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APPLICATION
FOR
NRC CERTIFICATE OF
AUTHORIZING

SHIPMENT OF NUCLEAR MATERIAL

NUPAC MODEL OH-142 PACKAGING

0.0 GENERAL INFORMATION

0.1 Introduction

The Model OH-142 packaging has been developed by Nuclear Packaging,

Inc. as a safe means of transporting Type "B" and large quantity
levels of radiocactive materials in all forms other than liquids.
Fissile radiocactive material is limited to ol exempt quantities
licensed under 10 CFR 71.9 and IAEA Safety Series No. 6, Section
Authorizatio s sought for shipment by cargo vessel, motor

vehicle and rail

rontained




NuPac OH-142 SAR

0.2 Package Description

0.2.1 Packaging

0.2.1.1 General Description

The Model OH-142 packaging is a reusable insulated and shock
absorbing shipping package des®ned to protect radiocactiva material

from normal conditions of transport and hypothetical accident

conditions.

Dimensions, & Fabricat ing

Materials of Construction,

Methods

General Arrangement drawings of the Model OH-142 packaging are
in Appendix 1.10.1 They show the overall dimensions

included

well as the material.
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filled with a shock-and-thermal-insulating material consisting of
rigid polyurethane foam having a density of approximately twenty
pounds per cubic foot. The insulating material is poured into

the cavity between the two shells and allowed to expand, completely
filling the void. Here it bonas to the shells creating a unitized
construction for the packaging. Mechanical properties of these
materials are further described in Section 1.0 below.

For the Mark O design (baseline), the lower impact limiter is ar

integral part of the shield body and is secured by means of eight

1

3/4 inch diameter ratchet binders (160,000 lbs. each). A 24 inch
diameter secondary lid is located in the center of the primary lid.

a
It is secured by means of eight 7/8 inch diameter bolts. Both are
fabricated from two thicknesses of 3 inch thick steel plate. A 29
inch or 16 inch diameter secondary lid is »rovided as options. The
29 inch lid design emnlovs eight one-inch diameter bolts instead ol

the 7/8 inch bolts.
The shield body consists of an external 1-1/8 inch (1.0 inch on units

.

manufactured from AS516 gr. 70) thick outer and 1/2 inch thick inner
h hree and half inches of lead is located between

carbon steel s
the two for shielding.
Lifting lugs and tiedowns are a structural part of the package.

-

6 small 19 inch diameter lids. A central 6" diameter l1lid (as in
the Mark iesign) ma also be used with the Mark I configuration.
The Mark II configuration differs from the baseline design 1in

that the vackage bottom has been made ientical to the existing ton.
The 24 inch secondary lid (29 inc diameter optional secondar 11d)
is not included in the bottom 'he package 1 e almost totall
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The lower impact limiter in tue Mark II version is retained in
place by ratchet binders which are attached to the upper impact
limiters in 8 locations. This causes the lower and upper impact
limiters to be pulled toward each other and against the ends of
the cask effestively securing them in place. This arrangement
allows the removal of both the lower and upper impact limiter for

top or bottom loading.

The lower impact limiter in the Mark I version is fully welded
to the cask outer shell and bottom. This version can only be

top loaded.

Material on the Mark II is AS516 and uses 1" plate on the external

skin vs. the 1 1/8" A-36 used on the baseline package.

In all other respects the Mark I and II are identical with the

baseline configuration.

All Mk II cask welds are designed as full penetration and are made
in accordance with weld procedures qualified to ASME, Section IX
requirements. This is verified on all lonaitudinal welds via

full radiographic inspection. All circumferential welds joining

the inner and outer cask shells are made utilitizing groove configu-

rations, that assure full penetration. Integrity of these welds

is verified via magnetic particle inspection.
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0.2.1.3 Containment Vessel

The overpack itself is not intended to be the containment vessel.
It's prime function is to reduce the severity of the hypothetical
accident conditions such that the transportation cask can serve
as the containment vessel.

As can be seen from the drawing in Appendix 1.10.1, the con-

tainment vessel uses two 3" thick steel plates joined together
to provide a 6" thick steel 1lid assembly.

A high temperature silicone gasket is employed in the primary
and secondary lid interfaces. The secondary lid also uses a
redundant neoprene seal. To assure seal integrity, an operation
and maintenance program is prescribed together with a leakage
test on the containment vessel prior to its first use. (Refer
to Section 6.0 and 7.0 below)

Waste products are contained within heavy gauge disposable steel
liners. In the case of dewatered ion exchange resins, the liner
is pressure tight to 7 psig, thereby providing redundant contain-
ment capability (22.5 psig for Mark II only).

0.2.1.4 Neutron Absorbers

There are no materials used as neutron absorbers or moderators
in the Model OH-142 packaging.
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0.2.1.5 Package Weight

Gross weight for the package is approximately 64,000 lks. This
includes an estimated payload weight of 10,000 lbs.

0.2.1.6 Receptacles

There are no internal or external structures supporting or

protecting receptacles.

0.2.1.7 Drain Port

The cask is provided with a 3/4 inch NPT pipe plug and drain
systems. It's use is for removal of entrapped liquids, i.e.,

rain, decontamination fluids, etc.

0.2.1.8 Tiedowns

Tiedowns are a structural part of the package. From the attached
general arrangement drawing it can be seen that four reinforced
tiedown locations are provided. Refer to Section 1.4.4 for a

detailed analysis of their structural integrity.
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0.2.1.9 Lifting Devices

Lifting devices are a structural part of the package. From the

general arrangement drawing it can be seen that three reinforced

lugs are provided in the mark II configuration and two reinforced

lugs are provided in the Mark I configuration.

0.2.1.10 Pressure Relief System

There are no pressure relief valves.

0.2.1.11 Heat Dissipation

There are no special devices used for the transfer or dissipation
of heat. The package maximum design capacity is 400 watts. How-
ever, this value may be exceeded if it can be demonstrated that
actual equilibrium temperatures with the higher heat load are still

within allowable limits.

0.2.1.12 Coolants

There are no coolants involved.

0.2.1.13 Protrusions

There are no outer or inner protrusions except the external ratchet
binders described in 0.2.1.2, above, and these are located within

the envelope protected by the overpack.
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0.2.1.14 Shielding

The contents will be limited such that the radiological shielding
provided will assure compliance with DOT and IAEA regulatory

requirements.

0.2.2 Operational Features

Refer to the General Arrangement drawing of the packaging, in
Appendix 1.10.1l. There are no complex operational requirements
connected with the Model OH-142 packaging and none that have any

transport significance.

0.2.3 Contents of Packaging

This application is for transporting the following radioactive

materials as defined in U.S.A. and I.A.E.A. regulations:

a) Type "A" quantities in normal or special form;

b) Type "B" quantities, in normal or special form, as defined
in 10 CFR 71.4 (q) and I.A.E.A. Safety Series No. 6, Section
1v for Type B(U) packages;

¢) "Large Quantity" radioactive materials, in normal or special
form, as defined in 10CFR 71.4 (f);

d) Fissile quantities are those limited to the amounts as generally
licensed under 10 CFR 71.9 and I.A.E.A. safety Series No. 6,

iection VI;

0-8
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e) The chemical and physical form of the package contents
will be in all forms, other than liquids. This will include
ion exchange resins in a dewatered state and miscellaneous
radioactive solid waste materials such as pipe, wood, metal

scrap, etc.

The contents of the packaging shall not exceed 400 watts of
internal decay heat, and shall be so limited to those
quantities of radionuclides which result in acceptable
radiation dose rates on the exterior surface of the package

( 200 mr/hr.) and at 2 meters from the cask surface ( 10 mr/hr.)
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1.0 STRUCTURAL EVALUATION

This Section identifies and describes the principal structural
engineering design of the packaging, components, and systems
important to safety and to compliance with the performance re-

quirements of 10 CFR 71 and I.A.E.A. Safety Series No. 6.

1.1 Structural Design

1.1.1 Discussion

The principal structural members and systems in the Model CA-142
packaging are: (1) the overpack; (2) the primary containment
vessel or transport shield, as described in Section 6.2.1, above,
and; (3) the disposable carbon steel liner. The ¢bove components

are identified on the drawing as noted in Appendix 1.10.1. They

work together to satisfy the standards set forth in subpart C of

10 CFR 71 and applicable sections in i.A.E.A. Safety Series dJo. 6.
A detailed discussion of the structural design and performance of

these components will be provided below.

1.1.2 Design Criteria

As noted above, the waste products such as dewatered ion exchange
resins are contained within a welded heavy gauge disposable steel
tank or liner. Resins are pumped into the liner where the carrier
water is drawn off leaving only the dewatered resins behind. Liners

used for dewatered resins have been pressure tested to 7 psig to
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substantiate their integrity. Liners are placed within the com-

bined transportation shield and overpack.

The shield top and bottom are constructed to two-three inch thick
steel plates laminated together to provide a full 6 inches of
solid steel. Cylindrical side walls have an external skin of

1 1/8 inch steel plate and an internal skin of 1/2 inch thick
plate. These two plates encase 3 1/2 inches of lead resulting

in a total side wall thickness of 5 1/8 inches.

An overpack or impact limiter provides localized protection to
those critical areas of the assembly, one of which is the primary
1id to body interface or seal. This area must receive minimum
deformation during impact, as well as not exceed a maximum
temperature of 500° F. Due to the design of the seal area,
direct compression, or crushing of the seal is not possible.

From the drawing it can be seen that the seal is recessed below
the 1 1/8 inch thick plate. Use of a thick silicone seal will

allow the joint to open more than 1/2 inch before sealing is lost.

1.2 Weights and Center of Gravity

The weight of the overpack, cask and liner (or payload) will not
exceed 64,000 pounds. The overpack and cask weight is approx-

imately 54,000 pounds. The center of gravity for the assembled
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package is located at the approximate geometric center of gravity.
A reference point for locating the center of gravity is shown on
Drawing Y-20-200D. (See Appendix 1.10.1).

1.3 Mechanical Properties of Materials

The Model OH-142 packaging uses an outer and inner shell fabri-
cated of various thicknesses of low carbon hot rolled steel.
Material properties of the steel are as follows:

A-516 A-516
A-36 (Grade 60) (Grade 70)

Per MIL-HDBK-V ASME ASME
Ftu = 55,000 psi 60,000 psi 70,000 psi
Fty = 36,000 psi 32,000 psi 38,000 psi
F’u = 35,000 psi 36,000 psi 42,000 psi
Fbrg = 90,000 psi 90,000 psi 90,000 psi

Rigid polyurethane foam fills the cavity between the steel shells
of the overpack. This material will have a density of approximately
20 pcf and be of a self-extinguishing variety.

Figure 1 represents the stress-strain curve for the NuPac NPI.F6
foam used for this package. The curve provides both minimum and
maximum compressive properties and was derived from twenty samples
of varying density and grain direction. A 95% probability factor

was applied to the standard deviation to establish the spread shown.

Foam Specification NPI.F6 defines the detail foaming testing pro-
cedure. It specifies that foam samples will be taken during the

actual foaming process and tested to verify that they are within

+ 10% of the mean curve at 10%, 30%, and 60% strains.
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@ ~HvsicaL PROPERTIES

Nominal Density, Ibs./cu. ft.

Compressive Strength
Ult. psi 77 F
ASTM D1621

Compressive Modulus
“E” psi x 103
ASTM D1621

Ult. Tensile Stress psi
ASTM D1623

Tensile Modulus
“E" psi x 103
ASTM D1623

Shear Strength psi
ASTM C273

% Moisture Absorption
(all cut surfaces 24 hrs.
total immersion)

Dielectric Constant at
9.375 KMC

Loss Tangent x 103

“K" Factor,
Btu Hr. Ft.2 In. F
ASTM C177

Flame Resistance
ASTM 1692-67T

Component Ratios
Isocyanate
Polyol

Lead shielding will possess those properties referenced in

ORNL~-NSIC-68, Table 2.6, Page 84.
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L PRODUCT NAME
ALBI.CLAD Intumescent Fire
proofing Mastics

2. MANUFACTURER
Albi Manufacturing Corporation
Cities Service Company
98 E. Main Street
Rockville, Conn. 06066
Phone: (203) 875-3385

3. PRODUCT DESCRIPTION
Basic Use: ALBI-CLAD mastics
are intumescent coatings applied to
provide fire protection for structural
steel and to extend the inherent fire
protection gf concrete or masonry.

ALBI-CLAD is used wherever a
lopélasting, durable, abrasion resist-
ant fireproofing is required.

a Udih‘n‘othc} whmhpe:d.d forms of

reproo whi water
of crystallizativr. or antnp:r:n air, the
intumescent coating generates a chem-
ical reaction when exposed to flame
or heat in excess of 300°F (148.9°C).
This heat activated reaction generates
a multi-cellular, carbonaceous foam
many times the thickness of the coat
ing. This cellular carbonaceous foam
serves as an excellent Il:ﬂ tempera-
ture insulator protecting the substrate.
Simultaneously, “t:h'ructio!u liberates
inert gases in orm of nitrogen
and carbon dioxide which starves the
flame of oxygen driving it further
away from the surface. The
carbonized surface acts as an excellent
radiation shield reflecting much of the

radiant energy input. Further, this
o & oherie o
ditional ing properties to the sub-
strate to which it is applied.

Limitations: Before applying
ALBI.CLAD over previously painted
or primed surfaces, test for compati
bility. If removal of incompatible
primers by sand blasting is not prac-
tical, apply a suitable barrier coat and
build-up to required thickness of
ALBI-CY.AD in multiple layers. Allow
drying of previous coat before apply-
ing the succeeding build-up.

When using ALBI-CLAD 89 prod.
ucts, observe Red Label precautions.
ALBI.CLAD 89 products contain aro-
matic solvent mixtures and should be
protected from open flame. Fire ex-
tinguishing equipment should be avail-
able during installation.

Vapors of ALBI-CLAD 89 products
may strong and irritating. Fresh
air hoods, masks and blowers should
be provided when application is in
confined area with inadequate venti-
lation,

The tenpont Spec-Oated® ‘ormat has been repro-
og from publications copyrighted by CSI, 1984,
i 1988, 1967, and used by permission of
Canslruetion leumu institate, inc.,
s, 0. C.

I

Composition and Materials:
ALBI-CLAD mastics are proprietary
formulations of resins, binders, pig
ments and reinforcing inorganic fib-
ers. Contains no asbestos.

ALBI.CLAD is offered in three
formulations t> effectively suit the end
use desired.

ALBI.CLAD 89S (standard): A
modified vinyl rich heavy-bodied mas-
tic containing pigments, resins, and
aromatic solvents. ALBI-CLAD 89S
is a standard all purpose formulation
for interior use on surfaces where
heavy service abuse is anticipated.

ALBICLAD 89X (exterior): A
modified vinyl rich heavy-bodied mas-
tic containing pigments, resins and a
blend of i ic fibers using an
aromatic solvent system. ALBI-H_AD
89X is recommended for exterior or
corrosive exposures and for installa-
tions subject to abnormal structural
movement.

Where ALBI-CLAD 89X is used for
exterior application to steel members,
a suitable and compatible rust inhibi-
Wim is requi-ed, such as Albi

primer (see below). Further,
wherever ALBI-CLAD 89X is used
for exterior application, a compatible,
fire-inert weather resistant coating
such as Albi 144 (see below) must be
applied to the exterior surface for
maximum durability.

ALBI.CLAD 101 (interior use
only): A latex base, water-emulsion
system, for interior applications only
in areas not subject to high-humidity
conditions.

Albis 4878 Primer: A recommended
phenolic primer for steel exposed to
exterior or highly corrosive condi.
tions. To be ied in accordance
with manufacturer’s directions to steel
substrate,

Albi 144: A fire-inert weather.
resistant coating, providing long-term
protection ofn&o ALBII-I&.A fire-
proofing, and ied in a choice of
decorative color finishes.

Sises: ALBI.CLAD is package’ in
55 gal. (208.2 liters) and 30 sal

(113.6 liters) drums or 5 gal. (.89
liters) pails.

Albi 487S Primer and Albi 144
are packaged in 5 or | gelion
(3.79 liters) pails.

Textures and Finishes: Spiay ap-
plication of ALBI-CLAD results in a
stucco-textured surface. Use a «iort
nap paint roller to smooth cown the
finish or correct unsightly drippings
and surface irregularities.

Colors: ALBI.CLAD comes ‘a 1
standard light grey finish. On large
size orders, special color pigmentati '
is available at a nominal up-chaige.

1-5
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4. TECHNICAL DATA
Fire Ratings: All ALBI.CLAD

formulations provide comparable
maximum otection at minimam
thickness. [-CLAD has been tested
and listed by UL Inc. under Guide
#40 U 18.12E. These tests on col-
umns and beams were conducted in
accordance with standard ASTM
E119 test methods and such reports
are available upon request.

ALBI-CLAD has been tested by
Factory Mutual as well as other inde-
pendent laboratories and has demon-
strated excellent fire protection
performance when subjected to in-
stantaneous flame tempesatures of
1800°F (982.2°C).

Research papers, puliished by the
Portland Cement Association, indi-
cates that a 3/16” (5 mm) application
of ALBI-CLAD to the undersurface of
concrete slabs can extend the compo-
site fire rating by approximately 1
hour. A 7/16" (11 mm) azbclm
of ALBI-CLAD can extend the compo-
site fire rating up to 2 hours. These
independent tests confirm added fire
protection value which could influ-
ence critical design of reinforced con-
crete as well as concrete
construction.

Physical Characteristics:
ALBI-.CLAD resists impact, abrasion,
vibratien, flexure and similar physi-
cal abuse. It cures to a hard, dense
film which will not dust, spall or
flake: is resilient enough to r-it ex-
pansior and contraction of substrate
without ‘iacking or delamination.

Withstands weathering (with
weather resistant coating) and .
mal shock without deleterious effect.

Chemical Resistance: Character-
istics typical of other vinyl films. Ac-
celerated weathering and aging tests
conducted at UL Inc. indicate that:
“after exposure to high-intensity ultra
violet Iigm.hydrogen sulphide atmos.
phere, sulphur dioxide—carbon di
oxide, and 9 months exposure to 90
humidity, at temperatures in excess
of 160°F (71.1°C), no significant ad
verse affect was observed.”

Specific Gravity: 1.2,
eight Per Gallon: 10.5 |bs. per
gallon 1.25kg/L)

061 sepesieans)
1.6 x""ianr
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Drying Curing Time: ALBI
CLAD dries to the touch within 10

to 15 minutes. Curing time to com-
pletely di occluded solvents—
6 to 14 days as determined by thick-
ness of application.

Cleaning and Thinning Solvents:
For ALBI.CLAD 89 products use
Toluol, Xylol or Albi’s 89 solvent mix-
ture. For ALBI-CLAD 101 use water.
5. INSTALLATION

Certified applications may be made
by contractors qualified .:J Albi.
Quality control is maintained by re-
quiring factory or on-site training of
applicators Tn proper application tech-
niqyes as well as undamentals of fire
protection requirements.

" Due to simplicity of equipment and
application techniques, company per-
sonnel can be properly trai to
apply it themselves under the super-
vision of company ufeg or fire pre
vention engineering stafi.

Preparatory Work: On new work,
masking need not be extensive be-
cause ALBI-CLAD overspray does not
drift or dust beyond the immediate
vicinity of the application. On exist-
ing work, where ALBI-CLAD will be
applied and have possible contact with
interior finish, equipment, etc. pro-
tection must be provided due to po-
tential attack by aromatic solvents.

Surfaces to receive ALBI.CLAD
should be dry and free of mill scale,
loose rust, dirt, grease and oil. Prim.
ing is required where the substrate
may be exposed to high humidity, cor-
rosive fumes or exterior environ-
ments. Wher primer is required for
Albi 89 use Albi 487S or other com.
patible primers possessing equal pro-

tective properties. primer is
requi for interior application of
Albi 101, use a suitable PVA primer.

On new or existing work, where
substrate is already primed, check the
compatibility of ALBI.CLAD by in-
stalling & sample area to determine
bonding adhesive characteristics.

Method: ALBI.CLAD is applied
directly from the shipping container
utilizing standard, heavy duty, pneu.
matic spray equipment. On small or
hard to reach areas. ALBI.CLAD can
be trowelled or palmed to the thick-
ness specified.

The thickness of the application will
depend upon the fire endurance rat-
ing specified. Measurement of the
application is based upon wet film
thickness taken at random with a
probe to assure adequate coverage.

Architects or owners approval of an
lp‘reli«i sample, larze enough to rfo-
vide a guide to the acceptability of the
finished work, should be part of the
mlﬁclnom and contract documents.

completed project must match the

thickness and texture of the approved
sample.

In exterior or humid locations, a
final weather resistant coating is re.
quired, such as Albi 144. The coat-
ing should not supress the intumescent
action of ALBI.CLAD when the com-
posite construction is exposed to fire.

Certification: Where required, cer-
tification of installation in accordance
with specifications can be obtained.
Upon completion of the work, the ap-
plicator will submit a certificate attest-

ing to the pr rate of coverage to
meet the specified fire endurance rat-
ing. To be the certification

should be signed by the applicator
and countersigned by the Albi Manu-
facturing Corporation.

The responsibility of i ion and
verification of correct thic appli-
cation lies with the representative of
the owner or architect who initiates
the request for certification.

Building Codes: Approval has
been granted by authorities in areas
governed by building codes and ac-
ceptance has been obtained by all ma-
jor insurance rating organizations.

6. AVAILABILITY AND COST

Availability: ALBI.CLAD is a pat-
ented proprietary prodléct. manufac-
tured by Cities Service Com
its authorized licensees. Am
is manufactured in the United States,
Canada and Europe. Shipment is
made from the nearest manufacturing
facility to the job-site or through au-
thorized warehouse distribution
centers.

Cost: Wherever fire protection,
coupled with long-term durability,
abrasion resistance and weather-
ability is required, ALBI.CLAD offers
the maximum benefits for the money
expended. While more expensive than
the low <ost spray asbestos and light-
weight plaster fireproofing applica-
tions, it offers excellent economy when
compared with concrete, masonry,
gunite and lath and plaster.

Since prices will vary depending
upon job conditions, location and fire
protection requirements, refer to
nearest Albi representative for accu-
rate budget figures.

Due to its excellent wear resistant
properties, ALBI.CLAD could pro-
vide a feasible solution for in-plant
t:mducuon of prefabricated modular

omes or fabricated steel construction,

7. GUARANTEES

Cities Service Albi Products are
guaranteed against manufacturing de-
fects in material and workmanship.

Our responsibility under this guar-
antee shall be entirely fulfilled by fur-
mishing, FOB factory, freight alldwed
to destination, a quantity of pr

1-6
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equal to the quantity of produci shown
to our satisfaction within one year
from date of installation to be so de-
fective; or, at our sole option, this
guarantee shall be entirely rulﬁllod by
refund of the invoice value of the
quantity of product shown to our sat.
isfaction to be so defective within
such guarantee period. This guaran-
tee is in lieu of all express warranties
and, except as stated in this guaran:
tee, the products are sold as is.

Applicator shall guarantee that its
moulrnion of material conforms to
manufacturer’s recommendations, and
shall further guarantee its workman-
ship connected with the installation
for a period of one year from the date
of installation.

8. MAINTENANCE

Cracks, nicks or dents caused by
human or machine abuse may be re.
rci;ed easily by hand using a putty

niie.

When used in up-grading of exist-
ing fire rating requirements, or in
plant additions, ALBI.CLAD can be
applied directly to existing ALBI-

AD surfaces, or to new additional
structure. Removal of fireproofing to
accomodate additional clips, supports,
etc. can be achieved by scraping or
chipping material away providing for
cleaner and less costly alterations than
would be e?znmeJ with other types
of fireproofing such as concrete, lath
and plaster, etc.

9. TECHNICAL SERVICES

Albi qualified applicators or fac-
tory representatives are available
throughout the country. Write or
phone collect to the nearest office for
prompt assistance. Inquiries will be
channeled to our nearest representa-
tive or qualified applicator for per-
sonal contact.

Albi Branch Offices:
P.O. Box 6148

San Mateo, Calif. 94403
1415 574.3560

Cities Service Company
60 Wall St.

New York, N.Y. 10005
(212) 943-4023

In Canada:
Cities Service Chemicals Ltd.
118 Production Drive
Searborough, Ontario
(4161 291.5519

10. THERMAL CONDUCTIVITY

Natural tarm. K=2.9
intumesed form: K- 5§57
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. 1.4 General Standards for all Packages

This section demonstrates that the general standards for all

packages are met.

1.4:3 Chemical and Galvanic Reactions

The materials from which the packaging is fabricated (steel,
lead, and polyurethane foam) along with the contents of the
package (disposable steel containers) will not cause significant
chemical, galvanic, or other reaction in air, nitrogen or water

atmosphere.

lide2d Positive Closure

The positive closure system has been previously described in
Section 0.2.1. In addition, each package will be sealed with an
approved tamper indicating seal and suitable locks to prevent

inadvertent and undetected opening.

1.4.3 Lifting Devices

Two lifting locations are provided for the Mark I and three for

the Mark II. Both have identical lugs. Total load for two lugs is:

. P = (Pkg Wt) (3g9's)/No. of Lugs
P = (64000 1bs) (3g's)/(2) = 96,000 lb/lug

1-8



NePac OB-142 SAR Rev. 8, 5/85

From drawing No. Al-20-203 Rev. A and the following sketch, it
can be seen that loads from the lugs are distributed into the
six inch thick steel 1id. The bulk of the load will be beamed
through the lid to the two adjacent 1lid bolts. These bolts have
a capacity of 120,750 lbs. each (per page 1-22d-3). The asso-

ciated Margin of Safety is calculated as:

M.S. = (2) (120,750 1lbs) /96,000 1b-1

M.S. = + Large

1f, for simplicity, we conservatively assume that only one of
the tnree inch thick 1id plates will beam the load to the bolts

a simple beam bending analysis can be used.
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2

£ = 6M/bt® = 6 PL/8bt

b
Where:

P = 96,000 1lbs.
L= 27.5 in.

b= 7.0 in.

t= 3,0 in.
£, = (6) (96,000) (27.5)/(8) (1) (3)2
£, = 31428 psi

Margin of Safety is:

M.S. = 36000 psi/31428 psi-l

M.S. = +.15

This is conservative since the bending stress varies as the
square of the plate thickness and only three inches of the six
inch total thickness wer2 used. Additional conservatism lies
in the use of a uniform beam of minimum width. Therefore,
from the above it can be concluded that the lug, bolts and 1lid

can react the lifting load.

Lifting devices on the secondary lids are covered by sheet metal

assemblies during transit. This prevents inadvertant lifting of

the cask assemblies by lugs not designed to withstand the lcad.

1-10
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‘ The capacity of each lug can be determined from the following:

|

| 'fy Tnce Aare Z—l

. Using the standard 40° shearout equation:

|

|
!
W74

2
7
| i 24

P = P.u d t

= (35,000 psi) (2) (1%)

[B.u.-d/z cos 40°]

= 129'570 lb..

Margin of Safety is:

MS = 129,570/96,000-1

MS = +

«35

[ 2 -(.766)]

The capacity of the lug to cask interface can be calculated as

follows:

. Lug Weld Area

Weld Area

1-11
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A

(6) (2) (1 in) (sin 45°)

8.48 in2
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P = FtyA

(36,000) (8.48)

305,280 lbs/lug

M.S. = 305,280/96,000~-1

= + Large

Therefore, it can be concluded that the lifting points are more
than capable of reacting a load equal to three times the package
weight. Should the lugs experience a load greater than 129,570
pounds, they will shear out locally. This will have no detri-
mental effects on the package's ability to meet other require-

ments of the subpart. The lugs will be covered during transport.

Mark I Overpack Lifting Lug

Since the Mark I configuration has a removable overpack

separate lifting lugs are provided. These will be covered during

transit.

Fent
[/
KX

1-12
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Using standard 40° shear out equation:

P=F_ 2t [s.u. - d/2 cos 4o°]
= (35,000 psi) (2) (3/8) [1.5 - 1/2 cos 4o°]
= 29,320 1bs.

Margin of Safety:

M.S. = 29,320 1bs./ (3000 1bs.) (3 g's)/3 lugs -1

M.S. = + Large

The 3/8 thick lugs will easily buckle under end drop impact
condition producing no significant effect on the overpack or
package. These lugs will be covered during transit.

1.4.4 Tiedowns

Four tiedowns are provided. The total load carried by each can
be calculated as follows:

10g Longitudinal

,Af/i;ag.__._--i-a-r

= ,( &0’ ¥
p— i / 7

’

1-13
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Mcorner = 0
(64,000 1lbs) (10 g's) (60)/2 lugs = 98P

P = 195918 lbs
. o

PR P/cos 30

P.= 226,226 lbs

R

Therefore, the 10 g longitudinal load will produce a maximum

load on the lug of

PR' 226,226 lbs (Longitudinal)

5 g's Lateral
P = 195918 1lbs (5 g's/10 g's)

P = 97959 l1lbs/luyg
Pe= P /(sin 30°)
PR- 195918 lbs (Lateral)

2 g's Vertical

= (2 g's) (64,000 lbs)/4 lug

P, = 32000 lbs/lug

< <

p.= 32000 lbs/sin 30°
= 64,000 lbs (Vertical)

-

P

The capacity of each lug can be determined from the following:

k__. e 1" ]
MATZ <

v ZTEEL T-1

g = /IS6e0 PS/
L
A,

¢

s 118 08 IS/
¢
A . 4000 /Z/
S
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Using 40° shear out:

p = r2t [ E.M.-d/2 cos 40°]

Where
F, = 65,000 psi
t = 2.0
EM = 3.0
d = 2

P = (65,000 (2)(2) [ 3.0- 766]
P = 580840 lbs (shear out capacity)

Weld Area
P, = (16 in)(2)(1.0 in) (35,000 psi) (sia 45°)

Py = 791,960 lbs.

Since the lugs are oriented in the direction of the locad, there

will be no bending stress.

From the above it can be seen that the maximum combined loads

proauced from the 10 g, 5¢g and 2 gs accelerations are:

PR ® (226226 lbs + 195918 lbs + 69000 1bs)/lug

P. ™ 486144 lbs/lug
The critical load path will be shear out of the lug or:

P = 580,840 lbs/lug

1-15
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Margin of Safety:
M.S. = 580840/4%6144 - 1

M.S. = +,20

Therefore, it can be concluded that the tiedowns are able to
react a load greater than the combined 10, 5 and 2'g tiedown
loads. Should the tiedowns experience loads greater than 580,840
1bs., the lug will locally shear out. This will not impair

the overpacks ability to meet other requirements of the subsection.

1.5 Standards for Type "B" and Large Quantity Packaging

This section demonstrates that th2 standards for Type "B" and

large quantity packaging are met.

1:8.2 Load Resistance

The requirement for load resistance 1s that, when simply
supported at its ends, the cask must se able to withstand a
uniformly distributed load equal to five times the cask weight.

Conservatively, the outer shell alone is assumed to support

1-16
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. this load. Accordingly, the stress is

(5) (1) (64,0000 (112) = (4.48(10%) in-1b

1
5

76 = 38 in.

2
4 - 4.4
1 = R B N 4, .
£3 71 (76 ' -747) = (16.5) (107) in.

and the corresponding stress is:

( 4.48)(20°%) (38)
(16.5) (10%)

which results in a margin of safety of:

= 36,000 -
1031

Therefore, the package can safely react the "Load Resistance"

condition.

1.5.2 External Pressure

An external pressure of 25 psic s reacted by the external shell

in hoop compression. The stress can be calculated as follows:
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tside shell only)

Margin of Saf
MS
36,000/844 - 1

+ Large

The analysis is conservative due to the presence O

of lead. The lead assures buckling stability of the shell.

Pressure across the end is carried in plate bending by the 2-3
inch thick steel plates top and bottom. Assuming a circular
plate uniformity load and with edges simply supported, the stress

can be calculated as follows:

IW(3M+1) /8 Mt“ (per "Formulas for Stress and Strain”

by Roark)

p )

(78)“/4=119,460 lbs.
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1.6.2 Cold

The materials of construction in this package are identical to
those approved and used in numerous existing Type "B" licensed

packages. All of the following utilize the same materials.

DOT 6400 Super Tiger

6272 Poly Panther

6673 Half Super Tiger

6553 Paducah Tiger

6744 Poly Tiger
SN-1 Shipping Container N.U.S.
Hittman - HN-300 Cask
NRC No. 9069 Westinghouse MO-1
Ontario Hydro Overpack - CDN U33 U33

1.
2.
3.
4.
5.
6.
7
8.
9.

Specifically, the Ontario Hydro package has operated continuously

at these cold temperatures with no evidence of problems.

Therefore, on the basis of years of actual operating experience
it is safe to conclude that cold will not substantially reduce

the effectiveness of the package.

To improve the cold weather capability of the OH-142, MK II, the
A-36 material on the shell and 1id will be replaced by A-516. This

material provides improved notch sensitivity and strength.

Foam material has been tested to -40°F and found to exhibit a

small increase in compressive strength. Samples failed in the
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same manner at -40°F as they did at room temperature, indicating

that brittle fracture is not apparent at this temperature range.

Compressure Strength

(psi)
% Strain Room Temp. ~40°F Variat.on
10 960 960 -Q-
20 1050 1218 1:16
40 1300 1495 1.195
50 1600 1792 1,18
60 2260 2305 1.02
70 4310 4310 1.00
80 7640 8098 1.06

From the impact analysis shown on Page 1-20],

it can be seen

that

impact accelerations decrease as compressive strength increases.

Therefore, cold conditions

and testing indicates that

present

] Pressure

will not produce detrimental loading

A differential pressure of .5 atmosphere will be reacted by the

lid and its associated ratchet binder tie downs. From

it can be seen that the containment vessel can

25 psig external

safely

pressure. It is, therefore, safe to

a positive margin of safety will

to the .5 atmospheric pressure.

o

ders are calculated as follows:

Binders

for shells when

brittle fracture characteristics are not

Section 1.5.

react a

conclude

S uAIK)

lected

that

4
A

N
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Minimum breaking strength of each binder is 160,000 lbs.

Margin of Safety:
M.S. = 160,000 /3036~-1

M.S. = + Large

It can therefore be concluded that the packaging can safely re-
act an atmospheric pressure of .5 times standard atmospheric

pressure.

1.6.4 Vibration

Shock and vibration normally incident to transport are con:idered
to have negligible effects on the Model OH-142 packaging.
Ratchet binders and ball lock pins have been used successfully
for years on similar Type "B" packages. The Paducah Tiger, an
overpack for 10 ton UF6 cylinders, uses both binders and ball
lock pins to secure the 1id. (Ref. D.O.T. 6553 ) More than 30
of these packages are in service and have traveled millions of
miles without incident. They are also being used on shielded
transportation casks and recently on an NRC licensed Mixed Oxide
Fuel shipping container. (Ref. NRC No. 9069 W MO-1)

B.nders have been used for years as the standard means of

securing cargo on both ships and rail applications.

Therefore, the OH-142 binders and ball lock pins are adequate
to secure the lid when the packaging is subjected to the shock

and vibration environment associated with normal transport.

1-22
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1.6.5 Water Sorav

Since the package exterior is constructed of steel, thls test

is not reguired.

1.6.6 Free Droo

Dropping a 64,000 pound package a distance of one foot is not a
normal condition of transport. The package is permanently affixed
or tied to a special tri-axle trailer. As such, it will not be

handled like general freight at a truck terminal.

For conservatism we have combined the cne foot handling drop
with the 30 foot hypothetical accident drop condition and
analized the package for a single 31 foot drop. The subsequent
analysis, shown in Section 1.7.l1, demonstrates the packages

ability to withstand the combined 31 foot drop height.

1.6.7 Corner Drop

This requirement is nct applicable since the Model OH-142

packaging is fabricated of steel.

1.6.8 Penetration

From previous container tests, as well as engineering judgment,

1-23
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it can be concluded that the 13 pound recd would have a negligible

effect on the heavy gauge steel shell overpack or cask.

1.6.9 Compression

N/A since package exceeds 10,000 1lbs.

1.6.10 Conclusion

As the result of the above assessment, it is concluded that

under normal conditions of transport:

1) There will be no release of radiocactive material
from the containment vessel;

2) The effectiveness of the packaging will not be sub-
stantially reduced;

3) There will be no mixture of gases or vapors in the

pressure or an explosion, significantly reduce the
effectiveness of the package;

4) N/A (No coolants involved)

5) N/A (No coolants involved)

package which could, through any credible increase in
|
|
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1.7 Hypothetical Accident Conditions

The Model OH-142 package has been designed and its contents are
so limited that the performance requirements specified in

10 CFR 71.36 will be met if the package is subjected to the
hypothetical accident conditions specified in Appendix B of

10 CFR 71.

To demonstrate the structural integrity of the package and its
ability to withstand the hypothetical accident conditions, a
detailed computerized analysis was conducted. It is important
to note that the techniques, analysis methods, assumptions,
and routines employed follow closely those used for other

petitions such as:

1) DOT 6400 Super Tiger

2) DOT 6553 Paducah Tiger

3) DOT 6272 Poly Panther

4) DOT 6679 Half Super Tiger
5) DOT 6744 Poly Tiger

6) AECB - Resin Flask

7) Model MO-1 packaging = Docket No. 71-2069

1-25
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These are proven technigues that agree closely with full scale
tests as well as other publicized standars such as ORNL-NSIC-68.
In all cases the analysis has been proven to be conservative
when compared with full scale testing.

1.7.1 Free Drop

It was suggested that, for conservatism the 1 foot drop condition
ascociated with normal handling be combined with the 30 foot
accident condition to provide total drop height of 31 feet.
Therefore, the following analysis have been conducted on the
package using the full gross weight and a 31 foot drop.

The high density foam contained within the impact limiters
is designed to crush on impact thus absorbing and distributing
the load. 1

The mechanical properties for the foam used in this package can
be found on Figure 1. These properties are applicable for loading
conditions in the direction parallel and perpendicular to the

rise direction. High density foams, greater than 18 pcf, exhibit
these isotropic properties for two reasons. First, because of
their high density, the amount of rise durino the forration of the
foam is small thus producing a cell structure that is very
uniform and not elongated. Secondly, the size of the overpack
allows the foam to expand laterally as well as vertically.

Again, resulting in uniform grain structure and its associated
isotropic properties. The two curves shown in Figure 1 represent
the maximum and minimum statistical compressive properties based
on a 95% probability for loading in either direction.

Three drop conditions for the package have been evaluated, i.e.
end, corner, and side. For each we have reviewed the failure
mechanism that would produce maximum load as well as maximum
deformation. In these evaluations maximum and minimum mechanical
properties were used to produce the most conservative results.

1-26
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1.7.1.1 Free Drop Impact Analysis - End Impact

Energy to be absorbed by the impact limiter can be calculated
as follows:

K.E. = Wh
Where
W = 64,000 lbs.
h = 31 ft.
K.E. = (64,000 1lbs) (31 ft)
= 1.98 x 10° ft-1bs

Assume: 1. Full area of overpack reacts load
2. Drop Height = 31 ft.

Energy absorption is calculated by:

Energy = (Foam Volume Crushed) (Crush Strength)
K.E. = VFC

Where:
V = (AREA) (Depth)

o 1T [(002 - Dlz)] h
4

o [aon? - 9%2] n
4
. =3
= 5636 h in
Fca 1000 psi (Nominal) @ 10% Strain

(1.98 x 10°%)(12) = (5636)h (1000)

h = 4.22 in. (or 23% strain)

1-27
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Assuming the 4.22 in deflection produces a 23% strain it is
conservative to use the stress at 23% to calculate the acceleration.
Therefore, at 23% strain the maximum compression stess is 1300

psi.

Acceleration = (1300 psi) (5636 inil
(64000 1b)

= 114 g's
Repeating the same analysis but with the following assumption:
Assume 1. Only projected area of cask reacts load
2. Drop height = 31 ft.
KE = A rc h
(64000) (31) (12) = ——EL—— (76.25% - 55%) (1000) h

h = 10.86 in

Strain = 10.86 in/18 in = .60 or 60% strain

Stress @ 60% strain = 2500 psi (Max.)
Acceleration = (2500 psi) (2190 1n2y(64ooo 1bs)
= 85.5 g's

Therefore, the maximum acceleration experienced will be 114 g's.

1-28
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Since the primary lid will be reacting these loads in direct
compression, the binder will not be loaded. The secondary lid
attachments must react these loads. Therefore, bolt stress can
be found from the following:

The 24" secondary lid weight 1is:

w = 1776 1bs.

Assume the 1id must also react the projected area portion of the
payload.

Wy = (10000 1lbs) (24)2/(66)7

Wy, = 1322 1lbs

Total equivalent wt.

Wr = 1776 1lbs + 1322 lbs 4
WT = 3098 lbs
Bolt Loads:
P= (3098 1bs) (114 g)/8 bolts

o
W

44146 lbs/bolt

Using 115 ksi 7/8 inch diameter bolts (SAE Grade 5) their
strength is 56,000 lbs. (Area = .487 in2 per Mil Hdbk V)
Margin of Safety:

M.S. = 56000/ 44146 ~1
M.S. = + .27 24" Secondary Lid Closure Bolts
1-29
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The opntional 16" diameter lid desian would have a larger
margin of safety since it employs the same number and size
bolts as the 24" desion, but its weicht and the weicht of
the navload projected on it is much less.

The optional 29 inch secondary lid weight is:

W, = 2255 lbs

Again, assume the lid must react the projected area portion
of the payload:

W, = (10,000) (29)%/(66)°
Total equivalent weight is:

WT = 2255 + 1931 = 4186 lbs
Bolt loads:

P = (4186) (114 g)/8 Bolts

= 59651 lbs/bolts

Using ASTM A-320 Grade L7, 1 inch diameter bolts, the strength
is 75,750 lbs. (Area = .606 in° per Mil Hdbk V).

Margin of Safety:
M.S. = (75,750/59,651)~1

M.S. = +.,27 Optional 29" Secondary Lid Closure Bolts

Conclusion: It is therefore safe to conclude that the package
can safely react the maximum loads for a 31 foot end drop with-

out detrimental effects.
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1.7.1.2 Free Drop Impact Analysis - Corner Drop

For the case of corner drop or edge impact the deformations
experienced by the overpack are more difficult to approximate
with a simple analysis. In order to account for the strain
hardening which takes place in the foam a detailed computer
program (CYDROP) was generated.

CYDROP treats the corner impact of a cylindrical package upon

an unyielding surface. The package itself consists of a cylindrical
payload portion surrounded by a larger cylindrical volume composed
of a crushable media. So long as the deformations of the crushable
media are modest - the problem may be approximately solved by
assuming a uniform crush stress exists over the elliptical surface
of the crush plane (contact surface). CYDROP was developed by

NuPac specifically to address problems of large deformations of

this crushable media and togtreat geometries where the cylindrical
overpack envelope possesses axisymmetric cylindrical voids (e.g.
does not completely cover the cylindrical ends of the payload
package) .

The large d-formation behavior of the crushable media is accommodated
by determining the actual strain of the crushable media at a point.
This strain is used to determine the corresponding stress from an
implicit tabular definition of media stress-strain characteristics.
The total crush force is found by a double integration over the
contact area of the crush plane.

Stain energy absorbed by the crushable media is determined by
integrating the crush force and its associated deformation.
The package is assumed to be at "rest" when the computed strain
energy value equals the applied kinetic (drop) energy.
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The geometric calculations for the contact surface and the
associated strains are carried out using a moving (x, Yy, 2)
coordinate system in which the x-y plane corresponds to the

erush plane, see Figure A. The crush plane itself represents

a segment of an ellipse. The contact area is this ellipse seg-
ment, provided no cylindrical end void exists. When a cylindrical
end void exists, the contact area of the crush plane is reduced
by the removal of a second elliptical region associated with the
projection of this void into the contact plane.

calculation of strain is somewhat more complex. In principal,

the distance from point (x, y) in the crush plane to the payload
is found and denoted, 5top' Similarly the distance to the unde-
formed external overpack envelope is found and denoted, 'bot' The
strain represents deformation divided by original thickness, or:

At any point (x, y), the calculation of top may follow three
branches, according to location. The three possible branches
relate to the payload surface intercepted. They are:

The Circular Bottom of the Payload

The bottom of the payload cylinder describes an ellipse in the
erush plane. If (x, y) is inside this ellir e, the point is
considered "backed" by the bottom of the payload. An exception
to this general statement is noted in the discussion of the
"Unbacked Region", see below.
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The Cylindrical Surface of the Payload

The cylindrical surface of the payload describes a rectangular
region tangent to the payload bottom ellipse at its major axes.
If (x, y) is outside the bottom ellipse yet possesses an X
coordinate less than the radius of the payload bottom, the point
is considered "backed" by the payload cylinder.

Unbacked Regions

Unbacked regions are of two forms - those associated with the
cylindrical end void and those near the external surface of the
overpack. The unbacked region associated with the end void is

a point in the crush plane which lies within the ellipse defined

by the void circle lying in the plane of the payload bottom.

The unbacked region associated with points near the overpack
extremeties is defined by those points (x, y) where the x coordinate
exceeds the radius of the payload volume. Points which are
"unbacked" employ a nominal crush stress for force integration
purposes. (For current analysis, this stress was set to zero)

The calculation of LI the distance to the undeformed overpack
envelope, may follow two branches. These branches correspond to
interzepts with either the cylindrical surface of the overpack or
the circular end of the overpack.

The analytics describing the geometry discussed above, consists
of the sequential application of a series of geometric trans-
formations of surfaces described in the coordinates of the
eylindrical package (X, Y, 2) to the coordinates of the contact
plane (x, y, z). The surfaces in package coordinates are:

Overpack Cylinder

2 2
x+Y-c
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Overpack Bottom Circle

2 .2 2
x? + v? = R, (

Z - -lc/2

Payload Cylinder

|
x2 + Yz = apz |
Payload Bottom Circle
2 2 2
- =
X Y np
\

z --19/2

Void Circle at Payload

X2 + % ntz

Z - -lp/Z i

void Circle at Overpack Exterior

|
2 2 2
X" + ¥ "Rf ‘

2 - -lc/2
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In order to determine the maximum accelerations cxpoticnceq,a

total of 4 cases were run. Full range stress strain curves were
used representing both minimum and maximum compressive stresses.
These curves can be found on Page l-4c and represent 95% probability

numbers based to twent, samples. These samples included both
perpendicular as well as parallel properties.

In addition to the variation in mechanical properties, the effects
of the central hole in the overpack were evaluated. Since the
program was written to ignore any energy contribution to unbacked
foam a portion of the central overpack area was analytically
eliminated because of the 55 in. diameter hole. By decreasing the
central hole (Package External Hole Diam) the program would assume
that that area was backed and able to absorb energy. Therefore,
the backed and unbacked :ses were also evaluated at the minimum
and maximum material properties.

Case No. 1

Minimum mechanical properties .
Full 55 inch central hole

Case No. 2

Minimum mechanical properties
Central hole filled

Case No. 3

Maximum mechanical properties
Full 55 inch central hole
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Case No. 4

Maximum mechanical properties
Central hole filled

From the printouts it can be seen that columns 6 and 7 provide

the total kinetic energy and absorbed strain energy for incremental
crush depths. When these values become identical the package

is in equilibrium. Column 8 provides this ratio for rapid eval-
uation. It is important to note that a large amount of additional
energy absorbing capability remains in the package. From Case

No. 1 it can be seen that the package comes to rest after reaching
a crush depth of 20.50 inches.
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ok

Ef// 6:40.08"

The available foam thickness can be calculated as follows:

1

@ = tan © (101/120) = 40.08°
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The actual available thickness varies slightly from the diagonal

thickness by the fcllowing amount:

1

a = tan * (101-76.25)/(2)/18 = 34.51°

o
”

- ~»~-’/

Y
paz+12.3752] = 21.84 (Diagonal Thickr.ess)

6-a

21.84 -

x = 21.84 cos (40.08-34.51)
x = 21.74 in. (Actual Available Thickness)

From Page l-2la, the maximum strain energy is 32,360,741 in-lbs.

at 21.74 in deflection.

Margin of Safety

M.S5., = 32,360,741/25,200,000 =1

MoSo - ’028
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1f the corner drop was to occur in the flattened area of the
overpack, some additional deformation would take place. The
deforma.ior would be directly related to the loss of available

foam volume. This volume can be calculated as follows:

o 40"

A r=50.5

A = r?(a~sin 2a/2)
Where:

r = 50.5 in.

s = cos la = 48/50.5 = 18.1°
A= 50.52(18.10%s1n (2) (18.1)/2)
A= 52.4 in’

or

Vol = 52.4 in®/in of affected length

The effected zone will extend down the package by the following:

{ = 20.5 in (Per Pg. 1=2la) =™,

it = §/cos 40.08°
L = 20.5/cos 4n,08°

L= 26.7 in.
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Lost Volume is:
v = (26.7 in) (52.4 in’/in)
v = 1402 in’
The total volume of foam used during the compression is given on
Page l-2la, Column 3.
Vy * 22684 in’
or

Loss = 1402/22684 = .06

Loss = 6% due to flattened sides
therefore, the absence of foam in the local flat area of the over-
pack results in only a 6% reduction in the available foam as
calculated. This small reduction is more than offset by the
availability of the additional crush depth and associated additional

foam as calculated above. A positive Margin of Safety exists.

An alternate method of evaluating the effect of the overpack flats
is to conservatively assume that the complete overpack is reduced
to a diameter equal to the width across the flats. This approach
analvtically reduces the amount of foam available for enerqgy absorb-

tion and is therefore conservative.

r— 96" dia.

fapee 101 dia.——-‘l
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In order to establish the maximum deformation for this case, the
following CYDROP (corner) case was run. From the attached output
the maximum deformation was found to be 20.16 in. for a 31 foot

drop. The available foam is: .
t, = [96-76.25/2)% + 19?] "cos[tan" 96/120-tan™" (96-76.25)/2/18]

5, ® 20.22 in (Available)

., * 20.16 in (Required)
After impact a small amount of foam remains.

This analysis conservatively neglects the »resence of energy

absorbing foam in the region from 96 inch diameter out to 101
inch diameter. Therefore, it can be again concluded that a positive
Margin of Safety will exist for impact on to the flat portion of

the overpack.

Loads or accelerations experienced by the package are also plotted
as a function of crush depth. Accelerations were found to vary
from a low of 72.2 g's to a high of 76.4 for the full range of
conditions. The small spread in these accelerations is explained
by the following., As the compressive strength is reduced the

erush depth and contact area increase. Therefore, the small stress
times a large area produces numbers equivalent to the product of
high stresses times smaller impact area. Thus, normal variations

in erush strengths do not significantly affect package loading.
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