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Box 2278, Pittsburgh, Pa. 15230 7 :
January 30, 1968

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

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

Subject: Application for Amendment of License SNM-338,

Docket 70%33 to Authorize Use of NFD Shipping
Packages Eor BN of Compliance

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, -

Wk B Skl

Karl R. Schendel
License Administrator

Attachment: License -
7 copies transmitted \\\
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SNM-338
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 o0ld page

removed.

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

R
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REVISION RECORD (continued)

SNM-338
Shipping - NFD

Revision Date of
No. Revision Pages Revised Revision Reason
5 9/11/67 3 Added Section 14 and
Appendix J
5 9/11/67 35-40 Added BB 300-1 package
9/11/67 Appendix J Added
6 9/26/67 25-26 Added Spc. Pkg. for Zorita
. Spc. Assy's :
7 11/3/67 40 Added Spc. Pkg. for Selni Rod
Shipments :
7 11/3/67 41-42 New
8 12/8/67 42 Added RCC-1 package
8 12/8/67 43 New
8 12/8/67 Appendix K Added
9 12/12/67 15 Inserted reference to Draw-
‘ ing SKA-219 -
9 12/12/67 Appendix B . Added Drawing SKA-219
10 12/15/67 34-40 Revised Section 14 to describe
BB-250-1 packaging and testing
10 12/15/67 Appendix J Drawing revised '
11 1/30/68 9 and 16 Added requirement that com-
' : puted keff values be adjusted
11 1/30/68 11,13,17 & 20 Changed to read "adjusted
keff
11 1/30/68 28 Added paragraph on nuclear
safety referencing General
Criticality Standards section
11 1/30/68 29 Revised Package Array Evalu-
ation section. Added details
on calculations.
11 1/30/68 Appendix K Decreased Max. Enrichment.

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

Eliminated need for Poison Pl.

Date: 1/30/68 Page 7



SNM-338
Shipping - NFD

(continued - RCC)

method of poison plates in the packaging, when the

poison plates are required.

Coolants - Not applicable.

Contents Description

Radioactivity - Not applicable.

Identification and Enrichment of SNM - The SNM will be

Form

unirradiated uranium enriched < 5 w/o in the

isotope U-235.

6f 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-

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

ly react or decompose at the Accident Thermal condi-
tioﬁ; No chips, powders, or solutions will be

offered for transport in this packaging.

Page 9



SNM-338
Shipping -~ NFD

4.2 (continued - RCC)

design of the iifting 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 coﬁtents 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 S 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 LEOPARDZl or PDQ-03Ag 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.

/1 Barry, R.F., "LEOPARD - A Spectrum Dependent Non-Spatial De-
Pletion Code for the IBM 7094," WCAP-3269-26 (September 1963).

/2 Caldwell, W.R., "PDO-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 e e 11
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SNM-338 \
Shipping - NFD \

4.3 (continued - RCC)
’ Any number of undamaged but flooded packages will also i
be nuclearly safe, since a single package will have a
keff of < 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 ke (above the single package value) for an

unlimited :fray 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

paékage ke resulting from complete flooding.

£ff
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-
-vidé-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 speéified under General Critical-
ity Standards to assure that the adjﬁsted keff does
not exceed 0.98 for the four assemblies in the maximum

credible accident (MCA) array.

Docket 70-337 Dote: 11/18/66 Revision No. 11 Date: 1/30/68 Page 13



SNM-338
Shipping - NFD

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 Dote:11/18/66  Revision No. 11 Date: 1/30/68 Page 16



Docket 70-337 Dcte:

5.3

SNM-338
Shipping - NFD

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 aﬁd
fully reflected, the adjﬁsted 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.

11/18/66 Revision No. 11 Date: 1/30/68 Poge 17



SNM-338
Shipping - NFD

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 keff
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 keff < 0.98, and any additional
packages can only form similar isolated arrays, any
number of the CC packages will be nudléérly 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 Page 20
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SNM-338
Shipping - NFD

10.3 (continued - 2 Barrel)

General Criticality Standards - Table T of TID-7016
shows ﬁhat a 5 inch diameter, infinitely long
cylinder is nuclearly safe for homogeneous uranium
at any enrichment under all conditiong of modera-
tion and reflecﬁion. Calculations using LEOPARD
éhow~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.Zl The re-
striction on axial loading to 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
nuglear material more reactive than that analyzed -

under General Criticality Standards.

/1l Shappert, L.B., "Results of Impact Tests Performed on 55-
Gallon Drum Type Birdcage," ORNL-3735,

Docket 70-337 Date: 11/18/66 Revision No. 11 Date: 1/30/68 nge' 28



SNM-338
Shipping - NFD

10.3 (continued - 2 Barrel)

Package Array Evaluation - Calculations using LEOPARD,
and considering the parasitic ﬁeutron 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 matérial, 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

approximately 10% of light water density.

10.4 Fissile Class II Limits

Eighty (80) packages will be offered as a maximum Fissile
Class II shipﬁent. Each package will be assigned 0.5 of a

radiation unit.

10.5 Fiééile 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 Page 29



Type

Pellet Parameters

Material
Enrichment (Max)
Diameter (Nom)

Rod Parameters

Cladding Mt'1l
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)

keff (Max/1 Pkg)
keff (Max/MCA)
Poison Pl. Req'd

Net Wt. of Contents
(Max)

Products Shipped in Type RCC-1 Packages

Appendix K

Indian Pt. No. 2

VANPANEIVAN

U02
3.2 w/o
.372"

Zirc.
.422"
144"

204

15 X 15 sqg
.563"

8.4" sqg

30 kg
0.88

0.90
0.97
No

3200#

e

aaN - butddrus
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I
@ Westinghouse Electric Corporation

3 Gateway Center

April 29, 1968

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

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

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

Packages. Biv-pt-LormpliafitR.
- TOr—H :

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, please write to me at
the above address or telephone me collect, (412) 255-3907.

Very truly yours,

Hond B Shcd

Karl R. Schendel
License Administrator

Attachment: License Amendment
7 copies transmitted ' ,TEM # \‘77

Toam °F L Gy |
i

Box 2278, Pittsburgh, Pa. 15230




SNM-338
Shipping - NFD
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.



SNM-338
_ Shipping - NFD
TABLE OF CONTENTS (continued) '

section | Page No,
14. BB 250-1 sShipping Package : 34
1l4.1 Packaging Description 34
14.2 Contents Description _ 34
14.3 Compliance with Subpart C of 10 CFR 71 ' 35
14.4 Limits and Controls 40
15. SELNI Fuel Rod Shipping Package , | 40
15.1 Packaging Description 40
15.2 Contents Description 40
15.3 Compliance with Subpart C of 10 CFR 71 41
15.4 Limits and Controls o 42
le6. RCC-1 Packaging _ >' 42
16.1 Packaging Description 42
16.2 Contents Description 42
16.3 Compliance with Subpart C of 10 CFR 71 42
16.4 Limits and Controls } 43
17. NUMEC. LA-36 Shipping Package SO 43
18. BB 250-2 shipping Package : ' 43
18.1 Packaging Description - 43
18.2 Contents Description . | 43
18.3 Compliance with Subpart C of 10 CFR 71 _ 44
18.4 Fissile Class II Limits 49
18.5 Fissile Class III Limits - 49
18.6 Procedural Controls | 49
19. i RCC-2 Packaging 50
19.1 Packaging Description 50
19.2 Contents Description’ ‘ - 50
19.3 Compliance with Subpart C of 10 CFR 71 50

19.4 Limits and Controls ' 50

Dock-~ 70-337[ 11/18/6¢ Pevision No. 17 DPmta. 4 /70 /a8 " e 2
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SNM-338
Shipping - NFD

(continued)

RCC Shipping Container drawings

CC Shipping Container drawings

FF Shipping Container drawings

Yankee Shipping Container drawings
MH-1A Shipping Container drawings

Double Barrel Scrap Shipping Container
sketch T
Quadruple Barrel Scrap Shipping Container
drawing : o _
Triple Barrel Shipping Container drawing
BB 250-1 Shipping Container drawing
RCC-1 Shipping Container drawings

BB 250-2 Shipping Container sketch

RCC-2 Shipping Container drawings

Pavieinn No. 17 Date: 4/29/68



REVISION RECORD {continued)

SNM-338
Shipping - NFD

Add detail concerning bolt-

Revised Footnote /1l to add
discussion of nuclear crit-
Changed

Added Section 19, the RCC-2

Revised to remove core des-
ignations, generalize cer-
tain categories, and update

Revision Date of
No. Revision Pages Revised Revision Reason
13 3/1/68 43-49 Added Section 18, the
BB 250-2 package
13 3/1/68 Appendix L Added
14 3/5/68 Appendix K Added RGAF data
15 3/14/68 Appendix B Added SELNI data
16 4/8/68 45 Changed 8 spiders to 12
' spring spacers
16 4/8/68 46
ing of 1lid
16 4/8/68_ 48-49
icality saféty.
| >1000 to >500.
16 4/8/68 Appendix L Revised drawing to -1
17 4/29/68 8 6300%# was 6000#
17 4/29/68 42 7200# was 7000%
17 4/29/68 50
package,
17 4/29/68 App. A, B & K
specific data
17 4/29/68 Appendix M Added

Docket 70-337 Dte: 11/18/66 Revision No. 17 Date: 4/29/68 Pone 7.1
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SNM-338
Shipping - NFD

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.

Correspondence - Return Address
The license amendment and any associated correspondence should
be sent to Karl R. Schendel, Westinghouse Electric Cotpbration,

Box 2278, Pittsburgh, Pennsylvania 15230.

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.

R.C.C. Packaging

4.1 Packaging Description

Designation - RCC (Rod Cluster Control) Shipping Contéiner
| B,E. Permit #2254.

Gross Weight - 6,300 pounds

Fabrication - The design and fabrication details for the
RCC Shipping Container are given in Equipment Speé-
ifiqation E-676200, dated 8/9/65, ahd Westinghouse

' drawings EDSK319401F, EDSK319402F and EDSK323133B, -
which are attached as Appendix A to this application.
‘Westinghouse drawing 6847580 is also included -in

Appendix A to indicate the location and retention

©70-337 T -%: 11/12/66 Revision No. 17 Date: 4/29/68 Poce 8
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- 15.4

RCC-1

SNM-338
 Shipping - NFD

Limité and Controls

The Fissile Class II limit, Fissile Class IIT limit and
Procedural Controls presented in Sections 5.4, 5.5 and

5.6, respectively, will apply directly to this package.

Packaging

16.1

- 16.2

Packaging Description

Designation - RCC-1 Shipping Container

Gross Weight - 7,200 pounds

Fabrication - The design and fabrication details for
the shipping containers in the RCC-1 series are
given in Equipment Specification E?676498,
Revision O, and Westinghouse drawiﬁgs 6847898 dnd

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

Contents Description

The descriptions and discussions given in Section 4.2

- will be directly applicable in all respects, if “pnd 

16,3

Docket 70-337 Dale: 11/18/66 Revision No.17 Date: 4/29/68

Appendix K" is added after "Appendix A" and "drawing ;
684J861" is substituted for "drawing 684J580".

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".

Page 42



19,

Docket

SNM-338
Shipping - NFD

RCC-2 Packaging

19,1

19.2

19.3

19.4

Packaging Description

Designation - RCC-2 Shipping Container

Gross Weight - 6,300 pounds

Fabrication - The design and fabrication detalls for the
shipping containers in the RCC-2 series are given
in Equipment Specification E-676200 as modlfled by
Addendum A to become Revision 1, and Westihéhouse
drawings 541F613 and 541F614, which are attached
as Appendix M to this application. Westlnghouse
drawing 684J963 is also included in Appendix M to
indicate the location of, and the method of retain-
iné, poison plates in the packaging, when they ére

required.

Coolants - Not applicable

Contents Description

The descriptions and discussions glven in Sectlon 4,2
will be directly applicable in ‘all respects, if "drawing
684J963" is substituted for "drawing 684J580" .

Compliance with .Subpart C of 10 CFR 71

The descrlptlons and discussions given in Sectlon 4.3

will be directly applicable in all respects. It is
understood that the reference to Equipment Specification

E~676200 implies the appropriate revision.

Limits and Controls

The FlSSlle Class II limit, Fissile Class III llmlt

and the Procedural Controls presented in Sections 4.4,
4.5, and 4.6, respectlvely, will apply directly to this
package It is understood that the reference to Equip~
ment Spe01f1catlon E-676200 1mp11es the approprlate

reVJ.s.lon

70-337 D= 11/18/66 Revision No. 17 Date: 4/20 /a0 L



Appendix A
Products Shipped in Type RCC and RCC-2 Packages

14 X 14 Zr Clad 14 X 14 SST Clad 15 X 15 SST Clad

Type Assemblies Assemblies Assemblies
Pellet Parameters g
Material Uo, uo, uo, ‘
Highest Enrichment (Nom) 3.7 w/o 3.9 w/o 3.7 w/o
Diameter {Nom) .367" .384" .384"
Rod Parameters
Cladding Mt'l Zire, SsST SST
Diameter (Nom) .423" .422" .422"
Fuel Lgth (Nom) 120" 120" 122"
Assy. Parameters
No. of rods (Max) 180 180 204
Pattern (Basic) 14 X 14 sq 14 X 14 sq 15 X 15 sq
Lattice Pitch (Nom) .556" .556" .563"
Outside Dimen. (Nom) 7.8" sq 7.8"% sq 8.4" sq
Licensing Criteria
Total U-235 (Max/pkg) 32.0 kg 36.0 kg 40.0 kg
keff (Max/ass'y) 0.86 0.86 0.85
keff (Max/1 pkg) 0.87 0.87 0.87
A 0.96 . .
k pg (Max/MC ) 9 0.96 0.96
Poison Pl. Req'd No No No
Net Wt. of Contents
(Max) 2200# 2200# 2500#

89/62/%
asN - butddtys

8CE-WNS




Appendix B
Products Shipped in Type CC Packages

14 X 14 SST Clad 15 X 15 S8ST Clad

Type Assemblies Assemblies
Pellet Parameters
Material Uo Uo
Highest Enrichment {(Nom) 4.i w/o 4.% w/0o
Diameter {Nom) 0.317" 0.355"
Rod Parameters
Cladding Mt'l SST | SST
Diameter (Nom) 0.341" 0.385"
Fuel Lgth (Nom) 105" 106"
Assy. Parameters
No. of rods (Max) 173 208
Pattern (Basic) 14 X 14 sq 15 X 15 sq
Lattice Pitch (Nom) 0.453" 0.513"
Outside Dimen. (Nom) 6.284" 7.695"
Licensing Criteria
Total U-235 (Max/pkg) 20 kg 27 kg
1
keff (Max/ass'y) 0.74 0.86
keff (Max/1 pkg) 0.84 0.90
keff (Max/MCA) 0.98 0.98
Poison Pl. Req'd N.A, N.A.
Net Wt. of Contents (Max) 2000%# 22004

89/62/V
(1dN - burddrys

8€C~-WNS




Appendix K
Products Shipped in Type RCC-1 Packages

14 X 14 Zr Clad 15 X 15 Zr cClad

Type Assemblies Assemblies
Pellet Parameters
Material U0, uo,
Highest Enrichment (Nom) 3.5 w/o 3.2 w/o
Diameter {(Nom) .372" .372"
Rod Parameters
Cladding Mt'l Zirc. Zirc.
Diameter {(Nom) .422" 422"
Fuel Length (Nom) 144" 144"
Assy. Parameters
No. of Rods {Max) 180 204
Pattern (Basic) 14 X 14 sq 15 X 15 sq
Lattice Pitch (Nom) 556" .563"
Outside Dimen. (Nom) 7.8" sq 8.4" sqg
Licensing Criteria
Total U-235 (Max/Pkg) 31 kg 30 kg
Kogs (Max/Ass'y) <0.84 £0.88
Kors (Max/1 Pkg) <0.86 <0.90
. <0.96 . <0.
keff (Max/MCA)‘ <0.96 <D.97
Poison Pl. Req'd No No
Net Wt. of Contents
(Max) 3200# 3200#

89/62/%
adaN - burddrys

8EE-NNS
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, EQUIPMENT SPECIFICATION COVER SHEET

WESTINGHOUSE FORM 54064 A

EQUIPMENT SPECIFICATION DATED REVISION NO. DATED ORIGINAL 1SSUE gg;s7gsg€s
676200 August 9, 1965% 1 May 26, 1967 REVISIONS E]
ATTACHMENTS
Drawings: 541F613
541F614
PROJECT: 137" Fuel Assembly Shipping Container Appendix A
SHOP ORDER: General Addendum A
SYSTEM:
EQUIPMENT: Fuel Assembly Shipping Container
FOR SUPPLIER’S CONVEN!ENCE
REV, REVISION ENTERED
NO. BY & DATE
WESTINGHOUSE ELECTRIC CORPORATION i
Atomic Power Division i
P.O. Box 355
Pittsburgh, Pennsylvania, 15230
APPROVAL
ORIGINAL.)fSUE REV. 1 REV. 2 REV. 3 REV. 4
- .0l
AUTHOR

-~
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Wraer

/]
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EQUIPMENT SPECIFICATION

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

Page 5, Item 1 ¢

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 6843898
c) Delete

Page 6, Item 3.1.1

In addition, the container must satisfy the Department of Transportation (D.0.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 1b/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

ATOMIC POWER DIVISION
Revision No. 1

———

to
E-Spec. 676200 Page 2 of 3 Pages

WAPD FORM 412




EQUIPMERT SPECIFICATION

Page 11, Item 3.1.3.5 d

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 per-
formance requirements of this specification.

Page 13, Item 3.6 ¢

BME Permit No. to read DOT Permit No. and includé Model No. on label.

Page 17, Item 4.1.5,2

The container shall be filled with air to 10 pPsi 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
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.

WESTINGHOUSE ELECTRIC CORPORATION |

ATOMIC POWER DIVISION
Revision No. 1
to
E-Spec. 676200 Page 3 of 3 Pages
WAPD FORM 412 —_— -_— -_—




@ Westinghouse Electric Corporation

3 Gateway Center

Box 2278, Pittsburgh, Pa. 15230

March 14, 1968

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

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

. i‘ N

Subject: Applicati r Amendment of License SNM-338 (?é
Dockgt 70-337,) to Authorize Use of NFD Shipping ’
Packages

' o
Gentlemen: 0[%01%

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
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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.

Q)
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REVISION RECORD (continued)

Revision Date of
No. Revision Pages Revised
13 3/1/68 43-49
13 3/1/68 Appendix L
14 3/5/68 ' Appendix K
15 3/14/68 Appendix B

SNM-338
Shipping - NFD

Revision Reason

Added Section 18,

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

the

Page 7.1
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Type

Pellet 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)

keff (Max/1 pkg)

keff (Max/MCA)

Poison Pl. Reqg'd

Net Wt. of Contents (Max)

{./7-:‘-.\

Appendix B

CEX

U02
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#

Products Shipped in Type CC Packages

SELNI

U02
4.1 w/o
0.355"

SST
0.385"
102"

201

15 X 15 sqg
0.513"
7.695"

27 kg
0.86

0.90
0.98

N.A.
2200#

89/¥1/¢€
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Westinghouse Electric Corporation Power Systems Water Reactor Divisions

Box 355
Pittshurgh Pennsylvania 15230

July 17, 1973

U. S. Atomic Energy Commission

Directorate of Licensing
Washington, D. C. 20545

Attention: Mr. Charles E. MacDonald, Chief L
Transportation Branch N

Gentlemen:
Subject: Application for Amendment of License SNM-338,
<§ocket 70-337P, to Authorize Use of NFD Shipping
Packages

; The Westinghouse Electric Corporation hereby requests

Ll 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,

Hord £ Sokonilb

Karl R. Schendel
License Administrator

KRS:jh

Attachment
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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

April 6, 1973.

- Revised pages 7.3, Appendix B, and the report, "CC Package
Nuclear Criticality Safety Model" should be inserted and the

o0ld pages removed.

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

Revision No. 31
July 17, 1973
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B

Revision Record

Revision
No.

26
26
26

26

27
27

28

28

28 -

29

29
29

30

31

Docket 70-337

(continued)
Date of
Revision Pages Revised
7/23/71 60, 60.1
7/23/71 62
7/23/71 64 - 66
7/23/71 Appendix R
9/3/71 65
9/3/71 Appendix R
10/8/71 18
10/8/71 19
10/8/71 Appendix B
2/25/72 53 - 55
2/25/72 55.1
2/25/72. Appendix P
4/6/73 Appendix B
7/17/73 Appendix B and

Criticality Safety
Model report

Date: 11/18/66 Revision No. 31 Date:

SNM-338
Shipping - NFD

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.

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

Changed total 2350 to
20 kg. Clarified
reactivity model with
steel included.

7/17/75 Page 7.3
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Appendix B

Products ‘Shipped in Type CC Packages

14 X 14 SST Clad 15 X 15 8ST Clad 14 X 14 SST Clad
Type Assemblies Assemblies Assemblies
Pellet Parameters

Material U0, Uuo uo

Highest Enrichment (Nom) 4.1 w/o ' 4.5 w/o 4.5 w/o

Diameter (Nom) 0.317" 0.355" 0.313"

Rod Parameters _

Cladding Mt'l SST sSsT SsT

Diameter (Nom) 0.341" , 0.385" 0.341"

Fuel Lgth (Nom) 105" 106" 9o"

Assy. Parameters .

No. of rods (Max) ' 173 208 173

Pattern (Basic) 14 X 14 sq 15 X 15 sqg 14 X 14 sqg

Lattice Pitch (Nom) 0.453" 0.513" 0.453"

Outside Dimen. (Nom) 6.284" 7.695" 6.284"

Licensing Criteria \

Total U-235 (Max/pkg) 20 kg 26 kg 20 kg

Keff (Max/ass'y) 0.74 0.86 0.78

keff (Max/1 pkg) 0.84 0.90 0.84

keff (Max/MCA) 0.98 0.98 0.98

Poison Pl. Req'd N.A. N.A. N.A.

Net Wt. of Contents (Max) 2000# 22004 20004 ~ %
SEE
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1. INTRODUCTION

These calculations are in support of an application for an AEC license to
ship cruciform core SS clad, SS can uranium assgmbiies 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/0 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 i.e., 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 PDQO3
codes. The PDQO3 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 pairs of 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 thé PDQO3
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 tabu]ated 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 K ¢ 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/0 can be safely shipped in the Champion Company
shipping container. :

A. Saeed



Serial No.

0 ~N O O N

Table 1

Multiplication Factors

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

eff

.8109
.8642

.9996
1.00228
1.00195

.9936

.9583

9712



Element

Hydrogen
Oxygen
Zircaloy
Stainless Steel
u-234

U-235

U-236

U-238

Table 2

Atom Densities
(Atoms/cc, 1024 units)

Flooded Fuel Water : Steel
Assembly, 4.5w/0 .

.03800 .06688

.03439 .03344

.0001513

.007299 ' ‘ ’ .0897
.000002854

.0003506

.000002184

.007342



Table 3

Macroscopic Cross-Sections
(Temperature = 60°F, Water density used = 1.0 gms/cc)

Cross-Section Flooded Fuel Water
Assembly, 4.5w/o0

‘Group 1

D (cm) 1.1306 ' 1.2855

I (cn™ V) .01119 .0004409

Tp (em™) .02146 .04888

VI¢ (cm") .009583

Group 2

D (cm) .2077 .1642
- £, () 2353 0222
i’ -1

)
o
2

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 Mesh Intervals

Pairs of Assemblies Row No. Row 27 through
Inches Row Boundary, cm
.324 ' 28 ' 4115
.384 ‘ 29 ' .0762, .4115
.5 29 .2235, .4115
1.0 _ 30 ' .4293, .4293, .4115
2.0 ’ : 3] -7095’ 07095’ 07095’
: .4115

NOTE:. The .4115 cm distance represents half the thickness of the cask
wall steel between the two pairs of assemblies.
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LEGEMND:

‘ P71 THICK CLAD RODS. -
T | INSTRUMENT WATER HOLE [ | 24 MIL THICK WALLS

Zr FILLER BAR

THIN CLAD RODS

B SS CAH AROUND ASSEMBLY

’

Figure 1 Assembly Regular and Thick Clad Rod Pattern
WL ' ]
A




e 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 : _
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T

27 +

35

Boundary conditions: Zero flux on all four sides.

Column mesh intervals in cm: ' ) _

Columns O 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 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



" Row mesh intervals: same as in Figure 3

.00

27° 35

27 ]

35

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

Column mesh intervals in cm:

Columns O 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 |

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



0 8 27 35
0 , )
8 L
)
| 27 -.T"'..
Variable
(see below)

Boundary conditions: Zero current on left and lower éides, 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 ' %@Qfﬁéﬁ! i

_ ATOMIC ENERGY COMMISSION , f
. WASHINGTON, D.C. 20545 %W; -
DEC 21 1970 Y/ /&%7752 g

- pistribution: 2

- '('mi - . : . .
. .337 - C _ Docket File, w/encl ﬁ&/l
-338, Auendments Fos\” 37, 71-38 SNy Document Room, w/encl

////\Lizgte Health (License only)
pliance, Hq (2), w/encl .
H. J. McAlduff, ORCO, w/encl |
sR. Weber, SMM, w/encl E

‘estirzhouse Electric.Corporation C. Thoraton, NS, w/eamcl

A. Cabell, ADM:DR, w/encl
sttn: Mr. Rarl R. Schendel . » ’
Cestinghouse Bullding : R. L. Stevenson, DML, w/encl

D. A. Nussbaumer, DML, w/encl !
3 Gatewazy Center * ’ ’ T
B C. E. MacDonald, DML, w/emcl ..
ittsburgh, Pennsylvania 15222 - Branch R/F, w/encl il

uent:lmcn. DML R/F,.w/o encl

incleucd are Anmendnents Nos. 71-37 and 71-38 to Special Nucleor
.fatericsl License No. SNM=-338 authorizing the delivery of special v
nuclezr waterial to a carrier for transport in the RCC and RCC-1 P
pack: ses. These smendments supersede smendmoents previously usuad
for these packages. - ‘ ' C

Ples.: note that the amendments do not suthorize the trausport of
specicl nuclear material, Such transport is normally subject to.
regulction by the Department of Transportation (DOT). Questions
regarding their requiremsnts should be directed to DOT. ,
V Sincarely, " ' .
Original Signed by~ - 5
Jetand C. Rouse _
nald A. Nussbamer. Chiaf : \

Fuel Fabrication and
- . ZTransportgtion Branch
" Divisiom of Materiale Licensing
Enclosuress
As stated

ce: Mr, Alfred W. Grella o | -
Departwment of Transportation : A _ S

L MM Y



: UNlTED STATES R l_z;n

L e i,t._'ATOM Ic ENERGY COMMISSION ' .
e T WASHINGTON., D.C. 20545 = - W -

OCT 2‘3 ‘1970 " Distribution:

: L . - | _ Docket File, w/encl W
TeeLsCEM. S L e S . Document Room, w/encl - i

- 70=337 . T A h (License onl
- SRe-338, m"‘mm tos. 71-35. 7% S 2::;:;::2 (Lm ”.

' e . He J. McAlduff, OROO, w/enc
S - e e DA . oo R, Weber, SMM, w/encl
D T ¥ Director, WS, w/encl
B A T IR E "' A. Cabell, ADM:DR, w/encl

"~ S ‘Vestioghouge Electric Corporation R. L. Staevenson, DML, w/encl

': . :Actns Mr, Eerl B, Schendel ‘ ~ C. E. MacDonald, DML, w/encl (2)

.. .  Vestinghouse’ numung . 77 BPrench R/P, w/encl
. .- . .3 Gatewsy Center - T -t ML x/r, w/o encl .
R f.;'-,_l’i.ttsburgh. Pennsylvanh 15222 . )

Gentlmn; : ——

"Enclosed are. Amendment:a Nos, 71-35 and 71-36_to Special Nuclear Mate=- S
.tial License No. SNM4=-338 authorizing the delivery of special nuclear ~— .
7 . material to a‘'carrier for transport in the RCC and RCC-1 packages. .
> .. 'These amandments suparseda amenﬂmenta previously tssuad for these
.o 7L packegess :

*  Please note thac the smendments do not. authorize the cransport: of
~oew- . speclal nmuclesr ‘material, - Such trensport is normally subjected to L
g .0 wrregulation by the -Departiiént of Ireusportation (DOT). Qmati.ons Tas o
SO zu‘dhs thd.r uquixmm shonld be dixaeud to: DOT. . - R

T szneercly,

gy
DonaidA Russbaumer - " .

 Donald A, Mussbaumer, Chief
Fual Febrication and
Transportation Branch
- Division of Materiasls Licensing

 Enclosuress
As stated

cat - Mr. Alfred .- Greua\ - .
Dcpartmur. of.'rrausporta:ton»_ I
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UNITED STATES
ATOMIC 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 Radiocactive Material for Tramsport", 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 18 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
v4. (a) Packaging
(1) Model nnmger RCC
(2) Description 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).

(3) Drawings Container conmstructed in accordance
with Westinghouse Electric Corporation
Drawings EDSK319401F, EDSK319402F,
EDSK323133B, and 6843580 or 6843963, -
541F613, 541F614, and EDSK323133B.

COPRY
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© LICENSEE: Westinghousg Electric Corporation - PAGE 2

LICENSE NO: SNM-338° AMENDMENT NO. 71-35

DOCKET NO: 70-337

_ Contents
; (1) Type and form (1) Uranium dioxide as zircaloy or stain-
of material less steel clad unirradiated fuel
elements of the following specifica
tions:
14 x 14 14 x 14 15 x 15
Iype Zr Clad - 8ST_Clad SST Clad
Pellet diameter (Nom) 0.367" 0.384" 0.384"
Rod diameter (Nom) 0.423" 0.422% 0.422"
v Maximum Fuel Length 120" 120" _ 122"
i Maximum Rods/element 180 : 180 . 204
5 Maximum Cross Section (Nom) 7.8" sq 7.8" sq 8.4" sq
§ Maximum U-235/element 16 kgs 18 kgs 20 kgs
i Maximum ‘U~235 enrichment 3.7 wlo 3.9 w/o 3.7 w/o
1
| (11) 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
S 0.19" thick OFHC copper are required
{ between fuel elements of the follow-
| ing specifications:
14 x 14 14 x 14 15 x 15 15 x 15
Iype Zr Clad SST Clad Zr Clad SST Clad
Pellet diameter (Nom) 0.367" 0.384" 0.367" 0.384"
Rod diameter (Nom) 0.422% 0.422" 0.422" 0.422"
Maximum Fuel Length . 120" ‘ 120" 120" _ 120"
Maximum rods/element 180 180 204 - 204
Maximum Cross Section (Nom) 7.8" sq 7.8" sq 8.4" sq 8.4" sq
Maximum U/235/element 16.5 kgs 18.5 kgs 18.0 kgs 20.5 kgs
Maximum U-235 enrichment 3.85 w/o 4.0 w/o 3.59 w/o 4.0 w/o
(2) Maximum quantity of - For the contents described in
material per package 4(b)(1) (1) or 4(b)(L)(11):

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

COPY
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LICENSEE: Westinghouse Electric Corporation PAGE NO: 3

LICENSE NO:  SNM-338 AMENDMENT NO: 71-35

DOCKET NO: 70-337

(c) Fissile Class II and III

(1) Minimum transport index 1.5
to be shown on label
for Class I1

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

. 5. This amendment supersedes, in its entirety, Amendment No. 71-32 to SNM-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, Januai:y 30, 4Apr11 29, 1968, February 18, and

October 20, 1970.

FOR THE ATOMIC ENERGY COMMISSION

Original Signed by
Donald A. Husshaumer

Date of Amendment ocT 23 1370

Doneld A. Nussbaumer
= . Division. of Materials Licensing
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UNITED STATES
ATOMIC 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 Radiocactive 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 1is subject to the conditions specified in that license and to the condi-
tions specified below'

; LICENSEE
é 1. Name: Westinghouse Electric 3. License No. SNM=338
i Corporation
: 2. Address: 3 Gateway Center Amendment No.__71-36
’ Box 2278 ‘ '
Pittsburgh, Pennsylvania 15222 Docket No.._70-337
CONDITIONS
; 4. (a) Packaging
1 . )
: (1) Model number RCC-1
(2) Description Steel fuel element cradle assembly con-

sisting of a stronmgback and adjustable
fuel element clamping assembly, shock

, mounted to a l4~-gage steel outer con-

é tainer by shear mounts. Neutron absorber
: pPlates are required for the contents de-
scribed in 4(b) (1) (ii).

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

(4) Fuel rod container Reinforced 13-gage steel box approximately
9" x 9" x 160" constructed in accordance
with Westinghouse Electric Corporation
Drawing C5650D55.

COPY
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LICENSE NO: SNM-338

DOCKET NO: 70-337

{b) Contents

(1) Type and form
of material

Iype

Pellet diameter (Nom)

Rod diameter (Nom)

‘Maximum Fuel Length
Maximum Rods/element
Maximum Cross Section (Nom)
Maximum U-235/element
Maximum U-235 enrichment

Iype

Pellet diameter (Nom)
Rod diameter (Nom)
Maximum Fuel Length
Maximum Rods/element

Maximum Cross Section (Nom) 7.8" sq

Maximum U-235/element
MaxXimum U-235 enrichment

Iype

Pellet diameter (Nom)
Rod diameter (Nom)

Fuel length (Max)
Maximum U-235 enrichment

14 x 14
-Zr Clad

0.367"

0.422"

’ 144||
180

17 kgs

1)

COPY

LICENSEE: «Westinghouse Electric Corporation PAGE 2

AMENDMENT NO. 71-36

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

1I5x15 14 x14 14 x14 14 x 14 15 x 15
Zr Clad 2Zr Clad 2Zr Clad SST Clad SST Clad

0.367"  0.367" 0.367" 0.38"  0.384"
0.422"  0.422" 0.423"  0.422" 0.422"

144" 144" 120" 120" 122%
204 180 180 180 204

8.4" 8q 7.8" 8q 7.8" 8q 7.8 sq 8.4" sq
15 kgs 15.5 kgs 16 kgs 18 kgs 20 kgs
3.2 w/o 3.5w/o 3.7w/o 3.9w/o 3.7 w/o

(1i1) 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:

15x15 % x14 14 x 14 15x 15 15 x 15
Zr Clad Zr Clad SST Clad Zr Clad SST Clad

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

144" 120" 120" 120" - 120"
204 180 180 204 204

8.4" sq 7.8" 8q 7.8" sq 8.4" sq 8.4" sq
17 kgs 16.5 kgs 18.5 kgs 18.0 kgs 20.5 kgs

3.857%/0 3.59 w/o 3.85 w/o 4.0 w/o 3.59 w/o 4.0 w/o

(iii) Uranium dioxide as zircaloy or stainless

steel clad unirradiated fuel rods of the
following specifications:

SST Clad zr Clad
0.372" 0.372%
0.422" 0.422"

144" 144"
3.9 w/o 3.7 w/o

CORY
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LICENSEE: Westinghouse Electric Corporation PAGE NO: 4

R COPY
g

LICENSE NO: SNM-338 ' AMENDMENT NO: 71-36

DOCKET No: 70-337

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

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 IIX
(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 amen;lmenc 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-1 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 ENERGY COMMISSION

Original Signed by
Derald A, Kussbaumer
Date of Amendment 0CT 23 1970

: Doneld A. Nussbaumer
N Division of Materials Licensing

 CoPY



us. ATOMIC ExE
THX uri Y Comm,

" MR CHARLES MACDONALD
:'uf"é?“ﬁrbﬁic ENERGY COMMISSION
- DIVISION OF MATERIALS LICENSING
'FUEL FABRICATION & TRANSPORTATION ERANCH
 VASHINGTON, D, C.
T 0730-70-BU0TP . g ks e e

e e T LD . “ezy

-eAf Div ot Complianca . T :i..
- THE WESTINGHOUSE ELECTRIC CORPORATION HEREBY REQUESTS Al EVDMENTS "-

10,  LICENSE SNM-338, DOCKET (70-337) TO RZVISE EXISTING LICENSE ?;gﬁﬁf
AMENDMENTS 71-32 AND [74=35 TO' ADD THZ FOLLOWING FUEL ASSEMBLY =, .57 °
VPPAP.ANETLRS' . -s. . :,: < . . hd »: T . . . | ‘\

5P£;sz MATERIAL SR 0 - e

HIGHZST ENRICHNMEND /NOM./ 4.0 W/0 N L
DIAMETER /NOY., / L a33ym o

N

e
BN
%

X e
.

14

&' ROD CLADDING MATERIAL | SST
-+ % - DIAMETER /NoM.s | - eha2n )
Sl fﬂEL~LENGTH-/NOM./ . 1200 e

ASSEMBLY NUMBER OF RODS /HAX./ . = 204
A LATTICL PITCH /HON./ .. .56

OUTSIDE DAWENSION /oM. 2.4 0.



- 235 -

<
TOTAL U /MAY./PHG/
| 4 °
K /MAX/NCAY
EFF '

POISON PLATE RZQUIRED

NET WEIGHT /MAY../

41 KG . -

LESS THAN 0.98

A}

OFHC COPPER

3100 LBS

PLEASE SEND THE AMENDMENTS TO ME AT WESTINGHOUSE ZLECTRIC CORPOR~

ATION, WESTINGHOUSE BUILDING, GATZWAY CENTZR, PITTSBURGH, PA.

IF YOU HAVZ ANY QUESTIONS TELEPHONE COLLECT AT 412-255-39G7.

RXK R. SCHENDEL, LICZNSE ADMINISTRATOR WESTINGHOUSE ELEC'CORPo,'

GATZWAY CENTER, PITTSBURGH, Pa.

5c284
RL

\‘LE%g@@._z
END




- UNITED STATES ' : H/

ATOMIC ENERGY COMMISSION

WASHINGTON, D.C. 20545

MAY 19 1572

SN~338, Amendment No. 71-43 /////,

Westinghouse Electric Corporation
ATTIN: Mr. Karl R. Schendel

Box 355

Pittsburgh, Pennsylvania 15230

Gentlemen:

Enclosed is Amendment No. 71-43 to Special Nuclear Material License
No. SMM~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,

R R

Cectes 5 wasoneid
Charles E. MacDonald, Chief
Transportation Branch
Directorate of Licensing

Enclosure:
As stated

cc: Mr. Alfred W. Grella
Department of Tramsportation Distribution: w/encl.
Document Room
State Health (License only)

Docket File
CO:HQ (2)
HIMcAlduff, OROO

RWeber, NUMS
RGPage, L:MPP (2)
ACabell, ADM:DR
: BBrooks, WCRR
. ,/' ) " RLStevenson, L:FM
,TEM # ‘(Q Branch R/F

L:FM R/F, w/o encl

Na
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? UNITED STATES
ATOMIC ENERGY COMMISSION : HAY 19 172

LICENSE AMENDMENT
for A
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 fdentified 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
i 2. Address: Box 355 Amendment No., 71-43
: Pittsburgh, Pennsylvania ) ,
ﬁ 15230 Docket No. 70-337
T CONDITIONS
4, (a) Paékaging
(1) Model number . " RCC, RCC~1, and RCC-2
(2) Descriptioﬁ Steel fuel element cradle assembly con-

sisting of a strongback and adjustsble
fuel element clamping assembly, shock
mounted to a l4-gage steel outer con-
tainer by shear mounts. Neutron absorber
plates are required for the contents as
specified. )

(3) Drawings Containers constructed in accordance with
Westinghouse Electric Corporation Drawings
EDSK319401F, EDSK319042F, EDSK323133B,
6843580 for the RCC, 541F351, 684J861,
6843898 for the RCC~1l, and 684J963, 541F614
and EDSK323133B for the RCC-2,

(4) Fuel rod container Reinforced 13-gage steel box approximately
8" x 8" x 160" constructed in accordance
with Westinghouse Electric Corporation

\i’Drawing C5650D55.
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LICENSEE: Westinghouse Electric Corporation PAGE NO: 2 of 3

LICENSE NO: SNM-338

(b) Contents

(1) Type and form of
material

AMENDMENT NO: 71~-43

DOCKET NO: 70-337

(1) Mixzed Pu02 in natural UOp 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 : 14 x 14
Pellet diameter (Nom) 0.367"
Rod ‘diameter (Nom) 0.429"
Maximum Fuel Length . 120"
Maximum Rods/element 180
Maximum Cross Section (Nom) 7.8" sq.
Maximum Pu/element 14.5 kgs.

Maximum Pu fissile/element 3.31 w/o

(ii) Mixed Pu0y in natural UOy as pressed
sintered pellets fully clad in leak-
" tight zircaloy of minimum 0.018"
thickness as fuel rods of the follow-
ing specifications:

Pellets diameter (Nom) ,0.3'67'.' _

Rod diameter (Nom) 0.422"
Fuel length (Nom) . 120"

Highest w/o Pu fissile (Nom) 3.6.w/o

(2) Maximum quantity

(i) For the contents desci':l.bed in

material per package 4(M)A)H):

.'].‘wo fuel elements containing not more
than 29 kilograms plutonium.

(ii) PFor the contents descfibed in
&)Y (11):

Two inner containers described in

2 4(a)(4) containing mot more than -
é }PY 66 kilograms Pu. _
-, K

e
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LICENSEE: Westinghouse Electric Corporation PAGE NO: 3 of 3
LICENSE NO: . SNM-338 AMENDMENT 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 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 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 ig-héreby éf?roved for use under

the general license provision of Pargg:g#ﬁ'71.9(b)_o£’10 CFR Part 71.

REFERENCES ~—

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

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

FCR THE ATOMIC ENERGY COMMISSION

. - ° e oL ¢
a3 L A PO
CREIICE 20y vl
Eey

Date of Amendment >/ Y * 7

Directorate of Licensing
. 3Washington, D. C. 20545

Kt
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Westinghouse Electric Corpdration - Power Systems Box 355
. Pittsburgh Pennsylvania 15230 : -8
February 25, 1972 ¢
'U. S. Atomic Energy Commission 5?”‘}

T

Division of Materials Licensing N
Washington, D. C. 20545 T e

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

Gentlemen: For Div. of Complianca
Subject: Applicatian.for Amendment of License SNM-338,
' Docke to Authorize Use of NFD SHippihg
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,

find R Sohewol

Karl R. Schendel
License Administrator

KRS:3jh

Attachment

[ "‘;:
) Ve
N



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 should 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
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Revision
No.

26
26
26

26

27
27
28

28
28

29

29
29

Docket 70-337

{continued)

Date of

Revision

Pages Revised

7/23/71

7/23/71

7/23/71

7/23/71
9/3/71
9/3/71

l10/8/71

l10/8/71

lo0/8/71 -

2/25/72

2/25/72
2/25/72

60, 60.1
62
64 -~ 66

Appendix R
65

Appendix R

18

19

Appendix B

53 - 55

55.1

Appendix P

Date: 11/18/66 Revision No. 29 Date: 2/25/72

SNM-338
Shipping - NFD

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/o0 enrichment
Also.added safety model
report.

Added provisions for
shipping loose rods.

New

Added rod shipping
nuclear criticality
safety model.

Page 7.3



21.

Docket

20.3

20.4

Mixed

SNM-338
Shipping - NFD

(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.

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.

Oxide Fuel Shipping Package

21.1

21.2

Packaging Description

The RCC, RCC-1 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.

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 fugl rods énd , possibly, assembled into
clad fuel assemblies. Tests have established that the

clad fuel rods meet the criteria for special form material

70-337 Date: 11/18/66 Revision No. 29 Date: 2/25/72 Page 53



SNM-338
Shipping - NFD

21.2 (continued)

Specific data on maximum parameters are:

Pellet Material PuO, - UO3 PuO, - UO .
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" sqg.

*See Appendix P for enrichment pattern
Total Pu (Max/pkg.) 29 kg 66 kg
kegs (Max/MCA) 0.97 0.977
Poison Pl. Req'd OFHC Copper Steel Box

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

Docket

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

70-337 Date: 11/18/66 Revision No. 29 Dote: 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 v 7,250 psi for a
36,000 1b (5 X 7200 1b) 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, andrthe 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 Date: 11/18/66 Revision No. 29 Date: 2/25/72 Page 55



SNM-338
Shipping - NFD

21.3 {(continued)
The nuclear criticality safety model used to evaluate
the transportation of boxed rods is supplied in

Appendix P.

2l1.4 Limits and Controls

The Fissile Class II limit, Fissile Class III limit and
the Proceaural 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.

Docket 70-337 Date: 11/18/66 Revision No. 29 Date: 2/25/72 Poge 55,31



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 PuO3-U02 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 iwo 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

B of the rods, which will not be in: assembly form but- w111 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.
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Appendix P

TABLE 1

kefg For Considered Configurations

Configuration ' Pitch (Inches) Calculated kq¢g
One assembly, flooded .422 0.582
.556 0.818
One package (two boxes) .422 0.686
flooded . .556 0.899
MCA .422 0.768
‘ .566 0.977

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 68° F and density equal to 1 gm/cm3.

The PuO,-UO, 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:
Pu02
Pub, + U0y

Total Plutonium Enrichment =

Natural uranium is the constituent uranium with a 235y weight
percent 6f 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 calculatioﬁ 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.



Appendix P

2.0 {(continued)

That measured Pu isotopic distribution is given below.:.

Isotope w/0
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 BZ2 = 0.0
for all configurations. No cask‘or shipping box steel was
included in tne calculations for a single flooded assembly

or singie 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 contéining pellets (a means

of shipping Pu0,-UO2 archive pellets) at compositions up to
4.4 w/o PuO; will also be covered by the above calculations
so long as the geometric conaitions 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) Ssee Appendix B of this application.
-3-
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Appendix P

(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 (102%)

Pitch = 0.422 Inches

. : Flooded Box
Element Enrvichment = 4.4 w/o Mater
Hydrogen ~ 0.01435 0.0669
Oxygen 0.03332 : 0.0334
Zirc-2 | 0,007375
U-234 +0.0000003749
U-235 0.00008999
u-236 0.000001075
U-238 0.01241
Pu-239 0.0004487
Pu-240 | 0.0001045
Pu-241  0.00001734
Pu-242 " 0.000002649
) »
bl Pitch = 0.556 Inches
Flooded Box
Element Enrichment = 4.4 w/o Water
Hydrogen 0.03662 - 0.0669
Oxygen 0.03337 0.0334
Zirc 0.004249
U-234 - 0.0000002160
U-235 '0.00005184
U-236 0.0000006192
U-238 0.007147
Pu-239 0.0002585
-Pu-240 0.00006020
Pu-241 0.000009994
Pu-242 | 0.000001526




§%

)

&
.,:)s\

¥

Group 1

D (cm)

za(cm'l)
zR(cm'])
vzf(cmf])

Group 2 (0.0 - 0.625 ev)

D (cm)
za(cm“1)
vig(en™!)

SAFETY MODEL NUCLEAR CONSTANTS
(A11 Temperatures = 68°F)

Flooded Fuel
Pitch =

1.217

:0.0139
" 0.0179

0.0113

0.2077
0.407

0.6921

Appe@dix P

.

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
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UNITED STATES

ATOMIC ENERGY COMMISSION
WASHINGTON. D.C. 20545

NOV 28 172
L:TB:RHO
70~-337
SNM=-338, Amendment No. 71-42,
Rev, 1 [ ——

Westinghouse Electric Corporation
ATTN: Mr. Karl R, Schendel

Box 355

Pittsburgh, Pennsylvania 1§230

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
Chaxles E, MacDonald

Charles E. MacDonald, Chief
Transportation Branch
Directorate of Licensing

cc: See attached list

Distribution:
Public Document Room

tate Health
Bocket Pile
RO:HQ (2) -~

HitcAlduff, OROO
ACabell, DRA
B3rogcks, GM
v3n'Amico, RO
CZtacforald, T3
Rii0dezaarden, TB
FRinaldi, T8
Branch R/F
L:iF& R/F

ITEM # __Gl

\\'\ e,
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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.0. Box 1260

Lynchburg, Virginia 24505

Nuclear Engineering Company, Inc.
ATIN: Mr. Barney Roberts

Box 146

Morehead, Kentucky 40351

Protective Packaging, Inc.
ATTN: Mr. John D. Simchuk
P.0. Box 1192

Tacoma, Washington 98401

NOV &8 W72




UNITED STATES

ATOMIC ENERGY COMMISSION
WASHINGTON, D.C. 20545 :

APR 5 1972
DML: CEH P
70-337 /’
SIM-338, Amendment No. 71-42 ¢

———————

Westinghouse Electric Corporation
ATTN: Mr. Karl R. Schendel

Box 355 : : -

Pittsburgh, Pennsylvania 15230 T g

: e b Py wlo cimal
Gentlemen:

Enclosed is Amendment No. 71-42 to Specizl Nuclear Material License Ho.
SN¥-338 authorizing the delivery of fissile and large quantity radio-
active material to 2 carrier for tranmsport in the Super Tigexr package.
Please note that for Fissile Class I shipment the concentration in the

\ 55-gallon drum is limited to not more n 5 grams fissile mzterizl 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 Materizl Licenses. Nos. SN-124, SNM-778, SMNM-414
and Byproduct Material License No. 04-03766-01.

Note that this amendment does not authorize the transport of radiocac-
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,

: o Original signed by
) : . _ Donald A. Kussbaumer

Donald A. MNussbaumer, Chief
Fuel Fabrication and
Transportation Branch
Division of Materials Licensing
Enclosure:
As stated

cc: w/enclosure
see attached list

ITEM # __«7
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Mr. Alfred W. Grells

Office of Hazardous Materisls
Department of Transportation
408 ~ 6th Street, 8.V,
Washington, D.C. 20590

Muclesr Moterisls and Equipment
Corporation

ATIN: Mr. K. K. Baftler

Apolle, Pemneylvenis 15613

Weclear Yuel Sexvices, Imec,
ATTN: Mr. C. 3. Richel
Erwin, Tetmasses 37630

Baboock & wilcex Company
ATTN: Mr. R. . Clark
P.0. Dox 1260

Lyschburg, Virginis 243505

Morehead, gnunq oaun

Protective Packaging, Inc.
ATTH: NMr. John D. Simehuk
?.0. Beu 1192

Tacoms, Veshington 98401
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UNITED STATES
ATOMIC ENERGY COMMISSION

1972

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 ‘Docket No. 70-337

CONDITIONS
4, (a) Packaging
(1) Model number Super Tiger
(2) Description 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 contaimment

. vessel 1s 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-
s g, ey  thane foam insulation at the end and 10"
2 z jigﬁﬁ on the sides. A removable section or

5
s 2

'.é e e B g cap consisting of approximately 34" of
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CO PY | APR 5 1972

H CENSEE: Westinghouse Electric Corporation .~ PAGE: 2 of &
{ ,LICENSE NO: SNM-338 'AMENDMENT NO: 71-42

(a) (2) Description contd. polyurethene 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 1.S.0. steel castings. The total
weight including weight of the contents is
45,000 pounds., o

Packaging is constructed in accordance with
Protective Packaging, Inc., Drawings Nos.
32106, Sheet 1, Revision D and 3?106, Sheet 2.

(b) Contents

(1) Type and form of . (1) Radioactive material including fissile
material material as solids or liquids, in
normal or special form packaged within.
secondary containers that meet the
_performance requirements. for Type. A
packaging as defined in Paragraph
173.389(3) of 49 CFR Part 173.

(i1) 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.

(1i1) 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(3j) of 49 CFR Part 173,

(2) Maximum quantity of : (1) For the contents described in 4(b)(1)(i):
material per package )
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.
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7/ LICENSE NO:

(b) (2) Contents contd.

(c) Fissile Class

(15, Fissile'CIaae 1

Class II

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

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

N APR 5 1972

;. /LICENSEE:  Westinghouse Electric Corporation PAGE: 3 of 4

AMENDMENT NO: 71-42

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

Forty~-two 17C or 17H 55-gallon steel
drums. Each drum is limited to a
maximum of 200 grams fissile matérial
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.

For the contents described in
4()(1)(111):

Not more than 5 grams/ft3 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)(1)(ii1) and limited in .

 4(b)(2)(11) and 4(b)(2)(iii).

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

As prescribed by Sectibnjil.S ef
10 CFR Part 71.

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

One (1)

5. The maximum weight of the contents including secondary containers, dunnage, shoring

and bracing must not exceed 30,000 pounds.

; 6. The. externdl 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:

(1) 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

(i1) 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 350°F.
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LICENSEE: Westinghouse Electric Corporation PAGE NO: & of 4
LICENSE NO: SNM=-338 AMENDMENT NO: 71-42

8. The contents deéc:ibed in 4(b) (1) (i1i) 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)(iil).

9. For legs 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 1lifting 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 authorized by this amendment is héreby approved for use under the
general 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.

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., 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 Corporaetion'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 COMMISSION

Original signed by
Donalid A. Nussbaumer

Date of Amendment APR 5 1972

Doneld A. Nussbaumer

e g g Division of Materiels Licensing



UNITED STATES

ATOMIC ENERGY COMMISSION
WASHINGTON, D.C. 20545

NOV 5 1971

SNM-338, Amendment No. 71~4ll//f

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
special nuclear material. Such transport is normally subject to

regulation by the Department of Transportation (DOT). Questions re-
garding their ‘requirements should be directed to DOT. '

Sincerely,.

. : : i Griginul Sigacd by

. . ' : ~ Banald A Hussbaumer _

: : : Donald A. Nusébaumer, Chief -
‘- . _ Fuel Fabrication and

Trensportation Branch
Division of Materials Licensing

Enclosure:
As stated

cc: Mr. Alfred W, Grella '
Department of Transportation

 Distridbution: w/encl
. Docket File '
Document Room

: State Health (License ‘only
1 Compliance, HQ (2) Vﬂ/
- HRdcAlduff, OROO
Rvaber, Sy '
- COWThornton, 3
ACabell, ADM:DR \
\U)

- - RLStevenson, oI, 2)
’TEM # (@ _ { CMecbonald, DML (2)
— — Branch R/F
DML R/P, w/o encl
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UNITED STATES
ATOMIC 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. 71-41

Pittsburgh, Pennsylvania 15230

‘Docket No. 70-337

CONDITIONS
4. (a) Packaging
(1) Model number cC
(2) Description Steel fuel element cradle assembly

consisting of a strongback and fuel
element clamping assembly, shock
mounted to a l4-gage steel outer con-
tainer by shear mounts.

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

{b) Contents

(1) Type and form Uranium dioxide as stainless steel
of material clad unirradiated fuel elements of
the following specifications:

Type 14 x 14 15 x 15 14 x 14
ST Pellet diameter (Nom) 0.317" 0.355" 0.313"
e Rod diameter (Nom) 0.341" 0.385" 0.341"
T T T e Maximum Fuel Length 105" 106" 90"

Maximum Rods/element 173 208 173
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CCPY

LICENSEE: Westinghouse Electric Corporation TAGE NO: 2
LICENSE NO: . SNM=-338 AMENDMENT NO: 71=41
DOCKET NO:  70-337
5. (b) (1) (Continued)
Iype 14 x 14 15 x 15 14 x 14
Maximum Cross Section (Nom) 6.284" 7.695" 6.284"
Maximum U-235/element 10 kgs 13.5 kgs 10 kgs
Maximum U=235 enrichment 4.1 w/o - 4.1 wlo 4.5 w/o
(2) Maximum quantity of Two fuel elements containing not more
material per package than 27 kilograms U=-235
(c) Fissile Class II and III
(1) Minimum transport 1.5
index to be shown
on label for Class )I

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

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

7. The package authorized by this smendment 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 ATOMIC ENERGY COMMISSION

Brighal Sigaed by

NOV 3 1971 Peadd & sz
Date of Amendment

o T Doneld A. Nussbaumer
(‘. ': =, gml‘ \"'\;.;"" Division of Materials Licensing



westinghouse Electric Corporation Power Systems PWR Systems Division

U. S. Atomic Energy Commission

)

DOIKET W0, 70-337

Box 355
Pittsburgh Pennsylvania 15

October 8, 191&‘0 JEWL

Division of Materials Licensing
Washington, D. C. 20545

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

Gentlemen:

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

The Westinghouse Electric Corporation hereby requests
amendment of the subject license to authorize the dellvery
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 authorlzatlon
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,

Yok £ Sokonlel

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

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



Revision Record (continued)

Revision

No.

26
26
26

26

27
27

28

28
28

Docket

70-337

Date of

Revision Pages Revised
7/23/71 60, 60.1
7/23/71 62
7/23/71 64 - 66
7/23/71 Appendix R
9/3/71 65
9/3/71 Appendix R
10/8/71 18
10/8/71 19
10/8/71 Appendix B

SNM-338
Shipping - NFD

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 inchesAwas .444

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

Date: 11/18/66 Revision No.28 Date: 10/8/7" .Page 7.3



SNM-338
Shipping - NFD

5.3 (continued - CC)
The calculations will be made by.the Nuclear Engi-
neering Department using LEOPARDéL or PDQ-OI':‘Ag 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 reguests 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 wiil be available
demonstrating that a preproduction prototype package

fulfilled the test requirements.

The accident conditions specified in Appendix B of
Part 71 will not crediblf produce aﬁ arréngement
more reactive than that analyzed under General Crit-
icality Standards.: - The clearaﬂce 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 reflectibn.

/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.28 Date: 10/8/71 Page 18



SNM-338
Shipping - NFD

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 sihgle package
will have a keff of 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 in keff (above the single package value) for an
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 k | in excess of the

eff

single package ke £ 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 ,Sbo inches, and aligned parallel to each

» other. This array is then assuméd to be flooded.
The heavy structural members of the base and the

internal component support structures of the packag-

Déckef 70-337 Date: 11/18/66 Revision No. 28 Date: 10/8/71 Poge 19
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Appendix B
Products Shipped in Typ
14 X 14 SST Clad

Type ~ Assemblies
Pellet Parameters
Material - U0y
Highest Enrichment (Nom) 4.1 w/o
Diameter (Nom) 0.317"
Rod Parameters
Cladding Mt'l SST
Diameter (Nom) ’ 0.341"
Fuel Lgth (Nom) 105"
Assy. Parameters _
No. of rods (Max) 173
Pattern (Basic) 14 X 14 sq
Lattice Pitch (Nom) 0.453"
Outside Dimen. (Nom) 6.284"
Licensing Criteria
otal U-235 (Max/pkg) 20 kg
eff (Max/ass'y) "0.74
Keff (Max/1 pkg) 0.84
keff (Max/MCA) 0.98
Poison Pl. Req'd N.A.

Net Wt. of Contents (Max) 2000%

e CC Packages

15 X 15 S8ST Clad
Assemblies

uo
4.1 w/o
0.355"

SsT
0.385"
loe"

208
15 X 15 sq
0.513"
7.695"

27 kg
0.86
0.90
0.98
N.A,
22004

14 X 14 SST Clad
Assemblies

uo
4.5 w/o
0.313"

- 88T
0.341"
90"

173
14 X 14 sq
0.453"
6.284"

20 kg
0.78
0.84
0.98
N‘A..
2000#

1L/8/0T
gin - BUIdgtus
8€E~WNS




CC PACKAGE NUCLEAR CRITICALITY

SAFETY MODEL

This report describes the nuclear modelAused for the Model
CcC Shipping Package nuclear criticality safety analysis.
Figure 1 details the geometrical model. Table 1 g%ves

the element atom densities and Table 2 the nuclear

constants used in the two-group criticality calculations.

The model is given for é 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 egual to

Zero.

Since the maximum XKeff 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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SAFETY MODEL ATOM DENSITIES (10%%)

Element
Hydrogen
Oxygen
Stainless Steel
235U

236
238

234

ac a a

TABLE 1

.Assembly (flooded),
Enrichment = 4.5 w/o

Water (p=1.0g/cc)

.03993
.03451
.006415
.0003292
.00000218
.006938
.00000195

.0667
.0333



TABLE 2

SAFETY MODEL NUCLEAR CONSTANTS
(A1l Temperatures = 68° F)

Asseﬁbiz Ai Water: Steel
A. GroupAl_ ) /
D (cm) 1.16104  1.2333 1.18
I, (cm™') .012944 0.000471 0.00055
£, (cm™l) .02144  0.04760 0.000331
I (em™l) .010846 0.0 0.0

B. Group 2 (0.0 - 0.625 ev)
D (cm) 0.21435  0.165465 0.337
I, (cm™1) 0.264446 0.022210 0.22
oIf (em™Y) -0.440723 0.0 0.0
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UNITED STATES
ATOMIC ENERGY COMMISSION wﬂ/é ;
$EP 20 1971

WASHINGTON, D.C. 20545 i M
DML :CEM .

70-337 : ' ol )
SK4-338, Amendment No. 71-40/ | //E b

vy

- =

// .
[

tric Corporation

Westinghouse Elec
: rl R, Schendel

ATTK: Mr. Ka
Box 355
Pittsburgh, Pennsylvania 15230

Gentlemen:

Enclosed is Amendment No. 71-40 to Specizl Nuclear Material License
No. SF:i-338 authcrizing the delivery of special nuclear material to
a carrier Lor trancport in the 3R 250-2 pacikage. Tois amendment

supersedes in its entirety Amendsent No. 71-26 to this license.

Note thet Cordition 4.(b)(2)(ii) requires four (4) steel drums for
cach shipping insert and a U-235 mass limitation per drum for the
. contents as specified. Also note that this amendnment does not
authorize the transport of special nuclesr materizl. Such trauspeort
is normzlly subjeci to regulation by the Department of Transporiation
(DOT). Questions regarding their requirements should be directed to
el Do,

Sincerely,

Origial Signed by
Denald A. Nusshaumer

Donzld 4. Wussbaumer, Chief

Fuel Febrication and
Transportation DBranch

Divicion of Materizls Licensing

Enclosure:

18 stated . .
4 ated Distribution: w/encl

Docitet File
Docunent Room
State Health (License only)
Compliance HG {2} _é.______«§§
- _ HiMcAlduff, ORC
Releber, 5MM
C&dThoynton, In4S
. ACaball, ADN:DR
: RLEStevenson, N, (2)
CEiacDonald, DML ¢ 2

(Q ’ : Bravah R/F
’ TE M # DL 2/F, w/o encl,

cc: Mr. Alfred W. Crella
Depsriment of Transportation
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UNITED STATES
ATOMIC ENERGY COMMISSION

SEP 20 1971

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 {ssued, authorizing
the licensee to deliver radioactive material to a carrier for transport,

and is subject to the conditions specified in that license aund 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, lé-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‘ 25 2-1 .
(b) Contents
(1) Type and form (1) Bulk uranium oxide (U0, or U30g) 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,
o considering all sources of hydrogenous
q‘f*%‘?uﬁﬁ%;? materisl within the inner container shall

fﬂu T
St NCA LT _;/ not exceed 1.13.




SEP 20 1971

- COPY

LICENSEE: Westinghouse Electric Corporation PAGE NO: . 2 of 3
LICENSE NO: SNM-338 DOCKET NO: 70-337
(1) Type and form (i1) Uranium compounds which will not de-
of material contd., compose at temperatures up to 750°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.

(2) Maximum quantity of (1) For the contents described in
material per package 4. (DY)

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

(i1) PFor the contents described in
4.(b)(1)(1i):

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 | IT and III
(1) Minimum transport index 0,5'
to be shown on label for
Class I1
{(2) Maximum number of packages ' 200rpackgges

per shipment for Class III

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.

Y
_AU

Y
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LICENSER: Westinghouse Electric Corporation PAGE NO: 3 of 3

LICENSE NO: SNM-338 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.

FOR THE ATOMIC ENERGY COMMISSION

Original Signed by
SEP 20 1974 Donald A Nussbaumer
Date of Amendment

.« Doneld A. Nussbaumer
. Division of Meterials Licensing



Dix of Com@liaﬂce

T BRMET e, 70337

Vestinghouse Electric Corporation Power Systems Box 355
Piishurgh Pernsyivania © 9236
. December 6, 1971

—a

vy
\ 4 A

< VRN
J NG .
& AL
. .. ] L%b~
U. S. Atomic Energy Commission { e ) P
Division of Materials Licensing 8 " Aoy 597“

Washington, D. C. 20545 \

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

Gentlemen:

Subject: Applicatibn 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 H30 Keff of

Density - g/cc Array
0.0 0.062.
0.05 0.576
0.10 0.607
0.30 0.417
1.00 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:

\—\.



W. .nghouse Electric Corporation

:.!

Power Systems

U. 8. Atomic Energy Commission iy s
Division of Materials Licensing
Washington, D. C. 20545
Attention: Mr. Donald A. Nussbhaumer, Chief
Frel Fabrication and Transportation Branch

Gentlemen:
Subject: Apclicatiorn for Amendment of Licende SNM-338,

Dccket 70-337, to Authorize Use of NFD Shipping

Packages for Div_of Cempliance

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

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

If you have any guestions, 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

Box 355 15230
Pittsburgh Pennsylvania
May 21, 1971 PG L

M



SNM-338
Shipping = NFD

FILING INSTRUCTIONS

o

The:fraqsmittal 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 Appéndix 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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SNM-338

Shipping - NFD

TABLE OF CONTENTS (continued)

Section

20.

21.

22.

RCC Fuel Rod Shipping Package

20.1
. 20.2
20.3
20.4
Mixed
21.1
21.2
21.3
21.4

Super
22.1
1 22.2
22.3
22.4
22,5

23.

Docket

Packaging Description
Contents Description
Compliance with Subpart C of 10CFR71

Limits and Controls

Oxide Fuel Shipping Package
Packaging Description

Contents Description

Compliance with Subpart C of 10CFR71

Limits and Controls

Tiger Packaging

Packaging Descriptiop

Contents Description

Compliance with Subpart C of 10CFR71
Fissile Classifications

Procedural Controls

Péllet Shipping Package

23.1
23.2
23.3
23.4
23.5
23.6

70-337

Packaging -Description
Contents Description

Compliance With Subpart C of 10CFR71

. Fissile Class II Limits

Fissile Class III Limits

Procedural Controls

Date: 11/18/66 Revision No. 25 Date: 5/21/71

Page No.

51
51
51
52
52

53
53
53
54
55

56
56
56
57
59

59

60
60
60
61
64
64
64

Page 4



SNM-338
Shipping - NFD

N

TABLE OF CONTENTS {continued)
Section Page No.
Appendix A RCC Shipping Container drawings
Appendix B CC shipping Container drawings
Appendix C FF Shipping Container drawings
Appendix D - Yankee Shipping Container drawings
Appendix E - MH-1A Shipping Container drawings
Appendix F Double Barrel Scrap Shipping Contairer sketch
Appendix G - Quadruple Barrel Scrap Shipping Container drawing
Appendix H Triple Barrel Shipping Container drawing
Appendix J BB 250-1 Shipping Container drawing
Appendix K - RCC-1 Shipping Container drawings
Appendix L - BB 250-2 shipping Container sketch
Appendix M RCC-2 Shipping Container drawings
Appendix N Fuel Rod Shipping Container drawing
Appendix P Enrichment Pattern - SCE Mixed Oxide Assembly
Appendix Q Super Tiger Shipping Container drawing and
Accident Test Report ‘
Appendix R - Pellet Packing drawing and Nuclear Criticality
Safety Data.
Docket 70-337 pDate: 11/18/66 Revision No. 25 Date: 5/21/71 Page 4.1



REVISION RECORD (continued)

SNM-338
Shipping - NFD

Added OFHC copper as poison

Changed "< 0.90" to "obviously
less than the 0.98 values....

Changed "< 0.90" to “obviously

Deleted k (Max/ass'y) and
(Max?pﬁg Added fuel

assembly descriptions requir-

ing OFHC copper poison plates.

Added Section 21, the Mixed
Oxide Fuel Shlpplng Package

Added Rod Cladding Thick. (Min.)

Revised to specify compllance

Revised to add RCC and RCC-2

Added 15 X 15 SST Clad Par-
ameters for poisoned package

Added Ssection 22, Super Tiger

Added Section 23, the Pellet

Revision Date of .
No. Revision Pages Revised Revision Reason
19 5/28/69 51 to 53 Added Section 20, the RCC
Fuel Rod Shipping Package
19 5/28/69 Appendix N Added
20 2/18/70 10
material.
20 2/18/70 11
(MCA) situation."
20 2/18/70 13
<0.98."
20 2/18/70 Appendix A & K
21 3/13/70 4 Added Section 21.
21 3/13/70 53 - 55
21 3/13/70 Appendix P Added
22 5/22/70 53
22 5/22/70 54
with 10CFR71.32.
22 5/22/70 55 Retyped.
22 5/22/70 Appendix P Added computations.
23 11/24/70 51 - 53
Pkgs. for fuel rods.
23 11/24/70 Appendix A
per 10/20/70 TWX.
24 2/4/71 56 - 59
' ' Shipping Package
24 2/4/71 Appendix Q Added '
25 5/21/71 60 - 64
Shipping Package
25 5/21/71 Appendix R Added

Docket 70-337

Date: 11/18/66 Revision No. 28 Date: 5/21/71 Page 7.2



SNM-338
Shipping - NFD

Pellet Shipping Package

23.

jy/ 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 sggidhed
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 750° F. The material will
be enclosed within a container constructed of
steel having a 24-gage specified minimum
thickness. The container will have a maximum
o ID of 8.5" and a nominal height of 15.375",
& ' and will utilize a gasketed 1id with locking
o ‘ 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 within:this 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 Page 60



SNM-~338
Shipping - NFD

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 dia-
meter is equal to the recommended ‘maximum-per-
missible diameter for an infinitely long, fully -
reflected cylinder of B? erogeneous uranium
enriched < 5.0 w/o in U, under any conditions
of maderation. The 8.5" diameter is conservatively
safe for homogeneous material of the same
specifications.

Normal and Accident Condition

Evalﬁation - 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, 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 Date: 11/18/66 Revision No. 25 Date: 5/21/71 _P_age_m____



onNM—-3508
Shipping -~ NFD

23.3 Compliance With Subpart C of 10CFR71 (continued)

Package Array Evaluation -

containment. Therefore, the maximum modera-
tion within the inﬁer containers will be the
specified maximum éU ration of 1.5, which re-
presents a maximum H/235y 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/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 heterogsggous material at 5
w/o enrichment is 62 kg U for the specifigg
H/U limit of 1.5, which corresponds to an H/“”°U
of 30 at 5 w/o. '

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

. Mg (refl);-yc.(bare) f‘)-s /1
~ - Fyr Fp A

Whe;g: M. (refl)Soritical reflected mass

‘of an array.

Mc (bare)®&ritical unreflected mass
of an array.

Fr sreflector ,factor for an
array = g/l.
Fm finterspersed moderator n
factor for an array = 1.46/1.
r Faverage density of 235y
in array. .
2 fInitial density of 235y
: in array
=0.3080 g/cc -
(From Table IHdata by inter-
polation at */X=30)
: s 22 (1-fraction critical)
/1 Data from AEC Report SC-RR-65-98, Proceedings Intgrnatéonal
Symposium for Packaging and Transportation of Radioactive

Materials. T"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 62
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SNM-338
Shipping - NFD

23.3 Compliance With Subpart C of 10CFR71 (continued)

Then, for the undamaged condition, o

= 50009
(3.14) (11.25in)2 (74in) (16. 4cc/1n )

- . 5000g =
482,000 cc. 0.0104 g/cc.

For the accident condition, ~

- 50009
(3.14) (10)“ (70) (16.4)

_ 5000 .
360,472 = 0.0139 g/cc.

5,000 _

Also, the fraction critical equals ~%2.000 0.081,

so, s = (2).(1-0.081)_
s = (2) (0.92) = 1.84

3

_ Substltutlng in the equation for the
critical reflected mass:

' \-1.84
. 0.0104
Me (ref1) 2781 ey (ma)
2(5308) (0.0338) ~1-84

2(5308) (509)

" Mc (refl) 22,702,000 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:

Ne >,

5000

- 540 packages

Docket 70-337 Date: 11/18/66 Revision No. 25 Date: 5/21/71 Page 63



SNM-338
Shipping - NFD

23.3 Compliance With Subpart C of 10CFR71 (continued)

For the damaged péckages, the corresponding
calculations are: -

62,000 .{0.0139) “1-84

Mo (refl) 2 T8) (1.46) 0.3080

2 (5308) (0.0451) ~1°%¢

~.(5308) (299)
Pe(ref1)2 1,587,000 grams

¢ 1,587,000 >
Ne “ 75000 +-317 packages
Therefore, the allowable number of un-
damaged packagzi in a Fissile Class 1I
shipment is —§<= or 108 packages. In
a Fissile Class III shipment, the allow-
able number would be ) = 270 packages.

ponding allowable numbers would be

or 158 packages and 317 packages.

fore, the undamaged pPackage limits will
govern. -

For the damaged condition, the corrgg-
There-

‘

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 ITI 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.

Docket 70-337 Date: 11/18/66 Revision No. 25 Date: 5/21/71 Page 64
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SNM-328
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
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. Editorial corrections.
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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 Déscription

Radioactivit? - Not applicable
Identification and enrichment of SNM -

The SNM will be unirradiated uranium §§§iched
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 750° 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 adeguate 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

Nocket ~-737 BPeta 11/18/66 Revisien No. 26 Dele: 7/23/7%  Page 60



- 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 MS24347
Feature Container
Capacity (gal.) 3.5

Type Straight Side
Diameter (in.). 8.5
Height (in.) - - . 15.375

Body .24

Cover 24
Bottom 24
Closure Bolfed Locking
‘ Ring -
Cohstruction Welded Seam

Macket 70-°°7  Defer 17 /18/66 Revision No. 26 Date: 7,22 /71 Pooe 60.1

SNM-338
Shipping - NFD

Spec. 17-H
Container

5
Straight Side

11.25

12.75

24
20
- 24

Multiple Lugs

Welded Sean




. . - SNM-338
. . Shipping - NFD

23.3 Compliance With Subpart C.of 10CFR71 (continued)

Package Array Evaluation -

containment. Therefore, the maximum modera-
tion within the inner containers will be the
specified maximum H/U ratio of 1.5, which re-
presents a maximum /235y ratio of 30 for

5 w/0o 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 heterog§neous material at 5
w/o0 enrichment is 62 kg 5y for the spec1f1§§5
H/U limit of 1.5, which corresponds to an H/ U
“of 30 at 5 w/o.

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

>

M. (refl) ~ Yo (bare) PYs /L
F_F_ Po
Where: M

¢ (refl) =critical reflected mass
of an array.:

Mc (bare) Zcritical unreflected mass
of an array.

Fr Zreflector factor for an
array = 8/1..
Fn Zinterspersed moderator
P - factor for an array - 1.46/1.
<«
' P Zaverage density of 235U
in array.
Pe Zinitial density of 235y
- in array.
=0.3080 g/cc
(From Table I data by inter-
polation at /X 30)
s =2 (l-fraction critical)

/1 pata from AEC Report SC-RR-65-98, Proceedings International
Symposium for Packaging and Transportation of Radicactive Materials.

"Criticality Safety Evaluation of Packages for the Transport of

Fisgile Material," D. R. Smith, January, 1965
Peeket 702737 fofar 11/1°/66 Revision Mo, 26 Date: 7/23/7" Page 2

PR v



SNM-338
Shipping - NFD

23.3 Compliance With Subpart C of 10CFR71 (continued)

For the damaged packages, the corfesponding
calculations are: .

Mc (refl) 2 62,000 (0.0139) -1.84

®) (1.46) [0.3080
> (5308) (0.0451) ~1-84
Z (5308) (299)
M. (ref1l) Z 1,587,000 grams
Nc é l‘%%%ﬁggg 2 317 packages

Mathematically, the allowable number of un-
damaged packages in a Fissile Class II
shipment is 230 or 108 packages. In a
Fissile Class III shipment, the allowable
number would be é%g = 270 packages.

For the damaged condition,nye corresponding
allowable number would be or 158 packages
and 317 packages. Thereforé, the undamaged
package limits will govern.

The requirements for determining the transport
index specify that it shall be geg = 0.463,
which rounds up to 0.5. Therefore, one hundred
" (100) packages will constitute a Flss11e Class
ITI 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 l16—-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

“ocket 70-7°7 Pefer 1°./18/66 Revision No. 26 Date: 7/2° /71 Page F4



SNM-338
Shipping - NFD

23.3 Complinace With Subpart C of 10CFR71 (continued)

-4

lattice, so a 14X14X4 high array (784 packages)
was used in the calculations. Uranium enriched
to 5 w/o, as a homogeneous UO,-water mixture at
2g U/ml and a moderating ratio (H/U) of 0.5

was assumed to f£ill 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 Hy0 keff of
Density Array
g/cc
0.0 <0.1
0.1 0.101 + .003
0.5 0.273 ¥ .010
0.7 : : 0.319 + .009
1.0 0.394 + .012

Check calculations of a critical, single,
cylindrical, stainless-steel container of uranium
at 4.89 w/o enrichment as UOQF, yitBISull water
reflection gave a Keff of 1.003 = ° with the
Super KENO code, and 1.007 * - 12 4ith 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. '

- Purthermore, 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-~27 Date: 11/18/66 Revision No. 26 Date: Page 65
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23.4 Fissile Class IT 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 applicétion 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. o

" Dockef 70-337 Daote: 11/18/66 Revision No. 26 Date: 7/23/71 Pace g6



W .inghouse Electric Corporation _ Power Systems PWR Systems Division

ROR¢

Box 355
Pittshurgh Pennsyivania 15230

September 3, 1971

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

Attention: Mr. Donald A. fussbaumer, Chief

Gentlemen:

Subject: Application for Amendment of License SNM-328,

Docket 70-337, to Authorize Use of NFD Shipping
Packages

e

The Westinchouse Electric Corporation hereby requests
amendment of the subiect license to authorize the delivery

of special nuclear materisl to a carrier for transport in

the reiiec Shipping Package deseribed in our applicaticn
dated Mey 21, 197) as amended by our application dated

July 25, 1971, and the attachment to this letter. Please
ncte that the Pellet Shipping Package represents an additional
application of our BB 250-2 packaging, sc that the requested
authorization should be issusd in addition to all existing
license amendments Zealing with that packaging.

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 ycurs,

#od £ dibedsd

Karl R. Schendel
License Administrateoer

KR5:3h

Attachment
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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

July 23, 1971.

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

removed.

The new report, "Single Package Evaluatidn" and Figures 2
through 9. should@ be inserted immediétely following drawing

M5-26347 .

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

Revision No. 27
September 3, 1971
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9/3/71
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62
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Appendix R
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Appendix R

SNM-338
Shipping - NFD

Revision Reason

Added discussion of
structural adequacy of
MIL inner can.

Editorial corrections.

Added results of
Super KENO calculations

Added MS-24347

B/U of 1,5 was 0.5

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

Date: 11/18/66 Revision No.27 Date: 9/3/71 Page 7.3
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23.3 Complinace With Subpart C of 10CFR71 (continued)

Docket 70:€

- lattice, so a 14X14xX4 high array (784 packages)

- was used in the calculations. Uranium enriched
to 5 w/o, as a homogeneous UO,-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 H0 . keff of
Density . Array
g/cc
0.0 0.1
0.1 0.101 + .003
0.5 0.273 + .010
0.7 0.315 + .00%
1.0 0.394 E .012 -

Check calculations of a critical, single,
cylindrical, stainless-steel container of uranium
at 4.89 w/o enrichment as UO3F YitBlGU1l water
reflection gave a Keff of 1.00§ = ° with the
Super KENO code, and 1.007 X - 12 yith 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. :

.

27 Date: 17 /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 BB-
250-2 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 UO3. 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 im the Model BB-250-
2 shipping Package and the complete Pellet Shipping Package
was transported approximately 10 miles to the test site.

A Lgaétor-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

i,
tHd
)

e,
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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 1id 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 1id and one side of the top rim
were compressed approximately 2 inches and at one point
on the perimeter of the 1id there was a small gap between
the 1id 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 countainers: .

In every case the integrity of the welded seams wasg
maintained. Also, the safe geometry of the system was
effectively maintained.



Figure 2: Undamaged Pellet
(US Military Standard MS 24347)

Figure 3: Loaded Handling Insert
Prior to Drop-Test-




Figure 4: Damaged Model BB-250-2
Shipping Package

Figure 5: Damaged Pellet Containers

As Removed from Outer
Package

(Left to Right, Bottom to Top)




Side View of Damaged
Pellet Containers
Right, Top to Bottom)

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




Figure 8: Damaged Pellet Container
in Next to Bottom Positio

Figure 9: Damaged Pellet Container
in Bottom Position
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SNM-}38, Amendment No. 71-39
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Cl
Westinghouse Electric Corporation
ATTN: Mr. Karl R, Schendel )
: Gateway Center
: Pittsburgh, Pennsyl a 15222 ;
\ Gentlemeyilil - ~ K
Enclosed is Amendment No. 71-39 to Spécial Nuclear Material License
i 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 -
-a Tadioactive material. Such transport is normally subject to regula-
-‘ tion by thegDepartment of Iransportation (DOT). Questions regarding
: their requiTements should be directed to DOT, :
ﬁ - : Sincerely,
T y
Benald A. Musshawwer
- ~ Donald A. Nussbaumer, Chief
Fuel Fabrication and
Transportation Branch
Division of Materials Licensing
Enclosure:
As stated i
€c: Mr, Alfred W, Grella %ﬁ;:%b:i%on;w encl
Department of Transportation e
P P Document Room
Protective Packaging, Inc. ~ State Health S g
ATTN: Mr. John D. Simchuck Compliance, HQ (2) M
P.0. Box 1192 mnbc;;ldufsfﬁ,i CROO
. Reber,
Tacoma, Washington 98401 | COWThornton, NMS | ‘:
y | ACabell, AIRM:DR N\
' RLStevenson, IML (2) (\ :
A ' : ;é,cmacno;/ald. L (2) -
" . Branch R/F - 4
TEM#__ 70 =oea.




1’05%7-?53;4013 | COJP:.Y ‘ 0T 5 BN

B UNITED STATES
; ATOMIC 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,
4 and Part 71, "Packaging of Radioactive Material for Transport", the follow-
] ing amendment to the license identified below is hereby issued, authorizing
i 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-

%ﬁi tions specified below:
3
Y
' 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 number Super Tiger A
Qﬁﬁ (2) Description | 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 contaimnment
vessel is by a 1/4" thick aluminum plate
with silicone rubber gasket which is
bolted to the contaimment 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
’“%4ﬁ*% \?ﬁpolyurethane foam insulation encased in

T Ziane
‘X*wn...ﬁ’ g




§ LICENSEE:; Westinghouse Electric Corporation PAGE NO: 2 of 3
LICENSE NO: SNM-338 AMENDMENT NO:  71-39
i
(2} (2) Description contd, 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.0. 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,
(b) (1) Type and form of Radioactive material including fissile
material 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(3j) of 49 CFR Part 173,

(2) Maximum quantity of Fissile material not to exceed the generally
material per package 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

i 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

(1). 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°F.

By, By "L P
COFY
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LICENSEE: Westinghouse Electric Corporation PAGE NO: 3 of 3
LICENSE NO: . SNM~338 ' AMENDMENT NO: 71~39

(c) Fissile Class ITI and IIX

(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. .

b

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 2378, “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. Drawingstos. 32106, Sheet 1, Revision D and 32106, Sheet 2
submitted with the licensee's application dated February 4, 1971,

FOR THE ATOMIC ENERGY COMMISSION

Orighal Sigaed by

1971 Benald A Nusshawme:

Date of Amendment 0CT 5

Donald A. Nussbaumer
Division of Materiels Licensing
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Wesiinghouse Electric_Corboration sy Westinghouse Buiding :
;o Gateway Center
R E Piftsburgh Pennsylvania 15222 | |
EURPES - 7 3
O February 4, 1971 fé j/
"~;;f;i} - :

e

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

Attention: Mr. Donald A. Nussbaumer, Chief Ek Dw £ Compliance
Fuel Fabrication and Transportation Branch

Gentlemen:

- Subject: Application for Amehdment 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,

Tl o A lel

Karl R. Schendel
License Administrator

KRS: sw
Attachment: License Amendment

| ITEM# T8~

772



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 RECORD (continued)

SNM-338
Shipping - NFD

Added Section 20, the RCC

Added OFHC copper as poison

Changed "< 0.90" to "obviously
less than the 0.98 values....

Changed "< 0.90" to "obviously

(Max/ass'y) and
Added fuel
assembly descriptions reguir-
ing OFHC copper poison plates.

Added Section 21, the Mixed
Oxide Fuel Shipping Package

Added Rod Cladding Thick. (Min.’

Revised to specify compliance

Revised to add RCC and RCC-2

Added 15 X 15 SST Clad Par-
ameters for poisoned package

Added sSection 22, Super Tiger

Revision Date of

No. Revision Pages Revised Revision Reason
19 5/28/69 51 to 53

Fuel Rod Shipping Package
19 5/28/69 Appendix N Added
20 2/18/70 10

material.
20 2/18/70 11

(MCA) situation."
20 2/18/70 13

<0.98."
20 2/18/70 Appendix A & K Deleted k

k (Max?ﬁﬁg).

eff
21 3/13/70 4 -Added Section 21.
21 3/13/70 53 - 55
21 3/13/70 Appendix P Added
22 5/22/70 " 53
22 5/22/70 54

with 10CFR71.32.
22 5/22/70 55 Retyped.
22 5/22/70 Appendix P Added computations.
23 11/24/70 51 - 53

pkgs. for fuel rods.
23 11/24/70 Appendix A

per 10/20/70 TWX.
24 2/4/71 56 - 59

Shipping Package
24 2/4/71 Appendix Q Added '

Docket 7G-237

Date: 11/18/66 Revision No. 24 Date: 2/4/71
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22. Super Tiger Packaging

22.1

22.2

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 encloéed 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.

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 Page 56
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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°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.

Docket 70-337 Date: 11/18/66 Revision No.24 Date: 2/4/71 Page 57
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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

’ﬁmg . | DOT-72A inner paékaging.‘ 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 Date: 11/18/66 Revision No.24 Date: 2/4/71  Page 58
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Docket -
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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.

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.

Fbllowing closure, the package will be inspegted 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.

37 Date: 17 /18/66 Revision No.24 Date: 2/4 771 Pgo- 59



- - - - APPENDIX

ENGINEERING EVALUATION OF THE
A SUPER TIGER OVERPACK DESIGNED
FOR THE SHIPMENT OF LARGE QUANTITIES
-OF HAZARDOUS MATERIALS

.l
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g
i o
i
- . Prepared by:
RS ' = ' . "Mechanics Reseai'ch, Inc.
i . o 15 North Broadway
i A -~ Tacoma, Washington 98403
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R 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

o of Department of Transportation regulations enumerated in the Department

~ ) » of Transportation's Hazardous Materials Regulations, (Title 49 CFR, Part -
S 171, Para. 173.396). In all cases the packages will be approved appropriaf:e

r specification containers or U. S.A.E.C. approved containers for fissile

- radioactivg material shipments by the AEC or one of its contractors or

1 licensees. N

'

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
r{ ‘.’M (Pa.r#. 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 of storing of that shipment together
—_ : with other fissile material. This criteria was established to simulate
,L hypothetical accidents in which any package containing hazardous materials
. must be capable of surviving. The proposed container will be used for
%L. hauling approved specification containers of Type A, Type B and large
_ quantities of ‘radioactive materials in solid, liquid and gas form.
J - Maximum p;ayload weight is approximately 28, 700 lbs. with gross weight
n o _of 45,000 lbs. The DOT design discussed in this report is deplcted on-MRI-
L | DrewiagNo-121350, (FPI 32/0¢)
.
.
L

- . . JR— Lt e e o
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" SUPER TIGER

Inner Container Payload Cavity 6'x6'x14'

\~

Gross weight 45, 000 lbs
Payload weight > 28, 700 1bs
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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.
Ornce 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 qf its 1lid. The outside
shell indented less than 14 inches with no deformation whatsoever to
the inner container.

e 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

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 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 poséess the appearanée 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 absorbmg capablhty, polyurethane foam also provides
an ideal shock isolation media. ab&&'i Drawing No. ﬁ%—ls attached to provide

all construction details.

MECHANICS RESEARCH INC.  -4-



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.

o~ W= 938 1b/in.

bt

o
T
I
e
-

ey kb

A) Bending moment at bolt centerline:
w = (5) (45, 000) /240 = 938 1b. /in.
x = 35
L = 240
Mg, = wx (L - x) /2
Mg = (938) (35) (240 - 35) /2
Mg, = 3,365,000 in.-lb.
Conservatively-assume only the bottom two bolts react this load:
Pport = (3 365,000 in: -1b. ) /(2) (93)

Prolt = 18,100 1bs.

Allowable Bolt Load = 80,700 at 125 ksi

. Margin of Safety (Bolts)

80, 700
M.S._= m -1 )

M.S. = + Larg

PROTECTIVE PACKAGING, INC. -13-



B) Max. Shell Bending Moment:

wL2
Mmax = 8
Mmax = (938) (240)2 /8

Mpax = 6,753,600 in. -1b.

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 (111/2) (.1875) + (16. 3) (.1046)

Area 4.3 +1.7

Area = 6.0 in.

L)
L}

M/2hA

Py
n

(6, 753,}600) /4 (96 - 111/2) (6)
= 6,660psi |

F‘:B: 46, 500 psi
Margin of Safety:

46,500 _
"6, 660

M.S. = 1

M.S. = +Lar§e

Conclusion: The proposed container is capable of safely reacting
loads set forth in Paragraph 71. 32 (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 1/8th
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 éection 5.4 - 40 Inch Puncture Test.

4.3 Thermal Analysis -

Appendix 3 contaiﬁs a thermal analysis on an overpack resembiing the Super
Tig_er.-. 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 10°. Since this analysis was for the
urethane thiclmess 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.

METTANICS RT 7T ARCH TC. -19-



Outer Steel Shell

B
A

Inner Steel J

" 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,
m Reference 4, as: )

b _192 _
2 =76 %5
q = 25 psi

e - 2 _ .
1. My yiasz,ye0 = - - 085 a7 = 12,300 in-Ib
2. (My)xzo, y:b/Z =« _057 qaz = 8,230 in-~1b

The resultant are as follows:

Load Component Outer Skin Inner Skin
1. M, edge -6600 . +11750
2. - My edge -4410 +7850

f, = 11750 psi < Fpy = 63, 000 psi

MECHANICS RESEARCH INC. -20- °
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the weight in direction of travel. All eight of the tie down fittings are standard

‘Typical section properties can be found below.. -.

M.S. = _63,000

11, 750 -1

= + Large

Therefore the container can react 25 psig without loss of contents.

4.5 " Tie Downs

Paragraph 71.31lc, of Reference 2, requires the tiedown fitting be capable

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

International Organization for Standar&ization (I.S.O.) corner fittings for

- freight containers, (Reference 5).
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A guarantced minimum material yield strength of 46, 500 psi assures high
rcliability. Primary loads are reacted through Section X-X producing

2 net cross section area of (1-1/8 x 1-9/16) or 1.76 inz,

—he aliowable load per casting will be:

Pallow = (Fg) (Ag) = (f"_é.’_’zsﬂ) (2) (1. 76)
P, 1oe = 82000 Ibs/fitting

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

G's = (82, 000 1b/fitting) (4 fitting)
(45, 000 1bs)

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

. Assﬁming eighf fittings-to be used fo; tie down, then ,thé net capacity is:

G's = (82, 000 lbs /fitting) (8 fittings)
(45, 000 1bs)

G's = 14. 5 g'(fore and aft) .

Therefore the standard L. S.O. fitting does pbssess the reéﬁired 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 1 and 2. Mr. A, O. Dodd, Nug:lea.r Safety Branch, H&S Division,
Richland, Washington, acted as official test witness for the AEC.

MITEAN 7T RETAROE TNC. -22-



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).

s
S

a,,, 2

i »
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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 RESEARCH 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).

MECHANITZ RESEARCH INC. -29-
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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 RESEARCH 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.

Photo 20

METCHANICS RESEARCH INC. -35-



5.4 40" Puncture Test

Four separate 40' drop tests were conducted. As explained in Section 4. 2,
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 threé layers of steel plate (3/16+1/8+1/8).
On impact, (photo 21 and 22) the pin produced a local indentation
approximately 2-1/2'" 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.

&

WECHAN'"S RESEARCT INC.  .3¢.
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oL Test No. 3 - Test No. 2 was duplicated on Side No. 2. In this case the

maximum indentation of less than 4" was observed, (see photos 27 and 28).

Photo 27

£

;
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~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 600° the virgin urethane foam begins
to locally decompose creating a very dense pungent gas. Since sufficient |
oxygen to support combustion was nét 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

(WH quantities of smoke and flame were appafent.. (see photos 37 and 38).
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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),
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<\ inghouse Electric Corporation Power Systems PWR Systems Division

Box 355
Pittsburgh Pennsylvania 15230

May 28, 1871

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
R special nuclear material described in our application dated
{5' February 4, 1971, to a carrier for transport in Protective
Packaging, Inc., "Super Tiger" packaging described in our
arplication dated February 4, 1971, as modified by the
amendment to this letter.

.Please send the amerndment 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,

ol R Sobbidl

Karl R. Schendel - ..o
License Administrator - '/ -\
o L

KRS:jh

Attachment: License Amzndment
— 7 copies transmitted

ITEM # __7%




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 Shipéing
Package" immediately in front of the transmittal letter dated

May 5, 1971.

Revised Report C2378 should be inserted into Appendix Q and the

abridgéd 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.

1

Revision No. 26

5/28/71



. SNM-338
N ' _ Shipping - NFD

REVISION RECORD (continued)

Revision Date of

No. Revision Pages Revised Revision Reason
26 Appendix Q Unabridged Report C2378
: ) inserted.

Docket 70-337 Date: 11/18/66 Revision No. 26 Date: 5/28/71  Page 7.3
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1.0 INTRODUCTTION

The purpose of this test report is to verify that the proposed Super Tiger
shipping containcer is capable of meecting the performance criteria sct forth

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

The Super Tiger overpack will be used to transport packages mecting criteria
of Departmaent of T'ransportation regulations enumerated in the Department

of Transportation's Hazardous Matcrials Regulations, (Title 49 CFR, Part
171, Para. 173.396). In all cases the packages will be approved approprlate '
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 Supcr Tiger will be transported in a vehicle assigned sole use of the
consignor, with a total transport index of 50 for fissile class 2 shipmcnts

or the maximum number of packages in accordance with DOT rcgulations
(Para. 173.396 "Tablce of Authorized Contents'') for fissile class 3 shipments.
In all cases of fissile class 3 shipments, transport controls will be excrcised
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 largé

quantitics 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.

PR halsn e i b od dhdon
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SUCPER TIGER

Inn. r Contain. r Payload Cavity 6'x6'x11’

8 ft.

Gross weight 45, 000 lbs
Payload weight > 28, 700 lbs
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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 engincering evaluations but also
by physical testing., The design philosophy was to use proven computer
routines and analysis techniques to cvaluate 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 tcsting had been completed, the following results werc noted:

° 30 foot Drop Test - The container, loaded with a combination of liquids
and solids, was dropped 30 fcet onto the corner of its lid. The outsidc
shell indented less than 14 inches with no deformation whatsocver to
the inner container.

° 40 inch Puncture Test - Side No. 3 sustained two - 40 inch drops onto
‘a 6 inch diamecter pin resulting in no yielding or indentation of the |
innecr container wall.

. Fire Test - Temperatures in excess of 15000F for over 30 minutes were
sustained 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 possésses the ability to protect its liquid, gas or solid

contents from cxposure’whilc 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 scvere loading on the internal container than that of the
fested prototype.  Overall container dimensions and foam thickness can be

scaled down as a function of impact pressurces.

3.0 CONFIGURATION

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

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

1o tne
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dimensions of a standard 8 < € % 20" modal cargo contaimer, (see photo 1),
Stee 1 utihces the amversal 105,00 corner (ttinges, ot can be handbed,

stored and shipped in the same manner as any standardized shipping < ontain.
“This provides obvious cconomic advantages over any system amplying a non

conventional contfarmer,

The overpack basically consists of two rectanpular steelishells separated w
rigid fire retardent polyurcthane foam. Steel shells being fabricated from

a low carbon steel are extremely ductile, thus allowing larpe distértions
with no tearing. In addition to providing puncture and penctration resistance
the shell also acts as a durable flame shicld. 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 toats
low cost and high vn.vrgy absorbing capability, polyurethane foam also provic
an ideal shock isolation media. MRI Drawing No. 121350 is attached to prov

all construction details.

Photo 1

Bl
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S OQuter .till:_('l Hh(ll

Fhe entire outer stecl shell as fabricated fron very ductile low carbon steel
plate 3/1nth of an inch thick. The clongation of this material is nearly 40", ’
1hus‘alluwing the shell to undergo large deformations without fracturing. (scev
Table 1), Since encerpy is required to produce these distortions. the shell

itscelf will Le capable of absorbing a large amount of energy.

All corners arc lap doubled and continuously scan: welded along the over-
lapping cdge.  All welds are full penctration.  In addition, all exterr:.al edges
arc protected with a dia;_'(mval gusscet plate of 12 gage steel, (see photo 2).
This gusset plate performs many functions. Should any of the external seam
welds fail during impact. the diagonal plate would form not only a redundant

load path, hut also a sccondary scal for the seam.

Photo 2

PV B S I N

MECHANICS RESEARCH INC. -5-



PATENT PENDING

MECHANICAL PROPERTIES OF STEEL

TLeintoreatim shown represents average results and is offered as o gen~
s t . :‘ o ;'rohll h- neechanical expectancy of the steels listed. In indi-
Tt Steels gy develop results difforingg widely fron: the gvere
s own. l %) |-n‘p.‘nwz. shown we bused on a 1' Nd. sectivn except tor
e eat freated steels on which the size range is shown.

| Prepettos shown are for steel in the AS HOLLL or AS DIRAWN condition
x.nless otherwise stated.

| % Hardness %

! ) % Red. Machine
, NS Sendition Ternstle Yield Elong. of Rocke | ability
) Numier i 3t Stoel Strength S1| Foint PSI | tn 297 Areu |Brinell | well | Rating

_CASE HARDENING OR LOW CARBON TYPES

 Low
| Carbon 63,000 46,000 38 7
'Seel . T BTG se e S ER -
SIS H.R. 61,000 45,500 | 39 61 126 B72 50
' ‘ LD 74,000 62,000 o) 7 143 R179 58 :
RBIUE : H R. 69,000 48,000 38 62 143 B79 52 ;
cteees 82.000 70,000 ..1..20 1.57 .1.163.)...B85 |... 65 |
Carburized at 1700° F.. cooled in box, reheated to 1425° F., water
quenched, tempered at 350° F, —Cqre properties: i
| 92.000 56,000 27 48 197 B91 os |
SC1r019 L.R. 71,000 51.000 37 60 149 B81 53 1
- c.. 84,000 72,000 20 56 170 | R&7 67 .
,C1020 H.R. 65,000 43,000 36 59 143 B79 50
: C.D. .4.. 18,000 ..}.. 66,000 ..{..20 }.. 55 ..,..156 ... B83 !... 60
C1025 H.R. 67,000 45,000 36 58 143 B79 50
: C.D. 80,000 68,000 20 B 163 B85 60
»B1112 C.D. 82,500 71,000 15 43 170 B87T | 100
B1113 C.D. 83,500 72,000 14 40 170 B87 | 130
| Ledloy - G . 79,000 ... 71,000 ..4..16 J..52 .l..163 .l. BR86 |..180
‘Cc1117 H.R. 70,600 44,300 33 63 137 B76 85
' C.D. 84,000 74,000 21 52 170 B87 90

C... ! 76,000 ! 68,000 18 53 156 B&3 | 130

}
4615 | H.R. 82,000 | 62,000 | 28 | 65 | 183 | B9O | 58
: © C.D. 99,000 84,600 | 19 | 61 | 207 | BR95 | 64
' Carburized at 1700° F., cooled m box, reheated to 1550° F., oil

quenched, tempered at 300° f'. — Core properties:
i 110,000 80,000 25 61 2 c20 .
s 4620 ! H.R. .l.. 85,000 ... 63,000..}.28 l.64 .1.183 .l. B9O |... 59
c.D. ! 101,000 85,000 22 60 207 C15 64

Carbwized at 1700° ., cooled in box, reheated to 1550° F,, oil
quenched, tempered at 300° F. — Core pronerties:
( 120,000 , 89,000 2 55 248 | CH .o

4815 H.R. | 99,000 70,000 .§ 25 60 207 BS4 50
C.D. 110,000 95,000 3 55 223 C19 55

Carhurized at 1700° F., cooled in box, reheated to 1525" F., oll

' nuenched, tempered at 300° F, — Core properties: _

; 1 | 156,000 | 132,000 [ 15 | 55 | 331 | c36 | ..

18615

i H.R. | 82000 1 60,000 31 62 | 149 | B81 | 70
f Carburized at 1700° F. for 8 howrs, pot cooled, reheated to 1550°
1

i F'., oil quenched, tempered at 300° ¥, — Core properties:

109000 | 176,000 | 17 | 52 | 255 | C25

H.R. | 89,000 | 65000 | 25 | 63 l 192 | R90 1 60

Lhy 102,000 1 85,000 22 58 212 4 C16 63

carbwrized at 1700° 1., conled in box, reheated to 1550° 1., oil
‘Hienched, tempered at 300° ¥, — Core properties:

_ 12,000 | 99,000 T2 | 52 | 255 l_czs] .

w620

Table 1

MECHANICS RESEARCH INC. -6-
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Sccondly. by backing ail the external cdges with the diagonal gusset and foan.
filling the triangular cavity, a foam stabilized frame assembly is nczm:.cn:i.
This provides efficient corner columns capable of reacting compressive and
tmipact loads,

in the- event of edge drops, the gusset eliminates the tendency of the external
skin to spread.  This assures a large contact or compressive surface for the

energy absorbing foam. : *

All cight corners are reinforced with a layer of 3/16th steel plate bent around
the edges and welded.  This provides a high degree of local integrity and

assurces that no tearing will originate in the corner arcas. ( see photo 31,

Photo 3

N

prosmmemen i Rl X SR
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Set into cach corner assembly is a standard I.S.0O. stcel casting. Each is

continuously welded to the side plates and external corner reinforcements.

As can be scen from the drawing, one end of the outcr container is removable.
Ten high strength 1" diameter bolts tie the containcr cap to the body. In
addition to securing the external cover, thesc both also provide a mcans of
scaling or locking the container thus hindering unauthorized access and
diversidn of its contents. The local interface consists of the matching of

wo 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 contamer. This
not only assures accurate match up of the assembly but also provides an
extremély rigid connection capable of reacting and distributing large con-
centrated loads. Additional joint integrity is provided 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 scen 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 1-1/2" diameter threaded drum closures are welded into each side.

These are closed off with standard gasketed plastic plugs.

3.2 ‘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 frecon.

As the chemical rcaction 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.

T SR B gt ,
MECEANICS RESEARCH INC. -8-
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The cellular structure of rigid urethance gives it exceptional strength for it
light weipght., Compressive strength can be varied from 25 psi to over Y00 pea
through alteration of formulation. The closed cell in addition to contributing
to the s@rcngth also seals the foam against penetration of gases or liquid.

Gas contained in the cells not only shapes the cells but also contributes greatiy

to its thermal insulating capabilities.

Rigid urethane foam is the most efficient insulating material available. It
: 1
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 °F /inch.

For the 'Super Tiger a special formulation of fire retarded rigid polyurethanc
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 |
shows the actual load deflection plot of material sample taken during prototypc

assembly.

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 theo
shell arec overlapping and double seam welded, thus applying the same technigu:

" 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-I-A of Drawing 121350. Compressed
between the inner face and bonded to the cover is a soft silicone rubber scal.
Silicone is uscd so that in the event a fire exceeds lho_se of Reference | and 2.

the high temperature capacity of silicone rubber will guarantee a positive scal.

R e _i,c‘s ,\cH mc' . -é-
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Uniform sealing pressure is assured by the presence of a rolled flang: on

the cover and local stiffness of the angle doubler welded to the inner contatuc

4.0 ANALYTICAL DESIGN

Department of Transportation Hazardous Material Regulations (Referende |
and 2, Para. 173.398b, and ¢) stipulate that for Type B containers the folivwin:

conditions should be evaluated.

1 30 Foot Drop

In o rdv.r (or the shipping container to survive the hypothetical 30" drop th.
overpack must be capable of totally absorbing all the generated energy. i
wanner in which the container absorbs enerpy is through elastic or wclasi .
deformation of the overpack itself. This is the primary function of the rig:o
urcthane foam. Under the effects of dynamic forces on the foam, the minai.
cells will tend to collapse and in so doing absorb a small amount of energy |
per cell. When this action takes placc over a large area, considerable: an:
n-f cnergy arce absorbed. Work or c¢nergy is defined as a force acting over o
distance. In this case the impact force acts to crush a thickness of foar
Averape crush strength of the foam used in the sides and corners will e

psi and 200 psi respectively.

he 30" free drop of the packape has been evaluated using the nonlincar
compuier analysis approach. In this evaluation only the energy absorting
capabilities of the crush media are considered.  For conservatism, the
cnergy absorbed by the frame and the shell is ignored. In this analysis the
package is checked for impact effects versus all possible orientations un th -
packapce to an unyiclding surface. Specifically the following impact orienta:
were considered;

. F'lat on cnd 96" x 96"

° Flat on side 96" x 240"

' MECHANICS RESEARCH INC.  .|..
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e Edge, along edge 96"
° Fdge, along edge 240"

® Corner

The analytic features of the analysis are discussed in Appendix A. The results

of the impact analysis are presented in Table 2.

Orientation of Regional Crush Peak Duration of Crush

Impact Strength G.p g's Crush Event Depth
(psi) (sec) (in)

1. Flat, end 100 - 19.7 . 0688 18. 39 |

2. Flat, side 100 50. 6 . 0264 7.14

3. Edge, 240 200 39.4 . 0540 18.79

4, Edge, 96 200 24.9 . 0870 '30.12

5. Corner 200 .25.0 . 1240 47.21

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. A pproximately 2-1/2 feet of foam could be replaced by a |
crushable honeycomb material possessiﬁg 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
réquired cursh depth of foam is a direct function of the impact pressﬁre (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. Thié allows ti
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 werc done utilizing the MRI1
developed computer program PUNCH, fully described in Appendix B. The

analysis approach assumes a membrane backed by a crushed foam media.

MECHANICS RESEARCH INC. -12-
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ased on s analysis. membrane outer sheet thickness of approximately

40 mches s required.
Frog tiviy information /4 scale roodels were fabricated usins foan. Lacr
“tecl saectas Actaal drop testy uttlizime scaled weirghta, pin diar-cter. roas

v paaces and slin ocace arrancenoent were conducied, Two conelusions

wore reached: (1) iaore resistance to pencetration was offered with tasanate::
sheet than uy single sheet thickness, (2) analyvsis was somewhat conservative.

<ing the Jandinated shicet approach, it was found a creater penetrat:or load

conld e reacted by providimg a soft mrembranc., e lower Gendine stufine s s,

oy an\V\mL- the mner skins to rove independent of the outer =F.1.0 the
stiliness of the two sheets of equal thicknes< would be /4 thar of ane sheer
of the =ame total thickness. Seconrdly. shoutd the face sheet rad, i
tendency was o the inner sheet 1o be preked up by the prand dishribute tin

load over a darge arca. The attached photo of the =caled test demonstrate thas

actron, f(scee phota 4y,

CHANICS RESEARCH INC. 18-
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Therefore, the full scale prototype design utilized this technique. A
different wall configuration was used for cach of the four walls. They were:
e Side 1 - 3/16ths plus 3/16ths plus 3/16th
e Side 2 - 3/16ths plus 3/16ths plus 1/8th
e Side 3 - 3/16th plus 1/8th plus 1/8th
e 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 14750‘F fire
test for a 30 minute period, using a transient electrical network analogy
program, (Recference 3). The results show that the content's temperature
will at no time be raised more than 10°. Since this analysis was for the
urcthanc 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.

-

S -',;‘ T e PR Lo .
MECHANICS RESEARCH INC. -19-



Outer Steel Shell

J 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 exces§ of 100 psi are present

at all points.

The moments in a rectangular uniform load homogenous plate with clamped
edges is given ini Timoshenko "Theory of Plates and Shells'", page 228,

Reference 4, as:

b _192 _
= = 2= =25
q = 25 psi

| . , _
1. M) x=a/2,y=0 " . 085 ga“® =12,300 in-1b
2. (My)x=0, y=b/2 = - .057 ga° = 8,230 in-lb

The resultant are as follows:

Load Component Outer Skin Inner Skin
1. M, edge -6600 +11750
2. MY edge -4410 +7850

fy, = 11750 psi < Fqy; = 63,000 psi

MECHANICS RESEARCH INC. -20-
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N, i, 000
1. 0ho

| boLaree

Therefore the container can react 25 psig withoutl Joss of contents.

+.5 e Domn

Paragraph 71. 31+, of Reference 2, requires the ticdown fitting be capable

of rcacting a load of th rec times the packape weight vertically and ten Limes
the weight in direction of travel. All eight of the tie down fittings are standard
International Orpariization for Standardization (I.S.0O.) corner fittings for

freight contain.rs, (Reference 3).

Typical scction propertics can be found below.
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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 inZ.

The allowable load per casting will be:

= (Fg) (Ag) = 46,500) {2) (1. 76)

( 2

pallow 82, 000 lbs/fittlng <

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

G's = (82, 000 1b/fitting) (4 fitting)
(45, 000 1bs)
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 1bs)
G's = 14. 5 g (fore and aft)

Therefore the standard I. S. O. 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 Companvy,
Tacoma, Washington and subjected to the required testing as outlined in
Reference 1 and 2. Mr. A, O. Dodd, Nuclear Safety Branch, H&S Division;

Richland, Washington, acted as official test witness for the AEC.

MECHANICS RESEARCH INC. 22-



5.1 Test itquipment pATENT PEND'NG

AP A Drop Cranc -

A nincty ton portable crance with an 80 foot boom was leased from Cooney
Crane Company, Tacoma, Washington. The crane was uscd for both the
30" and 40" drop tests. A quick release device t rigpered by the air pressare

was utilized to assure instanceous releasc.
5.1.2 lmpact Surface -

An essentially unyiclding surface was provided by placing three shects of
7/8" thick steel plate over a road bed.  The bed consisted of approxmmaicly
8" of scasoned surfacing poured dircctly over an cxisting 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. (see photo ~ & 3a).

Photo %

MECHANICS RESEARCH INC.  -.3-



5.1.3 Thermal Test Equipment

The thermal test was conducted in a large heat treatmeént furnace at Scattle

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 Ibs,
the possibility of actually sinking it during an immersion test becomes

unrealistic.

MECHANICS RESEARCH INC. ~id-

l



PATENT PENDING \

It should be noted that in the event of a Hyputhc-tica] accident in which a truck
trailer rig cér:‘yinu a Super Tiger was p]uﬁuvd into a river or lake. the
Super Tiger's bouyancy is sufficiently great that 1t would support not only

its own 45,000 pounds bul also the entire werzht of the rig. with 4 ton

of capacity to sparc.

5.2 Soading
——— -

The Super Tiger was designed to acconnodate a maxnnun, numbaer 0j,.55
callon drunss in addition to general carco. Inaensions for the inner cavity
Pieasure approximately vox ol x B thereoy providime room for 42 loaded
A wallon drums.  Drums were not lashed or secared inany way to the inner

contamer,

For the drop test a carco of hazardous matcerial was simulated with 42 drums.
one half sand and one half liquid (water). 7 his brought the total package
weight up to 45, 208 Ibs.  Representing a typical maximum cargo weight of the

standard 40 foot semi-truck trailer rmiy. lhe drums were laid on their sides ane

rollcd into place. two wide and three ligh, (=cc photo o).

L -

MECHANICS RESEARCH INC. R
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Those drums located at cach of the . bl Corner fovation were mstrumented

with temperature scasitinve markme sticis, trarde s, Peinpostik, At a

predetermined temiperature the mark produc Ly the - ciapostik would

. . . R NS O
irreversibly chanpe color.  Pemperatuie vnarks rancing froms 1509 1o 200

were employed, (scee photo 7).

Other graphic illustrations of environmental condilions we re also mmcluded.

A centerfold of the latest monthly was taped to the nane - contamer wall iphoto

not included).  In addition to proviading a Litile clanier 10 a somewhat
N

vae THY

NICS RESEARCH INC. ...
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zlamourless subject, it also served as a thermal indicator.

To establish a level of fragility to the payload. one drum was loaded with a

two picces of china. a glass and a bottle of beverage. (sec photos

dozoen eugs.

8 and 9).

MECHANICS RESEARCH INC.
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The inver and vute s contate: ot e s v ere seerned makime the contamer
14

ready for diop testinge

5.5 S} oot ])]'-»L) | R |

tabrication and loading site at Star lron

=

Super Viger was trucked tronae the

to the Port of Tacowma facthity Lor the drop sequence. On route the truck
trailcr rig vas werghed at a regirstered truck scate which deternmned the

pross Super biger wi i-hit 1o bhe 45, 240 [hs,

] '

ittnag

Aficer a constderable aaow:t ol o i oreview 10 was concluded thai the most
Inooa diavonal droep oo the carter of the covaoer,

critical drop orentation vould

MECHAN)! S KESEARCH INCU



-oC- ‘ONI HOUYVIASHY SOINVHOHIN

K N

01 o3oyd

(F1 ﬂuﬂchﬁ ot m:.::&& aog) .r.;_m_& [O018 oyl ojuo _-c.m [{e] oud) 0o} pomoj[e sem
L':.:.N‘.:.H.CU .;.:.ﬂ.« .vw.m.-—...L :CQ”_ Teaan —..,_A._ |3} .;: JdON0 SEN .ur.—L:..u ._333— 3:...*
Qa9oUm :.:Onw € 0) POSIBI UIY) SBm LoUIBIUOD Q] "J0oUL00 TIMO] DY) 0} poyoene
adoax jo y3Buol ,0¢ ® Aq poanseowu sem yidioy douap oy [ -oseO[IL Snooueisul

opraoad 01 JVUTBIUOD PUR DURLD Hf) Uadm o Poding sem ao1aop oseagad Nowmb y

ONIGN3d INILVd



HY SOINVHOAN

=
[

{

DN BOUYVHES

ONIAN3d LN3LVd

€1 o0y

1

ke

[SRYRIN

IT ojoyg

Z21 oloyd



( PATENT PENDING

On impact the external skan buckicd o the ro

coon bhetween the corner fitting

and the interface «losure arca, sce phota s through 18y, The ductility ol

the plate is evidencod i the 180 decree honds or wrinkles of the external
skin. An external scan: weld at the edee tore for approximately 10", This
introduced no problen: since the full arca was backed with the diagonal

gusset plate. Maximum corner adentation was less than 14°,

' MECHANICS RESEARCH INC. |
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Photo 16

N

2
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Photo 17
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Photo 18

LEER TrsEs

QTEQXXVE.“Q%\%‘@
DEVELOPENMENT -

A}
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M aterial yielding appcared restricted to this arca. Later, on removal

of the cover. it was apparent that deformation was wholly restricted io the

cap. (sec photos 19 and 20). 1t 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. ‘lhe inner cavity saw no deformailon whatsoever.

Photo 19

Photo 20
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Four scparate 40" drop tests were conducted.  As explained in Section 1.2,
cach of the four sides represented a slightly different confipuration. shee
' purposc of the drop test was not only to qualify the container but also to
provide a design evaluation of the different types of construction. 'I'l';-- te
went as follows:
vest 1 - a 40" drop onto the center of Side No.
‘T'his side contained three layers of steel plate (3/1641/811 /8).,.
On impact, (photo 21 and 22) the pin produced a local indentation
approximately 2-1/2" deep. As can be scen 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 puncturc test. No indentation or deflections were detectable
on the inner container. This was truc for the first threé tests.

There was also no evidence that the 8" tall pin had bottomed out.

3 \ Photo 21
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to 22

Pho

9

.;-
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Photo 24
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Test No. 2 - a sccond test was conducted on the saime Sidee No, 3,

but with the point of impact moved to approxitnately 167 from one edge,
From photos 25 and 26 it can be scen that a hole was ot through the
external skin along 1/2 the circumference with a maximumn identation

of approximately 6. Since the internal container sidewall 15 separated
from the outer skin by nearly a foot of foam, an indentation of less than
6" causcd no cvidence of load whatsocever., There was no indication of
the 8" pin bottoming out as shown in photo 26a. This fact was also borne
out in the results of a frame by frame é.nalysis of the high speed motion

picture coverage of the drops.

[ Photo 25]




(- |
'" e o Photo 26a
(
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( Test No. 3 - Test No. 2 was duplicated on Side No. 2. In this case the

maximumn indentation of less than 4 was observed. (sce photus 27 and 2o .

Photo 27
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A tear in the external skin extended for approximately 5' of the
18, 8" Qf pin circumference. It existed only in the external skin
and not in any of the backup sheets. Again there was no indication

that the 8'' 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 fabricgted 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
appfoximately 20 inches puncturing both the inner and outer walls,

(see p'riotos 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.

MECHANICS RESEARCH INC. -43-
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Photo 30
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Photo 31

-do-
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After drop testing was completed, the container was transported back to

the fabrication arca for a morce detailed inspection.  From the results of the
puncturc test, it was concluded that Side No. 3 would represent the final design
configuration. It had received two 40" drops, Test No. 1 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 sided, both the inner and outer

skins were welded over and refoamed between the two, (see photos 32 and 33).
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The external end cap was rere, o

photos 19 and 20). It can e secn

the cap interface. By applying the

it was ostablished that a =snall

.'1}

A soap solution was 1aoprd over th

[a)
foalot irop ranage dia nus s

inoernal proossure to the inne s

et ttat e Heots noted, Tre e

By e oat thee gasbeten

Lo, e photo 34 nos

the air bubblc produc:d by the feal . aar. A post fire inspecti..

1

]

that faulty installation of a silicon: v ¢ Lcal was the cause o7 o
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As shown in photo -, .. gue oo

ol been installed alon_ the bolt pattern
with a net result by 1.

- An arca totally withou! a gaskei scal. No attempt was

made to correct the = .. cfficiency prior to the fire test.
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It should be noted that a realistic attempt was made to provide an unyiclding
surface. Since on impact, compressive loads in excess of 1, 000, 000 pounds
were being applied to very small areas (1 to 3 inz), 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 £t3 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
yiclding 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 accommodéte the 45,000 1b 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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5.5.1 Test Set Up

The containcr was positioned within the furnace in such a manner that all 12

burners would cxhaust directly at it. In order to produce a radiant atmosphere

as rapidly as possible, 3/16" steel platcs were placed near the burner ports.
Temperatures of the plates very quickly got up to and exceeded the 1500° mark.
These would not only radiate directly to the container but also radiate to the

In this way the highly convective atmosphere could also possess
The

furnacce walls,
the desired radiation characteristics stated in Reference 1 and 2.
containcer was placed in the furnace with the exposed puncture test results on

the 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 would therefore

MECHANICS RESEARCH INC. -52-
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represent a conservative test arran.emant since in practicality the container

would remain on top of the punciuring d-vice during an accidential fire.
5.5.2 Fire

All twelve burners werc ignited and the furnace door closed. Surface
temperatures of the steel e:.hell exceeded 500° within the first five minutes
of testing. On reaching approximately 600° the virgin urethane foam begins
to locally decompose creating a very dense pungent gas. Since sufficient
oxygen to support combustion was not present within thg shell, the gases
must exhaust through the pressure port and burn external to the container.
In theory the v:locity of the excaping gases is higher than the rate of flame
propogation making surc 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 smokc and flame werc appar-nl. (see photos 37 and 38).
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N

As surrace joati icomperatures rise. res-aining residue fornts a hard pourous
char layor reseminling the clinker comrmonly tound in a coal {ire furnace.

i This char laver serves to insulate and prot-ci the virgin Joars from additional

decomposition while at the sarme tire allowinag the docompos=ition gases (o =
passcd and carry heat away. Azain duc fo the urctnanes out=taading insulatior
characteristics, aterial a short distance away will xpertenc - no moereas- o
temperature, trerefore, onto ihe protecuys char lav r = forcued. the foas
decomposition rate i: very slow,  Maxisus thicknes: or char oNperiencea

wias 190 joune to e b s thae 477,
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An example of skin temperature is shewn 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 sensitivify. 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 1500°. As shown in Figure 2, the container remained
in the furnace for nearly one hour while test temperatures were being reached.
Skin temperatures were over 1500° for more than 33 minutes and at times
exceeded 1800°. An additional thirty‘ mimutes of post test heating was
experienced duriﬂg the cool down phase before the furnace doérs 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 gallans 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/ftZ/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 1'6000 high temperatui-e 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
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Photo 39

‘-

-5

MECHANICS RESEARCH INC.



PATENT PENDING

MECHANICS RESEARCH INC. | -58-



PATENT PENDING

Photo 41
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Prior to the fire 1ot was repeated. Ndentical leak rates were recorded
indicating no therna!l degradation of the seal had taken place. The external
cap was removed cuposing the inner face and the inner cavity cover as
shown in photo 4., A plvwoord cover over the inside of the cap had been
charred around the cdies for approsimately 1 oto 3", This was expected
since it h:ﬁl bHeen ativebed directly 1o the oxternal skin, In-board of this
point discoloration (ronn distilled resins was the only noticcable change.

A hole was cut theouah the ontside st shell and a core sample of the A
underlayment foan: was talen. As shown in photo 42a the char depth Wés
restricted to less than ' len iny ore than C ol anallfectod virgin material.
Upon removal ol 1. continer cover it was evident that the very slow pressure
leak previously noted rosultod Irom a raulty installation of the silicone seal,
(see photo 43). [iad the wcal heoen positioned vorrvectly during assembly,

the inner containe:r wauld be totally pressure tight during and after testing.
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-

Lack of degradation of the seal mavorial dicniedd

¢
(less than 200 ¥} had bren enporicn. 0.

r

elastic propertics.

.

Examination of thos» drurms located adje. « ot [ fh

no thermal cffects whatsoeve r, (s pliote -7 i e

o had ool beon i

. . N
indicator uscd was 150 and

!
Py

that the cargo did at all times remaan pelow :

previously taped to the
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During impact the compressive force on the bottom drums produced considerable
flattening. These were used 22 gage oil drums filled with wet sand. In some
cascs seams were ruptured allowing water to drain, (sce photo 45). In con-
trast, two of the drums were standard 16 gage 1711 with removeable covers.
These experienced little or no deformation as evidenced in photo 45a. It

is felt that had thicker walled drums been uscd exclusively, no liquid would

have been lost. Also the presence of a plastic drum liner would have provided
added assurance. In any cvent the innercontainment shell is capable of

containing any rcleasced liquid negating reliance on a sccondary 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).

Photo 47

—
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Free Drop Impact Analysis Pr%am

Introduction

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 unyieldiﬁg

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:

-Fyx
Mx

X =

+g | (1)

Initial conditions ére:

Xg = 2gh (2)
X = 0 |
Where: x = the deceleration of the following mass (k is + downward)
Xo = initial velocity at contact with surface
Xo = initial displacement '
M, = tﬁe displacement varying mass .
= initial total mass - mass of crushed media at rest
= Mg - myg
M, = W/g
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w = Weceight (lbs)

g = 386.4 in/sec?, gravitational constant

Fy, = the displacement varying crush force

= Ocr * Ax

Ocr = crush strength (lbs /in?) of crush media

A, = Effective displacement varying area of crush surface (inz)

m, = mass of crushed material |
= (p/g) + Voly

p = wt. density of crush media (1bs/in3)

Vol, = Volume of crushed media (in3)

h = drop height of package (in)

Evaluation of Equation Coefficients

The values for A, and my are particularized for each impact orientation
of the rectangular container as follows:
1. Flat drop

A, = j w

my = (p/g)dwx

W’hezle: j = length

w = width

x = crush depth
2. Edge Drép
A, =2x4

my = (p/g)dx?

T

3. Corner Drop

A, - Ezfl?‘:sﬂ" 2

¥3_
my = (p/g) ~5~ x3
Note: x = crush depth

L 1 distance from corner to plane passing through coordinate axis at
. L L AR UL I N . :
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Introduction

This summary report describes the MRI developed computer program,
PUNCH, which treats the puncture loading of a supported or backed membrane
sheet by a cylincirical 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 considéred 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 prescribéd in 10CFR70,
49CFR171 and AEC Manual 0529,

Membrane Failure Criterion and Basic Total Energy Relations

The sketch below illustrates the deformed membrane and backing media

when loaded. t rl ﬂ
' r

]

Yy \

(o} v
cr ' Zo
|
Face Sheet :
Membrane
Backing . ™
Media F
Puncture Pin
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Where: r, = Radius of Cylindrical Pin
A r = Radius of Deformed Region
Gy = Crush strength of backing media
6o = " Inclination of membrane at edge of pin

Z, = Total depth of pin penetration.
F = Total force applied by penetrating pin

The membrane fails when the strain exceeds the selongation capability of
membrane material. Strain in the membrane is related to two displacements:
(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, 8, is:

1 cos §, = 1+le°
) 1

1l -cos 0,
- €08 §,

€; = (1A)

1 +e¢
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 thickxiess.
ts, about the edge radius of the pin, Yo . Consider a differential segment of

the membrane, d;. Assume no slip on the pin radius.
The strain due to bending about
the pin edge radius is:

CiCz BB,
BB,

€p =

(Te +t5) 8- rdp
dé

Te

ts
Y (1B)

(2]
]
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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 peoint 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: 8o+ 3ts

Allowable . f
o] {€i + €r) d

Elongation % _\

100 j' il )

(o]

This relation symbolically states that the failure criterion of the membrane
is related to the average strain existing from the axis of symmetry ( @ of pin),

around the edge radius and beyond for a distance of 3tg.

The total force applied by the pin is
Fg = 20 gy Mrot 8in 8o + T O¢r roz (2)
Where: Ogy = ultimate stress of membrane

t = thickness of membrane

The total energy absorbed by the crushing media is:

E=Wh+2,* L f Fz dz (3)
¥+

Where: - Z,* is the total depth of pin penetration at
membrane failure
h = drop height
W = package weight e
The radius of the deformed area of the backing media is obtained from basic
equilibruim principles as follows:
Fg . mr 1z Ocr
- (4)

r =
1 nocr
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Membrane Equilibrium Equations

The basic equations of motion are obtained by considering the annular

differential portion of the membrane shown below.

'
I
HO
|
———>»R
vz

Equilibrium in the horizontal and vertical directions gives:

d
d—r(Pcose)=0 (5)

—d"( Psin 6) dr + 2 Ocp rdr = 0

dr (6)

From (5): P cos b =H = constant

P =H/cos 6

Then (6) becomes:

-é-f— (H tan ) = =27 Oy T (7)
But, tan 8 = gf‘ ,. therefore: )
ji% = -wr , (8A)
Where: w= 2n0cp (85)
H :
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Now, from membrane ultimate strength characteristics we may derive a

relation for H in terms of applied force Fy.
H = PO cos eo (9A)

But P, is directly reclated to the ultimate strength capability of the

membrane
P =2nrtogy (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.

rp = rg-re (9C)

Substituting (9C), (9B) into (9A) gives:

H = 2N ogyt (ro=re) cos Oy , - (9D)
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PATENT PENDING

Now, thc paramcter w is found by substituting 9D into (8B):

w = : Ocr
Ogut (ro = re) cos 6 (9E)
And from (2):
2
sin 6g = _~2 ~ " rTo (9F)
. 1/2
cos 8,=[1-~ sin® 8o] / (9G)-
Solution of Equation (8A) is obtained by direct integratibn:
dz _ -wré + <] _
dr 2 (10)
Z = 3
= -wr’+cir+ecl (11)
— .
Boundary conditions for (10) and (11) are:
r=rg Z=0 (12A)
dZ _
ar tan 0o (12B)
r=rj: dZ -
—_— “ar 0 (12C)

Substitution of (12B) into (10) gives:

c] = tan 9°+wroz (13)
2 .
Substitution of (12C) into (10) gives:

- 'HDI‘IZ

> (14)
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Equating (13) and (14) requires that:
W
tan 6, = > rlz - roz) (15)

Substituting (12A) and (14) into (11) gives:

3 .

¢y = 2%° - ‘”’12 To (16)
Finally, upon substitution of (14) and (16) into (11) the eqﬁation of the’
membrane becomes: . ‘

Z = _u())_ (r°3 - 3r12ro + 3r12r - r3) (17)

The total displacement of the penetrating pin, Z,, is found by setting
r=r1: ‘ '

2ro+2r3) | (18)

w
Zo=?(ro3-3r1

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:
° For each trial thickness the program
. Computes 20 even increments of load from*initial crush
to fina_.l membrane tear using Equation (2). |
3 Checks each incremental load to assure that strain
allowable is not exceeded, Equation (1C). If necded

the load values are adjusted or reduced in number.

! .
ERUC S ELE PR
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] Computes corresponding deformed area radius using
Eqﬁation (4)
e  Computes the parameter, w, using Equation (9E)
. 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).
. | If the total energy balance is unsatisfied, the membrane thickness

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
Fuel Shipping Cask Design Guide, ORNL-TM-2410, January, 1969. (next page]

Computer results are plotted over Figure 2.2, from ORNL-TM52410 with
-substantiating computer oﬁtput 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 |- i Puncture
ing | 100-250 .4375( | TestOnly No Puncture
: 100 Analysis | “{.400 -
200 Only . 475 -
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Based upon these check points, PUNCH, appcars to deliver reasdnable
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 +0.25. Furthermore, it is essential to assure in design and
fabrication that the membrane material possess minimum ulti.xhate stress

and elongation capability as input to the computer program.

. - —— ——  Am— tede el e s @ & Teem . s

[
—- |1 .l...-.,.J__

[
NOTE. SeULTIMATE TENSLE STREGTM
OF JACKET MATERAL

S
! The Ultimate Eiongation Of
i . The Outer Shell Materiol

I : Must Be Greoter Than 40 %
|

MINIMUM CASK QUTER SHELL THICKNESS, !, {Inches)

T I '

\ | ! ! Pl l

$000 Q000 100000 - 200,000
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Fig. 2.2. Graph to Estimate Minimum Outer Shell Thickness.
From ORNL TM-2410, January 1969
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*3% RASIC ENGINEERING DATA

#*% TRIAL

%%% PUNCTURE DESIGN

SKEET

THICK

CIN)

22500
C.2700
Ce2900
G310
. . 33E6

63566

63768
@.3900
Do 100
C.4300

FACKAGE WEIGHI

DhQY

f
/
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STATIC INELASTIC MEMBAANE FUNCTUAE ANALYSIS

KhEIGhHT CIND

= 4.

CLE) = 16GEGe

KINETIC ENERGY TO ARSORE (FT-LEJ =

ULTINATE STRESS OF MEMBRANE (Fs1)

3333

LEGBG .

ULTIMATE ELONGATION OF MEMERANE (X5 = 4G,

RADIUS OF

FUNCTUKE FIN CIN) = 3.

EDGE RADIUS OF PUNCTUKRE FIN CIND

CASE DATA

25

CKUSK STKENGTH OF BACKING MEDIA (PSID

INITIAL & INChEMENTAL THICKNESS
OF. MEMEKANE SHEET (IN)

NUWEBER OF MENMBRANE ShEETS s ]

TRIAL CASES

= 2300.

25,062

#virksnkun VALUES AT MEMBRANE FAILURE % kmdscxsx
PEAK SHEET
DEFTH ENERGY ACCEL ANGLE

CIN) (FT-LE)

CrUSH
RADIVS
CIND

Seb79
6002
6122
6240
6.356

TOTAL

FOKCE

(LB

196950 .
20750 4.

2180387

22661i1.
£39165.
24971b
26£272.
276825.

2861379+
1291932,

CKUSh

129

1386
1+ 46
1.55
1.63
170
178
1.66
1.93
2.01

y-

.

TOTAL

16965

16920
21963
23677 .

25267.

27529.

29864.

32269

34T4L46

37287,

o

_———er et

on o -

-78-
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(G

19.

20
21

27

28

7
b

& -
22+
23
25,
26.

9
9
7]
4
el

29.2

.

(DEG)

bbie &
L bdiedy
adie 4
Lo i
v dhdie 4y
Lidye 4
didie & .
didie 4
hibie 4
Lbed ¥DESIGN Vali
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STATIC. INFLASTIC MENMBKANE PUNCTUKE ANALYSIY ;’,.’»:‘::, e Ve 2% DU
. ' e g
%% BASIC ENGINEERING DATA
FACKAGE WEIGH1 (LR) = 2GE6G.
DRGF REIGHT C(IN) = 40.
KINETIC ENEKGY TO ABSORB (FT-LB) = - 66667,
ULTIMATE STRESS OF MEMBIRANE (FSI) = &GLEE.
. ULTIMATE ELONGATION OF MEMBRANE (%) = 4%.
RADIUS OF PUNCTURE FIN C(IN) = 3.
EDGE RADIUS OF FUNCTUKE FIN (IN) = 25
»%% TRIAL CASE DATA
. . . R . 7
CRUSH STRENGTH OF BACKING MEDIA (PSI) = 2306k.
' INITIAL & INCREMENTAL THICKNESS .
~© OF MEMBRANE ShEET C(IN) = «5,¢6S
NUMBER OF MEMBRANE SHEETS = 1
#%% PUNCTURE DESIGN TRIAL CASES
wassisskek VALUES AT MEMSRANE FAILUKE s#sddsiaisia
SFEET CKUSH TOTAL  ChUsh TOIAL  PEAK SHEET
ThiCk RADIUS FORCE DEPTH  ENERGY ACCEL ANGLE
CiND CIND (LB) CIN)  (FT-LB) (6) (DEG)
(1e SEME GeT46 20870« . 2426 t LOTED e 16¢4 Ldedy
GeS5 7612 355254 2.43 - 53916e  1Teb  4bed .
Ge6508  7.515  4BE02le 2476 69476+  2BDe4  4LAeh
@.TGOB  7.754 - 43440BS. 2.91  776@l. ~ 21.7  44.4 ®DESIGN VALLE
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" STATIC INELASTIC MEMEKANE FUNCTUKE ANALYSIS

s#4 BASIC ENGINEERING DATA
PACKAGE WEIGHT (LB) = 20600.
DisOF HEIGHT C(IN) = 4b.. |
KINETIC ENEKGY TO ABSOKB (FT-LE) = 66667«
ULTIMATE STRESS OF MEMBRANE (FSI) = 76008.
ULTIMATE ELONGATION OF MEMBRANE (%) = 4@.

RAD1US OF PUNCTURE PIN (IN) = 3.

EDGE RADIUS OF PUNCTUKE FIN C(IN) = 25

\

(?”*** TRIAL CASE DATA
C ' CRUSH STRENGTH OF BACKING MEDIA (PS1) = 23C0.

INITIAL & INCREMENTAL THICKNESS:
OF MEMBRANE SHEET (INJ) = «3.,.02

NUMBER OF MEMBRANE SHEETS = 1

*%% PUNCTURE DESIGN TRIAL CASES

snxksksksk VALUES AT MEMERANE FAILURE »ssdsssnss

SHEFT CRUSH ~ TOTAL CRUSKR ° TOTAL : FPEAK ShEET
"ThICK RADIWS . FORCE DEFTH ENERGY ACCEL ANGLE
CIND CIND <LB) CINY (FT-LB) "KGY  (DEG
e 3600 b6ebEH 42062 . 2+35 = S£265. 171 Ldedy
€ .23200 TeBb64 360%530Ge - 246 . S5S54L7. 160 Ldie s
De3450 7242 376999. 2.58 66735, 169 Ldie &
£ e RAGIE Tl 7 397468« 289 ' 66247+ 199 44y
(e 3560 Te587 - 415937 2.61 . 71937. 268 44+ 4 SDESIGN VALUE=

[N PR Tet SRt M in e fas gue CEA B sl et Wi et b s s o sy -t

.
[l
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STATIC INELASTIC MEMBRANE PUNCTUKE ANALYSIS , FAwznTiaais

%% BASIC

*%% TRIAL

PATENT PENDING

ENGINEERING DATA

PACKAGE WEIGHT (LB) = 660,
DKOP HEIGHT C(IN) = 40. .
KINETIC ENEKGY TO ABSORB (FT-LB) =  2260.
ULTINMATE STRESS OF MEMBRANE (FSI) = 40004.
ULTIWATE ELONGATION OF MEMBRANE (%) = 46.
RADIUS OF PUNCTUKE FIN CIN) = 3. --

EDGE RADIUS OF PUNCTURE PIN C(IN) = 25

CASE DATA

CRUSH STKENGTH OF BACKING MEDIA (FSI)> = 30.

INITIAL ¢ INCREMENTAL THICKNESS'

OF MEMBRANE SHEET (IN) = 0065, <0625

NUMBER OF " MEMBRANE SHEETS = 1 I

#%% PUNCTUKE DESIGN TRIAL CASES .

kakioknknkk VALUES AT MEMBRANE FAILURE s%wk¥sxsss

SREET CRUSH © TOTAL CRUSH TOTAL PEAK SHEET
THICK RADIUS - FORCE DEPTH ENEKGY ACCEL, ANGLE
CIND CIND (LB) CIN)d. CFT=LBY - (G) (DEG).
(o f)c)(/ 60“&2 . 34870 1083 Co 4100 * 503 bidie &
GeGiTS © Tel&l | 4EBG6. 2.51 . 152. Te3. " ddea
Gal1BH - BeD62 6125« 312 . 1167« 9.3 444
(1«1125 358 S T444e . 3467 . 1646« " 113 44 4
Belt1S50 ° 94643 8763 . 4017 - 2184, 133 Y-V
0175 10.343 10083. 4e64 2778 153

0.0

JART VY MU 2‘15 (J RIS R £y

AP A s,

L e am et Sheet 4 ctmn s - & . e - ome o A
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STATIC INELASTIC MEMLBRANE PUNCTURE ANALYSIS )
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'PATENT PENDING
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VP n g (a
wws BASIC ENGINEERING DATA
PACKAGE WEIGHT (LB) = 458006.
DROP HEIGHT CIN) = 4B
KINETIC ENERGY TO ABSOnE (FT-LE) = 1566Lb.
ULTIMATE STRESS OF MEMBRANE (FSI) = S56GE0
ULTIMATE ELONGATION OF MENMBRANE (%) = 36G.
KADIUS OF FUNCTURE PIN CIN) = 3.
FDGE KADIUS OF PUNCTURE PIN CINJ = .25
~»» TR1AL CASE DATA -
CRUSH STRENGTH OF BACKING MEDIA (PSI) = 166
INITIAL & INCREMENTAL THICKNESS
\ OF MEMBRANE SHEET CIN) = 15,025
NUMBER OF MEMBRANE SHEETS .= 1
sxes PUMCTURE DESIGN TRIAL CASES
wisnsarsss VALUES AT MEMBRANE FAILURE iokikusas
SEEET CRUSH TOTAL  CKRUSH T07AL  PEAX SHEET
TH1CK KADIUS FORCE DEPTH  ENERGY ACCEL ANGLE
CIND CIND (LB) CIN) - C(FT=-LB) ~ (B> (DEG)
O iee 15.636 1L2193e - Bedd 45367« 2.3 39.7
ive 175 19442 116754 G227 61545 2e6 397
GePefils (e 754 135315, 1605 75613. | SeB 39.7
(LLorNL dle9u7 151876 1076 91102 3.4 397
(elhinis  23e155 168437« 1148 - 167356« . 37  39e7
U et?ThH PLL2677 1849986 12.14 124526« " died 397
v.3ubk  15.3290  2061559. 12.78 14257C &e5 3947
(e325E 2643580  218128. | 1338 1614524 4els 397
L .350 27.332 234681 | 13.97 181140 Se2 3947
(:.375% 2E.279 251242, 14.54 201606+ Se6 397 ‘
GedBiBl 290197 267862 _15,&2_“_22232?1m-ﬂN§3@lu.3?370*D£SIGN VALLL -



" %%% TRIAL- CASE DATA

- . .-

 PATENT PENDING

e e as, as, su v ecamem s mssesrmmime st e e e mes mwn . L amew o e et

’

CRUSH STRENGTH OF BACKING MEDIA (PSI) = 20B-
INITIAL & INCREMENTAL THICKNESS .
«354025

~ OF MEMBRANE SHEET CIN) =

'NUMBER OF MEMBRANE SHEETS = 1

. %%% PUNCTURE DESIGN TRIAL CASES

SHEET
THICK
CIND

G.3600
23250
D350
1«3758
Ce &00G
e 4256
De £500
DedT750

wsskiskess VALUES AT MEMBRANE FAILURE e .

CRUSH TOTAL CRUSH . TOTAL PEAK SHEET ,
RADIUS FORCE -+ DEPTH ' - ENERGY" ACCEL ANGLE .
CINY (LB) . CIN) RFT-B> - (GY (DEG&
16.036 204386+« .Bedda 96733« “deS T« 7
15752 200947 - Ee86 L 16963Be . - 4e9 397
19.442 - 237508. 9.27 - 123891« 53 39.7
0B.109 ~254069. . 9066 - 137695, Seb 397
20754 . 2706636 10.05 " 151627 6eld 397 .
21.379 267191, 10.42 ° 166668« 604 397
21987 323752 10.7¢ ; 1622065« 6.8 39.7 -
320313 39.7 DESIGN VALU:

227579

Somm's

e

-

1113 -

1982240

\ S— -

" Tel

an—aarve
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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 1475°F

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°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°F. At no time did the

payload exceed 150°F (minimum threshold for temperature reading).

'i‘he overpack side wall has been subdivided into nine nodes representing the
thérmal capacitance and conductance through the wall. Each one inch
thickness of £o§m 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: € =.8
Inner Box Walls: €=.8
Payload: €=.8

MECHANICS RESEARCH INC. -84-
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Figurc 3

Argonne National Laboratory Waste Container

Thermal Analysis Model

olnlofsl o

2y Iy 0ly
peolfed aIaurejuod 1em
peoifedq Jauuf

uotrjejnsul ureog

PATENT PENDING

1°PON Soreuy

ny tlp @
ol.-,
2 |[¢~—r—6"=2 "
S3anos
11878 .
1210 1

19PON ﬁmuﬂ;&&

-86-



PATENT PENDING

( - The model includes the following special features:
° 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°F were incorporated.

° 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.

° Heat input consists of a programmed source temperature equal to
1475°F acting through a radiant coupling term to the outer box wall.
This heat source at 30 minutes drops to a temperature of 70°F.

° At thirty minutes, a free convection and air radiation term is
introduced coupling the outer box wall to an air temperature of
70°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 70° in about 15 minutes.
The details of this analysis are summarized in the following calculations:

3.3.1 Nodal Cai:acitances'
1. Outer Wall
Weight = 1872 + 306 = 2172 1b.
.11 for mild steel

c =
c, = (2172)¢11) = 238.92 Btu/°R
2. Foam
Weight = 579 + 260 = 839 lbs
¢ =.2 assumed for foam (80% freon, 20% complex mixture)

C3 to C9 = !8397“. Zl = 23. 97 Btu/oR

MECHANICS RESEARCH INC. -87-
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3. Inncr Wall

Weight = 248.1 1b
11
(248. 1)(. 11) = 27.29 Btu/°R

C

€10 =

4, Payload Container
Weight = 700 1b
c =.11

¢y = (700)(.11) = 77. Btu/°R
5. Payload
' Weight = 2300 1b

C = .33 (assumed)

¢, =(2300)(.33) = 759 Btu/°R.

3.3.2 Conduction Resistors

R.. = /‘3

1)

Aij kij
1. Outer Wall to Foam, RZ
R, = outer wall + 1/2" foam
kij = 25 Btu/hr-ft-oF (carbon steel)
_ [3/16) _ <6 o
Router wall = (249. 6)(25)(12) ~ 2.504 x 10 R/Btu/hr
=9,014 x 10-3 °R/Btu/sec
R: " Foam = ~LL2LBG00) 545 646 00 /Biu/sec
S /2 T (249. 6)(. 24) :
R, = 30.048 + .009014 = 30.057 "R/Btu/scc.
2. Foam Resistors, R3. R4. RS' Rb’ R7. R8

_ _(3600)
3,4,5,6,7,8  (249.6)(. 24)

R = 60.1 oR/Btu/sec

MZECZIANICS RESEARCH INC. -88-



3. Foam to Inner Wall, R9 pATENT PEND'NG
Ry = 30.05°R/Btu/sce
4, Foam Char Adjustment, R, to Rg
To account for decomposition of the foam, the foam resistors
are defined as 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.
Rl = 'g . 1 .
A kp
j= 1/12 ft.
A= 249.6 ft2
°r °rR k;[Btu/hr-ft-°F] |1 /k;[ft-sec-CF /Btu] R;
750 1210 . 024891 | 144631 x 10° 48.29
850 1310 .026213 | ,137336 x 106 45,85
1090 1550 . 029176 . 123389 x 10° 41.20
1350 1810 . 032113 112104 x 106 37, 43§-
1490 1950 . 033598 .107149 x 106 35.77

5. Payload Conta.iner{to Payload, Rl 1

1.

Assuming Payload is damp sand or similar material

kij = .6 Btu/hr-£t-°F ] assume
ij = 2" '

Ry = (2/12)(3600) = 6.045 °R/Btu/sec = °
. (165. 4)(. 6)

3.3._3 Complex Coupling Resistors, Rl' R.IZ' R13. Rm' R14. R15' R16

Radiation Coupling, Ianer Wali to Payload Box, RIO

MECHANICS RESEARCH INC. - -89-
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150. 78 ftz

h PATENT PENDING

= .4761 x 10-]'2 Btu/taet:--ft2 - °R4

A.
Kij = - 1 Al [ 1
1 i
—_— -1 +'( ) + ( - 1)
(e.i ) Fi; Aj \¢j
k10 = (. 4761 x 10~ 12) (150. 78) = 48,60 x 10~2 Btu/sec-°R?

1 150,78 /1
(.8'1)+ T Y I (.8'1)

Interface Conductive Coupling, Ryg

Bottom of Argonne Container to Bottom of Payload, assume

30% contact area and 1/32" height asperities.

4

1/2 (12 ga.) + 1/2 (20 ga)

1/2(. 1046 + .0359) = ,07025"

58.5 x 50.5 = 2954. 25 in?
= 20. 52 ft2

Aij

_{(.07025)(3600)
T (20. 52)(12)(25)

Conductive Resist: R14A = .041081°R/Btu/sec

Contact Resist: RMB = (1/32)(3600) +. 060916 OR/Btu/sec
(20.52)(.3)(12)(25)

)
R14 =Rp + RB = 0. 101997 R/Btu/sec

~ Radiant Source to Outer Wall, R;

MECHANICS RESE)ARCH INC.  -90-



(.4761 x 10'1'2)(249.61

(7

-1)

87.313 x 10”12 Btu/sec - °R

“ienas PATENT PENDING

4

4, Lug Pocket Radiation Coupling, R’l6
A=A =402 = 27777 02
€ =€;=.8
Fij =1
K¢ =.L 4761 x 10-12)(. 27777) = ,088166 x 10-12 Btu/sec-"R _
1 1
(.8 “l) +1- +(1.)(.8-1)
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 o+ 1
Ri= Aki ~  A; - ki
; 1.5 o 2
where k = k;, 4924 C T , Btu/hr/ F/ft
T+C 492
For Air: k32 = 0.155
C =225
o o o
R k;[Btu/hr-ft- F] 1/k; [ft-sec- R/Btu]
530 .013715 . 262486 x 106
810 . 018902 . 190456 x 10°
1050 . 022646 . 158968 x 10°
1310 . 026213 .137336 x 106
1550 - . 029176 . 123389 x 106
1810 . 032113 . 112104 x 10°
1950 . 033598 .107149 x 106

MECHANICS RESEARCH INC.
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PATENT PENDING

a. Inncr Wall to Payload Airgap, R g
(/) (74.5 - 72.5) (12)
= = - = .008123
A (1) (38.5)(50.5)
\ (52 - 50.5) (i2)
' = - - _. =.001061
( Alige 1~ (2) (1) (2) (58.5) (72.5) °

A _ (60-58.5) (12) )
(A )side 2 (4) (50.5) (72.5) = . 001229

The above are coefficients for parallel resistors

1 1

Ris = Z_l_ - 1 1 1
— R 008123 .001061 .001229

>IN

( ) = .000532117/1t.
15

b. Lifting Lug Pockets, R,

These pockets, or cavities, extend from the container ouier

wall to the payload.

/=9.5i.n
A

- 2-1/2 x 8 = 20. in®
)\ _(9.5) (144) o
( A ) = T (20) (12) = 5.7/

There are two of thesc:

A

(____/) = L 2.857/it.
13 1

6. Combined External Air Convectiion and Radiation

- <

Following application of the simulated 1475 degree {ire ine outer

box wall is assumed to be coolcd by combined air convection

MBCZANICS RESEARCH INC. -92-



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). -

gq=(hc+hr) AS T
h = (hc +hr) @ 150° 8T = 2.40 (Avg.) Btu/ft2-hr/°F

R= 41— o 1(3600sec/hr)
12hA (2.4 Btu/ft°-hr/°F) (249. 6 £t2)

6.01 °F/Btu/sec
‘This resistor switches in @.5hr.

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+%a)6cose

where Wc is the cover weight and Wp is the payload weight. For the subject
overpack 6 = 36° 40' and cos 6= 0. 802.

PATENT PENDING

.9
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3
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CCHNNECTING SESISTORS -~ & TOTAL
IJ NOTI PESISTANCE  ID  NODE PESISTANTE i1
12 IC 1000021 1t 12 .63u53eC1 14
15 10 +10C00+51

NIDE NO. 12 NODE 10 127 ' CL
CAPACITANSE = «7590C00+23 BTU/DEG.P
CINITIAL TEMPERATUOE = «5296900sC3 DES.R .
CONNECTING PESIS TORS - 1 TOvAL
10 NODE RESISTANCE 16 NODE RESTSTANCE 1D
11 “11 60880421
NODE N9, 13 MODE 1D 13 L
CAPAZITANCE =  -.1G00CGO+01 BTU/DEG.R
. INITIAL TEMPERATUAE = +£296900+83 DEG. R
T 777 CONNECTING JESISTORS -° 1 TOTAL

I0 NODE RESISTANCE 10 NOOE RESISTANCE 10

J5 1?2 2 +10020+3)
7

nOTE PTSINTANCE

10 .1770NG0

KODE RESISTAMCE

NCOE RESISTANCE

~ PATENT PENDING
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QUTPUT VARIABLES BY CLASS

TD.( ,IENT PROBLEM PATENT pENDlNG

TIME = .C02CCT0 SEC.
MINIMUM RC PROOUCT = .CC0C003 SEC. =-=-=-=- FOR NODE c 4
"NJ. OF INCREMENTS = -0

CLASS 2 - TEMPERATUREs T

10 DEGRFES F 1D DEGREES F 10 DEGREES F 10 DEGREES 7
1 1475.3100C30 2 72.006263 2 3 770.0000%00 4y 70.0CCConS
5 75.C000000 6 © 70.0000C02 7 7C.2000020 8 7C.0COC0CC
5 7C.0CCCC0C 10 70.60CCD5 0 11 7C.GCO00CS 12 c.ccoooeot
13 C.200CGCO
TIME = .6500C00+02SEC,
 MINIMUM RC PRODUCT = «27639204C1SEC. ----- FOR NCDE 10 .
qu??,ﬁ INCREMENTS = &3 )
CLASS 2 - TEMPERATURE. T
iD SEGREES F ID  DEGREES F 15 DEGREES F ID DEGREES F
1 1475.3100C00 2 371.10518CO 2 81.8531€50 4 70.155222
S C.0C13610 s 70.50250CC 7 ~ 70.C03CC00 8 7C.CCCO0Co
3 7C.C001140 10 70.5094 140 11 70.00€6882C 12 7C.0C0CCC
13 70.C000020 . :
TINE = «5999993+C3SEC.
__MINIMUM RC PRODUCT = «2757491+01SEC. ----~ FOR NODZ' 1C s
_NO. OF INCREMENTS = 43 '
CLASS 2 — TEMPERATURE. T N
1D DESREES F 10 DEGREES F 10 DEGREES F 10 GEGREES F
(; 1475.3106000 2 1446.690900D 3 . 757.822220% 4 214.9907C
s 92.2981729 6 72.6970590 7 70.28C1748 8 780.1376¢
Q 70.8472440 10 72.713228¢ 1 72.8228020 12 70.21219
13 7C0.0030GC0
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ENCLOSURE

USAEC - Mr. Donald Nussbaumer
August 28, 1970

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. Description of Cask Contents

(1) Radioactive Constituents - Identification and Maximum
Radioactivity

(2) 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, Sub-
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-233 200 grams/sccondary containcr
(b) Pu-239 200 grams/sccondary 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 ternperature is the temperature at which a time
vs. temperature decomposition of the foam begins. Lab-
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 degrces
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
WK" 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: '

q = (350 - 180) 0.148

0 or 2.52 Btu/hr/sq. ft.

Since the ends have 35 inches of foam thickness, the temper-
aturc gradient would be less, between 5 and 6 degrecs per
inch of thickness, as well as the heat loss per squarce foot,
or 0.72 Btu/hr/sq. ft.
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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. Thisarea
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'
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 per watt, the container has a capacity of 294
watts or derated 20% 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
1,000/144 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 Super 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 sorme unstable:
natural organic polymirs that may be found in nuclear wastce.
(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 steeldrum resting on a flat surface produces a line contact
as shown below:

'PATENT PENDING
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On impact, it was found that the line contact was increascd to

a dimension that never exceed the radius of a drum. Maximum
floor loading was reacted over an arca 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 & % 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:

(2) 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. (6'x 6'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 climinate secondary impact. Sccondary con-
tainers will be blocked, as necessary, within the container
using timbers, crushable, or inflatable dunnage.

PATENT PENDING
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( 2. 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 Pagelof this enclosure

The fissile material quantities specified in Pagellof 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 enclosurc
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 arc not applicable.

PATENT PENDING
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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.1. corner
casting is enclosed. Cable loads for the lower castings are reacted
by the shear area denoted Area "A.' (See Dwg.)

llA'l
A= | %%) (21/2) + () (2 3/16) = 2.985

Fs = 36,000 psi (See vendor specification sheet #1
. 30% Maximum Carbon Stcel)

Allowable load in double shcar/fitting.
P, = (36,000) (2.985) (2)

P, = 215,000 lbs.

- . i HBH
( A= (11/8)(21/4)= 2.53
' Pp = (36,000) (2.53) (2)

Pg = 182, 200 lbs.

(2 gts 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 1lbs.
Since one fitting will react:

cos 45° (182, 200) or 128, 800 1bs.
4 (128,800) _,

rreree - DATENT PENDING

M.S. =

M. S.

(

/
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SPECIFICATION #1 - .30% MAXIMUM CARBON STEEL

P A A e e e e e

1.0 CHEMICAL REQUIREMENTS ' " v MINIMUM/MAXIMUM EXPECTED
Carbon ~ .30] .26
Manganese .50 .70 .65
. Silicon .30 .60 .45
Phosphorus B .05. .03
Sulfur ' ' .05 .03
2.0 PHYSICAL PROPERTIES MINIMUM -EXPECTED
. Yield, P.S.I. 42,000
) . " ‘Tensile, P.S.I. 0,000 . 74,000
) Elongation, % in 2" 22.0 26.0
Reduction Of Area, 7 35.0 44.0
Brinell _ 180 Max. <
3.0 HEAT TREATMENT See Specification 600-2 and 600-3

Anneal 1650° F, Furnace cool to 800° F.

Normalize 1650° F. Temper 1100-1300° F.
Must be stress relieved after welding.

4.0 WELDING See Specification 100-1 , ’
- Filler Metal ASTM A233-64T Class E-7018
MIL-E-22200/1C Class MIL-7018

5.0 APPROXIMATE EQUIVALENT SPECIFICATIONS

ASTM A27-65 Class 65/35
ASTM A27-65 Class 70/36
ASTM A356-60T Grade 1
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 Pace_L_
Carbon Steel or .
~- : SPECI :g
____ | : DE LAVAL TURBINE INC. -
8/14/ mm?ﬂ Rev, 2 530 — 83T AvVENUC £1
. * -109 OAXLAND, CALIFORMA 94621
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( (5 g's Lateral)

Lateral loads are reacted by a minimum of four fittings and
again assume a 45° reaction direction:

p*

Load = (5 g's) (45,000 lbs.) = 225,000 lbs.
Capability = 4 (182, 200) cos 45° = 515, 200 lbs.

515, 200 _
225,000

M. S. 1

M.S. = +1.29

(10 g*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 45° [_Z (182, 200) + 2 (215, 000)

561, 600 lbs.

,.,,~
"

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 tcar out or shear failure of a portion of the fitting.
Since cach fitting is isolated within the triangular cavity formed by the
diagonal gussect 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

pussess capability as calculated for Section "B."

.. Capability = 4 (182, 200) = 728,800 lIbs.

Conservatively, assume a 30° sling. pATENT pENDl’

[
5
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TWIST LOCK APPLICATION |

I
i

"-

‘d

PATENT PENDING

: ~ ANNEX A :
EXAMPLES OF CORNER FITTING ENGAGING, LIFTING, AND SECURING DEVICES

SPREADER
. TWIST LOCK

-

h) ¢ TIE DOWN FITTING TIE DOWN WITH CORNER GUIDANCE

b

FROM FRONT OR SIDE

-111-



ANNEX B

EXAMPLE OF USE OF CORNER FITT INGS IN RAILWAY AND ROAD VEHICLE APPLICATIONS
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30° Miw

_ (728, 800) (cos 30°) _
= ’ e

M.S. = +LarEe

M. S. 1

.. Lifting capability meets requirements listed in Chapter 0529,
Page 18,033 1II, 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.

1+J ki
« =

A) Bending moment at bolt centerline:

' W= 938 1b/in.

till

ol

L o

w = (5) (45, 000) /240 = 938 1b. /in.

x = 35

L= 240

Mg, = wx (L - x) /2

(. ~ Mg = (938) (35) (240 - 35) /2
M¢ = 3,365,000 in. -lb.

Conscrvatively assume only the bottom two bolts react this load:
Ppoit = (3, 365,000 in. -1b.) /(2) (93)

Pyoit = 18,100 1bs.
Allowable Bolt Load = 80, 700 at 125 ksi

.~ Margin of Safety (Bolts)

80, 700

M.S. = -1

»

M.S. = + Large PATENT PENDING
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B) Max. Shell Bending Moment:

Munax = S - PATENT PENDING

(938) (240)2 /8

Mmax

M

max = 6,753, 600 in. -1b,

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 (111/2) (.1875) + (16. 3) (.1046)

4.3 +1.7

Area

Area = 6.0 in.

s
"

M/2hA

=S
"

(6,753, 600) /4 (96 - 111/2) (6)
(¢ , fo = 6, 660psi
- | Fey= 46,500 psi
Margin of Safety:

M.s. = 28300

M.S. = +Lar§e

Conclusion: The proposed container is capable of safely reacting
loads set forth in Paragraph 71. 32 (a) of 10 CFR Part 71.

PROTECTIVE PACKAGING, INC. 5.
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5. We believe an analysis of the end closurc 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 11 x 1/8'" 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 requiremeﬁt es-
tablished to protect against submersion to a depth that will produce
25 psi? If so, itis 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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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.

Prototzge:

e S BP 1975 PlITITYFE <£Lréi
268 PHOPIcTION R,

B : | } p bbb

r‘ I W WA W W W W W W W W W W W W WS VIR VA VA SR S

PROOU T 1D

7 w 7/
|7 / /
P

ey ) .5 PROTOTYVE )
.2< S

P
I
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4
d = -%%I— Where: -
3 w= 7.1 psi
dz = i I=(.1873)3 /12 = . 00055
E= 3x107 psi
dg = Gap G= .5 in.
. wL¢  pL3
"Gt gEr - IEM < ©
Solving for P as a function of L:
P = 3Eldg L-3 + 3/8wL (Eq. 1)

Differentiating and set to 0:

$£ = -3EIqgL? 4 g =0

L = 4’7ZEI dg
3w

( Solving for L:

L = 13,23 inches (Point at which end plate contacts cap. )
Solving Eq. 1 for P:

P = 46 1b. /in.

Seal deflection can be calculated by:

R " pATENT PENDING
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Where. PATENT PENDING

P = 46 b, /in.
S= 5in,
E= 3x107 psi

3
_._.r.____(z) (';_875) = 1.1x10°3

1=

i = (46) (5)%

8 38 x1 .1 x 107
dg = 2.27 x10-3

Therefore, the seal area will be opened by approximately:
dg = .00227 in.

Bolt load:

(o | - Pp = (46 1b. /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:
L = 4172 Eldp
3w
Where:
E = 107 psi
dp = .5 in.
w= 7.1 psi

I=2(.25)3 /12 = . 0026
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L= 3/72 (107) (31.(;:;)10-3) (.5) PATENT PENDING

L=19.7in. -

Solving for P:

(3) (107) (2.6 x 10~3) (. 5) s 302.109.7)
(19.7)3 8

P =

55 1bs. /in.

He

P

Seal Deflection:

g ps4 I=.089 in.4 : .,
S 384 EI 2ol xg L

4 - (55) (10)*
5 {384) (lO’) (8.9 x 10-¢)
dg = .00161 in.
Bolt Load:

Py, = (55 1b. /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
arc 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.

i, L
LT
e 1

:l!l... - - \‘
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B) External End Cap Attachment pATENT p:k"’)!NG

Presently, ten 1' diameter 120 ksi bolts secure the end cap.
Bolt capability based on minimum pitch diameter is:

P

1low = 81,000 1b. /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 1bs.) (25 g's) = 750, 000 1bs.
Capability = (10 bolts) (81, 000 1bs.) = 810, 000 1bs.

810, 000

M.S. = 755500

-1

M.S. = + .08

——

.

e 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 = (7.1 psi) (76)% = 41,000 lbs.
This load can easily be reacted by the 810, 000 1b. 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 sot 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 productio-:
configuration has been altered so that the 1/2 gap between the plate ana
end cap has been relaxed to 1/4" maximum. By providing relicf holes
for the bolt heads, the plywood back-up can be brought up with 1/4% 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 deflection cal-
culations, it is concluded that the production design will provide higher
compressive scal pressure than that of the prototype design test. It
will provide a pressure tight seal.

PROTECTIVE PACKAGING, INC. ,,;_



PATENT PENDING

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 1/8" back-up plates
were not required was based on the foams ability (35' 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
foan is weaker in tension than compression, it fails on approximately

a 45° shear plane.
* R

i ' /;-.—ourxzaé
I N o

FOAM

e TNSIOE

In actuality, it compresses a cone of foam.

[Vol. (in. 3)J [Crush Strength (psi)]

3
lgh_ F

Energy

Energy c

KE = ws

Solving for h:
h=3 —%."-s. Where:
mEc | w = 45,000 lbs.
= 40 in.

s
F. = 200 psi

_1?/(3) (45, 000) (20)
Y A €7 I ¢0] ) N

h = 20.5 in.

(,
 PATENT PENDING
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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-ﬁp 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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9. Test to insure the inner cavity has been properly sealed.

The scal 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. -

Scal installation problems originating during prototype testing werc
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

adhesion.

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 scal is properly sealed is described as follows:

1. Load contents into Super Tiger, close cavity cover
and secure all bolts.

2. 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.

-127-
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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 cxternal
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 to-the Super Tiger application.
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TORNADO DESIGN CONSIDERATIONS

Although this is not part of the requested information, we have corporate
intcrests in using the Super Tiger to haul waste to Project Salt Vault in
Lyons, Kansas. Since this area is "Tornado Allev", 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. 0"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 1950'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 CONSIDERAT IONS

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 Supcr
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 v.e 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.

Surfacc 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
stcel 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 foam
from forming freon bubbles, the material forms a very strong bond on
the steel, which has adhesion and shear strengths much higher than the
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.

PROPRIETARY DATA
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Temperatures as much as 40 degrees lower than the boiling point 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 45° to
60° 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
dcgrees 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

TRO-J1ETARY DATA
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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 uscd to get the degree of rigid cell structure required. The reaction
time 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 nceded to
"shear! the various materials into one homogenous blend so that the
matcrials 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
'crust'' during larger pours. This is like the raised loaf of bread that
( y 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 Ply-
wood 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 pro-
blem 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 predictabl e
way. As an example, cutting the amount of freon in half is cutting the
density of the mixture by almost 50%.

l.1 FOAM QUALITY CONTROL DURING INSTALLA TION

Refer to PPI Quality Control Document F17, attached. .. ...

R cem s

This docurent contains proprietary in-
formation of Protective Packa~ine,

( PATENT PENDING izl e oo

thers or usad for olilnp
* poses for which tran- i‘+:3
tiw prior written permiz:ien by
etiv: Psckaging, Inc.

PROTECTIVE PACKAGING, INC. with

124



2.0 WELDING PROCEDURES

Good welding techniques and equip-ment, 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 con-
‘tainer 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. BROTRIDTANY Dim
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Protective Packaging, Inc.
Quality Control Document
No. Fl17 Rev. 0
Date: May 4, 1970

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 ziant 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/ft? 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 degrecs 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 0z. and 1b, , 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).

o

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 ac-
complish 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 1b. 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
strcaking is obvious, the pour should be madec 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!ﬂePRMMTA
indications should be 'flagged' at once.
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(_ : 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 1b. per cubic foot. a

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:

( R ‘ Foam Type Dynamic Crush Strength
A v 100 psi (+ 30 psi, - O psi)
B 200 psi (+60 psi, - 0 psi)

Dynamic crush strengths to be measured at 530 in. /sec.

PATENT PENDING
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Protective Packaging, Inc.
Quality Control Document
No. _wj3 Rev.

PATENT PENDING ¢ —Mav 41970

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.

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 steel
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.

PROTECTIVE PACKAGING, INC. _j4.



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,

PROTECTIVE PACKAGING, INC. -142-
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SIEUULERESEE  PATENT PENDING
"Packaging shall be adequate to assure that the containmeht vessel will
suffer no loss of its contents if subjected to an external pressure of 25 psig. ™

Where Packaging is defined as: 'Packaging 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 equipment!'’.

(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
geen 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
pressure acting on the lid. This produces a seating stress well in
excess of the 200 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,
Page 19, 20 and 2l 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.

Sb~ _ Where: S = 30,000 psi
Etz = 277 b = 76 inches

' E= 107 psi

4 t = 1/4 inch
Wb _ 1,770
Et4

Solving for W (allowable pressure)
W= 2.07 psi
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This is a2 somewhat conservative number since the analysis is only valid in

the elastic range. Actual ultimate pressure capabilities will exceed this
clastic 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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SUPERTIGER CORNER COLUMN STABILITY ) ATENT 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 Euler's load formula, the critical allowable load is:

2

P,..= 4 EI
L2

Where: E = 3 x 107 psi

"I = 88.1 inch4(See attached calc.

7. 686 inch®

L = 205 inches

2 7
P__= ar 2 (3x107) (88.1)
(205)%
P__ = 618, 462 1bs.
cr

T he allowable compressive load based on yield strength is:

C S ; PY = (46, 000 psi) (7.686 inchz)

va = 353,000 1bs.
T herefore, the corners will fail in compressive yield prior to buckling.

Compressive Loads:

A 30° lifting sling will produce the following compressive loads:

-~ P 309%™
1 |
( (45, 000) (3gts) \

PROTECTIVE PACKAGING, INC.
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p = (45,000 1bs.) (3 g's)
(2 sides) (tan 30°)

P = 17,000 1bs.

Margin of Safety:

_ 353,000 _
= 17

s Large PATENT PENDING

1

S
n
"

Conclusion:

The Super Tigeré is capable of reacting the loads experienced during
lifting with a 30 sling.

(

PROTECTIVE PACKAGING, INC.
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SUPER TIGER BOLT CLOSURE ANALYSIS P ATE NT pENDlNG

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 g's. v

~

9% .

1 RAS.
s
S

tan = 96/240 = .40
A= 22°

. 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 o dy.

M'L SIvet

V/,co.s«.—«
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PATENT PENDING

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. ‘

\4—\

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 @) and the upper container
in addition to the shear forces.

A. Shear Loads:

P, = (Wp + Wy, ) sin &« (g's)
Pg = (30,000 + 12, 000) (. 375) (24.9)
Pg = 392,000 1bs. or 39, 200 1lb. / bolt

}
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’

( B. Tension Loads:  PATENT PENDING

Interface bending moment is given by:

My - o

M= [Wp sin o« Lp + W, sin« L, + Wy, cos« La] g's
Where: Wp = 30, 000
Wp = 12, 000 1lbs.

TN

LP = 88 inches
Lb = 115 inches
L, = 48 inches

o = 22°
g - 2409

M,= [(30, 000)(. 375)(88) + (12, 000)(. 315)(115) + (12, 000)(. 927)(- 48)] 24
M,= 24.241 x 106 in-1bs

PROTECTIVE PACKAGING, INC.
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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:

Py = [ﬂz\'(l)z (46,000) | 4

P4 = 144, 000 lbs.

2. Angle: (See page 28, Figure 3 of Amendment)
(3/16) (92) (2) (46, 000)
155, 000 1bs.

P

a

Py

3. Friction:
Bolt Clamp-up is about 40, 000 lbs. based on 400 in-1b torque
Pg¢ = (10) (40, 000) (1/3)

P = 134, 000 1bs.

Total of: 433, 000 lbs. PATENT PEND'NG
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Assuming a 'triangular bolt load distribution:

M_ = (93P + 70.5 P, + 48 P3 + 25.5 P) 2
Py = (932 + 70.52 + 482 + 25.5%) = 93 M, /2

Py = (93) (24, 241, 000) /2 (16573.5)

P) = 68,012 lbs.

Margin of Safety:

Bolt Stresses:
f, = 68012 / ( ¢ /4) (1)?
f, =.86612 psi
£, = 39200 / ( at /4) (1)?
fg = 49920 psi

Combined Stress:

S = ftlzt\/ ()2 + £5°

2

S = 109, 406 psi

Margin of Safety:

M.S. = 120, 000 -1
109, 406

M.S. = +.095 PATENT PENDING
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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 32106, Figure 1.

40 inch puncture Test No.l 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 Ene rgy

£ Energy = 0
Wh=PE+1lmvZ+1Tw2
z z

V= rw
Wh = PE + 1 W2 (mr2 + 1) (Eq 1)
» Conservation of Mor:entum
( S Syst Momenta —e= Syst Ext Imp. = Syst Momenta

(-l- ' Components
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f i
P,PE

mv_= Pt +_mv1

Where: t = ZEIvo
vy= Tw
mv_= -%FE + mrw
o v
o
Solving for w?
2PE, 1
W= lmvy - 3= ) i
o
v
_ 4 0 2 PE
w = (r mv_T )
2 Yoo  4FE . PE? (Eq 2)
W= (— - =, + ) .
r mr mv_ r
. o
Solving simultaneous equations Eq 1 and 2:
v 2 -—E _EZ
_ B, 1 2 o 4 P 4 P
Wh= PE+s(mr"+I) (5 -—5 = + ——5— )
T mr m-v _“r

PROTECTIVE PACKAGING, INC. PATENT PEND'NG
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Substitute and solve the quadratic equation for PE: p ATE NT pENDING

Where: m = 45000 / 32.2 = 1400

v

14.62 fps

h = 40 inches

[ a]
n

f% m(a.2 + bz)

- _1_ 30000 1 15000
1 = v (—sz-.—z-) (64 + 196) +]§ —3-2-.—7(64 + 400)

1

38198

r 6 ft. (End of Breakaway Plates)

W = 45000 lbs.

2
(14. 62)° -

(45000)(40) / 12 = PE +%[(1400)(36) + (38198)] L
(6) (1400)(36)

P e PEZ]
(1400)2(14. 62)%(36)

0 2

150000 = PE + 44299 (5.93734 - . 00007936 PE + 2.6522 x 10'1 PE")

5

1.174875 x 10" ° PE - 2.51601 PE +113,018 = 0O

_+2. 51601 V(2. 51601)% - 4(1.174875 x 10"°) (11. 3018 x 10%)
| 2(1.174875 x 107°)

PE

2.51601 - 1, 00947
2(1.174875 x 10"°)

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 contaners 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
.ae 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 quadratic equation for PE for a point 3.5 ft. from the
center:

Where: m 45000 / 32.2 = 1400

v = 14.62 fps
h = 40 inches
oL a4 b2
I = z m(a” + b")
1 =& 30000 (64 +196) + 3 pg- (64 + 400)
I = 38198

r = 3.5 (End of Breakaway Plates)
W = 45000 lbs.

2 ,
14.62)° - 4 P
(3.5)°  (1400)(3.5)

(45000)(40) / 12 = PE + %[(1400)(12. 25) + (38198)][(

+ 4 _P1
(1400)°(14. 62)%(3. 5)°

150000 = PE + 27674 (17. 4485 - . 000233 PE + 7. 7942 x 10710 pE?)

2.1481389 x 107 PE? - 5.454575 PE + 332870 = 0

- 5.454575 - 1. 072543
2(2.1481389 x 107 ")

' PE = 102317.5 £t. - lbs. PATENT PENDING |

PE
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Skin strength capability is related to the thickness squared (tz) per Timoshenko,
"Theory of Plates and Shells'. Since combined skin thickness of (3/16 + 1/8 + 1/8)

exists at the center:

M

tcz = (.1875)% 4 (.125)% + (.125)%

t = .066
C

Based on the foregoing energy calculation, the required thickness at a point
6 ft. from the c.g. would be: :

t52 = (.066) (64115) / 150000

2

ts = .0282

tg = .16796 inch

The margin of safety, based on the proposed design of no breakaway plate
beycnd 6 feet, is as follows:

M.S. = 1875 -1
( ) ©.16796

M.So = + -116

Based on the foregoing energy cal culation, the required thickness at a point
3.5 ft. from the c.g. would be:

t52 = (.066) (102317) / 150000

= .0450

(S,
|

.2122

(5]
it

The margin of safety, based on the proposed design of noc breakaway plate
beyond 3.5 feet, is as follows: .

PATENT PENDING

M.S. = — 5177

M.S. = + .473

PROTECTIVE PACKAGING, INC.
‘ -159-



LS

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. c.g. (by test). _

2. Container edge (by test).

3. fore or aft of c. g. (by analysis).

PROTECTIVE PACKAGING, INC. | PATENT PEND'NG
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