 Revision No. 24 Date: 2/4/71
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22.2 (continued) 

wood, paper, rag, inert absorbent, or any other 

solid that will not ignite or decompose at less than 

350 0 F. The contaminated material will be double 

bagged in plastic before being inserted into the 

DOT-7A inner container.  

Neutron Absorbers, etc. - Not applicable 

Maximum Net Weight of Contents - The maximum net weight 

of the contents (including all DOT-7A packagings and 

tie-downs or bracing) will not exceed 28,000 pounds.  

Maximum Decay Heat - Not to exceed 30 watts, total.  

22.3 Compliance with Subpart C of 10CFR71 

General Standards - The material of the packaging is 

such that it will not react with the inner packag

ing(s) or its tiedown or bracing. The inner DOT-7A 

packaging will be constructed such that there will 

be no reaction with the plastic bagging material.  

The package will be equipped with a positive closure 

device and sealing means.  

The specified system of lifting eyes will support 

135,000 pounds without material yielding, as demon

strated on pages 21 and 22 of the attached Mechan

ics Research, Inc. (MRI) Report No. C2378, which is 

attached as part of Appendix Q. The same data 

demonstrates the adequacy of the tiedown arrange

ments.

Dat. 11/18/66 Reviion No.24 Date: 2/4/71Docket 70-337
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22.3 (continued) 

Standards for Large Quantity Packagings - The ability 

of the package to withstand a static, uniformly 

distributed load of 5 times the gross weight of the 

package is calculated on pages 13 and 14 of MRI 

Report C2378.  

The resistance to a 25 psi external compressive 

force is computed on pages 19, 20 and 21 of that 

report.  

Criticality Standards - Not applicable.  

Standards for Normal Conditions - The requirements 

specified for a package under normal conditions of 

operation will be met as a result of providing a 

DOT-7A inner packaging. The Super Tiger packaging 

will provide significant redundant containment.  

Standards for Accident Conditions - The ability of the 

Super Tiger packaging to provide superior protec

tion to the DOT-7A inner packaging is documented 

in MRI Report C2378. The report clearly demonstrates 

that there would be no mechanical or thermal event 

which would affect the inner steel box as a result 

of undergoing the hypothetical accident conditions.  

As a result, the containment effectiveness of the 

inner box would be unimpaired and the stresses imposed 

on the inner DOT-7A packaging would be significantly 

reduced.

Docket 70-337 Dat. 11/18/66 Revision No. 2 4 Date: 2/4/71 Page 58
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22.4 Fissile Classifications 

As a practical matter, each Super Tiger package will 

constitute a full load shipment, due to its size. Each 

package will be assigned a Fissile Class as prescribed 

in 10CFR71.6. When the quantity of SNM requires a 

Fissile Class III designation, the exclusive use of 

vehicle will be specified on the shipping papers.  

22.5 Procedural Controls 

For each use, prior to closing the Super Tiger, the 

DOT-7A package will be inspected for general quality 

and acceptability, the tiedowns or braces used to secure 

the DOT-7A package will be checked and the Super Tiger 

gasket will be inspected to assure that it is complete 

and free from defects.  

Following closure, the package will be inspected to 

assure the presence of all closure bolts for which pro

vision is made in the packaging. The lifting eyes and 

tiedown eyes also will be visually inspected to assure 

that they do not display any cracks, thin sections, or 

other gross defects.  

The Nuclear Materials Management group will be respons

ible to maintain the required records on each shipment.

Date: 1 7/18/66 Revision No.24 Date: 2/4 '"l Paawl 5917ocket o?3



APPENDIX Q

ENGINEERING EVALUATION OF THE 
SUPER TIGER OVERPACK DESIGNED 

FOR THE SHIPMENT OF LARGE QUANTITIES 
.OF HAZARDOUS MATERIALS

CZ378 May 4, 1970

Prepared for: 

Prepare.d by: 

Approved.by:

Protective Packaging, Inc.  
15 North Broadway 
Tacoma, Washington 98403 

L.. (/. I .sen 

R. T. Haelsig

Prepared by: 

Mechanics Research, Inc.  
15 North Broadway 

Tacoma, Washington 98403
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. 1.0 INTRODUCTION 

The purpose of this test report is to verify that the proposed Super Tiger 

shipping container is capable of meeting the performance criteria set forth 

on 10 CFR 71 and 49 CFR 171, (Reference 1 and 2).  

The Super Tiger overpack will be used to transport packages meeting criteria 

of Department of Transportation regulations enumerated in the Department 

of Transportation's Hazardous Materials Regulations, (Title 49 CFR, Part 

171, Para. 173. 396). In all cases the packages will be approved appropriate 

Sspecification containers or U. S. A. E. C. approved containers for fissile 

•- radioactive material shipments by the AEC or one of its contractors or 

licensees.  

The Super Tiger will be transported in a vehicle assigned sole use of the 

I consignor, with a total transport index of 50 for fissile class 2 shipments 

or the maximum number of packages in accordance with DOT regulations 

(Para. 173. 396 "Table of Authorized Contents") for fissile class 3 shipments.  

In all cases of fissile class 3 shipments, transport controls will be exercised 

L ito protect against loading, transporting or storing of that shipment together 

with other fissile material. This criteria was established to simulate 

hypothetical accidents in which any package containing hazardous materials 

must be capable of surviving. The proposed container will be used for 

hauling approved specification containers of Type A, Type B and large 

quantities of radioactive materials in solid, liquid and gas form.  

Maximum payload weight is approximately 28, 700 lbs. with gross weight 

F of 45,000 lbs. The DOT design discussed in this report is depicted on-MRI

~~~rrQ of 4500In.Th-Odsg 
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SUPER TIGER I. .
Inner Container Payload Cavity 6'x6'x14'

Gross weight 45, 000 lbs

Payload weight > 28, 700 lbs

8 ft.
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2.0 SUMMARY 

Since the Super Tiger is intended to act as a protective overpack for the 

shipment of large quantities of hazardous materials, it was felt that the 

design should be substantiated not only by engineering evaluations but also 

by physical testing. The design philosophy was to use proven computer 

routines and analysis techniques to evaluate and size the prototype design.  

Once this was complete, a full scale container was fabricated and subjected 

to those tests critical to its acceptance.  

-. After all the testing had been completed, the following results were noted: 

_ 30 foot Drop Test - The container, loaded with a combination of liquids 

and solids, was dropped 30 feet onto the corner of its lid. The outside 

shell indented less than 14 inches with no deformation whatsoever to 

the inner container.  

0 40 inch Puncture Test - Side No. 3 sustained two - 40 inch drops onto 

a 6 inch diameter pin resulting in no yielding or indentation of the 

inner container Wall.  

- Fire Test - Temperatures in excess of 1500°F for over 30 minutes were 

. sustained with a rise in contents temperature to a level of less than 

" 15 0 F.  
j 

By combining these test results with additional analysis, it has been concluded 

that the Super Tiger possesses the ability to protect its liquid, gas or solid 

contents from exposure while meeting those AEC and DOT regulations stated 

in Reference 1 and 2. All cargo will be supported in a manner capable of 

producing no more severe loading on the internal container than that of the 

tested prototype. Overall container dimensions and foam thickness can be 

scaled down as a function of impact pressures.  

3.0 CONFIGURATION 

The overpack was designed as a. general use container for the shipment of 

Type B hazardous materials. It was configured to possess the appearance and 

MECHANICS RESEARCH INC. -3-



dimensions of a standard 8' x 8' x 20' modal cargo container, (see photo 1).  

Since it utilizes the universal I. S. 0. corner fittings, it can be handled, 

stored and shipped in the same manner as any standardized shipping container.  

This provides obvious economic advantages over any system implying a non

conventional container.  

The overpack basically consists of two rectangular steel shells separated with 

rigid fire retardent polyurethane foam. Steel shells being fabricated from 

a low carbon steel are extremely ductile, thus allowing large distortions 

with no tearing. In addition to providing puncture and penetration resistance, 

the shell also acts as a durable flame shield. Since the thermal conductivity 

of polyurethane foam is considerably lower than that of the best rockwool or 

fiberglass insulation, excellent thermal protection is provided. Due to its 

low cost and high energy absorbing capability, polyurethane foam also provides 
ii -4;Z ." (.1 

an ideal shock isolation media. M# Drawing No. "**-#is attached to providE 

all construction details.

MECHEANCS REEA RCH INC. -4-



4. The following is an analysis of the Super Tigerts ability to resist 
the loads of Paragraph 71. 32 (a) of 10 CFR 4a Part 71.  

A) Bending moment at bolt centerline: 

w (5) (45, 000) /240 = 938 lb. /in.  

x= 35 

L = 240 

Mt = wx (L - x) /2 

ML. = (938) (35) (Z40 - 35) /2 

Mj, = 3, 365, 000 in. -lb.  

Conservatively assume only the bottom two bolts react this load: 

Pbolt = (3, 365,- 000 in'. -.lb. ) /(2) (93) 

Pbolt = 18, 100 lbs.  

Allowable Bolt Load = 80, 700 at 125 ksi 

* . Margin of Safety (Bolts) 

M.S.. 80, 700 -1 
M.S.. = r18,g00 

M.S. += Large

PROTECTIVE PACKAGING, INC. -13-



B) Max. Shell Bending Moment: 
wZ2 

Mmax = 8.  

Mmax = (938) (240)2 /8 

Mmax = 6, 753, 600 in. -lb.  

Conservatively assume all loads are to be carried by the tri
angular corner beams. Buckling stability of the corners is provided 
by the foam and face sheets.  

Area = 2 (11 112) (.1875) + (16. 3) (.1046) 

Area = 4.3 + 1.7 

Area= 6.0 in.  

fc = M/ZhA 

fc = (6, 753, 600) /4 (96 -11 1/2) (6) 

Sfc : 6, 660psi 

FCS= 46, 500 psi 

Margin of Safety: 

M. S. 46, 500 1 S6, 660.  

M.S. = +Large 

Conclusion: The proposed container is capable of safely reacting 
loads set forth in Paragraph 71. 3Z (a) of 10 CFR Part 71.

PROTECTIVE PACKAGING, INC. -14-



Therefore, the full scale prototype design utilized this technique. A 

different wall configuration was used for each of the four walls. They were: 

o Side 1 - 3/16ths plus 3/16ths plus 3/16th 

o Side 2 - 3/16ths plus 3/16ths plus I/8th 

o Side 3 - 3/16th plus 1/8th plus 1/8th 

o Side 4 - 3/16th plus 3/16 

In each case, the inner plates were to be tack welded so as to release on 

impact. This was true with all but Side 4, since during fabrication a near 

accident resulted in a plate being solidly welded. The effects were shown 

in the actual testing of this side. See Section 5. 4 - 40 Inch Puncture Test.  

4.3 Thermal Analysis 

Appendix 3 contains a thermal analysis on an overpack resembling the Super 

Tiger. The container was analytically subjected to the required 1475°F fire 

Stest for a 30 minute period, using a transient electrical network analogy 

program, (Reference 3). The results show that the content's temperature 

will at no time be raised more than 100. Since this analysis was for the 

urethane thickness of only 7", it was felt that the Super Tiger would have no 

trouble. surviving the actual fire test.  

4.4 Compression 

Paragraph 71.3Zb, Reference Z, requires that packaging shall be adequate to 

assure that the containment vessel will suffer no loss of contents if subjected 

to an external pressure of Z5 psig.  

Since the inner and outer skins are attached by means of the rigid polyurethane 

foam, a stress skin design of the following configuration is provided.

ME~.17NTICS n7TAPRCH 1C. -19--19-



Outer Steel Shell

Foam 

Inner Steel 

Therefore, the external pressure loads will be carried in the form of plate 

bending when the outside sheet is in compression and the inner sheet is 

in tension. Foam compression strengths in excess of 100 psi are present 

at all points.  

The moments in a rectangular uniform load homogenous plate with clamped 

edges is given in Timoshenko "Theory of Plates and Shells", page 228, 

Reference 4, as: 

b 192 - -F.5 

a 76 

q = 25 psi 

1. (Mx) x=a.zy0 - - .085 qa 2 = 12,300 in-lb 

2. (My)x=O, y=b/2 = - . 057 qa2  8, 230 in-lb 

The resultant are as follows: 

Load Component Outer Skin Inner Skin 

1. MX edge -6600 +11750 

2. My edge -4410 +7850 

fb = 11750 psi < FTU = 63, 000 psi

MECHANICS "SEA'Pr:CH INC. -20-



*M.S. = 63,000 1 =+Large 
11,750 

Therefore the container can react Z5 psig without loss. of contents.

4.5 Tie Downs

Paragraph 71. 31c, of Reference 2, requires the tiedown fitting be capable 

of reacting a load of three times the package weight vertically and ten times 

the weight in direction of travel. All eight of the tie down fittings are standard 

International Organization for Standardization (I. S. 0.) corner fittings for 

freight containers, (Reference 5).  

Typical section properties can be found below'. -

•CHANffmr. -ESEABCV 'qC. -21-
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., guaranteed minimum material yield strength of 46, 500 psi assures high 

reliability. Primary loads are reacted through Section X-X producing 

a :-.t cross section area of (1-1/8 x 1-9/16) or 1. 76 in2 .  

.-he allowable load per casting will be: 

Pallow = (F.) (As) = (46,500) (2) (1.76) 

Pallow = 82, 000 lbs/fitting 

Assuming four fittings to be used for lifting, then the net capacity is: 

G's = (82, 000 lb/fitting) (4 fitting) 
(45, 000 lbs) 

G's = 7. 28 g (vertical capability) 

Assuming eight fittings to be used for tie down, then the net capacity is: 

G's = (82, 000 lbs/fitting) (8 fittings) 
(45, 000 ibs) 

G's = 14. 5 g (fore and aft) 

Therefore the standard I. S. 0. fitting does possess the required strength to 

meet tie down requirements as set forth in Reference 2.  

5.0 FULL SCALE TESTING 

A full scale prototype container was fabricated by Star Iron and Steel Company, 

Tacoma, Washington and subjected to the required testing as outlined in 

Reference I and 2. Mr. A. 0. Dodd, Nuclear Safety Branch, H&S Division, 

Richland, Washington, acted as official test witness for the AEC.

-22-IM-M =7 71%TC.



glamourless subject, it also served as a thermal indicator.

To establish a level of fragility to the payload, one drum was loaded with a 

dozen eggs, two pieces of china, a glass and a bottle of beverage, (see photos 

8 and 9).

MMCANZICS RESEARCH INC. -2-7-



The inner and outer container covers were secrued making the container 

ready for drop testing.  

5.3 30 Foot Drop Test 

Super Tiger was trucked from the fabrication and loading site at Star Iron 

to the Port of Tacoma facility for the drop sequence. On route the truck 

trailer rig was weighed at a registered truck scale which determined the 

gross Super Tiger weight to be 45, 260 lbs.  

After a considerable amount of design review it was concluded that the most 

critical drop orientation would be a diagonal drop onto the corner of the cover.

MECHANICS RESJEACH INC. -28-



A quick release device was rigged between the crane and container to provide 

instaneous release. The drop height was measured by a 30' length of rope 

attached to the lower corner. The container was then raised to a point where 

the lower corner was over the target area. Upon release the container 

was allowed to free fall 30' onto the steel plates, (See photos 10 through 14).

. rHANIC RESEARCH INC. -29-





On impact the external skin buckled in the region between the corner fitting 

and the interface closure area, (see photo 15 through 18). The ductility of 

the plate is evidenced in the 180 degree bends or wrinkles of the external 

skin. An external seam weld at the edge tore for approximately 10". This 

introduced no problem since the full area was backed with the diagonal 

gusset plate. Maximum corner identation was less than 14".

MECHANICS .ESEARCH INC. -31-
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M aterial yielding appeared restricted to this area. Later, on removal 

of the cover, it was apparent that deformation was wholly restricted to the 
cap. (see photos 19 and 20). It was felt that if the cap were to be replaced 

the net effect of the 30 drop would have been undetectable to the remainder 

of the container. The inner cavity saw no deformation whatsoever.

MJVHANIMg -NZSEARCH INC. -35-



40" Puncture Test5.4

Four separate 40" drop tests were conducted. As explained in Section 4. Z, 

each of the four sides represented a slightly different configuration. The 

purpose of the drop test was not only to qualify the container but also to 

provide a design evaluation of the different types of construction. The test 

went as follows: 

Test 1 - a 40" drop onto the center of Side No. 3 

This side contained three layers of steel plate (3/16+1/8+1/8)..  

On impact, (photo Z1 and ZZ) the pin produced a local indentation 

approximately Z-1/Z" deep. As can be seen from photo 23 and 

24 the external skin was not cut or torn in any way. Post test 

inspection of the inner container failed to show any evidence of 

the puncture test. No indentation or deflections were detectable 

on the inner container. This was true for the first three tests.  

There was also no evidence that the 8" tall*pin had bottomed out.

"ITECHAI'7a RESEARCI! INC. -36-
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Test No. 3 - Test No. Z was duplicated on Side No. 2. In this case the 
maximum indentation of less than 4 " was observed, (see photos 27 and 28).

W'""HANCF RESEARC7? INC. -42-



represent a conservative test arrangement since in practicality the container 

would remain on top of the puncturing device during an accidential fire.  

5.5. 2 Fire 

All twelve burners were ignited and the furnace door closed. Surface 

temperatures of the steel shell exceeded 500 within the first five minutes 

of testing. On reaching approximately 6000 the virgin urethane foam begins 

to locally decompose creating a very dense pungent gas. Since sufficient 

oxygen to support combustion was not present within the shell, the gases 

must exhaust through the pressure port and burn external to the container.  

In theory the velocity of the excaping gases is higher than the rate of flame 

propogation making sure that the combustion reaction is always exothermic, 

therefore taking heat away from the container rather than adding heat to it.  

Inspection ports in the furnace wall verified this to be the case. Large 

quantities of smoke and -flame were apparent.. (see photos 37 and 38).

MECHANIU• T- REBEA.tCH INC. -53-
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Contained within one of the 17H drums was a carton of eggs, a drinking glass, 

a few dishes, a bottle, etc. There was no damage to any of these items, 

(see photo 46). Photo 46

-MECHANCS WESEARCH INC. -65-



.nghouse Electric Corporation Power Systems PWR Systems Division 

Box 355 

Pittsburgh Pennsylvania 15230 

May 28, 1971 

U. S. Atomic Energy Commission 
Division of Materials Licensing 
Washington, D. C. 20545 

Attention: Mr. Donald A. Nussbaumer, Chief 
Fuel Fabrication and Transportation Branch 

Gentlemen: 

Subject: Application for Amendment of License SNM-338, 

Docket 70-337, to Authorize Use of NFD Shipping 

Packages 

The Westinghouse Electric Corporation hereby requests amend

ment of the subject license to authorize the delivery of 

special nuclear material described in our applicatic-ri dated 

February 4, 1971, to a carrier for transport in Protective 
Packaging, Inc., "Super Tiger" packaging described in our 

application dated February 4, 1971, as modified by tlie 
amendment to this letter.  

.Please send the amendment to me at the above address.  

If you have any questions, please write to me at the above 
address or telephone me collect, (412) 373-4652.  

Very truly yours, /ý J~z P 4LC& 
Karl R. Schendel - -

License Administra41or.  

KRS: jh 

Attachment: License Amendment 
7 copies transmitted 

ITEM # ,



SNM-338 
Shipping - NFD

FILING INSTRUCTIONS

The transmittal letter should be filed in the binder labelled 

"Application for Amendment of License SNM-338 for NFD Shipping 

Package" immediately in front of the transmittal letter dated 

May 5, 1971.  

Revised Report C2378 should be inserted into Appendix Q and the 

abridged Report removed.  

New page 7.3 should be inserted immediately following page 7.2.  

The removed pages may be filed in the back of the binder.  

Revision No. 26

5/28/71



SNM-338 
Shipping - NFD

REVISION RECORD (continued) 

Revision Date of 
No. Revision Pages Revised 

26 Appendix Q

Revision Reason 

Unabridged Report C2378 
inserted.

'--4

Page 7.3
Docket 70-337 Date: 11/18/66 Revision No. 26 Date: 5/28/71
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ENGINEERING EVALUATION OF THE 

SUPER TIGER OVERPACK DESIGNED 

FOR THE SHIPMENT OF LARGE; QUANTITIES 
OF HAZARDOUS MATERIALS

C2378 May 4, 1970

Prepared for:

-. -Ir'

Prepared by: 

Approved by:

Protective Packaging, Inc.  
15 North Broadway 
Tacoma, Washington 98403 

R. T. Havlsig
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I. 0) IN'I' MI, CI) I ]OI(N 

Tlh' p iunposs. of (his test report is ito verify that the propos(:d Sup."r l'iper 

shipping container is capable of meeting the performance criteria set forth 

on 10 CFR 71 and 49 CFR 171, (Reference 1 and 2).  

TIhe Super liger overpack will be us•ed to transport packages nmeeting criteria 

of I)epartmient of Transportation regulations cnurn rated in the Department 

of Transportation's Hazardous Materials Regulations, (Title 49 CFR, Part 

171, Para. 173. 396). In all cases the packages will be approved appropria!te 

specification containers or U. S.A. E. C. approved containers for fissile 

radioactive material shipments by the AEC or one of its contractors or 

licensees.  

The Super Tiger will be transported in a vehicle assigned sole use of the 

consignor, with a total transport index of 50 for fissile class 2 shipments 

or the maximum number of packages in accordance with DOT regulations 

(Para. 173. 396 "Table of Authorized Contents") for fissile class 3 shipments.  

In all cases of fissile class 3 shipments, transport controls will be exercised 

to protect against loading, transporting or storing of that shipment together 

.with other fissile material. This criteria was established to simulate, 

hypothetical accidents in which any package containing hazardous materials 

must be capable of surviving. The proposed container will be used for 

hauling approved specification containers of Type A, Type B and large 

quantities of radioactive materials in solid, liquid and gas form.  

Maximum payload weight is approximately 28, 700 lbs. with gross weight 

of 45, 000 lbs. The DOT design discussed in this report is depicted on MRI 

Drawing No. 121350.  

MEU &MC1 R BC. INC. -1-



SUPER TIGER 
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"20 ft. Gross weight 45, 000 lbs 
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4. 0 SUMMARY 

Since the Super Tiger is intended to act as a protective overpack for the 

shipment of large quantities of hazardous materials, it was felt that the 

design should be substantiated not only by engineering evaluations but also 

by physical testing. The design philosophy was to use proven computer 

routines and analysis techniques to evaluate and size the prototype design.  

Once this was complete, a full scale container was fabricated and subjected 

to those tests critical to its acceptance.  

After all the testing had been completed, the following results were noted: 

0 30 foot Drop Test - The container, loaded with a combination of liquids 

and solids, was dropped 30 feet onto the corner of its lid. The outside 

shell indented less than 14 inches with no deformation whatsoever to 

the inner container.  

0 40 inch Puncture Test - Side No. 3 sustained two - 40 inch drops onto 

a 6 inch diameter pin resulting in no yielding or indentation of the 

inner container wall.  

* Fire Test - Temperatures in excess of 1500 F for over 30 minutes were 

sustaine'd with a rise in contents temperature to a level of less than 

150 F.  

By combining these test results with additional analysis, it has been concluded 

that the Super Tiger possesses the ability to protect its liquid, gas or solid 

contents from exposure while meeting those AEC and DOT regulations statted 

in Reference 1 and 2. All cargo will be supported in a manner capable of 

producing no more severe loading on the internal container than that of the 

l,,ste(d prototype. Overall container dimensions and foam thickness can be, 

scal(ed down as a (Luiclion of impact pressures.  

3.0 GONFIGIUAJION 

Thit overpack was designed as a general use container for the shipment of 

*Type B hazardous mnaterials. It was configured to possess the appeari:-:cv and 

iWEtCANSi B E ACU INC. -3-
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dialltieonis l .•; ofi .i :.;til., rfl 8' x 8, x .{O' ij)o la I (l;i rgo ( m' airn,.r. ( ,.. phI-l,) I .  

s tilt,-4. it IIIl III : Ill 'II l ",-q l : .t I.• (. S ' III',' if l |.! - , | ;III t,4. I• ,.ialld .o .  

sit? rt-d ;Ind .shi )l)l(l in Ot - ;.iII,. imiaonner as ally .,I;Irlmc; rolIz..l .slIi |lpiii- (0 nIs.,i1), 

"[his p rov id(,-s o)hv i is vu on n{iirc ad(vanta ges )ve, I" anyv s st - (,i nipl ring a nlii, 

coive'n| itiona I 1;tiiti111 I'.  

T'he ovv rpa(cl 1a.•iswally c onls (if two reit.angtila"r ste, el shiells s.-para-t ed w 

rig-id fire retarda'nt polyurcithane foam. Steel shells being fab ricated froIm 

a iow carbon st.el are (extir.nely ductile, thus alliwing large dist6rtion;-s 

with no tearing. In addition to providing puncture and penet ration resistanct' 

the s;hvll also acts as a durabl, flame shield. Since the thermal conduct ivity 

of polyurethane foam is considerably lower than Lhat of the best rockool or 

fiberglass insulalion, excellent thermal protection is provided. Due to its 

low cost and ligl (-it, regy abs)rbing capability, polyurethane- foam also pr-)wI( 

an ideal shock isolation niedia. M]I l)rawing No. I-1 50 is atiachtd to pro%, 

all con.si ruction details.

MUQHANICS RESEARCH INC. -4-
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(

1t.1' t 1i re ,)IIU tl 'r :'-It.•I . ll Is rihiiit- i tl io,- ( li j i- j vt,.rv (It l l,(w I tiIla h i site t.I 

plait "h/i/lh of an incrl thlick. Thv vlonL.at ion of . iaterial is nearly 40;, 

Ihiis allowing 11-t. sh(ell to ttnle rgo large dfor-n-atio(ns without fracturing. (see 

"Tabh) I). '-inc- eine rgy is required ito produce thtese , distortions, the shell 

it -ef will bL capable of absorbing a large amotunt of ene rgy.  

All corn-rs are lap doubled and continuLously scan. welded along the over

lapping tedge. All welds are full penetration. In addition, all external edges 

are protected with a diagonal gusset plate of 12 gage siteel. (see photo 2).  

This gussetl plate perforn-is m-any functions. Should any of the external seam 

welds fail dluring im-r'pact, the diagonal plate would form not only a redundant 

load path, but also a secondary seal for the sean•.

-i-I

I,

k

M=CIHAN$CS RESEARCH INC.
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MECHANICAL PROPERTIES OF STEEL 

:;t..'r':!.-.flshoAwn replresents average results and is offered aso a qen
,: , -t, t0:1, Vr,, l, Da-0- icul -x ctonc.y of the steels listed. In Indi........................ .-. ............ :...jy ,o.v..I,-.p r..:;alt;; ,tdif.'Trip witi.ly fromn tin. JV'!f

. z :-: . ]: I:Q.. [Tt.Irtji-s showzn uw'e Lsed on u I" ld. sectjciz, cxrc.'.,t I•t 
",.ott teJ .Qt.,,ls on which the size rurge is shown.  
1p: '" z'; z;;!:," Ai. arer f-" -.t:t!I itt thw AS Hli]] 1 .1 .1) or AS DRAWN condition 

unaless otherwise stated.  K i % Ha~dnesa t 

7 7Tar.' Yield % Red. achi 
" s'"? ! IT onale iel Elongq. of Rak- ability N=--,:ýr .M S,-t,.'l I'trenqth ,s11 Point PSI in 2'8° Areu I Rrin- l Rating 

CASE HARDENING OR LOW CARBON TYPES 

Steel C.D. 7mooo -,N- *6 158 R& 

: 15 H-.R. 61.000 45.500 39 61 126 H B72 50 
SC.D. 74.000 62,000 [ 4 57 ]143 ] 79 58 

•'08 H.R. 69.000 48.000 |38 G 2 ]143 B79 52 
C'.D ....... 82.000 ..... 70.000 ... 1. 20 .. 57 .... 163 I. ...B85 I... 65 i 
Carburized at 17000 F., cooled I| box, reheated to 14250 F.. water 

quenched, tempered at 3500 F.-- Cre op otes: 
92,000 56.000 27 48 197 B91 C -019 1.R. 7,000 / 51.000 37 60 149 B81 C. 1 84.000 | 72.000 20 56 170 B87 67 

C 1020 Hl.R. 65,000 43.000 36 59 143 119 50 
C.D. 78.000 66.000 ... . 55 ....15 83 ... 60 

C'025 H.R. 67.000 45,000 36 58 143 B79 r 50 
C.D. 80,000 68.000 20 55 163 B85 60

1 B1112 j C.D. 82.500 71.000 15 43 170 1 B87 100 
B1113 C.D. 83,500 72.000 14 40 170 I B87 130 Ledloy C.D. ..F... 79,000 . 71.000 ..... 16 .. 52 .... 163 .4.. B86 .. 180 
C1117 H.R. 70.600 44.300 33 63 137 | B76 85 

. C.D. 84.000 74.000 21 52 170 B87 90

c1:13 1 C. D. I 76.000 68.000 18 53 156 B83 130 4615 T,1iR. 82000 6.00"s 
0600 62,000 28 65 I183 B90 58 

C.:D: 99:.00 I 84,600 19 611207 B95 64 
Carburized at 17000 F.. cooled in box, reheated to 15500 F.. oil 

quenched, tempered at 3000 F.-Core properties: 
110o,000/ 80.000 25 1 61 229 I C20 4620 H.R. .... 185.000 63.000 ..... 28 .. 64 ... 13..B90 59 

C.D. ! 101.000/ 85,000 122 60 1 207 C15| 64 
Carburized at 17000 F., cooled in box, reheated to 15500 F-.. oil 

quenched, tempered at 3000 F.-Core properties: 
,-- Li.... 120.000 1 89.000 122 1 55 t_248 I C24 ..  

S4815 1.R. 99.000 06'.6-000 25 - -60 - -07 -394 -50 

C.D. 110,000 95.000 1 23 1 55 1223 C19 55 
Carburied at 1700 F.. cooled in box, reheated to 1525n F., oU 

quenched, tempered at 300" F.-Cnre properties: 
1t±lSf.000 I132.000 115 5 55 331 C36 

-:865--i f .R. 182.000 0,000 1t3 1-62 1 149 B81 70 
Canrburied at 17000 F. for 8 hours, pot cooled, reheated to 15500 S I F., oil quenched, tempered at 300" F. -Core properties: 

_1l0•' __ 76.000 17 52 255 1C25 I,_;20 i.. it -9.000 T o-.o0 25 63 }9iV9 i- so 60 
.'. 102"')00 1 85.000 22 58 212 1 C16 63 
S':tr,,:r:,..r ;at 1700" F.. ro-l.md in box. rehe.ated to 15501 F.. oil 

iu,.i.Ieid, tenwred nt 300" '.--Cr' properties: 
129.000 1 ._9.000 21 _j 5 2 55 l_ý2 

Table 1

MECHAICS HESACH INC. -6-
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Set into each corner assembly is a standard I. S. 0. steel casting. Each is 

continuously welded to the side plates and external corner reinforcements.  

As can be seen from the drawing, one end of the outer container is removable.  

Ten high strength 1" diameter bolts tie the container cap to the body. In 

addition to securing the external cover, these both also provide a means of 

sealing or locking the container thus hindering unauthorized access and 

diversion of its contents. The local interface consists of the matching of 

two 6" ship channels. Since these are welded internal to the skin, a rigid 

box beam is formed around the mouth of both the cap and the container. This 

not only assures accurate match up of the assembly but also provides an 

extremely rigid connection capable of reacting and distributing large con

centrated loads. Additional joint integrity is pr6vided by four 1" diameter 

steel dowl pins. These also assure accurate alignment of the cover to the 

body during assembly.  

From Section A-A of the drawing it can be seen that the steel angle welded 

to the cap channel forms a lip for sealing action. The intent here is to 

provide both a redundant load path for shear and a mechanical seal over the 

joint area.  

To accommodate the internal pressure buildup due to thermal exposure, 

two 1-1/a" diameter threaded drum closures are welded into each side.  

These are closed off with standard gasketed plastic plugs.  

3. a Polyurethane Foam 

Polyurethane foam is a cellular plastic that is formed by the reaction of two 

liquids. A polyol and a polyisocyanate in the presence of a gas producing 

agent such as freon.  

As the chemical reaction takes place, heat is generated causing the blowing 

agent to vaporize and form tiny bubbles. The creation of these bubbles 

generates foam which expands to its full height in less than five minutes.  

The net result of the chemical reaction is one giant cross linked molecule 

of cellular plastic containing entrapped bubbles of freon gas.  

E S sE IN. -8-
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The cVellular siriictvur, of rigid urethan, gives it exceptional st rengtl for ii:; 

ligihl weigihl. (:ollip1rl's iive s.ireigth cari be va ried fromn Z') psi to t)wt.r ',0() 1):.  

through alteration of formulation. The closed cell in addition to contrihbut.nji.  

to the strength also seals the foam against penetration of gases or liquid.  

Gas contained in the cells not only shapes the cells but also contributes greally 

to its thermal insulating capabilities.  

Rigid urethane foam is the most efficient insulating material available. It 

has twice the insulating ability of the next best material, polystyrene foam.' 

It is possible to have k factors of . 1 Btu/hr/ft per 0F/inch.  

For the Super Tiger a special formulation of fire retarded rigid polyurethane 

foam was developed and designed, U-2333. This foam is poured in place and 

allowed to expand between the two steel shells. Since. on expanding. foam 

rigidly bonds to all surfaces, the inside and outside shells are forced to work 

together forming a stress skin type design.  

Foam densities can be regulated thereby varying the crush strength. In this 

design, higher density foam is placed in the ends and along all edges. Figure I 

shows the actual load deflection plot of material sample taken during prototype 

a-ssembly.  

3. 3 inner Container 

The inner container consists of a gas tight steel shell approximately 6 feet by 

6 feet by 14 feet long, with a removable end cover. All edges or joints in the 

shell are overlapping and double seam welded, thus applying the same techniqii, 

material and inherent advantages used in the external shell.  

The inner cover is attached by means of a bolt pattern common to the mouth 

of the inner container. See Section A-A of Drawing 121350. Compressed 

between the inner face and bonded to the cover is a soft silicone rubber seal.  

Silicone is used so that in the event a fire exceeds those of Reference I and Z.  

the high eimperature capacity of silicone rubber will guarantee a positive s,-al.  

SC. -9-
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Uniform sealing pressure is assured by the presence of a rolled flangu: oni 

the cover and local stiffness of the angle doubler welded to the inner containt , 

4.0 ANALYTICAL DESIGN 

D)epartment of Transportation Hazardous Material Regulations (R1cfercut c I 

and 2, Para. 173. 398b, and c) stipulate that for Type B containers flit- foIh- It-: 

conditions should be evaluated.  

4. I 30 Foot Drop 

Ini order for the shipping container to survive the hypothetical 10' drop Ih, 

,verpack must be capable of totally absorbing all the generated eiiergy. i 

nianniei" in which the container absorbs energy is through elastic or llt

deforniat ion of the overpack itself. This is the primary function (if tht, 

urethane foam. Under the effects of dynamnic forces on the foam, the Innhiul 

cells will tend to collapse and in so doing absorb a small amount of eurgý; 

per cull. When this action takes place over a large area, considerabl,, an?.  

of energy are absorbed. Work or energy is defined as a force acting ,,vy.,.  

distance. In this case the impact force acts to crush a thickness ,J foati, 

.Average crush sirength of the foam used in the sides and corners will l,-. e!,• 

psi and 2.00 psi respectively.  

I'ht, i0' frree drop of the package has been evaluated using the nonlin(ca i 

-oli1lptilt er auialysis approach. In this evaluation only tfiht energy atbsorl, ii.  

capalbilili-s (if lihe crush miedia arte considered. For conservatism, Ihei 

vni-igy aliso rbed I)y the frame and the shell is ignored. In this analysis ih, 

package is checked for impact effects versus all possible orientations oIn t,• 

package to an unyielding surface. Specifically the following inpat-t oricnt., 

were conside red: 

0 Flat on end 96" x 96" 

* Flat on side 96" x 240" 

(

MECHANICS RESEARCH INC. -11 I-
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"* Edge, along edge 96" 

"* Edge, along edge 240" 

"* Corner 

The analytic features of the analysis are discussed in Appendix A.  

of the impact analysis are presented in Table 2.  

Orientation of Regional Crush Peak Duration of 
Impact Strength Ocr g's Crush Event 

(psi) (sec) 

i. Flat, end 100 19.7 .0688 
2. Flat, side 100 50.6 .0264 
3. Edge, 240 200 39.4 .0540 
4. Edge, 96 200 24.9 .0870 
5. Corner 200 .25.0 .1240 

Table II - 30 Foot Impact Results

A detailed impact response time history for each orientation can be found on 

the following pages. Therefore, on a basis of these calculations, the proto

type was constructed with approximately 3 feet of foam on the ends and one foot 

along the sides. Approximately 2- 1/2 feet of foam could be replaced by a 

crushable honeycomb material possessing a dynamic compressive strength 

at 200 psi. This will still allow for 6 inches of polyurethane to be placed along 

the outside skin providing adequate thermal protection. It is apparent that the 

required cursh depth of foam is a direct function of the impact pressure (weight 

projected area x g's) developed by the package contents. For example, if the 

package weight is cut in half the impact pressure is reduced to 1/2 its original 

value and only 1/2 the original foam thickness would be required. This allows t

foam thickness and container dimensions to be scaled down in proportion to carg 

impact pressures.  

4.2 40 Inch Drop Test 

The container must survive a 40" drop onto a 6" diameter pin.  

The analysis and initial sizing for this condition were done utilizing the MRI 

developed computer program PUNCH, fully described in Appendix B. The 

analysis approach assumes a membrane backed by a crushed foam media.

MUSCHANIS "BSEABON MC. -1-
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The results 

Crush 
Depth 

(in) 

18.39 
7. I4 

18.79 
"30. 12 
47.21
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455.  

449.  
443 3.  
437.  
4131 
425.  

140.  
134o 

128~.  
122.  
1160 

1 IV).  
104.  

96.  
91.  

b5.  
79
73
67s 
61.  
55.  
49.  
4~3.  

37
31

2s.
19.  
1 3 

6.  
vi.  

-60

-190' 
-19.5 
-19.5 
-19 .5 
-19.5 
-19.5 
-19.5 
-19.5 
-19 .5 
-19.5 
-19.5 
-19.5 
-19.5 

-19.5 

-19.S 
-19.5 
-19-5 
-19-6 
-19.6 
-19.6 
-19.7 
-19.7 
-19.7 
-19.7 
-19.7 
-19.7 
-19.7 
-19.7 
-19.7 -19.7 
-19-7 
-19.7 
-19.7 
-19.7 
-19.7 
-19.7 
-19.7 
-19.7 
-19.7 
-19.7 
-19.7 
-19o7 
-19-7
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PATENT PENDING

(IN)

iV L.  
CI('It 

SEC)

ACCEL.  
( G,)

.vC2J i .0)6 527.

~ .~)6~ 3! 16 522.  
4.j * 9 17.  

.,) 2( A.23 Sol.  
j~nAA 7.22 '491.  

Ol.OW 1 . 19 479.  

0 OVV" 10o 94 433o 

~ ~ 120*6i0 396.  
I.2~ 13.*37 37SO.  

4 - ji1.S4 254o 

0.i0h'0 17 .02 227.  

0.0420 17.1i20.

(

-i5-

I. -

1 .0 
-1.3 
-3.5 
-S .7 

-14e4L 
-1 A* * Li 

-22..4 

-26 eW 
-27.6 
-29.? 
-30 *7 

-32.1 
-33.3 
-34.5 
-305.  
-36.5S 
-37.3 
- 36 - W' 

-39.2 
-39.4 
-39.4
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(

1 IF: C:ýlIISH VEL* 
DCK j) DhT H (IN/ 

( IN) SEC)

I . S 
30.17 
4.74 
6.311 

"2'3.68 
24.64.  
25.5/4 
26.36 
2-7 * 11 
27.*78( 
2b~.37 
26~ .110 
29 . 31 

')9 .91 

-130 1 7

527.

527
524.  
S 20.  
5 14.  

497.  

333.  
311.  
2B7.
262.  
237.  
2 100~ 
16~4.  
1 SA .  
I2k 2

GO( 
7p.  

,43.  
14o 

-15.

ACCEL.  
(G) 

-4.4 
-5.7 

- 7. 3 

-19.3 

-21.6 
-22.3 
-22.9 
-23. 4 

-23 .8 

-24-6 

-24 .9
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( IN)

2 4.  

, 32i 

SI*L: . ' 

44* 

0. 1 

o . 1240c

7 4 

0.6 

3 61 

3 ~*7 4i 
1 1, * 

4-4-97 

47~.22I 
* 19l

5 31P.  

32 6 

522.  

477.  

44'1~ 

36~3.  
35b6.  
33L0.  

30 1 
2 7 0'J 

166 .  
.132.  

949 

16.  
-91.

AC(;!.L.  
( G) PATENT PENDING

u . 9 

u.9 

3 P.  

-1.59 

-13.2 
-4.o4 

-?-. 5 

-25-19 

-19.40
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P t ( i Ih Is a na 1y s i .m c n~iV~r:11a n c outIeor cht.c t thI. I kn c-'s 4f a pp r o x Ina 

* 40I11lh':- requi red.  

P rw; i i Ifo . !al I i(n 1 /4 -.c aIe-I- ocdlclM wq rI. - a b r iat,-' i I-, ý:n i'oarr.  

1,1 .w~ I Aet-ui drop vw, ii:1,;e t' \eu I,, 131- mIar: clcr. '1" f 

*IIII POIU,I and lr :J II oII VW I' (a -l 4 'i \e tan11la1 It~d a 1~ -,1 s: ''In: 

~ a~rea ai-d j );*are esa:taaca1() pt)ellIralaun vas~ otahtrcd '% itl;l:*;a 

III,- ll t i-iaa aulk-i slicel approa( h. It Wa- 1(11111( a Irae-p-ilra;' ar! 

t 0Id; ri-actedI I;\ prox 1(111 a softI aaenlbrant. :.4e; adr ~ a..~ 

i iat'.- Of 'ilt~- o\~ slitcI~ ,:td t-clia I thit, ktic-- %%.uairl Ib* 1 4 iah A ! 

tlldIilItt V W\as fw 1111 itller shclip' t bc picke(I upT !\ ,nc p!.. anda(.WI1t k 

liladt I)\ii ;r Ia -u,- a a-c'a. I lie ailak.ht -d photot A~ lilt, scaled i's?, dkit'oi.sa-i :-al Oils 
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Thlre'fore, the full scale prototype design utilized this technique. A 

diffteretnt wall configuration was used for each of the four walls. They were: 

"* Side I - 3/16ths plus 3/16ths plus 3/16th 

"* Side 2 - 3/16ths plus 3/16ths plus 1/8th 

"* Side 3 -3/16th plus 1/8th plus 1/8th 

"* Side 4 - 3/16th plus 3/16 

In each case, the inner plates were to be tack welded so as to release on 

impact. This was true with all but Side 4, since during fabrication a near 

accident resulted in a plate being solidly welded. The effects were shown 

in the actual testing of this side. See Section 5. 4 - 40 Inch Puncture Test.  

4. 3 Thermal Analysis 

Appendix 3 contains a thermal analysis on an overpack resembling the Super 

Tiger. The container was analytically subjected to the required 1475 F fire 

. test for a 30 minute period, using a transient electrical network analogy 

program, (Reference 3). The results show that the content's temperature 

will at no time be raised more than 100. Since this analysis was for the 

urethane thickness of only 7", it was felt that the Super Tiger would have no 

trouble surviving the actual fire test.  

4.4 Compression 

Paragraph 71. 32b, Reference 2, requires that packaging shall be adequate to 

assure that the containment vessel will suffer no loss of contents if subjected 

to an external pressure of 25 psig.  

Since the inner and outer skins are attached by means of the rigid polyurethane 

foam, a stress skin design of the following configuration is provided.  

( 
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Outer Steel Shell

Foam 
Inner Steel 

PATENT PENDING 
Therefore, the external pressure loads will be carried in the form of plate 

bending when the outside sheet is in compression and the inner sheet is 

in tension. Foam compression strengths in excess of 100 psi are present 

at all points.  

The moments in a rectangular uniform load homogenous plate with clamped 

edges is given iri Timoshenko "Theory of Plates and Shells", page 228, 

S-" Reference 4, as: 

b _ 192 
a 76 

q = 25 psi 

2 1. (M=) x=afZ, - ..085 qa = 12, 300 in-lb 

2. (My)x=o, y=b/2 = - .057 qa 2  8, 230 in-lb 

The resultant are as follows: 

Load Component Outer Skin Inner Skin 

1. M.i edge -6600 +11750 

2. My edge -4410 +7850 

fb = 11750 psi < FTU = 63,000 psi 

(
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I I 0 0" I I , ;) 1, 1? 4

'l'h rLo rt. hi, 'ontait it r I. cai re'ac, I pSg withAu-,,1t ] ,i f ss contt.lets.  

4. ~ 

Paragraph 71. 31c, of Ikofo' rence 2. rcqulirres f.he tiodown fitting be capable 

of reacling a load oi thir(,t, Orncs ithe package weight vertically and ten Limes

the weight in direction of travel. All eight of the tie down fittings 'are standard 

International Orgaiiization for Standardization (I.S.O. ) corner fittings for 

freight contain..:r,;, (ikeforence ,).  

Typical section prope-rl(is can be found below.

S .L 

* ,,•lI hl ,s ." ,..Ih•1I Ill ,•*

L !,I� 

�*J.I� '

'�i � 

I -.  

'I

4.

.. A

iS

r�L11�2 

�":

"-i

* .IAi

,
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( 

A guaranteed minimum material yield strength of 46, 500 psi assures high 

reliability. Primary loads are reacted through Section X-X producing 

a net cross section area of (1-1/8 x 1-9/16) or 1.76 in 2 

The allowable load per casting will be: 

Pallow = (Fs) (As) = 46,500) (2) (1. 76) 
2 

Pallow = 82, 000 lbs/fitting 

Assuming four fittings to be used for lifting, then the net capacity is: 

G's = (82, 000 lb/fitting) (4 fitting) 
(45, 000 Ibs) 

Gts = 7. 28 g (vertical capability) 

Assuming eight fittings to be used for tie down, then the net capacity is: 

G's = (82, 000 lbs/fitting) (8 fittings) 
(45, 000 lbs) 

G's = 14. 5 g (fore and aft) 

Therefore the standard I. S. 0. fitting does possess the required strength to 

meet tie down requirements .as set forth in Reference 2.  

5.0 FULL SCALE TESTING 

A full scale prototype container was fabricated by Star Iron and Steel Coinpany.  

I'acoma, Washington and subjected to the required testing as outlined in 

Rcferonce I and 2. Mr. A. 0. Dodd, Nuclear Safety Branch, H&S Division.  

Richland, Washington, acted as official test witness for the AEC.  

(
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lest Equipment PATENT PENDING 
',. I . I I )rop• ('rt' e.• 

A iiirti(ty hIn portable crane with an 80 fool I••)r1 i .:; Ic.ased I'rotr C (i' t,

(Ct'ane C'ompany. lTacomna, Washington. "i'he crame was use.d foer both lli

30' and40" drop tests. A cquick release rldevic(e trigger-ed by the ai pre.ser 

was utilized to assure instaneous release.  

5. 1. 2 Impact Surface 

An essenlially yinvielding surface was provided by placing thre'e sheets )f 

7/8" thiclh steel plale over a road bed. The bed coIlsistcd of appr ,xi •i)a i \ 

8" ,of seasoncd sur:facing poured directly over an existing railroad track spur 

line. A 6" diameter steel rod 8" long was welded to a 3/4" steel plate and 

placed over the 7/8" thick steel plates for the 40" drop test. (sete phot •,. :a.  

""(ho t 

(
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Thermal Test Equipment

The thermal test was conducted in a large heat treatment furnace at Seattle 

Boiler Works, East Marginal Way, Seattle, Washington. The internal 

cavity of the furnace measured 13' wide, 32' 10" long and 12' high. The 

oven was fully instrumented with 8 thermal couples. It was felt that the 

environmental control provided by the furnace operation would be more 

desirable in thermal evaluation than that of an open pit fire. The furnace 

was fired with No. 2 disel oil.

5.1.4 Water Immersion

Since the container possesses a positive bouyancy force of over 35. 000 113s, 

the possibility of actually sinking it during an immersion lest becomes 

unrealistic.

MECHANICS RESEARCH INC.
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It should 1hc noled lhat in th, evenr of a hypothetical accident in which a truck 

trailer ri• car:vmin a Super Tig,:- "vas plunm'd ;,nt, a river or lake. the 

Super Tiger's bouyan y is suffic'iently L.-(-ai alhat it would support not only 

ils own 4 . 000 p-oinds but als., the ,nt ir( we 2ht of thc rig,. with 4 ton 

of capacity lo spare.  

"*l'te Sipt-i- r io2,r "va, ric.-,ignerl to) a 't:(mi:i;,( c l;jl. ;i iiRa I l nu mrlber of 5.5 

g I ItII d1 ur II-,,s iln additi(II ! to r u nra] ca r I . I i I 1' . ji s fr(i the, inne r cai \ 

I1 t'i1~Utl aip|) i'ill y tc :v x 14; I ,- t,'rtI',\ pr L\dimii]ni in i- n for 42 loaded 

U ,alltim dri l-U i .-t. iris vere 1(o lashei o ,r ... ,, 'd In 1i 1 \ "i vav it) thl t inncr 

contla ie r.  

For the drop ltest a ca r,_() of haza rdous ria.-:,rial x\as siinulated with 42 drumns.  

one half sand and one half liqUid (water). -his broui.ht the total package 

( weigibi up 1o) 4=,, 2t,8 lbs. Represerntin,-- a typical- iTI1 cargo weight of the 

slandard 40 foot se-ni-t nick trailer ri,-. Flhe, drumS. were laid on their sides anf 

rolled in! o plate. tw() wide and three hi~h.h : photo ,,i.  

R' "S' .iU

(......:.

C iCSRESA N 
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Tho se d rurns I ocaItv( I ~at ca c.h tf th c il .z-: 1. 1 t ,'r i nst rur i ien ted 

wi th temn-pvra titre :-i tis iI i\ t IJI~n -1 i - :ýJ" ýt I t I ad ( 1.n1,. iifpo~tj. At a 

predete ri-niined ten pe r It ii re theii' mark pri.Iuf U, 1) IL lit,~1Kwu1 

irr1evers ibly vhaiiý 01,r. lnfM;atu . i raw.i:I i'2 11 it) )Of)

Othe~r graphic disu~jatiois of Qfl\irmim~tflal iwcl'n,\%4 rc also inchluded 

A centerfold of the jaiest mmithly was iapt(I t'1 the 11ml,' c1,,itamer wal) iphotto 

niot included). I ii a ddlit io to pro vit Iii, a MIeIIc , ~a iu i ) a s, oniemh at 
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glamourless subj.ecl, it also served as a thern-.al indicator.  

To establish a level of fragility to the payload. onc drum was loade-.d with a 

dozzin evgs. two piceces of china, a glass and a bottle of bceve'ra,-e. isee photo

8 and 1)).  

Photo 8 

( .......--..  ., .....i•. . A A? : A4W . • L "- "
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I Igi kj- t r i a LdIII I rl Iih Ih I~ at I an(I 1L c I I I Ih ;t c a t star I ron 

t.4 1 lit I It I I* f a t ,m I ; f ii. II I tI- I I rt - I- ) :4 vqu t, i t.,. On roul- lth.- t r u( k 

ira IIt I rIt, \' a:, \,,c II' ul I d t ai ; I(- lI',-. cI k kd trI I ( sc a I . \vhRI h L del (0101--11 iie FI IIt 

A fi Ifc -a C I I I IL I . I t , I: L, (I~ iI1 It'i\ f .ItI \k a- c . uii i ii id t h1a i 11c l P Ii t 

c r IIiic -aI I r o 1) %) I Ii , titll i a' Iu 1 1 (Ilai't)Iiaýi ()"ill) um I ho lii')-Ir. 11h cle O\r.

(

MECHAKI. S RESEARCH INC



z 
z 
CLI 

z 
u.'

oto 
to o 

-~ 0 0 

0 

Co C

I

U

-r 

0 

45 

0 

0�
0 

0 

0.

.r.  

0 
L 

- -c 

0 

'.12 
�

'1 

41 
[:1 
U) 

co 

'I 
I

4-..',-

''9-

I



C) 

t,2 
�Tj 

C) 
I¶l 

p 

0 

-I m z 
-I 

m z 

� I

I7 

Y,.  

*c

2�

0

I

.� 

2 

t�i'r 

0 

0 

N

I



( PATENT PENDING 

On1i iripa-1htt~ ~~a l Ow b",i.ltl I l H-1j Mn bi-iVwee the corner fitting.  

and the inici-fac k ltwsi-f a ira. .sht pl Ii' ditroutli 18). The dtWliility of 

the plate is evidt-ncttd ii; Htl 180 dt-. htee (k ),-b wriinkles of the external 

skin. An ii xlorna s ca n \v] d at tht Ii v t' f o r approximately 10'". This 

introduced no pioblt'oii Sifljnc Ilhe fill a rea wvas backed with the diagonal 

gus set plate. Ma\-in1 im ornt r tdcnta lion \k as less (han 14".  

I(
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Photo 18 
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PATENT PENDING 
Material yielding appeared restricted to this area. Later, on removal 

of the ctover, it was apparent that deformation was wholly restiricted to th, 

cap. (see photos 19 and 20). It was felt that if the cap wer, to be replaced 

the •,l effect of the 30' drop would have been undelectable to the rernairider 

(f the container'. Ilie int jer cavity saw no deforinai iOn \v'haiSocvv,, '.

C

(

MECHANICS RESEARCH INC.

(

-3'1-



MECHANICS RESEARCH INC.

5.4 40' Puncture Test PATENT PENDING 
Four soparate 40" drop tests were conducted. As explained in S, Ici 1.  

,,ach of thte four sides represented a slightly different confi gtlratilln. ;I,.  

purpose of h1" drop test was not only to qualify the container buit al-:o to 

provide a dhsi-mn evaluation of the different types of constrt clion. flIt I, 

went as follows: 

,est I - a 40" drop onto the center of Side No. 4 

This side contained three layers of si ee] plate (/] 1f 1/8! I /8).,

Oin ii•;pact, (photo 21 and 22) the pin produtced a local indlen.aI it'll 

approximately 2-1/z" deep. As can be seen from photo 2.3 and 

24 the external skin was not cut or torn in any way. Post test 

inspection of the inner container failed to show any evidence of 

the puncture tetst. No indentation or deflections were det-ctabl? 

on the inner container. This was true for the first three tests.  

There was also no evidence that the 8'' tall pin had bottomed out.  

Pho Lo 

4j-N ' 'm m.  

(
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Photo Z2

I

(.

(
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Test No. Z - a second test was conductted on Ihi.o ;ajl,, Si n, No. 3, 

but with the poitil of imtpact mnov(e1 I() al)pj)X-ixmi;iiily I•,' Irorii fmc (rle g'.  

From photos Z') and 2,) it can he sk-•-n that a hole v,;::; t ,'I Ii r,,ugh the 

external skin along 1/Z the circumfcrence with a na .mirnuim idlentation 

of approximately 6". Since the internal containor sirlwall is separated 

from the outer skin by nearly a foot of foamr, an inrrlinlatin ()f less than 

6" caused no evidence of load whatsoevcr. 'There wa., no, indication of 

the 8" pin bottoming out as shown in photo 20a. [his fact was also borne 

out in the results of a frame by frame analysis of the high speed motion 

picture coverage of the drops.  

Photo 25 

q 

S.......y ..  
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Test No. 3 - :-',st No. 2 was 

maximnum indentation of less 

"L /I!1
duplicated on Side No. 2. In this case !he 

than 4' was observed. (see photos 27 and 2.

I J 4:::::::i;:• ::;:!:;i:::•:: ;~i:i::i•t:i• ?:•; ..
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SA tear in the external skin extended for approximately 5" of the 

18. 8" of pin circumference. It existed only in the external skin 

and not in any of the backup sheets. Again there was no indication 

that the 811 tall pin had bottomed.  

Test No. 4 - this was the last of the development tests and 

consisted of a 40" drop onto side 4 which was fabricated with only 

one back up sheet of 3/16 material. As noted in Section 4. 2, the 

construction of this side differed not only in the sheet arrangement 

but also in the manner in which the backup sheet was attached. In 

this case the backup sheet had been structurally welded to the face 

sheet, thereby negating the breakaway effect.  

It was felt that in the event that the external skin totally failed, 

an 8" tall pin would not reach the inner cavity, thereby making it 

impossible to totally evaluate the net effect on the container.  

( Therefore, for engineering and evaluation purposes only, the 

standard 8" tall pin was replaced with one approximately 2' tall, 

(see photo 29).  

The container was raised to a point 40" above the top of the pin or 

64" above the ground and released. On impact the pin penetrated 

approximately 20 inches puncturing both the inner and outer walls, 

(see photos 30 and 31).  

Upon rolling the container over, there was no evidence of spillage or 

leakage of the contents. This was primarily due to the tightness in 

which the skins held the pin. The crane was required to extract it.  

It was apparent that this combination of thinner wall . 3875 versus 

.4375 and the nonbreakaway technique was an unacceptable design 

configuration.  

(
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After drop testing was completed, tht- container was transported back to 

the fabrication area for a more dttali,.l inspec:tion. F'romrn the restilts of th.  
puncture test, it was concluded that Sidu No. 3 would represent the final design 
configuration. It had received two 40" drops, 'Fest No. I and Test No. 2 and 

would be placed in the fire test unaltered. Sides 2 and 4, useful for engineering 
evaluation only, were patched. In the case of side4, both the inner and outer 

skins were welded over and refoamed between the two, (see photos 32 and 33).  

S... :•::::::. .- :~:: ::• ; . P h oto 3 2 

................... .  

AM 

5K• 
*,1 : .  

( ;:i:!.::-:. :-•:
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Tfhu ext.,:rnaIClJ (A1d cap ; ri!j.. . ' . if,-ls noted, 

photos 19) and 20). 11. can i,.s,(r ; -t ~ ir,r ' n) didi n,, ::x 

the- cap intcrface!. By apply ijiL. im 1 I'~ pr' L,.t irr' to the r(.: 

it was !stablished thil ;- _nwalI I., . ;ltjr gaI'

A soap solution was C.pI(J(iI I' ;i1j.)tO 34 nfi": 

the air bubble procluc- 'r y Ot:i. Itd :i. .4 A I,. A f ire ins pec-'. . ..  

that faulty installation of a silic mhil rwn: -.ii vva the cause-.  

(V
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S As shown in phoo .:,l bi)e(n installecd ajo:, •fhe bolt pattern 
with a net reisull . .n ,irea totally .vili)ou' a ,asik.ot seal. No attempt was 

made to corre.ct th,. cfficiency pri(or to the. fire test.  

PATENT PENDING 

(.47w! Photo 35
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PATENT PENDING 
( It should be noted that a realistic attempt was made to provide an unyielding 

surface. Since on impact, compressive loads in excess of 1,000,000 pounds 

were being applied to very small areas (1 to 3 in ), stress levels over 

300,000 psi were present. Surfaces capable of reacting these loads, without 

some yielding are nearly unattainable and totally impractical for testing 

in the physical world. Over 27, 000 ft 3 of concrete would be required to 

approach the necessary mass level let alone the local compressive require

ments. As the result of these large concentrated loads, the steel plates used 

were locally sheared on impact. It is felt that the net effect of this local 

yielding had little effect on the overall damage received by the container on 

impact.  

The total series of four 40" drop tests and one 30 foot drop test produced no 

noticeable effect on the inner container.  

The end cap was reinstalled and the container was trucked to Seattle Boiler 

(• Works for subsequent fire test.  

5. 5 Fire Test 

Finding a fire test facility that could accommodate the 45, 000 lb container 

with these dimensions was no small problem. It was felt that the controlled 

thermal environment provided by a furnace was more desirable in making 

engineering evaluations than that of an open pit fire. As an example, a 

small cross wind in a pit fire can cause the flame to be blown away from the 

test article, thereby effecting the validity of the test. Photo 36 shows the 

container being removed from the truck. Since the prime function of this 

furnace is to provide heat treatment temperature for large boiler parts it 

possessed adequate heating ability.  

( 
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(

Test Set Up

The container was positioned within the furnace in such a manner that all 12 

burners would exhaust directly at it. In order to produce a radiant atmosphere 

as rapidly as possible, 3/16" steel plates were placed near the burner ports.  

"T'emperatures of the plates very quickly got up to and exceeded the 1500°0 mark.  

'T'hose would nol only radiate directly to the container but also radiate to the 

furnace walls, in this way the highly convective atmosphere could also possess 

the desired radiation characteristics stated in Reference 1 and Z. The 

container was placed in the furnace with the exposed puncture test results on 

t:h. top. It was felt that any leaks around the mouth would tend to form a natura 

chimney up through the skin tear at the puncture area. This wovuld therefore

MECHANICS RESEARCH INC.
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PATENT PENDING 

represent a conservative test arran..i-: •r;ý zinc(: in practicality the container 

would remain on top of the punc-Liriny, Qd-vicc during an accidential fire.

5.5.2 Fire

All twelve burners were ignited and the furnace door closed. Surface 

temperatures of the steel shell exceeded 500 within the first five minutes 

of testing. On reaching approximately 6000 the virgin urethane foam begins 

to locally decompose creating a very dense pungent gas. Since sufficient 

oxygen to support combustion was not present within the shell, the gases 

must exhaust through the pressure port and burn external to the container.  

In theory the v.'..iocity of the excaping gases is higher than the rate of flame 

propogation making sure that the combustion reaction is always exothermic, 

therefore taking heat away from the container rather than adding heat to it.  

Inspection ports in the furnace wall verified this to be the case. Large 

quantil-ies of smoke and flame were appar-r;•. (see photos 37 and 38).

(

(
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PATENT PENDING 
An example of skin temperature is shown in Figure 2. Temperature rise 

rate at this point was somewhat slower than at other locations due primarly 

to receival of only convective heating -initially. Once the furnace temperatures 

stabilized radiant heat from the fire brick ceiling became effective.  

Because of the furnace size and its thermal shock sensitivity, it wasn't 

possible to preheat. Exposing hot furnace refractory to ambient air would 

have caused extensive damage. Because of this the container was subjected to 

more than 30 minutes at 15000. As shown in Figure 2, the container r'emained 

in the furnace for nearly one hour while test temperatures were being reached.  

Skin temperatures were over 15000 for more than 33 minutes and at times 

exceeded 1800 . An additional thirty minutes of post test heating was 

experienced during the cool down phase before the furnace doors could be 

opened. For more than two hours, the container experienced temperatures 

in excess of 5000. The net result of this sequence was a conservative fire 

test.  

As a point of interest, over 200 gallons of #2 diesel fuel were burned 

stoichiometrically in the direct presence of the container. This is twice the 

maximum fuel load carried by the normal semi trailer rig. Heat flux levels 

of approximately 39, 000 Btu/ft Z/hr were realized.  

Photos 39, 40 and 41 show the container after its removal from the furnace.  

5.6 Post Test Inspection 

Once the container had cooled, it was trucked to a storage area for post test 

inspection.  

Even though a 1600 high temperature paint was used, erosion of the outside 

steel shell was obvious. Iron oxide coating of approximately one mil could 

be found over much of the container. Pressure check identical to the one

MECHANICS RESEARCH INC. -55-
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Figure 2 - Fr,.: Test, Skin Temperature at Point #7 

Required test of-i5000F for 30 minutes
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PATENT PENDING 
(prior to the fir, .. w:aIs rep.atd, Id ,ntical leak rates were recorded 

indicating no thori,21 d. ulradatjoii ol' tie soal had taken place. The external 

cap was remov'er d':in• the inner face and the inner cavity cover as 

shown in photo 4 '. A cl \,o, o ,-,,r ov,,F 1ihc inside of the cap had been 

charred aromnd li., ,.1, for,- ,tppr'\hmaly I lo ','. This was expected 

since it had l, :tt1•-1, .. (i t v to the( ,,xt.rnal skin. In-board of this 
point discol,-irati,,1 t,,lo di-;ti -l,.I ., .uL \ .l li,. only noticeable change.  

A hole was cut tl•,,,•im .I I!• modsiit, .1 shll] ; id a core saniple of the 
underlaynuiit n 'Aas t.iI.',i. f /lt- ii in phito 4-)a the char depth was 

restricted to les: lo: ', i '.t tll,,-, mrOit t.C' )o1 tinatl',ected virgin material.  

Upon rernov.al olf ti.t. kmi .r coi,-,,.'\ F I \a.s• -ident that the very slow pressure 

leak previouslv t ,,o , .' ,',.ýiltv,,i It,,i .1 C'ault' iiislallation of the silicone seal, 

(see photo 43). F adi lb,- s' ,,,ll, posti,,•i.,d coit'-,ctly during assembly, 

the inner conlft i .i. ".i, I d to•tally prt'e s sm,, iii t during and after testing.  

(Ph 

•MO . . ' . " ", .• 

' 17....
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During impact the compressive force on the bottom drimi.s produced considerablh 

flattening. These were used 22 gage oil drums filled widih wet sand. In some 

cases seams were ruptured allowing water to drain, (,cc photo 45). In con

trast, two of the drurris were standard It. gage 171j3 with r.i•, icablh covers.  

These experienced little or no deformation as evidenc ed in photo 45a. It 

is felt that had thicker walled drums been used exclusively, no liquid would 

have been lost. Also the presence of a plastic drum liner would have provided 

added as::urancc. In any event the innercontainment shell is capable Of 

containing any rcleascd liquid negating reliance on a ,ct:on•'airy system.

('.." 

(
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Contained within one of the 17H drums was a carton of eggs, a drinking glass, 

a few dishes, a bottle, etc. There was no damage to any of these items, 

(see photo 46). 46 

Photo 47 

F
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APPENDIX A PATENT PENDING
Free Drop Impact Analysis Program

Introduct ion 

This program treats a single degree of freedom non-linear impact model 

of the package. In this analysis, the falling mass is decelerated by a 

continuously varying force proportional to the effective crush area. The 

non-linear equation of motion is integrated utilizing an Adams-Moulton, 

Runge-Kutta algorithm from the time of initial contact with the unyielding 

surface till the package model comes to rest on the unyielding surface.  

The Adams-Moulton, Runge-Kutta algorithm utilized is a standard FORTRAN 

IV applications subroutine developed at Space Technology Laboratories (now 

TRW Systems) by Robert Causey and Werner L. Frank, November 30, 1958.  

Equation of Motion

The second order differential equation is: 

-+g 
Mx 

Initial conditions are: 

;o= g
xo =

(1) 

(z)

0

Whe re: x 

xo 

Mx

- the deceleration of the following mass (x is + downward) 

= initial velocity at contact with surface 

= initial displacement 

= the displacement varying mass 

= initial total mass - mass of crushed media at rest 

= - 0 - mx 

= W/g

(
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PATENT PENDING 
SW = Wcight (ibs) 

9 = 386. 4 in/sec2
3 gravitational constant 

Fx = the displacement varying crush force 

= ccr. Ax 

Ocr = crush strength (lbs/in2 ) of crush media 

Ax = Effective displacement varying area of crush surface (in ) 

mx = mass of crushed material 

= (p/g) . Volx 

p = wt. density of crush media (lbs/in3 ) 

Volx = Volume of crushed media (in 3 ) 

h = drop height of package (in) 

Evaluation of Equation Coefficients 

The values for Ax and mx are particularized for each impact orientation 

of the rectangular container as follows: 

1. Flat drop 

Ax = J-w 

mX= (p/g).Iwx 

Where: / = length 

w = width 

x = crush depth 

2. Edge Drop 

Ax= 2 x11 

MX (P/g)lxz 

3. Corner Drop 

2 
2 

(X O=p /g)Žq4x3 

Note: x = crush depth 

4 Idistance from corner to plane passing through coordinate axis at 

MECHANICS RE H DnC. -68-



A PP]•NDIX B

APNI ...... BAT N E D N 
( Introduction PATENT PENDING 

This summary report describes the MRI developed computer program, 

PUNCH, which treats the puncture loading of a supported or backed membrane 

sheet by a cylindrical pin or puncture column of finite radius. The sheet is 

considered to have no bending stiffness and to carry all loads in a membrane 

fashion. The backing or supporting media is considered to be purely plastic 

and possesses no shear strength.  

This analysis program allows evaluation of Department of Transportation and 

Atomic Energy Commission criteria for puncture loadings of Hazardous 

Material Transport Containers and Casks as prescribed in IOCFR70, 

49CFR171 and AEC Manual 0529.  

Membrane Failure Criterion and Basic Total Energy Relations 

The sketch below illustrates the deformed membrane and backing media 

Oc r 
Face Sheet
Membrane 

Backing 
Media 

Puncture Pin
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PATENT PENDING 
( Where: r 0 Radius of Cylindrical Pin 

rl = Radius of Deformed Region 

Cr6 = Crush strength of backing media 

eo : Inclination of membrane at edge of pin 

Zo : Total depth of pin penetration.  

F Total force applied by penetrating pin 

The membrane fails when the strain exceeds the'elongation capability of 
membrane material. Strain in the membrane is related to two displawcements: 

(1) a general inclination of the draped membrane sheet and (2) a bending 

of the membrane sheet about the pin edge radius.  

The strain due to general inclination, So is: 

1 cos Cos - +Ci 

"" = 1CO so (1A) 

The above relation implies that the membrane cannot slip with regard to the 

backing media or puncture pin.  

Additional strain occurs due to the bending curvature of the sheet thickness, 
ts, about the edge radius of the pin, re . Consider a differential segment of 

the membrane, d.. Assume no slip an the pin radius.  

The etrain due to bending about 
• -"the pin edge radius is: 

(I + ¢)ds 

Cr CCZ -"BIBZ 
" "r :B 2 

re d= (re + ts) d6 - redO 

re re de 

- ts 
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PATENT PENDING 
Strain is assumed to redistribute in the immediate vicinity of the pin edge 

radius. Specifically, a uniform strain state is assumed to exist either 

side of the point of tangency of the sheet to the pin edge radius. The total 

allowable strain in the sheet is thus directly related to gross material 

elongation potential: + 3t 5 

Allowable 
Elongation% ./6 o (Ci +rd. (lC) 

100 0 + 3ts 

f dL 0 

This relation symbolically states that the failure criterion of the membrane 

is related to the average strain existing from the axis of symmetry ( 4L of pin), 

around the edge radius and beyond for a distance of 3ts.  

The total force applied by the pin is 

(!-" FZ = 2Osu rrot sin 6o + 1•T cr ro 2  (2) 

Where: asu = ultimate stress of membrane 
t = thickness of membrane 

The total enei-gy absorbed by the crushing media is: 

Z * 
E =W (h + Zo*)L J z dZ (3) 

'O 

Where: Zo* is the total depth of pin penetration at 

membrane failure 

h = drop height 
W =package weight 

The radius of the deformed area of the backing media is obtained from basic 

equilibruim principles as follows: 

FZ= TTrl 0 cr 

( r = r(4) 
rl J:~r
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PATENT PENDING 
( Membrane Equilibrium Equations 

The basic equations of motion are obtained by considering the annular 

differential portion of the membrane shown below.  

VV ý 

•R• •H 

1 P 
Z 1V 

( Equilibrium in the horizontal and vertical directions gives: 

dd" ( Pcos e)0=o 

d 
d---( P sin e) dr + 2t •crc rdr =0 

d (6) 

From (5): P cos 8 = H = constant 

P = H/cos 6 

Then (6) becomes: 
d 

i- (H tan 6) -2Tr Ocr r (7) 

dZ But, tan e- dr therefore: 

dZz 
drZ = -wr (BA) 

(Where: W = ZTr Cc(r 

H 
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Now, from membrane ultimate strength characteristics we may derive a 

relation for H in terms of applied force FZ.

H = PO Cos 8o (9A)

But P. is directly related to the ultimate strength capability of thc 

membrane

P = Zrr rtO su (9B)

The next problem relates to the choice of an appropriate radius value, r.  

The minimum circle is seen to occur at the top tangent point as the membran 

becomes horizontal on the top of the pin.

-0

•900 -el_

P0
PT = ro 

rT =ro-re (9C)

Substituting (9C), (9B) into (9A) gives:

H = ZTrasut (ro-re) cos 6o (9D)

(
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PATENT PENDING 
Now, the parameter w is found by substituting 9D into (8B): 

fi Ccr

a sut (ro - re) Cos Go

And from (2): 

sin Go -FZ - Tcr ro 

Zs 5 u 1T rot 

Cos o =t n 1 - si eob b /z 

Solution of Equation (8A) is obtained by direct integration:

dZ 
dr

= -Wr2 + c 1 
2

Z= -w r3 + Clr + C2 
6 

Boundary conditions for (10) and (11) are:

r=ro : Z=0

dZ 
dr tan Go

r=rl: dZ 0 
dr

Substitution of (IZB) into (10) gives: 

C1 = tan G0 + wro2 

2 

Substitution of (1ZC) into (10) gives: 

- +wrIz 
2

(
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(9G)

C."-

(10) 

(11)

(iZA) 

(1 ZB) 

(1 ZC)

(13)

(14)
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Equating (13) and (14) requires that: 

tan eo = (r 2 " ro 2 ) (15) 

Substituting (IZA) and (14) into (11) gives: 

SWr0
3  - wr 1

2 ro (16) 
6 

Finally, upon substitution of (14) and (16) into (11) the equation of the 

membrane becomes: 

Z 6 r° - 3r, ro + 3rl r - r 3 ) (17) 

The total displacement of the penetrating pin, Zo, is found by setting 

r-rl: 

Zo = W- ( ro3 _ 3rz 2 ro + 2r 1 ) (18) 

Where w is given by Equation (9E).  

Computer Program, PUNCH 

PUNCH has been written as a FORTRAN IV computer program based upon 
the relations contained in the foregoing analysis development.  

The program has been developed to support design. A built-in program 

loop continues to cycle until a satisfactory membrane sheet thickness is 

determined.  

Basically the program performs the following steps: 

0 For each'trial thickness the program 

* Computes 20 even increments of load from'initial crush 

to final membrane tear using Equation (2).  

0 Checks each incremental load to assure that strain 

allowable is not exceeded, Equation (1C). If needed ( the load values are adjusted or reduced in number.  

MECHANICS RESEARCH INC. -75-
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( Computes corresponding deformed area radius using 

Equation (4) 

0 Computes the parameter, w, using Equation (9E) 

0 Computes displacements corresponding to the 20 or 

less increments of load using Equation (18) 

* Integrates the force - displacement relation utilizing a trapazoidal 

rule algorithm to obtain total absorbed energy.  

* Compares energy absorbed with the total required energy which 

must be absorbed, Equation (3).  

0 If the total energy balance is unsatisfied, the membrane thickncsf 

is incremented and the analysis is recycled.  

Comparison and Conclusion 

For comparative purposes, this computer routine is compared with test 

data reflected in Figure 2. 2 of the Oak Ridge National Laboratory Irradiated 

C Fuel Shipping Cask Design Guide, ORNL-TM-2410, January, 1969. (next page) 

Computer results are plotted over Figure 2. 2, from ORNL-TM-2410 with 

substantiating computer output following. In addition to lead backed test 

data, the program analysis results have been compared in a go/no-go 

fashion with test data for two MRI developed soft backing media designs 

The results compare as shown in the below table, substantiating computer 

results follow.  

Design DOT Media Thickness (in) Result 
Designation S. P. Strength 

(psi) Test Analysis 

1. Paper Tiger 6000 30-35 .0359 .0175 No Puncture 

2. Super Tiger pend- 100-250 .375 V " Puncture 
ing 100-250 T4375 No Puncture 

100 Analysis ""400 
200 Only 1.475

MECHANCS EESEAErCH INC. -76-



PATENT PENDING 
Based upon these check points, PUNCH, appears to deliver reasonable 

engineering design values for puncture evaluation. Pending further 

calibration of the program it is recommended that it be applied with a 

minimum factor of safety on "design only" compliance certifications of 

+0. 10 to +0. Z5. Furthermore, it is essential to assure in design and 

fabrication that the membrane material possess minimum ultimate stress 

and elongation capability as input to the computer program.

CASK WEIGHT. W, (Lbs)

Fig. 2.2.  

From

DaROL U .,, ;-IoJ0 A

. I

Graph to Estimate Minimum Outer Shell Thickness.  

ORNL TM-2410, January 1969
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Sl A .TlkC INELAb1 iC MEML,%iuvE rL!NC-jlUiF ANAsLY bi 5
.' -. 

* t�.

** A~.±C E1\GINEh~klNG DAIA 

k-ACXAGF t-EIC'Wi (LE-) = 10011,1u.  

Df%0Ok hF.IGh-T (IN) = 40.  

1XINETiC ENIENG' TO AP..SO&Fi (Fi-LE.) = 33333.  

IILTIM ATE STRE.SS OF MEMEIEANE (1 4000006 

UIILIMATE ELONGA-10N OF MEME4hANE (Z) 40o.  

RADIVS OF PUJNCTURE P-IN (IN) =3.  

EDGE R~ADIUtS OF E'UNCTUi-iE PIN (IN) -25 

**TkJAL CASE DATA 

CRUSH STkF~NGIHOF BACK~ING MEDIA (PSI) =2300(6 

.IN-ITIAL &INCR~EMENTAL 7hCK'NESb 

OF. -M'EMBRANE SkHEEI (IN) =2-p0 

NU'MBER OF MEM~hANE ShEETS I 

-PUiNCTURiE DESIGN ThI;AL CASESý

S)-*EFT 
TH ICK( 

(I1N,)

0.251750 
0~.2700) 
0 0 ? 9 00 (4) 

06. 3 9 A.  

06.41(00 
0.43006

*****~*~VALUES AT MEMBRANE FAILURE 

CkdISF. TOTAL C1kL]S8 TOTAL PEAK ShEE.1 

.R(ADIIUS FOkhCE* DEP~TH ENEkGY ACCEL ANGLE 

(IN) (LB) (IN) CFT-Lb). (6) (DEG)

5.221 
5.359 
5.493% 
5.625 
5.7%u3 
5.879 
6 * 00(2 
6:122 
6*240 
6.356

1969506.  
207504~.  
2 1 fý5 

239165.  
2.697 lb.* 
26(0272* 
270b825
.281379.  
.291932..

1 .29 

1,* .46 
1.55 
1.63 
1.706 
1.78 
1.66 
1.93 
2.01

1 6965.  
1 b92S'.  
20963
230,77 
:25267.  
27529.  
.29664
32269.* 
347.44.  
37287o

19.7 
206 - b 
21.8b 
22.9 

25.(0 
P.6 * 0) 
27.'1 
2ts. 1 
29.2

44 *.4 

* '.4. 4 

*.44o.4 
44*4 *FDE:SGN V;L

.....................................................--. *-----.-.--.----.-.--.....-*.-------.-..--.........
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STATIC. INFLAbTIC MEMb3iýANE Pl'NC67U.l.'E ANALYbI '* lp...

**BASIC ENGINIEERING D)ATA 

irACKA(GF WEIGhl (LS) C0.  

DR~OP h-ElGhT (IN) = 0 

KINETIC ENE)hGY 10 AB~SORB$ (FT-LEb) 66667.

ULTIMATE STRE.SS OF MEMBR1ANE (JIS1) k00 

ULTIMATE ELONGATION-aQ' MEMSiKANE )=4.  

IADIIIS OF eUNCTWiýE ?~IN (IN) = 3.  

EDGE RADIUS OF, FUNCTURhE ?I1N (IN) =.25 

**TRIAL CASE DATA 

CRUISH- STRENGTH OF bACRING MEDIA (kSl) 230b.  

INITIAL & INCREMENTAL THICKNESS 

OF MEMBRANE ShEET (IN)= 

NUMBER OF M~EMBRANE ShEETS I 

**PLINC~lIkE DESIGN TRIAL CASES

*~.******VALUES 

SJ-E:ET CRM1S3- TOTAL 
ThiCK RADIUS F~i-CE 
ciN) (IN) (LB)

0-7~000

6.7 46, 
7 * f,, 12 
7 .26b 
7.515 
.7.754

3bb7f ;.  
3552 54.  
3b 1638, 
406021

.434405o

AT MEMBRANE FAlLUKE *~ 

cldil:i T OllAL P'EAK SHEET 
DEPTH ENEahGY4 ACCEL ANGLE 

(IN) (FT-LS) (6) (DEG)

*2o26 
2.43 

2.76 
2.91

467b9.  
*5391b.  
*61512.  
69476.  
7780 1v

16.4 
I 7.b 
19.1 
2004 
21.7

44.4 
"440 

440 
44.4 
44.4 *DESIGN~ VALUE.

e -.

(
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STATIC INELASTIC MEMBRANE Pl'NCTUNE ANALYSI , °'/ -r ¢-.• "2.:..:..

*** BASIC ENGINEERING DATA 

PACKAGE WEIGHT (LB)= 20000.  

DiýOl HEIGHT (IN) = 40.  

KINETIC ENERGY TO ABSOR-B (FT-Lb) 66667

ULTIMATE STRESS OF MEMBRANE (PSI) = 00.  

ULTIMATE ELONGATION OF MEMBRANE (2) 40o' 

RADIUS OF PLINCTURIE ?IN (IN) 3.  

EDGE RADIUS OF PUNCTURE ?IN (IN) = .25

(.•.** TRIAL CASE DATA 
CRUSH STRENGTH OF BACKING MEDIA (PSI) = 23•0.  

INITIAL & INCREMENTAL THICKNESS
OF MEMBRANE SHEET (IN) = ,3*,02 

NUMBER OF MEMBRANE *SHEETS I

*** PIUNCTUE DESIGN TRIAL CASES 

••*~*•*•*** VALUES AT MEMBRANE FAILURE ***-*•,* 
SHEFT CRUSH TOTAL CRUSH TOTAL -PEAK SHEET 
Th I CK RADIVS' FORCE DEPTH ENERGY ACCEL ANGLE 

(IN) (IN) (LB) (IN) (FT-Lb) (G) (DEG) 

-3 k" k) 0 6.bb, 342062. .2.35 50265-. 17-1 44•4 
f5.3200 7.06/4 3605305. 2.46 55407/ lb.0 h4..* 
0.3-"90 7.242 37b999. 2-5b 60735. 16.9 4.4* 
' • 36 (1U(, 7.417 397468. 2-69 66247- 19.9 44.4 

V.3 6G 7.'b5b7 415937. 2-81 719.37. 20 b 44-4 *DESIGN VALUE* 
................................... -...... .. ..-. ,.
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STATIC INELASTIC MEMBRANE PUNCTUhE ANALYSIS) "v,''. ..

*,* BASIC 

*** TRIAL

ENGINEERING DATA 

PACKAGE WEIGHT (LB) = 660..  

DROP HEIGHT (IN) = 40.  

KINETIC ENEhGY TO ABSORB (FT-LB) = 22000 

ULTIMATE STRESS OF MEMBRANE (PSI) =, A000f° 

ULTIMATE ELONGATION OF MEMBRANE (<) = 406 

RADIUS OF PUNCTURE PIN (IN) = 3. 

EDGE RADIUS OF PUNCTURE PIN (IN) -25 

CASE DATA 

CRUSH STRENGTH OF BACKING MEDIA (PSI) = 30.  

INITIAL & INCREMENTAL THICKNESS 
OF MEMBRANE SHEET (IN) =*05poO025 

NUMBER'OF'MEMBRANE SHEETS = I

*** PUNCTURE DESIGN TkIAL CASES 

* ******** VALUES AT MEMBRANE FAILURt *****:* 

ShEET CRUSH TOTAL CRUSH TOTAL PEAK SHEET 

THICK RADIUS . FORCE DEPTH ENEhGY ACCEL ANGLE 
(IN) (IN) (LB) (IN). (FT-LB) CG) (DEG).  

C;.fC5 U 6.(Ab2 3487. 1.63 410. 5.3 4•4.4 

6.0V7S 7.i4 e 806. 2.51 752. 73. "44. 4 

V..0I *j 8.062 6125. 3.12 .. 1167. 9.3 44.4 
(•.(2125 34 g7 :744. 3.67 1646- 11.3 44'4 

0.(V,5• " 9.643 8763.. 4.17 2184. 13.3 44.4 

0.-175 10-343 10083. 4.64 2778.- 15.3 .. 44-4 4DESIGN VALUE* 

S" *l " ' .. ... .U
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PATENT PENDING 
6TATIC INELAS'TIC MEMNbANE eUNCTUIE ANALYSI-S .. "' 

BASIC ENGINEEING DATA 

j-ACKAGE 1*...IGH-IT (LB) =.,5000 

DROP HEIGHT (IN) = 40• 

KINETIC ENEikGY TO ABSOkb (FT-Lb) = 150 6)0,

ULTIMATE STkESS OF MEMbRANE (PSI) = 55000 

UILTIMATE ELONGATION OF MEMBRANE (%) = 30.  

ikADIUS OF j"UNCTU'E PIN (IN) = 3.  

EDGE kADIiIS OF PUNCTURE pIN (IN) .25 

- "TziAL CASE DATA 

CRUSH STRENGTH OF BACKING MEDIA (PSI) - 1b0* 

INITIAL & INCREMENTAL THICKNESS 
OF MEMBFRANE.SHEET (IN) = .15.-025 

NUMBER OF MEMBRANE SHEETS = 1 

-•' PUN;T'litE DESIGN TiIAL CASES

*¢. *.:.: > * * .*** VALUES 

E EE f CiUXH TOTAL 

ThICK( RADIL1S FORCE 
SiN) (IN) (LS) 

•:, • :,-.:.; • .{9621 6,•19 3, 

17 S C7 ; 19.44.2 i111754-* 

L. 2td' :,.7 5 4  135315
•" ~ ~ ; .. .. , ; I 9 k,-7 151b76.  
v,.IL 3. • , 3. 155 16 8437

LI?. 7 24;.267 lb499b, 

: . ...iI',"5.32
9 . 201559

0.3250 23o'56.350 21l E 120.  
r .35Clv, 27.332 234681

0 . 375.53 28-279 251242.  

40;V 29.197 .2678.02.

AT MEMBRANE FAILURE **** 

CRUbSH TOTAL PEAK SHEET 

DEPTh ENERGY ACCEL ANGLE 

(IN) (FT-LB) (G) (DEG)

8.44 4b367- 2.3 
9.27 61545. 2.6 

10.05 75613- 3.0 

.10.7b 91102. 3o4 
11-48 107356. 3-7 

12.14 124526- '.0i.  

12.78 142570- 4.5 

13-38 161452: 4.b 

13-97 isI11hi0 5.2 

14.54 20160,6. 5.6 
15°09 222822. ... 

.$ . .. . ..- '• - ."• % • . .

19.7 19.7 
19.7 
59.7 
39,7 

C)9 : 7 
39.7 
39-7 
39.7 
39.7 
39.7 *DES;IGN VAL-:"-.

(
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*** TRIAL CASE DATA 

CRUSH STRENGTH OF BACKING MEDIA (PSi) 200

INITIAL & INCREMENTAL THICKNESS 

OF'MEMBRANE SHEET (IN).= -3*oI25 

NUMBER OF MEMBRANE SHEETS =

�UL j�a�r<.

*** PUNCTURE DESIGN TRIAL CASES

********VALUES 
CRUSH TOTAL 

RADIUS FORCE 
(IN) CLB)

AT MEMBRANE FAILURE *•***** 
.CRUSH .,TOTAL PEAK SHEET 

DEPTH ... ENERG'" ACCEL ANGLE 
(IN) CF-B G) CDEG)

0,3 00 18.-36 204386. .8.44 96733 94.5 1397 

0.3250 16.752 220947-. 8.86 109630a.. 4.9 97 

0-3500 19.442 237508e 9.27 123091o' .5-3 39-7 

0).3750 20.109 -254069- 9966 137095- 5.6 39.7 

. 4 0cQ 20•.754 270630- 10.05 151627o 6.0 39.7.  

0.4256 21.379 287191. 10.42 166668o 6.-4 39.7 

0.4500 21.9b7 303752- 10.78 162205- 6.8 39-7 

0.4750 22.579 320313o 11.13 198224o 7.1 39.7 *DESIGN VALU 

- - -.-.- .... •. " -- - ..-.- -. .

(
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(. APPENDIX C 

THAN Thermal Analysis From Reference 6 

3.3 Fire Test 

The container has been analytically subjected to the required 1475F0 

fire test for a 30 minute period, using a transient electrical network 

analogy program (Reference 3). The results of this analysis show for the 

modified design that the temperature of the payload at no time exceeds 

80 0 F. Figure 2 illustrates the thermal and time history response of the 

container. The extremely low payload temperatures have been experi

mentally verified by the previously mentioned Super Tiger development test.  

Super Tiger employs the same construction technique and was exposed for 

one hour to temperatures between 1600 and 2000 0 F. At no time did the 

payload exceed 150 F (minimum threshold for temperature reading).  

The overpack side wall has been subdivided into nine nodes representing the 

thermal capacitance and conductance through the wall. Each one inch 

thickness of foam was represented with a node (7 total) with the remaining 

two used on inner and outer skins. The innerbox was idealized as 2 nodes, 

one representing the A. N. L. steel box and the other its payload. Figure 3 

illustrates both the analytic model used in this analysis and the equivalent 

electrical analog. The assumed emissivities for this problem are as follows: 

Heat Source: £ = .9 

Outer Container Walls: e = . 8 

Inner Box Walls: £ = .8 

Payload: C = .8 

(
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Figure 3 

Argonne National Laboratory Waste Container 
Thermal Analysis Model 
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PATENT PENDING 
( The model includes the following special features: 

0 Coupling between the outer wall and the foam consists of a conductance 

term.  

* Foam char adjustment to account for decomposition at temperatures 

greater than 750 0 F were incorporated.  

0 Coupling at the lug pocket consisted of radiation and air conduction.  

& Coupling between the inner box wall and the payload consists of a 

radiant term, and a temperature dependent air conduction term.  

0 Heat input consists of a programmed source temperature equal to 
0 1475 F acting through a radiant coupling term to the outer box wall.  

This heat source at 30 minutes drops to a temperature of 700F.  

0 At thirty minutes, a free convection and air radiation term is 

introduced coupling the outer box wall to an air temperature of 

70 0 F. At 3-1/2 hours into test sequence artifical cooling on the 

outer box wall is introduced. This reduces the outer wall tempera

( ture to approximately 700 in about 15 minutes.  

The details of this analysis are summarized in the following calculations: 

3.3. 1 Nodal Capacitances 

1. Outer Wall 

Weight = 1872 + 300 = 2172 lb.  

c = . II for mild steel 

c 2  = (2172)ýl1) = 238.92 Btu/0 R 

2. Foam 

Weight = 579 + 260 = 839 lbs 

c = . 2 assumed for foam (80% freon, 20% complex mixture) 

c3 to c 9 = (839)(.2) = 23.97 Btu/°R 
7 

(
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3. Inucr Wall

Weight = 248. 1 lb 

c =.11 

cl 0  = (248. 1)(. 11) = 27.29 Btu/ 0 R 

4. Payload Container 

Weight 700 lb 

C =.11 

cll= (700)(. 11) = 77. Btu/°R 

5. Payload 

Weight = 2300 lb 

c = .33 (assumed) 

c 1 2  = (2300) (. 33) = 759 Btu/°R 

3.3.2 Conduction Resistors 

R.. = Ylj 
Aij kij 

1. Outer Wall to Foam, R 2 

RZ = outer wall + 1/2" foam 

kij = 25 Btu/hr-ft-°F (carbon steel)

Router wall = (3216)(249. 6)(25)(12) = 2. 504 x 10'6 °R/Btu/hr 

= 9. 014 x 10-3 °R/Btu/sec

SFoam = (1/2) (3600) 
(249. 6)(. 24) -

30. 048 0 R/Btu/sec

RZ = 30. 048 + . 009014 = 30. 057 R/Btu/secc 

2. Foam Resistors, R 3 , R4 , R 5 , R6 , R 7 , R 8

R.  3 , 4,5,6,7,8
- (3600) -= 60.1 R/Btu/sec 

(249. 6)(. 24)

MV;ZC7--NICS RESEARCH INC.

(
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5. Payload Container.t0 Payload, Rll 

Assuming Payload is damp sand or similar material 

ki .6 Btu/hr-ft- 0  3 assume 
/ij 2" 

0 R11 = (2/12)(3600) = 6.045 °R/Btu/sec 
(165.4)(. 6) 

3.3.3 Complex Coupling Resistors, R 1 . R 1 2 , R 1 3 , Ri 0 , R 14 , R 1 5 , R 1 6 

1. Radiation Coupling, Inner Wall to Payload Box, R 

"2A/-ONdMicCS "I"S-S'IC INC. -89L-

3. Foam to Inner Wall, R9 PATENT PENDING 
R9 = 30.050 R./Btu/scc 

4. Foam Char Adjustment, R? to R9 

To account for decomposition of the foam, the foam resistors 

are defined als temperature dependent quantities. Up to 750°F 

the foam resistors have values as given in preceeding paragraphs.  

Above 750 F the foam resistors take a value equivalent to an 

air gap of the thickness of the foam node.  

-i = 

A kT 

1= 1/12 ft.  

A = 249.6 ft 2 

0oF °R, ki[Btu/hr-ft- 0 F] 1/ki[ft-sec- 0 F/Btu] Ri 
750 1210 .024891 .144 6 31 x 106 48.29 

850 1310 .026213 .137336 x 106  45.85 
1090 1550 .029176 .123389 x 106  41.20 
1350 1810 .032113 .112104 x 106 37. 43 
1490 1950 .033598 .107149 x 106 35.77

(

(



( A. = 150.78 ft 2 

A. = 165. 4 ft PATENT PENDING 
1J 
Ij 

Ci ej =12 2 4 

O= .4761 x 10" Btu/sec-ft - R 

kij - a Ai 

klo = (.4761 x 10-12) (150.78) = 48. 60 x 10-2 Bt-u/sec-0 R 4 

+ 1 + 150.78 (1 

2. Interface Conductive Coupling, R 14 

Bottom of Argonne Container to Bottom of Payload, assume 

30% contact area and 1/32" height asperities.  

I•j =1/2 (12 ga.) + 1/2 (20 ga) 

= 1/2(. 1046 + 0359) = .07025" 

Aij 58.5 x 50.5 =2954.25 in2 

-20.52 ft 2 

(. 07025)(3600) 0 Conductive Resist: R14A = (20. 52)(12)(25) = 0 041081 R/Btu/sec 

Contact Resist: R14B = (1 /32)(3600) +. 060916 °R/Btu/sec 
(20. 52)(. 3)(12)(25) 

R14 = RA + RB = 0. 101997 °R/Btu/sec 

3. Radiant Source to Outer Wall, R 1

(_

( 
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(
k (.4761 x 10 12)(249.6) 

(~*¼- Q+1 +(J. 1 )
PATENT Pg:NDING

= 87.313 x 10"12 Btu/sec - °R 4 

4. Lug Pocket Radiation Coupling, R.1 6 

Ai Aj 40 in2 =.27777 ft 2 

ei=¢j=.8 

Fi.1

K 1 6 = (.4761 x 0"12 )(. 27777) 

-)+ 1. +

-12 o 
.088166 x 10 Btu/sec- 0R

5. Temperature Dependent Air Conduction Resistance 

The conductivity assumed for air uses the imperical relation 

given in section 16 of Reference (6), Table 20.  

i i " _.1 
=i- Aiki - Ai ki

where k = k 3 2  492 + C 
T+C 

For Air: k32 = 0. 155 

C = 225

(

T 1.5 

492
, Btu/hr/°F/ft2

Ncs B C INOC. -91-
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a. Linner Wall to Payload Airgap, R 1 5 

(74. 5 - 72. 5) (12) (-#= .-008123 

=op (1) (58. 5)(50. 5) 

(J ý. = (52 - 50. 5) (1Z)000' 

side 1 (2) (1) (2) (58.5) (72. 5) 

(60-58.5) (1Z) . 001ZZ9 

A )*side 2 (4) (50. 5) (72. 5) 

The above are coefficients for parallel resistors 

1 1 
15 1 1 + 1 

R 1 .008123 .001061 .001229 

(4) = 000532117/ft.  
(A 15 

b. Lifting Lug Pockets, R 1 3 

These pockets, or cavities, extend from the container outer 

wall to the payload.  

9. 5 in 
A =2- 1/Z x 8 = Z0. in 

(-,) - (9.5) (144) 5.7- i 
A (20) (12) 

There, are two of these: 

(2= 1= 8.57/ft.  3 ,_ + 1_ _ 
5.7 5.7 

6. Combined External Air Convection and Radiation 

( Following application of the simulated 1475 dgree fire -he outer 

box wall is assumed to be cooled by combined air convection 

V -CZANICS BIEACMCH INC. -9-



(
and radiation. The coefficient utilized for this combined 

equivalent convection loss has been taken from the data 

presented in Table 11, pages 4-106 and 4-107 of Reference (5).  

q = (hc + hr) A 6 T 

h = (hc + hr) @ 1500 6T = 2.40 (Avg.) Btu/ft2 .hr/OF 
1 1 (3600 sec/hr) 

R=h" (2.4 Btu/ft4-hr/°F) (249.6 ft 2 ) 

= 6.01 F/Btu/sec 

This resistor switches in @. 5 hr.  

Sample output from the computer program, Reference (3), is 
included in the following pages and to substantiate the plotted 

results, pages 29 through 35.  

3.4 Closing Device 

For impact against a cover edge, as shown below in Figure 4, the closure 

device is loaded by the deceleration of the payload and cover. Assuming that 
approximately one half of the payload weight reacts against the cover, the 

total force, P, tending to burst the cover is given by 

P= (Wc +W )Gcoso 

where W is the cover weight and W is the payload weight. For the subject 
c p 

overpack 6 = 360 40' and cos 8 0.802.  

PATENT PENDING 
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CONNECTING OESISTOPS - TOYTAL 

I ý NoTl- E ~S1TAiCE I'D NODE PESISTANCZ[ IC !47 Prtr;?A'-CE 

I:- Ic .1caccC."I It 12 .6ns50 0C 1 14s 1IIV 'no 
is 10 .1DCDG0.c 

M3OC NO. 12 NODE 10 1?
CADACITANCE = .?SSgOCO*413 BTUIDES.P 
INITIAL TEIOPERA1U9E S2969~0OW3 DEG.Q 

CONNECTING PESISTOPS - I TOTAL 

10 '400E RESISTANCE 10 'NODE RESTSTANCE 10 N.ODE RESISTANCE 

NODE NO. 13 "ODE ID 13 
CAPACITANCE Z -. 160OCOO.O01 UTU/DCG.* 
INI!TIAL TEMPERATURE= .!296900-43 DEG.* 

CONNECTING 9ESIS1OD - TOTAL 

10 NODE QESISIA?4CC TO NODE RESISTANCE ID NODE RESIST*~ICE 

3? 2 *1COCO*31 
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OUTPUT VARIABLES BY CLASS

T4. ,IENIT PROBLEM 

TImE .COOCO6 
MINwIMbUM R-1 PRlODUCT

SEC.
.c 0000 00 SEC. ---- FOR NODE
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(. ENCLOSURE 

USAEC - Mr. Donald Ntisshatititer 
August Z8, 1970 

I. Description of Cask Contents PATENT PENDING 
In accordance with the requirements of Sec. 71. 22 (b) of 10 CFR 71, 
Subpart B, the materials planned for shipment in the Super Tiger con
tainer are described as follows: 

(1) Radioactive Constituents - Identification and Maximum 
Radioactivity 

(a) 72 thirty gallon steel drums or 42 fifty-five gallon 
steel drums conforming to DOT Specification 17H or equi
valent of the following materials: 

(i) Type A quantities in normal or special form, n. o. s.  

(ii) Type B quantities in normal or special form, 
n. o. s., up to a maximum quantity not to exceed the 
limits for Type B quantities for each 30 or 55 gallon 
drum as defined in Section 193. 389 of 49 CFR, SubC.. part (1). The total aggregate quantity shall be con.
strained by the limitations set forth in Section 173. 393 
of 49 CFR, Subpart (j).  

(iii) 42 fifty-five gallon stainless steel DOT Speci
fication 5B closed-head drums of large quantities of 
radioactive material, n. o. s., in the form of tritiated 
heavy water at a concentration not to exceed 15 curies/ 
liter (about 3100 curies per package). Each 55 gal
lon inner drum may not be filled to more than 98 per
cent of capacity. The shipper must assure that any 
necessary administrative arrangements are made as 
required to maintain temperature control within the 
carrier vehicle, so as to prevent freezing of the con
tents. The shipping papers must be properly endorsed 
to reflect such arrangements.  

(iv) 42 fifty-five gallon drums of uranyl nitrate solutions 
where the U-235 concentration is not more than 5 grams 
per liter.  

(2) Identification and Maximum Quantities of Fissile Constituents 

Fissile constituents planned for shipment in the container along 
with respective quantities are as follows: (
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PATENT PENDING 
(a) U-233 ZOO grams/secondary container 

(b) Pu-239 200 grams/secondary container 

(c) U-235 350 grams/secondary container 

(d) Any combination of the above such that the sum 

of the ratios of the quantity of each to the quantity 

specified does not exceed unity.  

(3) Chemical and Physical Form 

The chemical and physical form of the package contents can

not be explicitly defined since the latter will be primarily radio

active wastes.  

(4) Maximum Amount of Decay Heat 

(a) For Solids: 

Considering that the Super Tiger is being used for sole 

use, and the ambient temperature conditions allow the 

external temperature to reach 180 degrees F., the other 

limiting texnpe:rature is the temperature at which a time 

(' vs. temperature decomposition of the foam begins. Lab St 
oratory tests using this type of foam seem to bear out the 

fact that shrinking occurs prior to decomposition and that 

shrinking occurs above 350 degrees F. , with decom

position taking place above 400 degrees.  

Using 350 degrees as the limiting temperature of the in

ternal surface of the foam or steel box, and 180 degrees 

as the limiting temperature of the external surface of the 

foam or the external Super Tiger, the temperature differ

ence across 10 inches of foam is 170 degrees F. or 17 

degrees per inch of foam thickness. In this thermal gra

dient, the thermal forces are easily taken up by the foam, 

and thermal stresses are negligible.  

From the technical bulletin put out by the manufacturer of 

the foam, 6 lbs. per cubic feet foam is listed as having a 

"K" Factor of 0.148 Btu/hr/sq. ft. /in. thickness/degree F.  

Since the material is 10 inches thick, the heat loss, q, for 

one square foot of side wall would be: 

(350 - 180) 0.148 or 2.52 Btu/hr/sq. ft.  
q = 10 

Since the ends have 35 inches of foam thickness, the temper

ature gradient would be less, between 5 and 6 degrees per 

inch of thickness, as well as the heat loss per square foot, 

or 0.72 Btu/hr/sq. ft.

'OTECT)77 PACKAGING, INC. -102-



( 
Being conservative and using the internal surface rather 
than the average or external surface, the total heat loss of 
the Super Tiger is the total area of the side walls, which 
are 14 feet x 6 feet x 4 sides = 336 square feet. This area 
has a heat loss of 850 Btu/hr. The ends, 6 feet x 6 feet x 
2 ends, or 72 square feet, have a heat loss of 50 Btu/hr.  

Total heat loss of the Super Tiger is 900 Btu/hr using the 
interior surface as the method for calculating the overall 
area. Actually the average area between the inside and the 
outside is more reasonable, with 14' x 7' x 4 sides, or 392 
square feet. Then this heat loss is (392/335) x 850 or about 
930 Btu/hr. In the same manner, using the ends as 7' x 7 ý' 
x 2 ends, the result increases due to 98 square feet rather 
than 72. Using a factor of (98/72) x 50, the heat loss from 
the ends are 70 Btu/hr. Therefore, the entire Super Tiger, 
figured on the average dimensions, totals 1, 000 Btu/hr, as 
opposed to 900 Btu/hr using the inside dimensions. Based 
on 3. 4 Btu !oer watt, the container has a capacity of 294 
watts or derated 20%Vo for a safety factor this amounts to 
235 watts per Super Tiger.  

Based on a load of 42 drums, each 55 gallon size, the 
wattage would average out to be about 5.5 watts per drum 

( (55 gallons size), or for a load of 72 drums each 30 gallon 
size, the wattage would average out to be 3. 2 watts per 
drum (30 gallon size).  

Note: With external cooling, this wattage limit could be 
expanded many times, based on the temperatures listed 
above. In fact it may be appropriate to review critical 
or beyond design conditions with addative materials, such 
as normal ice that liberate 144 Btu/lb. of heat to the heat 
load upon melting. This means that one pound of ice in 
melting would compensate for about 42 watts per pound of 
dry ice. With 1, 000 Btu/hr being melted at athe rate of 
I, 000/144 or about 7 pounds of ice per hour, the thermal 
problem could be solved for the hauling of materials which 

may suffer from thermal degradation. This ice could be 
placed on the floor of the Saper Tiger so that conduction 
takes place in the inner container. During extreme cases, 
it may be prudent to use dunnage made from aluminum 
sheets or light plates to increase heat flow from the inner 
most drums to the heat sink (inner container).  

PATENT PENDING 
(
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(b) For Liquids:

For liquids, the maximum internal temperature conditions 
shall be limited to 200 degrees, and possibly sorne unstablf" 

natural organic polymirs that may be found in nuclear waste.  

(Normal paper and rags made of natural fiber would not be 
in this category). Since the temperature difference is 
reduced to 20 degrees F., the wattage limit, which was 235 
watts per Super Tiger for solids, would be (20/170) x 235 
or 27. 6 watts per Super Tiger containing liquids. Derated 
this should be used for liquids with internal heat generation 
only on special occasions, when necessity requires this 
useage.  

(5) Floor Loading Analysis (floor, sides, and ends) 

In order to establish on allowable floor loading, that received 
during actual drop testing should be calculated.  

A steel drum resting on a flat surface produces a line contact 
as shown below: 

PATENT PENDING 

(
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71 i" 

ChO impact, it was found that the line contact was increased to 

a dimension that never exceed the radius of a drum. Maximunm 
floor loading was reacted over an area no larger than 50% of 
that available. This was demonstrated in the drop testing and 
found to produce no detrimental effects to the inner containment 

vessel. Using a 20% positive Margin of Safety over that shown 
in test to be safe, it can be concluded that floor loading should 
at all times be reacted over a minimum of 6.o % of the available 
floor. In this manner, it can be guaranteed that all loads will ( -be less than that experienced in actual drop testing.  

We therefore propose the secondary container to be used in: 

(a). Any combination of full or empty drums such that the 
total cavity is filled with said drums.  

(b) Any combination of full or empty waste bins such that 
the total cavity is filled with said bins. (61 x 61 x 4 1/2') 

(c) In a & b above and any single container, the maximum 
floor loading will at all times be distributed over a minimum 
of 60% of the floor area. Dunnage or internal brasing will 
be utilized to eliminate secondary impact. Secondary con
tainers will be blocked, as necessary, within the container 
using timbers, crushable, or inflatable dunnage.  

PATENT PENDING 

(
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Z. An analysis of Sections 71. 33, 71. 35 (b), 71. 36 (o), and 71. 37 of 
10 CFR Part 71 for fissile contents specified in Pagelilof this enclosure 

The fissile material quantities specified in Pagel0lof this en
closure are such that the material will be in a subcriti cal con
figuration in its most reactive chemical and physical form, 
moderated by water to the most reactive extent and fully re
flected on all sides by water.  

In addition, the inner container, subsequent to actual testing 
to meet requirements of Appendix B of 10 CFR Part 71, is leak 
tight and 'will not allow liquids to flow in or out. As a back -up 
safety feature, tests are outlined on Pagel27 of this enclosure 
to insure that the mouth of the inner container is water tight 
after closure.  

Based on the above, the requirements of the above mentioned 
sections of 10 CFR Part 71 are met or are not applicable.  

PATENT PENDING 

( 
1
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( 3. Two tie down techniques can be used. One employees the cable 

sling approach, while the other utilizes the standard ISO.  

Cable Tie down 

The Super Tiger can be secured using the system of tie downs 
shown on Figure I.  

A detail drawing of the standard ISO and U. S. A. S. I. corner 
casting is enclosed. Cable loads for the lower castings are reacted 
by the shear area denoted Area "A." (See Dwg.) 

"HAll 

A = ( ) 12 /i2) + (l-) (Z 3/16) = 2. 985 

Fs = 36, 000 psi (See vendor specification sheet # 1 
.30% Maximum Carbon Steel) 

Allowable load in double shear/fitting.  

PA = (36, 000) (2. 985) (2) 

PA = 215,000 lbs.  

A = (1 1/8) (2 1/4) =L. 53 

S= (36, 000) (2.53) (2) 

PB = 182, 200 lbs.  

(2 gls Vertical) 

Vertical loads are reacted by all eight fittings. Assume all 
cables act in a direction which is 450 to the applied load.  

Load = (2 g's) (45,000 lbs.)= 90,000 lbs.  

Since one fitting will react: 

cos 450 (182, 200) or 128, 800 lbs.  

M.S. 4 (128,800) 1 "W= 90000 -1 

M.S. = + Large PATENT PENDING 

(
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SPECIFICATION #1 - .30% MAXIMUM CRO TE

1.0 CHEMICAL REQUIREMENTS

Carbon 
Manganese 
Silicon 
Phosphorus 
Sulfur

2.0 PHYSICAL PROPERTIES

Yield, P.S.I.  
'Tensile, P.S.I.  
ilongation, 7 in 2" 
Reduction Of Area, % 
Brinell

3.0 HEAT TREATMENT 

4.0 WELDING

MINIMM/MAXIMUM 

.30 
.50 .70 
.30 .60 

.05 

.05

MINIMUM 

22.0 
35.0 

180 Max.

EXPECTED 

.26 

.65 

.45 

.03 

.03 

.EXPECTED 

42,000 
74,000 

26.0 
"44.0

See Specification 600-2 and 600-3 
Anneal 16500 F6 Furnace cool to 8000 F.  
Normalize 1650 F. Temper 1100-130O0 F.  
Must be stress relieved after welding.  

See Specification 100-1 
Filler Metal ASTM A233-64T Class E-7018 

MIL-E-22200/IC Class MIL-7018

5.0 APPROXIMATE EQUIVALENT SPECIFICATIONS 

ASTM A27-65 Class 65/35 
ASTM A27-65 Class 70/36 
ASTM A356-60T Grade I 
ABS Machinery Grade 2 
Federal QQ-S-681D Class 65/35 
Federal QQ-S-681D Class 70/36 
MIL-S-15083B Class CW 
MIL-S-15083 B Class 65/35 
MIL-S-15083 B Class 70/36 
De Laval Code 0113 Steel #9 

Note 1: For each reduction of .01% of carbon below the specified maximum, 
an increase of .04% of manganese is allowed up to 1.0% manganese.  

PATENT PENDING

Specification #1 -- .30% Maximum PAGE__.  

Carbon Steel OF, 

SPECIFICi 
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( (5 g's Lateral) 

Lateral loads are reacted by a minimum of four fittings and 

again assume a 450 reaction direction: 

Load = (5 gls) (45,000 lbs.)= 225,000 lbs.  

Capability = 4 (182, 200) cos 450 = 515, 200 lbs.  

M.S. = 515, 200 1 

M.S. = + 1. 29 

(10 g t s Fore and Aft) 

These loads are reacted by two upper fittings and two lower 

fittings: 

Load = 10 (45, 000) = 450, 000 lbs.  

Capability = cos 450 [2 (182, Z00) +" (215, 000) 

-= 561,600 lbs.  

M. S."561,600 1 
M.S. = 000 

M. S.= + .25 

Should the fittings experience loads ir: excess of their capability, 

the packages integrity will not be jeopardized. Over loading would re

sult in localized tear out or shear failure of a portion of the fitting.  

Since each fitting is isolated within the triangular cavity formed by the 

diagonal gusset plate, only localized damage will result. (Ref. Photo 2., 
Page 5 of Super Tiger Report) 

(Lifting Loads): 

Lifting of the container would be accomplished with the use Of 

four fittings. hook and clevis attachments as shown in Annex A will 

poJssess capability as calculated for Section "B." 

.*. Capability = 4 (182, ZOO) = 728, 800 lbs.  

Conservatively, assume a 300 sling. PATENT PENDIU
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PATENT PENDING 
ANNEX A 

EXAMPLES OF CORNER FITTING ENGAGING, LIFTING, AND SECURING DEVICES

I
0

TWIST LOCK APPLICATION

TIE DOWN FITTING

PLAWmgn VaL 4 ia

IV DOWN WMTH CORNER GUIDANCE

Or .m mYrW OHlt I.T 
i-m P30141T OiUDI[

CLEVIS ENGAGEMENT

HOK ENGAGEMENT

(

-ul]-

(
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S.

," ANNEX 8 
EXAMPLE OF USE OF CORNER FITTINGS IN RAILWAY AND ROAD VEHICLE APPLICATIONS 

PATENT Pl 

(
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C.. ,,,,

M.S. = (728, 800) (cos 300) 
(45, 000) (3 gIs) 

M. S. = +Large 

.; Lifting capability meets requirements listed in Chapter 0529, 
Page 18,033 II, A, 3.  

Standard ISO Tie Downs: 

The standard ISO connector fitting consists of a steel rectan
gular block that mates with bottom fitting hole. (See Annex A and B) 
Once the container is lowered over the block, the fitting is rotated; 
thereby, locking it into place. Loads are reacted over considerably 
more area than that of cable tie down and are, therefore, also struc
turally adequate.  

PATENT PENDING 

(
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(.4. The following is an analysis of the Super Tiger's ability to resist 
the loads of Paragraph 71. 32 (a) of 10 CFR 4a Part 71.  

*,.Il WIN.

_ t 

A) Bending moment at bolt centerline: 

w - (5) (45, 000) /240 = 938 lb. /in.  

x= 35 

L - 240 

Mt = wx (L - x) /Z 

, MC = (938) (35) (240 - 35) /2 

ML = 3,365,000 in. -lb.  

Conservatively assume only the bottom two bolts react this load: 

Pbolt = (3, 365, 000 in. -lb.) /(Z) (93) 

Pbolt 18,100 lbs.  

Allowable Bolt Load o 80, 700 at 125 ksi 

S". Margin of Safety (Bolts) 

80, 700 M. S. =1,0 

M. S. = + Lare PATENT PENDING 

(
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B) Max. Shell Bending Moment: 

Mmax 8 PATENT PENDING 

Mmax = (938) (240)2 /8 

Mmax = 6,753,600 in. -lb.  

Conservatively assume all loads are to be carried by the tri
angular corner beams. Buckling stability of the corners is provided 
by the foam and face sheets.  

Area = 2 (11 1/2) (.1875) + (16.3) (.1046) 

Area = 4.3 + 1.7 

Area = 6. 0 in.  

fc = M/2hA 

fc = (6, 753, 600) /4 (96 - 1l1/2) (6) 

(. = 6, 660psi 

F C= 46,500 psi 

Margin of Safety: 

M. S. 46,500 1 M.S. =6,660-1 

M.S. = +Larme 

Conclusion: The proposed container is capable of safely reacting 
loads set forth in Paragraph 71. 32 (a) of 10 CFR Part 71.  

(
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( PATENT PENDING 
S. We btelieve an analysis of the end closure plate for the 25 psi ex
ternal pressure is not required. From Drawing 121350, Section A-A, 
Zone F-2, it can be seen that silicone rubber seal 1" x 1/811 thick is 
clamped between the two mating channels. Additional seal compression 
is provided by the external pressure itself forcing the cap onto the body.  
This provides a seal for external pressures; thus assuring that the end 
closure plate will not experience a pressure rise.  

Chuck, as a point of interest to me, was the 25 psi requirement es
tablished to protect against submersion to a depth that will produce 
25 psi? If so, it is interesting to note that it would require over 17 
tons of additional weight to overcome the positive buoyancy of a fully 
loaded Super Tiger.  

At any rate, we believe the presence of the seal will guarantee that 
no in-leakage and corresponding pressure build-up will take place.  

Shear strength of the foam is approximately 200 psi. Those areas 
which contact the steel shells produce a chilled effect, increasing the 
density there by increasing the bond strength to levels in excess of 
375 psi. An example of this variable density is shown in the photo on 
Page 117.  

(
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PATENT PcPMrING 
6. A pressure of . 5 atmospheres will produce an internal within the 
inner container of 7. 1 psig.  

This can easily be reacted by the five container inner walls in the same 
manner that the 25 psi is reacted externally. Loads on the inner con
tainer cover must be treated differently.  

Pressure loads on the cover will cause it to deflect until it contacts 
the inside of the removable end cap. At this point, -the pressure is 
reacted directly by the end cap.  

A) The following analysis evaluates the effect of a 7. 1 psi in
ternal pressure on the inner container seal area.  

In order to determine deflection experience between the bolts 
and the corresponding bolt loads and analysis, utilizing super-position 
techniques must be employed. This will be conducted for the proto
type design and again for the production configuration.  

Prototype: 

4-L--- , + A.  

P P 

(
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wL4 
4= -Ey

PL 3 

dG = Gap 

wL
4 ."dG + n.fIr -.

Where:
w= 7.1 psi 

I= (.1873)3 /12 = .00055 

E = 3 x 107 psi 

G= .5 in.

PL
3 

ml= 0

Solving for P as a function of L: 

P = 3EM dG L" 3 + 3/8wL 

Differentiating and.set to 0:

dP 
a--

(Eq. 1).

-3EIdGL- 4 + = 0

L =41•72EIdG •'3w 

Solving for L: 

L = 13. 23 inches (Point at which end plate contacts cap.) 

Solving Eq. 1 for P: 

P = 46 lb. /in.  

P

F-- -4-

Seal deflection can be calculated by: 
d pS4 

ds 38= PATENT PENDING

(
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Where: PATENT PENDING 
P = 46 lb. /in.  

S= 5 in.  

E = 3 x 107 psi 

I (2) (. 1875)3= 1.1x1 3 

(46) (5)4 

ds -- '(384) (3 x 10) (1. 1 x 10-3) 

ds= 2. 27 x 103 

Therefore, the seal area will be opened by approximately: 

ds= .00227 in.  

Bolt load: 

C Pb (46 lb./in.) (5 in.) = 230 lbs.  

.. Therefore, with a seal area deflection of less than 3/100 
of an -inch and bolt load of only 230 lbs., the inner cover is 
easily capable of reacting the internal pressure load of . 5 at
mospheres. This was also born out during the post drop and 
fire test when the inner container was pressurized to approx
imately 8 psi. Even with the loss of foam from the fire test 
no damage to the inner container or end cap was noted. Low 
leak rates due to poor seal installation still prevailed.  

Production: 

Repeating the same analysis for the production design; from 
Eq. 2: 

L7 Eldb 
3w 

Whe re: 
E 1 l07 psi 

db = .5 in.  

w- 7.1 psi 

1= 2(.25)3 /l2= .0026

PROTECTIVE PACKAGING, INC.



C
L = f72 (107) (1.3 x10-3 ) (.5) P T N E D N L 71 PATENT PENDING 
L = 19. 7 in.  

Solving for P: 

p= (3) (107) (2.6 xl0) (.5) + 3 (7.1) (19.7) 

(19.7)3 8 

P - 55 lbs. /in.  

Seal Deflection:

ds = pS 4 

384 EI

I = .089 in. 4

rf 7 1 tI J
d (55) (l0)4 

ds = (384) (107) (8.9 x 10-2) 

ds= . 00161 in.  

Bolt Load: 

Pb= (55 lb. /in.) (100 in.) = 550 lbs.  

.The seal area deflection of the production configuration is over 
30% less than that of the prototype. Expansion being less than 2/1000 
of an inch will not jeopardize the sealing integrity. 1/2" diameter bolts 
are capable of reacting over 15, 000 lbs. and are, therefore, adequate.  

Conclusion: The seal area configuration of the cover plate was 
changed from a flat 3/16 steel sheet to a formed 1/4 aluminum plate.

A-
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B) External End Cap Attachment PATENT Pr!KIhU)!NG 
Presently, ten I" diameter 120 ksi bolts secure the end cap.  

Bolt capability based on minimum pitch diameter is: 

Pallow = 81, 000 lb. /bolt 

For simplicity of calculations, assume that the bolts must carry 

the full impact load generated by the cargo. From Page 12 of the report, 

the maximum de-acceleration is 25 g's. Using a maximum payload 

weight of 30, 000 pounds: 

Load = (30, 000 lbs.) (25 gIs) = 750, 000 lbs.  

Capability = (10 bolts) (81, 000 lbs.) = 810, 000 lbs.  

M. S -810,000 -1 M.S =750,000 

M.S. = + .08 

** The cap attachment bolts possess sufficient strength to react 

the total impact de-acceleration; thereby, guaranteeing the integrity 

of the cap.  

Internal pressure load at . 5 atmospheres will produce a load of: 

P = (7.1psi) (76)2 = 41,000 lbs.  

This load can easily be reacted by the 810,000 lb. bolt capability.  

The production design differs from that which was tested in the 

manner in which the bolt load path was directed across the joint. As 

shown in the sketch below, the two channels forming the joint were 

bolted through the mating legs. Loads were required to pass from the 

skin to the outside leg, then in bending up to the web, through the web 

in tension, back through the inside leg in bending, and out through the 

bolt--a so.ft load path. The production design load path is directly 

across the open channel face to the inside flange. On the bolt, two 

3/16 plates flank each bolt. This provides a much stronger load path 

than that of the prototype design.  

(
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(. PATENT PENDING 
In the interest of safety and increased reliability, the prodtictir.  

configuration has been altered so that the I/2 gap between the plate and 
end cap has been relaxed to 1/4" maximum. By providing relief hfoles 
for the bolt heads, the plywood back-up can be brought up with 1/41" of 
the plate. Loads will be reacted on the end cap sooner there by pro
ducing a lower seal area load yet.  

From the comparative El values and the seal deflecl ion cal
culations, it is concluded that the production design will provide hight'!" 
compressive seal pressure than that of the prototype design test. It 
will provide a pressure tight seal.  

(
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Conclusion: The production design differs over that which was tested by the bolt strength, number and method in which they react their load. The net effect of these changes is a stronger closure than that tested and one capable of reacting all loads and conditions spec
ified in Part 71.

(
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7. The reasoning that led to the conclusion that the 1/81, back-up plates wert, not required was based on the foams ability (35 "t thick) to react the puncture loads. Based on the Appendix B analysis, the external skin will puncture. At this point, load is distributed to the foam. Since foani is weaker in tension than compression, it fails on approximately 
a 450 shear plane.

/ 

I

C,:

�- 
XAJI/05

In actuality, it compresses a cone of foam.  

Energy = [Vol. (in. 3)] [Crush Strength (psi)] 

Energy = - Fc 

KE= ws 

Solving for h:

h 3 3ws 

h 2 0.(3) (45,000) (20) 

h = 20.5 in.

PROTECTIVE PACKAGING, INC. -125-

Where: w = 45,000 lbs.  

s = 40 in.  

Fc = 200 psi 
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Q. PATENT PENDING 
Neglecting the energy required to puncture the steel, the pin would penetrate approximately 21 inches of the available 35 inches.  This failure mode was demonstrated in tests and a sample showing the 

failure plane is attached. (See Photo on Page 117.) 

Conclusion: It is our opinion that the 1/8" back-up sheets arc not required on the ends. They are included on all sides as shown 
in Drawing 121350.  

8. Please find attached, drawings showing fabrication details. The Super Tiger application will not at this time request the scale down option. It will be resubmitted shortly.  

"(.  

(
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( PATENT PENDING 
9. Test to insure the inner cavity has been properly sealed.  

The seal on the internal cavity will be properly sealed when all the 

bolts have been installed and tightened.  

Correct installation calls for bonding the silicon rubber to the cap 

prior to mating with body. In this manner, the seal will always be 

firmly attached to cap and mate with the sealing surface on the body.  

Seal installation problems originating during prototype testing were 

the result of hurried assembly. Since the seal was being installed at 

3 a.m. prior to the morning of the drop test, not sufficient time was 

allowed for the seal to adequately adhere to the cap. Therefore, on 

assembly, silicone rubber actually slipped out of place on the wet 

adhe sion.  

Had the adhesive had time to set, the seal would not have moved during 

- assembly and a pressure tight seal would be present. Proper seating 

is assured with the available clamp-up pressure provided by the 1/2" 

diameter bolts.  

A test which may be conducted on the inner cavity to assure that the 

silicone seal is properly sealed is described as follows: 

1. Load contents into Super Tiger, close cavity cover 
and secure all bolts.  

Z. Connect freon aerosol can and hose to Super Tiger check 
valve fitting as shown in Figure 2.  

3. Bleed full contents of can into cavity.  

4. Disconnect hose from fitting and install cap.  

5. Use standard freon detection device to inspect seal.  
These are capable of detecting two ounces of leakage per 
year.  

(
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( PATENT PENDING 
6. If a leak is detected, retighten bolts. If it is still 
persistant, remove cover, clean seal and inspect sur
faces for foreign matter.  

7. Repeat steps 2 through 5.  

8. If leak persists. install new silicone rubber seal.  

10. Design difference between the prototype and production configuration 

are shown in the following sketches. The two major structural changes 

involve the internal and external closure area. These have been re

viewed analytically in the answer to question 6.  

The remaining changes deal with alternate ways of attaching external 

skin or internal skin along the edges. It is felt that these options do 

not represent a decrease in the structural integrity over the design 

tested, but will produce a stronger more reliable configuration easier 

to fabricate and inspect. Any changes that have been made were made 

utilizing our best engineering judgment in producing a container of 

equal and adequate strength.  

The last sentence of question 10 deals with the closure analysis shown 

on Appendix C, Page 93 of the report. Appendix C is an excerpt of 

Ref. 6, which deals with the analysis of the Argonne National Laboratory 

Bin (DOT 6272). This analysis was modified and corrected, but has no 

relevance tothe Super Tiger application.  

(
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TORNADO DESIGN CONSIDERATIONS 

Although this is not part of the requested information, we have corporate 
interests in using the Super Tiger to haul waste to Project Salt Vault in 
Lyons, Kansas. Since this area is "Tornado Alley", we have had discussions 
with Mr. Joe Galway, who is an employee of the ESSA Severe Local Storms 
Forecast Center located in Kansas City, (816) 374-3426.  

In this discussion, it was learned that a Seminar for Architects and Engineers 
was held at the University of Wisconsin, Milwaukee Division in May of 1970.  
During this seminar, Mr. Galway presented figures from the ESSA which 
indicated that buildings designed for tornado loads should have provisions 
to withstand winds of 200 to 300 miles per hour. Pressure reductions of 
200 millibars (1000 millibars equal 29. 52 "Hg. ) are uncommon; one was 
measured in Minnesota early in the 20th century. Normal pressure 
reductions are thought of as being in the order of 3. O"Hg. , which is like 0. 1 
atmospheres.  

Mr. Galway did mention that box cars are often turned over and split with 
the impact of missiles that hit them. He investigated a tornado in Great 
Falls, Montana, which hit in the 19 5 0's, in which static rail cars on a 
siding were accelerated up to 70 miles per hour by a tornado moving in the 
same direction as the rail.  

From this information, we feel that the Super Tiger will have a better chance 
to survive a tornado experience better than any container currently in service 
for waste hauling. The pressure change or rate of pressure change presents 
no problem to the desi gn, and if tie downs, compatible with the Super Tiger 
and ISO systems are used, it prevents this container from being airborne.  

This information does point out the fact that a study should be done to prevent 
accidents from happening. Since they are prevalent in France, Germany, 
Netherlands, as well as Australia, this severe storm represents a real 
accident condition.  

For information on the A and E Seminar, Contact Dr. Paul A. Seaburg, 
University of Wisconsin, Milwaukee Division, 600 West Kilborn, Milwaukee, 
Wisconsin 52303.  

PATENT PENDING 
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THERMAL STRESS CONSIDERATIONS

In previous work, our'firm has found that the thermal stress caused by 
the sudden chilling of a cask can crack the vessel open so that leaking 
occurs. Since well meaning firemen can actually cause an accident to 
happen under conditions of extreme heat and mass, we feel that the Super 
Tiger with the light outer steel skin is able to take this thermal shock without 
any problems. The rate of cooling using fire hose methods are huge and we 
feel that the design is more than adequate to take care of this, problem.  

PATENT PENDING
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QUALITY ASSURANCE PROGRAM FOR THE SUPER TIGER 

1. 0 FOAM PRODUCTION 

During discussions dealing with the design and testing of the Super 
Tiger, the question of Quality Assurance has come up several times; 
therefore, it is only proper that some of the variables that determine 
the integrity of the container be included in the report. Some items, 
such as the formulation of the particular foam, are proprietary items of 
PPI, and vwe feel that performance of the material under laboratory 
testing is all that is required. The formulation includes a:-basic two 
component system, using a cell controller, blowing agent, and accel
lerator (which are all interdependent) as well as the mixture temperature 
and the steel shell temperature. Since the temperature at which the 
material reacts is very close to the temperature that the material be
gins to "char" and destroy itself, we feel that competitors could take 
advantage of the long effort that our firm has gone through to come up 
with this formulation. This formulation is stable and will be regulated 
by appropriate in-house quality control procedures.  

From the standpoint of energy absorption, the density of the foam de
termines the crush strength, and this can be rather well predicted by changing the single variable; namely, the amount of freon that is added 
to the combination. In order that the material makes a good and lasting 
bond on the metal skin, two things are important. The first is surface 
cleanliness and the second is the temperature of the metal skin, which 
acts as a thermal sink for the exothermic reaction of the foam.  

Surface preparation of removal of oils and other foreign material by 
normal commercial solvents is important. An oily surface can easily 
prove to be a poor bond for the foam and result in a lack of stress skin 
strength for the container. In addition to the surface preparation, the 
steel material should be of a temperature so that the boiling of the freon 
does not take place at the surface of the metal. By restricting the foamn 
from forming freon bubbles, the material forms a very strong bond on 
the steel, which has adhesion and shear strengths much higher than thi 
materials with freon bubbles in them. Since this bonding material is 
40 to 50 pounds per cubic foot and the strength is proportional to the 
density, it can be shown that the strength of this bond is as much as ten 
times stronger than.the same material with freon bubbles, resulting in 
a strong bond between the steel and the foam for the stressed skin effect 
that is desired.  
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Temperatures as much as 40 degrees lower than the boiling poin t of the freon seems to cause an undue thermal stress for the foam, taking 

an undue amount of heat energy out of the material. This produces a 
good bond initially, but is put under a residual stress level when the 
steel is warmed up to normal temperatures. Because of this problem, 
skin temperatures should be limited to between 10 and 15 degrees below 
the boiling point of the freon. This temperature range fits the 450 to 
600 range which is a good ambient range for manufacturing. If this 
temperature cannot be held with any degree of confidence, a temperature 
recording device should be put on the container, and the steel heated or 
cooled as required. Normal "blowing" of carbon dioxide is a good 
method for cooling, while heating with an open propane gas torch on the 
side opposite the bond is a good means of heating the metal skin.  

In situations where the temperature cannot be maintained, it will be con
venient to change to a higher or lower boiling point material, so that 
difficult conditions can be met. In no instance should the temperature 
of the skin vary more than 15 degrees F., since when the foam is being 
poured the range of temperatures is as important as the temperature 
itself.  

Of interest, the internal temperature of the foam will approach 300 
degrees in volumes that.are furthest from metal conducting paths.  
This foam requires a time vs. temperature cure time to complete the 
chemical reaction. Exposure to the atmosphere during this curing 
process will damage the foam. Cure times of up to ten hours can be 
expected in the large ends of the Super Tiger with no problem caused 
by additional pours put on top of the original pour. Insertion of dial 
thermometers provide a good and accurate method of reading the curing 
temperature without causing voids or large holes to be cut into the foam.  
Temperatures in the range of 350 to 400 degrees cause charring during 
the curing process and reduce the characteristic of the foam by reducing 
strength. This foam is noticeably darker than the parent material, 'and 
should be removed from the container in the event that the material is 
made in the improper proportions. Good procedures in the blending can 
usually eliminate this from happening.  

The energy that causes charring is due to internal energy generated by 
the exothermic reaction of the foam. This heat cannot escape to the thermal sink of the metal skin because of the unusually good insulating 
qualities of the foam itself even when curing. After the foam is cured, 
the sticky material turns to solid cellular foam, which is rigid and, sur
prising, more resistant to charring than when in its curing state. Pro
tective Packaging, Inc., has investigated the thermal problems of the 
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foaming process, and our opinion is that quality can be assured at the high densities of 8 to 12 pounds per cubic feet, and up to 20 pounds per 
cubic feet under ideal conditions.  

Additional materials, such as a cell controller and a reaction accellerator, are very important in the overall blend. Small portions of this material are used to get the degree of rigid cell structure required. The reaction tin-t is dependent to a great degree on the amount of mechanical stirring or blending energy that can be put into the mixture between the time when the subparts are mixed and the time that they are poured. Stop watch accuracy is not important, but at least 90 seconds of time is needed to "shear" the various materials into one homogenous blend so that the materials are in their proper proportions. Streaking of the material both before and after foaming can easily detect improper mixing.  

Part A, one of the two major components, requires a temperature of about 140 degrees F. for proper pour point. So that the mixture point of the two is proper, it is important to keep the other less sensitive 
component at a constant temperature.  

Concern was originally given to the bond between individual pours, but results seemed to indicate that one pour bonds sufficiently to the next.  Efficient use of the foam indicates that less material ends up as surface f. "crust" during larger pours. This is like the raised loaf of bread that is not touched by the bread pan. Since this surface area approaches that of a hemisphere, the minimization of the number of pours, while still maintaining the input of mechanical energy to eliminate streaking of the components, is an absolute production goal that makes for a good product.  

Testing the crush strength of the foam is done on a Universal Testing Machine such as that installed at the laboratories of the American Plywood Association in Tacoma, Washington. Samples of the foam are taken on a periodic basis from every fifth pour, and these are checked for density variation. Each sample is then put into the machine and tested 
to see how it behaves with the other samples. Normally, the only problem occurs when the dinsity of the mixture is changed. Operator error in the measurement of the freon in the mixture is the real source of density changes. This can be corrected easily and in a very predictable way. As an example, cutting the amount of freon in half is cutting the 
density of the mixture by almost 50%.  

1.1 FOAM QUALITY CONTROL DURING INSTALLATION 

Refer to PPI Quality Control Document F17, attarche,4d..  
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2( . 0 WELDING PROCEDURES 

Good welding techniques and equipment, used by trained personnel is 
of the utmost importance in the Quality Assurance Program of the Super 
Tiger production. For the most part, the ductility and the other mech
anical properties of the mild steel used in the production of this container are well established. Of prime importance is to have a welding 
system compatible with the expected performance of the parent steel.  

2.1 GENERAL WELDING REQUIREMENTS OF THE SUPER TIGER 

Refer to PPI Quality Control Document W13 attached.  

3.0 METAL QUALITY CONTROL 

To preserve the range of acceptable material that is used on this con
tainer, our firm has asked the vendor to supply certified steel that is 
acceptable to our purchase order qualifications. In addition to this, 
samples are taken from the incoming sheets in random fashion and tested 
for strength and ductility. In this way, variabilities that appear in the 
incoming supply can be "spotted" easily and taken out of inventory and 
returned to the vendor, rather than being used.  

3.1 Refer to PPI Quality Control Document W13 for Steel Requirements.  

- 4.0 OVERALL CONSIDERATIONS 

From the information gathered in our preliminary work, it is easy to 
point out that welding and metal quality control are areas of interest that 
could be discussed at length. However, they have been studied and re
viewed many times in the past, and can be committed to standard pro
duction standards.  

The foam is a formulation which acts as an adhesive. Therefore, the 
performance of this material in the many different types of outdoor 
climates is very important. Since production temperatures are kept 
in the mid range of the total maximum range of exposure temperatures, 
the thermal stress is limited when the container sees a winter environ
ment of -50 degrees F. to as much as plus 150 degrees F. in the summer.  
With the solar loads that usually accompany this high ambient, there is 
a heat input of up to 150 Btu/hr per square foot of area at right angles 
to the rays of the sun. PIPRIET_= 1,.TA 
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(Protective Packaging, Inc.  
Quality Control Document 
No. F 17 Rev. 0 
Date: May 4, 197"o 

FOAMING REQUIREMENTS FOR SUPER TIGER CONTAINER 

1.0 SCOPE 

This specification covers the requirements for formulation and install
ation of foam in the Super Tiger Container.  

2.0 GENERAL DISCUSSION 

Polyurethane foam is a cellular plastic that is formed by the reaction 
of two liquids. A polyol and a polyisocyanate in the presence of a gas 
producing agent such as freon.  

As a chemical reaction takes place, heat is generated causing the blowing 
agent to vaporize and form tiny bubbles. The creation of these bubbles 
generates foam which expands to its full height in less than five minutes.  
The net result of the chemical reaction is one giant cross linked molecule ( of cellular plastic containing entrapped bubbles of freon gas.  

The cellular structure of rigid urethane gives it exceptional strength for 
its light weight. Compressive strength can be varied from 25 psi to over 
500 psi through alteration of formulation. The closed cell in addition to 
contributing to the strength also seals the foam against penetration of 
gases or liquid. Gas contained in the cells not only shapes the cells but 
also contributes greatly to its thermal insulating capabilities.  

Rigid urethane foam is the most efficient insulating ,material available.  
It has twice the insulating ability of the next best material, polystyrene 
foam. It is possible to have k factors of .1 Btu/hr/ft2 per OF/inch.  

For the Super Tiger a special formulation of fire retarded rigid poly
urethane foam is used. This foam, designated U-2333, is poured in 
place and allowed to expand between the two steel shells. Since, on ex
panding, foam rigidly bonds to all surfaces, the inside and outside shells 
are forced to work together forming a stress skin type design..  

Foam densities can be regulated thereby varying the crush strength. In 
this design, higher density foam is placed in the ends and along all edges.  
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3.0 CONTROL CONDITIONS AND METHOD OF INSTALLATION 

3.1 Maintain pour point temperature of Component "A" to 140 degrees F, plus or minus 5 degrees F, and make provision for stirring prior to reading, so that average temperatures are reflected rather than local hot or cold spot temperatures.  

3.2 Maintain the metal temperatures of the "skin" between 45 and 60 degrees F. Insulation of the skin from concrete floors should be considered if temperatures are too low.  

3.3 Make provisions in small clean containers for the additives of accellerator, cell controller and freon. This should be done in three different size cups to eliminate duplication of one material at the expense of omitting another. Measurement should be made to 5% accuracy on a balance scale, by weight in oz. and lb., so that this accurate measurement can be put on the cylindrical wall of the cup in such fashion as to make weight and corresponding volumentric duplication easy and accurate. Care should be taken to provide open areas for this material at a temperature so that boiling of the freon does not occur as well as evaporation of the 
other components.  

3.4 Provide timer and shear blades on a motor driven long shaft electric drill or other high speed device that rotates at 1750 rpm and is capable of adding energy to the misture at a rate of one fourth horsepower per 60 pounds of mixture or one horsepower per 240 pounds of mixture. Mixing shall last at least 90 seconds.  Streaking of the finished foam is a recognized indicator that mixing is done in an improper manner. If this happens, mix in smaller batches or provide more energy by increasing the speed of the mixer. In-put energy can be checked by reading with a commercial ammeter. (Amprobe is a commercial device for this purpose).  

3.5 Density of the foam should be checked during every pour at the start of the run for range, streaking, and internal char. To accomplish this, take material halfway through the pour, and make a "bun" of approximately four cubic feet in a standrad fiberboard box provided for that purpose. Let this sample cure for two hours and cut into the bun with an ordinary carpenters' crosscut saw for "a sample in the middle approximately 6 inches on a side, so that "a cube is formed. The density should be calculated on a weight per cubic foot basis and compared with the desired density. If the pour is 0. 5 lb. per cubic foot less or 1. 0 lb. per cubic feet more than the required amount according to the design values, the amount of freon should be adjusted to make the proper density.. If streaking is obvious, the pour should be made over, with no changes in the mixture, and the density taken again. Sample should be numbered and put away in a storage box for later testi~llpg8PAekTA 
indications should be "flagged" at once.



( 3.6 To make sure that the cured foam is meeting the minimum crush 
strengths. required by the design, cut the sampel acquired above 
into 1 inch cubes and test in a Universal Testing Machine. These 
samples should be numbered in the same system and sequence as 
the original samples so that the errors can be located and corrected.  

3.7 In the event that charring has occurred in any sample, take effort 
to measure the actual pour to determine the temperature at least 
12 inches inside the foam "bun." Indications of excessively high 
temperature inside of the pour will normally produce charring.  
If temperatures below 300 degrees F. are read, the pour is fine.  
Higher readings indicate closer control of the mixture, especial
ly when pouring high density foam above 8 lb. per cubic foot.  

3.8 An alternative method of mixing and pouring the foam other than 
the "batch" method as described above is to continuously pour using 
a high quality foaming machine. The same control standards de
scribed above will be adhered to.  

4.0 FOAM SPECIFICATION 
All foams used within the Super Tiger shall meet the dynamic crush 

strengths set forth below: 

(i:" Foam Type Dynamic Crush Strength 

A 100 psi (+ 30 psi, - 0 psi) 

B 200 psi (+60 psi, - 0 psi) 

Dynamic crush strengths to be measured at 530 in. /sec.  
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( Protective Packaging, Inc.  
Quality Control Document 
No. W13 Rev. 0 

PATENT PENDING Date: May 4. 1970 

WELDING AND STEEL REQUIREMENTS FOR SUPER TIGER CONTAINER 

1.0 SCOPE 

This specification covers the requirements for welding all metal joints 
on the Super Tiger container. It also calls out the requirements for 
selecting the steel material.  

2.0 GENERAL DISCUSSION 

The entire outer and inner shell is fabricated from very ductile Hot 
Rolled AISI Low Carbon steel plate. The elongation of this material 
allows it to be bent flat on itself in any direction at room temperature 
without visible carcks.  

Steel shall be of a good commercial quality hot rolled sheets that are 
low carbon, open hearth steel that is rimmed, capped or semi-killed 
to prevent piping so a smooth surface sheet will be produced.  

C': All wel ding shall be performed by qualified welders using low hydro
gen welding electrodes conforming to the proper series of the EXX16, 
EXX18, or EXX28 Classifications of the Specification for Mild Steel 
Arc-Welding Electrodes (ASTM Designation: A 233), unless other
wise specified in the basic specification. The electrodes shall be pro
tected from moisture pickup during storage and use. The welds shall 
be sound, the weld metal being thoroughly fused to all surfaces and 
edges without undercutting or overlap.  

3.0 STEEL SPECIFICATION 

Specifications for general requirements for delivery of rolled stetel 
plates shapes sheet piling, and bars for structural use are provided 
with ASTM A 6-67 or the equivalent to ASME SA-6.  

The pertinent portion of specification is attached.  

4.0 WELDING ROD AND WIRE SPECIFICATION 

This specification prescribes requirements for covered mild steel 
electrodes for shielded metal or welding of carbon and low alloy 
steels. ASTM A 23-64 T (ASME SA-233) shall apply. Welding wire 
shall be in accordance with ASTM-A 559-65T, Case E 70T-1. The 

- pertinent portion of the specification is attached.
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5.0• WELDING PATENT PENDING 
Welding shall be in accordance with AWS DI 0-66 Code. AISC 
Specification Section 24 and Section 25 shall apply.  

6.0 FABRICATION 

Fabrication will be conducted in accordance with AISC Specification Part V Section 33 and 34. Internal container will be demonstrated to be water tight prior to acceptance.  

(_
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EXTERNAL PRESSURE PTN EDN 
S~PATENT PENDING 

( ,"Packaging shall be adequate to assure that the containment vessel will 

suffer no loss of its contents if subjected to an external pressure of 25 psig." 

Where Packaging is defined as: 'lPackaging means one or more receptacles 

and wrappers and their contents, excluding fissile material and other radio

active material, but including absorbent material, spacing structures, thermal 

insulation, radiation shielding, devices for cooling and absorbing mechanical 

shock, external fittings, neutron moderators, non-fissile neutron absorbers, 

and other supplementary equippnent".  
(As per AEC Appendix 0529, Paragraph 12, 040) 

The proposed "Package" does insure that the containment vessel will suffer 

no loss of contents when subjected to an external pressure of 25 psi. Since 

the design incorporates a unit-body construction technique, it must be 

concluded that the external shell, as well as the internal shell, act as the 

containment vessel. By structurally joining these two elements with a closed 

cell rigid polyurethane foam they are forced to act as one body with the 

inherent stress skin advantages. From PPI Drawing 32106 ZN F2 it can be 

seen that a silicone rubber seal is employed to isolate the internal structure 

from the direct application 25 psig external pressure. The reliability of 

this seal is guaranteed by: 

1. Procedural inspection prior to end cap assembly.  

2. Seating pressure of 10-1 inch diameter bolts combined with effective 

Spressure acting on the lid. This produces a seating stress well in 

excess of the Z00 psi minimum as stated in "ASME Boiler and Pressure 
Vessel Code Section VIII, Unfired Pressure Vessels".  

This combined with the analysis shown in the original report Section 4.4, 

P age 19, Z0 and 21 verifies the Super Tiger ability in meeting the external 

pressure requirement.  

It might be interesting to examine what would result if the seal was non-existant.  

As an academic point of interest the intercontainer cover will be backed 

by dunnage. This will insure that inward cover deflection will be restricted 

to a minimum. For general information, actual unsupported, pressure 

limitations of the cap can be found using diaphram plate deflections. Roark 

treats this under Chapter 10, Section 59 of the fourth addition.  

S22Z Where: S = 30,000 psi 
277 b = 76 inches 

Et E= 107 psi 

Wb4 t = 1/4 inch 
S= 1, 770 

Et 4 

Solving for W (allowable pressure) 
"W = 2. 07 psi (
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This is a somewhat conservative number since the analysis is only valid in Q the elastic range. Actual ultimate pressure capabilities will exceed this 
elastic prediction up to a range of approximately 5 to 10 psi. Should a failure 
actually take place the cover would fail locally (i. e., cracks, etc. ) allowing 
internal venting. Hole sizes would be small. Secondly, once pressure had 
equalized, the spring back nature of the cap will tend to close the holes created.  

At this point, contents would be required to escape from the internal secondary 
container, through the receeded cracks in the inter-cover and then past the 
defective seal. As shown in the attached figure, the path through which 
the contents must pass is complicated and very confined. As an example, 
clamp-up of the cap seal by bolts restricts the maximum possible opening 
to less than 1/16 of an inch. The net result of this hypothetical case is that 
in order to have even a very small release of contents, all the following must 
take place: 

1. Leak in external seal.  

2. No dunnage to support cap.  

3. Structural failure in inter-lid.  

4. No spring back to close cracks in lid.  

5. Faulty secondary container allowing loose material in the 
Super Tiger.  

6. Contents must leak through cracks and around 5 corners.  

"7. Pass through small gap between mating channels, 
(less than 1/16 inch).  

Quality Control procedures established by PPI for construction and loading would 
guard against the occurance of any of the above.  

It is therefore concluded that the proposed design is capable of containing 
the contents when subjected to 25 psig external pressure. Even in the event 
of a hypothetical failure of the seal it is questionable whether any material, 
even a very small quantity, could be released.  

PATENT PENDING 

(
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(

T he allowable compressive load based on yield strength is: 

( 2 
P = (46, 000 psi) (7. 686 inch 

P = 353,000 lbs.  
y 

Therefore, the corners will fail in compressive yield prior to buckling.  

Compressive Loads:

A 30 lifting sling will produce the following compressive loads: 

*i 

01 
3

(45, 000) (3g's) 

PROTECTIVE PACKAGING, INC.  
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SUPERTIGER CORNER COLUMN STABILITY PATENT PENDING 
Juring lifting and stacking operations the container will undergo axial compression 
loads. These loads are reacted by column stability of the corners. Conservatively 
assume the corners to form a pin-ended column of a length equal to unsupported 
edges. Using EulerIs load formula, the critical allowable load is: 

2 
Pcr = qr EI 

L 2 

Where:E = 3 x 107 psi 

I = 88.1 inch 4(See attached calc.  

A = 7.686 inch2  

L = 205 inches 

"Pcr = I 2 (3x107 ) (88.1) 

(205) 2 

"P = 618, 462 lbs.  cr

(

II



p= (45, 000 lbs. ) (3 gts) 

(2 sides) (tan 300) 

P= 117,000 lbs.  

Margin of Safety: 

M. S. = =3000-1 117, 000-

M. S. = + Large PATENT PENDING

Conclusion: 

The Super Tigero is capable of reacting the loads experienced during 
lifting with a 30 sling.  

( 
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SUPER TIGER BOLT CLOSURE ANALYSIS
PATENT PENDING
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Maximum bolt loads will be generated during an edge drop onto the container 
end. From page 16 of the report the maximum expected crush depth of 
30 inches will produce an acceleration of 24.9 gis.  

2AV 

/ 

tan v(= 96/240 = .40 

v= 220 

Assume that the axial component at the payload is reacted directly on the 
cap and the lateral load is reacted along the side of the upper b dy.  

'V 
Weo..--- Iw PC 

!/" 

C



PATENT PENDING 
C Since the non linear acceleration assures the maximum load is experienced 

at the end of the compression stroke all the payload component load will 
be reacted in direct compression throughthe cap. This can be seen graph
ically from the sketch below that shows the center of pressure of the payload 
to fall within the load reacting area of the cap.  

/" 

Had the cap been rigid and not an energy absorbing cushion the impact force 
would not have been distributed over the large foot print. This would result 
in a tendency of the cap to pivot about the corner under the payload induced 
force, placing the cap bolts in tension. Again this is not the case here where 
the payload forces are reacted in direct compression.  

The closure bolts must react the over turning moment introduced by the 
lateral weight component of the payload (Wp sin 4L) and the upper container 
in addition to the shear forces.  

A. Shear Loads: 

P = (W + Wb) sin (g's) 

Ps = (30, 000 + lz, 000) (. 375) (24. 9) 

Ps = 39Z, 000 lbs. or 39, 200 lb. / bolt
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B. Tension Loads: PATENT PENDING 
Interface bending moment is given by:

L6

Ma= 0 

M -= sinof Lp +Wb sifc Lb+ Wb cos 4• La] g

Where: Wp = 30,000 

Wb = 1Z, 000 lbs.  

Lp = 88 inches 

Lb = 115 inches 

La = 48 inches 

oL = 220 

g = Z4.9 

M,= [(30, 000)(. 375)(88) + (12, 000)(. 315)(115) + (12, 000)(. 9Z7)(- 48)] 24 

Me 24. 241 x 106 in-lbs 
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Therefore the closure bolts are structurally adequate to react to all loads.  

It should be noted that this is a conservative number since the shear load ( could have been reacted by: 

1. Dowels: 

Pd = [ - (1)2 (46,000)] 4 

Pd = 144, 000 lbs.  

Z. Angle: (See page 28, Figure 3 of Amendment) 

Pa = (3/16) (92) (2) (46, 000) 

Pa = 155,000 lbs.  

3. Friction: 

Bolt Clamp-up is about 40,000 lbs. based on 400 in-lb torque 

Pf = (10) (40, 000) (1/3) 

C Pf = 134, 000 lbs.  

Total of: 433, 000 lbs. PATENT PENDING 

(
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Assuming a triangular bolt load distribution:

C 

4 1% 

Ma =(93P1 + 70.5 P 2 + 48 P 3 + 25.5 P 4 ) 2 

P, = (932 + 70.52 + 482 + 25.52) = 93 Ma/2 

Pl = (93) (24, 241, 000) /2 (16573. 5) 

Pl = 68,012 lbs.  

Margin of Safety: 

Bolt Stresses: 

ft = 68012 / ( /4) (1)2 

ft =" 86612 psi 

fs =39200 / ( ,f /4) (1)2 

f= 49920 psi 

Combined Stre as: 

S = ft / 2 (f 2 + f 2 

2 

S = 109, 406 psi 

Margin of Safety: 

M. S. = 120, 000 -1 
109, 406T 

M.S. = + .095 PATENT PENDING 
( 

PROTECTIVE PACKAGING, INC.

-153-



SUPERTIGER 40 INCH PUNCTURE TEST ANALYSIS 

PATENT PENDING 
The following analysis combined with the actual drop test results, will verify 
the break-away plate placement as shown in PPI Drawing 3Z106, Figure 1.  

40 inch puncture Test No. 1 and Test No. 2 verified the proposed placement 
at the center and near one edge and is documented on page 36 through 51 of the 
original report. Placement along the overall length will be determined by the 
following analysis.  

Since impact at any point other than directly over the c. g. will cause rotation, 
the net pin impact force will be reduced. Impact magnitude will be a function 
both mass moment of inertia and the load application point away from the c. g.  

Using conservation of momentum and energy principles, impact energies can be 
calculated. We shall define the impact energy at an arbitrary pin location as: 

Energy absorbed at pin, 

PE = Force x Crush Depth 

and using: 

Conservation of Energy 

(+ 

f Energy= 0 

Wh = PE+ 1 mvl 2 + lI 2 

vl= rw 

Wh = M +1 02 (mr2 + i) (Eq 1) 

Conservation of Momentum 

(' Syst Momenta -+-a- Syst Ext Imp. = Syst Momenta 

(+ f Components
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C 1
mv = Pt + mIv

Where: t = 2E/v 0 

v1 ru

my = - + mru.  
0 V 0

Solving for w, 2

L = (mvO 

v 

V 02= (-'0 T 

r

mr 

2 1 
nv r 0

nr 2

4 P 
+ -- 4=zFz 

m vO r

Solving simultaneous equations Eq 1 and 2:

-2 

Wh =E +-(mr +,I)(0

r

4 Pm 

mr

PROTECTIVE PACKAGING, INC.

-156-

+ m 4 r P- 

m v r 
0

PATENT PENDING
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(Eq 2)
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Substitute and solve the quadratic equation for PE: PATENT PENDING 
Where: m = 45000 / 32.2= 1400 

(v = 14.62 fps 

h = 40 inches 

I = m(a2 + b2) 

1 30000 1 15000 
I 3Z--. 2=. (64 + 196) + 32--0.-2 (64 + 400) 

I = 38198 

r = 6 ft. (End of Breakaway Plates) 

W = 45000 lbs.  

(4500)(40)/ 12 = PE +1 (1400)(36) + (38198)] r1 4 .62)2 4 PE 
21 (6) z (1400)( 36) 

+ (14024 2-pE?,] 
(1400)2(14. 62)2(36) 

150000 = PE + 44299 (5. 93734 - . 00007936 PE + 2.6522 x 10- PE ) 

1.174875 x 10"5 PE - 2.51601 PE + 113,018 = 0 

+2.51601 f(42.51601)4 - 4(1.174875 x 10-5) (11. 3018 x 104) 
PE 2(1.174875 x 10-5A 

Z. 51601 - 1. 00947 

2(1.174875 x 10-5) 

PE = 64115 ft. - lbs.  

It is therefore apparent that the magnitude of the load is greatly dependent on 
the point of impact and its proximity to the contkers center of gravity. At 
locations other than the c. g. the containers energy is not totally absorbed by 
the pin area, but is partially transformed into rotational energy about is c. g.  (%lso, a secondary energy component related directly to the linear velocity of 
oae c. g. is present. The net result is that as the pin moves away from the 
c.g., puncture loads are greatly reduced.
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Substitute and solve the 
center:

quadratic equation for PE for a point 3.5 ft. from the

C

(45000)(40) / 12 = PE
+ 1-[(1400)(12. 25) + ( 3 8198)[(14.62) 

YL (3. 5)"
- 4 P1 

(1400)(3. 5)

+

C
4 

(1400)Z(14. 62)2(3. 5)2

150000 = PE + 27674(17.4485 - . 000233 PE + 7.7942 x 10-10 PE 2 )

4-

2. 1481389 x 10-5 PE 2 - 5.454575 PE + 332870 = 0

5.454575 -1.072543

S2(2..1481389 x 10"5) 

PE = 102317.5 ft. - lbs. PATENT PENDING

PROTECTIVE PACKAGING, INC.
-158-

Where: m = 45000 / 32.2 = 1400 

v = 14.62fps 

h = 40 inches 

I 1 m(a 2 + b2 ) 
12 

f t- ) (64 + 196)+ 3-00 1 0(64+400) 

I = 38198 

r 3.5 (End of Breakaway Plates) 

W = 45000 lbs.

(
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k.

The margin of safety, based on the 
beyond 3. 5 feet, is as follows: 

M. S. =.1875 + .125 

M.S. = + .473

proposed design of no breakaway plate 

PATENT PENDING
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Skin strength capability is related to the thickness squared (t ) per Timoshenko, 
"Theory of Plates and Shells". Since combined skin thickness of (3/16 + 1/8 + 1/8) 
exists at the center: 

t c= (.1875)2 + (.125)2 + (.125)2 

2 
t = .066 c 

Based on the foregoing energy calculation, the required thickness at a point 
6 ft. from the c.g. would be: 

t5 (. 066) (64115) 150000 

t5= .0282 

t= .16796 inch 

The margin of safety, based on the proposed design of no breakaway plate 
beyond 6 feet, is as follows: 

.1875 

.16796 

M.S. = + .116 

Based on the foregoing energy calculation, the required thickness at a point 
3.5 ft. from the c. g. would be: 

5 (.066) (102317) / 150000 

2 
t5 = .0450 

t5 . 2122

C

(



It is felt that these margin of safety calculations are conservative 
since they use the strength at the C. G. location as a base and assume 
a zero margin of safety. It was shown in tests that the skin at the C. G.  
location does not tear. It therefore, has capability in excess of the applied 

load. The amount of additional capability is not known, but could be significant 

due to technique of "break-away". This technique allows the external skin 

to fail. On penetration of the external skin the internal plates break-away 

and are allowed to mold over the pin end. This greatly increases the effective 

area, thereby absorbing more energy than the external skin along. This was 

demonstrated in scale testing and documented in the report. The conclusion 

is that the capability in excess of that vh ich it was tested too does exist at 
the C.G. resulting in actual margins greater than that calculated.  

Conclusion: 

Loads experienced at a point 3. 5 and 6 feet away from the c. g. are sufficiently 
low to be fully reacted by the steel skin.  

The analysis shows that when the pin is off-set from the c. g., the c. g. continues 
to travel in the same direction. It has kinetic energy of translation as well as 
kinetic energy of rotation.  

It has been shown that the proposed design is capable of reacting the 40 inch 
puncture loads at the:

1.  

2.

c. g. (by test).  

Container edge (by test).

3. fore or aft of c. g. (by analysis).

(
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