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APPLICATION
FOR
NRC CERTIFICATE OF COMPLIANCE
| AUTHORIZING
SHIPMENT OF MIXED OXIDE FUEL ASSEMBLIES
IN

WESTINGHOUSE NUCLEAR FUEL ASSEMBLY PACKAGING MODEL MO-1

0.0 GENERAL INFORMATION

. 0.1 Introduction

This application seeks authorization to deliver reactor fuel
assemblies in thé Mpdel MO-1 Packaging to carriers for trans-
port. When the reactor fuel contains mﬁxed oxides (i.e., UO2
-Puoz) exclusive use vehicles will be used. The maximum
number of such packages per shipment under Class II conditions
is thirty one (31) or & Transport Index of 1.6. Under Class
III conditions the maximum number. of packages is sixty tﬁd
(62). BAuthorization is sought for shipment by cargo vessel,

motor‘vehicle, and rail.

The Model MO-1 Packaging uses an adjustable fuel element in-
ternal clamping assembly identical with that employed in the
Model RCC-1 Fuel Assembly Shipping Container as approved under

0-1



NRC Certificate No. 5450, Docket 71-5450. (See Appendix
1.10.1) 2 new outer container employs design features assur-

ing that the packaging meets the reguirements of 10 CFR 71.

0.2 Package Description

0.2.1 Packaging

0.2.1.1 General Description

The Model MO-1 Packaging consists of a reusable insulated
and shock absorbing shipping packaging designed to protecﬁ
reactor fuel element assemblies from normal conditions of

transport and hypothetical accident conditions.

0.2.1.2 Materials of Construction, Dimensions, & Fabricating

Methods

General Arrangement drawings of the Model Mo-l Packaging are
included ip-Appendix 1.io.z. They show overall dimensions

of the overpack with its oﬁter and inner-steel shells. The
shells are fabricated of ductile low carbon steel which allows
ﬁhem to undergo large deformation without fracturing. &All
joints are arc welded with full penetration welds to assure

structural integrity.



The volume between the inner and outer shell is filled with
a shock-and-thermal-insulating material consisting of rigid
~ polyurethane foam having a density of approximately five
pounds per cubic foot. The insulatihg material is poured
into the cavity between the two shells and allowed to expand
completely £filling the void. Here it bonds to the shells
creating a unitized construction for the packaging. Mechan-
ical properties of these materials are further described in

Section 1.0, below.

Once assembled, the ovefpack takes the shape of a rectangular
box with a central separation plane; In use, the lower unit
comprises the body or base of the container while thé upper
unit serves as the 1id. The stepped joint betwéeh the two
halves is sealed with a neoprene gasket. ﬁeavy'gauge rectan-
gulér tubing is used to form & rigid structural interface aﬁd

support frame for the internal shock mount system.

The ﬁpper and lower sections of the overpack, called the lid
and body respectively, are pulled together and_secﬁred by 12
ratchet binders (primary attachment). As a redundant or sec-
ondary method, twelve high strength latch pins, 5/8 inches in
diameter are then inserﬁedlﬁhrough“the 1id into the body.

This will insure thét the overpack halves wili remain together
even if the ratchet binders are destroyéd. Each latch pin

is attached adjacent to a steel guide assembly which protects
it from inadvertent abuse. From the general arrangement draw-

'ing, it can be seen that all pins are loaded in double shear.
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0.2.1.3 Containment Vessel

The overpack is not inténded to be the containment'vesséi.

Its prime function is to reduce the severity of the hypothetical
accident conditions such that the reactér fuel elements (rods)
can serve as the cohtainment vessel. Fuel may be shipped in
pressurized or unpressurized rods. These rods may in turn

be fabricated into fuel assemblies or be packed as loose rods
‘in fuel rod boxes. The assemblies or boxes would then be |
secured to the strongback gssembly for trahsport. The strong-
back éssembly and shock mount system are identical to those
currently used in the Rcc-1 containgr. Ip all cases the
individual rod will be considered the containment vessel.

0.2.1.4 Neutron Absorbers

The strongback assembly must contain neutron absorbers
'positioned between pairs of fuel assemblies. The Model MO-1
Packaging provides for two 0.188 inch thick, full lengéh,
borated stainless steel poison plates or their equivalents.

0.2.1.5 Package Weight

Gross weight of the package is approximately 8600 pounds.

0.2.1.6 Support System

' The internal shock mounted suﬁportvmechanism is identical

0-4



to that used in the existing RCC-1 Package. Thi; support
mechanism is suspended within the container shell by means
.0f 18 rubber shbck mounts. These provide shock and vibra-
tion isolation and permit movement of the internals Qithin

the shell. _f~_ : | I f._ . L S

0.2.1.7 Sampling Port

There are no sampling ports.

0.2.1.8 Tiedowns

’

Tiedowns are a structurél part of the package. From the
attached general arrangement drawing it can be seen that
four réinforced tiédown locations are provided. Refer to
Section 1.4.4 for a detailed analysis of their structural

'integrity.

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
- four reinforced lifting locations are provided. Refer
'tb Section 1.4.3 for a detailed analysis of their struc-

tufal integrity.
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0.2.1.10 Pressure Relief System

There are two valves involved; one used for pressurizing
(with dry air .or niérogen) the inner cavity prior to ship-
ping or.storage, and one for relieving the inner cavity
" pressure prior to rémoving the 1lid. As such, both valves
are grouped at one end of the overpack and protected from

unnecessary exposure or damage during shipping and handling.

0.2.1.11 Heat Dissipation

There are no special devices used for the transfer or dis-
sipation of heat. The package maximum design capacity is
400 watts. However, this value may be excéeded if it can
be demonstrated that actual equilibrium temperaﬁures 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 the internal

shock mounted support mechanism described in 0.2.1.6, above.

0-6



0.2.1.14 Shielding

The contents will be limited such that no radiological shield-
ing will be needed to assure compliance with DOT regulatory

requirements.

0.2.2. Operational Features

Refer to the schematic diagram of the packéging. There are
no complex operational requirements connected with the'Modgl

MO-1 Packaging and none that have any transport significance.

0.2.3 Contenfs of Packaging

’ J

Contents will be those shown in Table 1 of Appendix 5.6.1.

0-7



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-

guirements of 10 CFR 71.

1.1 Structural Design

1.1.1 Discussion

The principal structural members and systems in the Model MO-1
Packaging are: (l) the primary containment véssel as described
in Section 0.2.1 above; (2) the internal shock mounted sup?ort\
" mechanism supporting and protecting the fuel rod assemblies;
and (3) the insulated shippihg container or overpack with its
ratchet binder closure devices. The above components arél
identified on the drawing as noted in Appendix 1.10.2. They
work together to satisfy the standards set forth in subpart

C of 10 CFR 71. A detailed discussion of the structural de-

gign and performance of these components will be provided below.

1.1.2 Design Criteria
The overpack and shock mounted internal support mechanism are

designed to work in combination to protect the fuel rods from

normal trahsport conditions as well as the hypothetical acci-
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dent conditions. Significant areas of concern are the trans-
port environment, 30 foot drop test, the 40 inch puncture
test, the 1475° F thermal exposure and the transfer or dis-

- sipation of any internally generated heat.

To eliminate ahy problems associated with shock and vibration
loads during transport it was decided that the new package
would incorporate the identical shock iSolation system used
in the standard RCC-1l Package. This system incorporates a
strongback frame which is used to support two fuel assemblies
over their entire length. A number of clamping_frames clamp
the fuel assemblies rigidly to the strongback. The entire
system is then supported from the interior surface of the
overpack by means oflrubber shock absorbers. Proven perfor-
mance over the years substantiates the adequacy bf this |

concept. .

It should be noted that both the unprotected pfessurized and
unpressurizéd f;el ;ods are capable of meeting all the require- -
ments set fofth for special form material with one exception.

It has been determined .through testing that the pressurized

rod configuration when heated to temperaturés exceeding

1100° F may be streséed beyond their field point. .(Ref. Appendix
1.10-35- This would result in a gross violation of rod clad
integrity and the leakage of the helium and air mixture

surrounding the pellets. Therefore, the prime function of the

proposed overpack is to thermally insulate the ptessurized

rods from the 1475° F fire. For design purposes, it was
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determined that a conservative safety factor on temperature
would be used to establish the maximum allowable rod temperature.
Using this criteria, the maximum allowable temperature to be

experienced by any rod must not exceed 600°F.

The’nonpressurizéd rods do meet the special form reguirement
for 1475°F exposure and therefore the insulation requirement
is even more conservative.A '

Since the fuel rods can sustain a 30 foot free féll unpro-
tected, it is conmservative to conclude that the environment
experienced within an energy absorbing overpack and rubber
mounted shock isolation system-will be much less severe.
Damage to the overpack resulting from the 30 foot drop test
and the 40 inch puncfuré test will be assessed in the follow—
ing seétions. The results of éhe thermal exposure will also
be analyzed. The design criteria for measuring the effect of
these tests is to prevent release of fuel assembly materials

by mechanical and temperqture cohtrol measures.

To expand the utility of the package, it was assumed that
at séme time it may be desirable to ship miked oxide fuels
that have heat genefating capabilities. Therefore, it was
assumed that a load of such rods may be represented by a

maximum heat source of 400 watts and the packaging was de-

.signed accordingly.



l.2 Weights and Center of Gravity

The weight of the internal .support mechanism containing the
two fully loaded fuel assemblies will not exceed 4800 pounds.
The overpack weighf is approximately 3800 pounds making a
méximum total gross weight for the Model MO-1 package of

8600 pounds. The center of graivyt for the assembled package
is located at the appfoximate.geometric center of gravity.

A reference point for locating the center of gravity is shown

on drawing 1581F50. (See Appendix 1.10.2)

1.3 Mechagical Properties of Materials

The Model MO-1 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:

Per Mil HDBRK-V ' | )
Ftu = 55,000 psi
Fty = - 36,000 psi
Fsu = 35,000 psi
Fbry'g' 90,000 psi



Rigid polyurethane foam £ills the cavity between the steel
shells. This material will have a density of approximately
5 pcf and be of a self-extinguishing variety. Minimum

mechanical properties are as follows:

Compression Strength = 100 psi
Thermal Conductivity K = .20~Btu in/hr-ftz-or

'1=5



This section demonstrates that the general standards for

all packages are met.

l.4.1 Chemical and Galvanic Reactions .

The materials from which the packaging is fabricated (steel,
rubber shock mounts, and polYurethane foam) .along with the
contents of the package (zircaloy or stainless steel clad
fuel rods and internal support mechanism hardware) will not
cause significant chemical, galvanic, or other reaction in

air, nitrogen, or water atmospheres.

l.4.2 Positive Closure

The positive closure system has been previously described in
Section 0.2.1. 1In addition, each package will be sealed »
with an approved tamper indicating seal and suitable locks

- to prevent inadvertent-ana undetected opening.



1.4.3 Lifting Devices

Four lifting locations are prbvided. The topal load to be -
carried at each location can be calculated as follows:
P = (Pkg Wt) (3 g's)/No. of Lugs
= (8600 1lbs) (3 g's) / (4)
= 6450 lbs/lug

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

f:.ZS

Fy ="35,000 psi (Min Per MIL HDB

P B - ceesom

Using the standard 409-shearout equation:

P = F_2t [E;M. - /2 cos 40°]

= 35,000 psi) (2) (.25) (1.25-.50 cos 40°)
= 15,1721bs

Margin of Safety is:
MS = 15,172 /6450 - 1

MS = - 4 Large

- 1-6a



Stress along the welded lug base to skin is calculated as

follows:

(TIENL RITSaton )

P = 6450 1bs.
A = (8 in) (.125) (Sin 45°)
. = .707 in 2
F, = 6450 1bs/.707 in 2

t
= 08123 psi

Margin of Safety:
MS = 35000/9123- 1
MS = + LARGE

Therefore, it can be concluded that the lifting poinés are
more than capable of reacting a load eqﬁal to three times

the package weight. Should the lugs experience.a load greater
than ﬂﬂ72“pounds they will shear out locally. This will
have no detrimental effects on the package's ability to meet
other requirements of the subpart. The lugs will be covered

during transport. _
1-7



l.4.4 Tiedowns

Four tiedowns are provided. The total load carried by each

can be calculated as follows:

P ”,//f | P \ﬁf\\‘~

P = (Pkg Wt) (10 g's) / (4 lugs) (Tiedown Angle, cos 30°)
= (8600) (10) / (4) (cos 30°)
= 24826 lbs/lug '

The capacity of each'lug‘cah be determined from the following:

) 4 .

e

24 £M.

/°#

my.
/

i The capacity of the tiedown lug can be calculated as follows:

1+8



a) Using standard 40° shear out equation:
o
P = F 2t [E.M. - d/2 cos 40J

A2 = (350009 (2) (.375) [2.00 - 1/2 cos 4o°]
= 42446 1bs.

Margin of Safety:
MS &= 42446°/24826 ~ 1
MS =+ .71

b) Lug to container shell welds:
Conservatively assume full load to be reacted parallel

to container.

-
/1

ey ——— é"—a—-i

\ . VA 274-‘

Direct shear stress is calculated as follows:

Fs = P/A
Where
i 4 P = 24826 lbs
- A = (20 in) (.125 in) (.707)

F, = 14045 psi
Secondly stress resulting from the moment is caléulated‘

as follows:
Fem = 'Mr/J,

Where
—/ | M = (24826 1bs) (4.25 in)
| = 105510 in~lbs

r = 3.60
1-9



J = A(L2/12 + ro)
o . = (20 in) (1/8) (.707) (400/12 + 3)
o/ ' = 64.23 |

F_, = (105510) (3.6) /64.23

Feom = 5914

Combining_these stresses vectorily the total is given by:

F,_ = Fs + Fsm‘sin e

t
Where

Fs = 14045 psi

F_ = 5914 psi

sm
e = 33.7°
' gsin € = .555
o
F, = 14045 + (5914) (.555)
Ft = 17327 psi
Margin of Safety:
M.S. = 36000 /17327 - 1
M.S. = +l.07‘

1-%a



Therefore, it can be concluded that the tiedowns are'able

to react loads greater than 10 g's,' Should they experience
loads greater than 42,436 1bs, ( 17g’s) the lug hole will

| locally shear out. This will.not impair the errpack's ability

to meet other requirements of this subsection.

Impact loads resulting from 36 foot drops will locally flatten
beth lugs (lifting and tiedown). Edge compression through |
tl';e. lifting lug will result in localized buckle of the tension
str;-ap portion. Therefore, the ratchet assemblies will not

experience detrimental compression loads.

'I-Qb'
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1.5 Standards for Type "B" and Large Quantity Packaging

This section demonétrates that the standards for Type "B"

and large quantity packaging are met.

1.5.1 Load Resistance

The Model MO-1 Packaging was analyzed according to the require-
ments ‘'of 10 éFR 71.52, to demonstrate that it could satisfac-
torily withstand the specified loading. In performing the
necessary calcﬁlations, the outer shell was analyied as a -
simple beam without consideration being given to any rein-
forcing members. Assuming a package 206 inches long with a
gross weight 6f 8600 pounds, the maximum unit load will be:

stress: |

£ = MC/I
= (1,108,640) (23.5)/92196

= 2833 psi
where:
w = (5) (86001bs) /206 =209 1b/in
‘M = wr?/8 = (209) (206)%/8 = 1,108,640 in-1b
1= (n 40t 12 =(47%-06.732% /12 = 9196 in®
C = 23.5 in~ | '

Therefore, it can be safely concluded that the stress generated

in the packaging due to this type of loading is considerably
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less than the yieid stress. This is extremely conservative
since the design of the package precludes its ability to be
stacked in a manner that would produce.this type of loading.
All stacking loads are in direct fbam and steel compression
onto the ends of the ove;pack. This eliminates all bending

loads.

1.5.2 External Pressure

The containment vessel, which is the individual fuel rod, is
designed to operate at internal reabtor pressures far greater
than the 25 psig imposed by this condition. It is therefore
safe to conclude that the containment vessel will suffer no

loss of contents if subjected to an external pressure of 25

psig.

1.6 Normal Conditions of Transport

" The Model MO-1 Packaging has been designed and constructed,

' and the contents are so limited (as described in Section 0.2.3
above)-that the pefformance requirements specified in 10 CFR 71.35
will be met when the package is subjected to the normal conditions
of transport specified in Appendix A of 10 CFR 71. The abilify
of the Model MO-1 Packaging to satisfactorily withétand.the
normal conditions of transport has been assessed as described

below:

1-11



l.6.1 Heat

A detailed thermal analysis can be found in Section 1.7.3
wherein the package was exposed to direct sunlight and 130°F

still air. The steady state analysis conservatively assumed

a 24 hour day at maximum solar heat load. An internal heat

load of 400 watts was used.
The maximum fuel rod temperature was found to be 232°F. Ex-
ternal package temperature was less than 1739F. These temper-

atures will have no detrimental effects on the package.

1.6.2 Cold

The materials of construction for the packaging, including
the overpack and the fuel rods themselves, are not signifi-
cantly efféctgd by an ambient temperature of -40°F. The
packagé contains no fluids which could freeze and expand

such as water.

l.6.3 Pressure

The packagé is not designed to be pressuré tight. Seals
located along the package 1lid to body interface are designed
to minimize the entrance of external environmental elements
such as rain,_d@st, etc. Should the package prove to hold

pressure under a .5 atmospheric condition, it is equipped

1-12



with aback up pressure relief"valve. Any pressure rise in
the container above 7.5 ésig plus or minus 1 psi will be
released by this release valve. It is designed to close at
5 psig plus or minus 1 psi gauge. It éhogld be noted that
this is the identical valve currently used on the RCC series
of packages. Therefore, .5 time atmospheric pressure will

not have a detrimental effect on the paékage;

l1.6.4 Vibration

‘Shock and vibration normally incident to transport are con-

sidered to have negligible effects on the Model MO-1 Packaging.
Rubber shoék mounts previously described in Section 0.2.1 above
are designed to limit the shock load at any position on the
fuel assemblies to acceptable values uﬂder severe handling
conditions. Conversely, the inertial loads imposed on the over-

pack by the strongback assembly are significantly attenuated.

l.6.5 Water Spray

Since the package exterior is constructed of steel, this test

is not required.

l1.6.6 Free Drop

This requirement is not applicable in light of the more strin-
gent 30 foot drop requirement of Appendix B of 10 CFR 71.
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Refer to Seétion 1.7, below.

l1.6.7 Corner Drop

This requirement is not applicable since the Model MO-1
Packagihg is fabricated of steel.

1.6.8 Penetration

From previous container tests as well as engineering judge-
ment, it can be concluded that the 13 pound rod would have a

negligible effect on a heavy 10 gauge steel shell.

- 1.6.9 Compression

It was demonstrated, in Sectiqn 1.5.1, above, that the Model
ﬁo-l Packaging will support a uniformly distributed load equal
to five times it fully loaded weight without generating stress
in any packaging material inﬁexcess_of its yield strength.
Secondly, the entire external shell is bécked with rigid poly-
urethane féam that yas a compressive strength in excess of 100
psi. Therefére, the package can safely suppoft.compressive

»

loads greater than 2 psi.

1l.6.10 Conclusion

As the result of the above assessment, it is concluded that
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under normal conditions of transpért:

1)
2)

3)

4)
5)

There will be no release of radioactive material
from the containment vessel;

The effectivepess of the packaging will not bé
substantiaily reduced;

There will be no mixture of gases or vapors in the
package which could, through any credible increase
in pressure‘or an explosioﬁ, significantly reduce
the effectiveness of the package;

N/R (No coolants iﬁvolved)

N/A (No coolants involved)

Aléo, as a result of the assessment described above} it is

concluded that under normal conditions of transport:

1)

2)

3)

4)

The package will be subcritical (See Section 5.0
below for nuclear criticality safefy assumptions,
methods of analysis, and‘resﬁlts); R
The .geometric form of the package contents will
not be substantially altered;

The leakage of water into the package is of no

significance since complete light water moderation .

‘and full light water reflection are assumed in all

nuclear criticality safety calculations involved

in the application; .

There will be.no substantial feduction in the effec-
tiveness of the packaging, i.e.:

i) The effective volume of the packaging on which

nuclear criticality safety is assessed will not
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be reduced by.more than 5 %;

ii) The effective spacing on which nuclear criti-
cality safety is assessed, between the center
of the containment vessel and the outer surface
of the packaging will not be reduced by more
than 5%; . |

iii) An aperture cannot occur through the outer sur-

face of the packaging.

1.7 Hypothetical Accident Conditions

The Model MO-1 Package has been designed and its contents are
solllmited that the performance requirements specified in
10 CFR 71.36'wi11 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 tha£ the techniques, analysis methods, assumptions,
and routines employed follow closely those used fof 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

6é) AECB - Resin Flask
1-16



These are proven techniques that agree closely with full scale
tests as well as other publicized standards such as ORNL-NSIC-68.
In all cases the analysis has been proﬁen to be conservative

when compared with full scale testing.

l.7.1 Free Drop

The performance and strﬁcturai integrity of the Model MO-1
Package was evaluated for the drop orientation thaﬁ casued
. the most severe damage as described below. The assessment
of the package was made by analysis and details are provided

below to show that the results have been verified.

1.7.1.1 Free Drop Impact Analysis .

1.7.1.1.1 General Program Description

. Introduction:

This program treats the impact of a shipping éontainer as a_
three aégree of freedom non-linear dynamicslmodel. One degree
of freédom depicts the response of the container, whereas,

the second degree of fréedom depicts-thé response of the pay-
load. The non-linear springs, or load resisting elements,

aré represented with maximum generality and may be character-
ized by: linear coefficients, hon—iinear force-deflection

tabular data, built-in functions (corner, edge, flat sides)
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or user defined subroutines. These non-linear springs may be
tension-compression, compression only, or compression-memory

and may, in certain instances, possess cleéarance gaps.

Additional provisions recognize (approximately) thé change
of mass as a body is ihcrementally crushed and comes to rest.
Provisions are incorporated to select automatically appro-

- priate computing and print interﬁals during the impact-time
history. The solution terminates when the kinetic energy of
the three body model félls below a pre-selected threshold -

value signifying "at rest" upon the unyielding surface.
Solution is achieved by an efficient variable step Rﬁnge-
Kutta-Merson integration algorithm used extensively for

highly non-linear dynamic analyses.

Derivation of Equations of Motion:

The math model schematic is as follows:

$




Where: mlA- = container mass - midbody (variable)
e © container mass - impact zone (variable)
m, = payload mass (fixed) '
Si = Non-Lineai Spring (whose. Force = Fi)

g = Initial Clearance Gap for Spring 84

Initial Conditions € t = 0:
X

X

1n = ¥3p7%,=0

L = Xjp=X,=/2¢h (h = Drop height)

The Differential Equations of Motion are:

(X l
Xy, = = [F -F] +g
1A m;a _3 2

. 1l
X.., = = |F, +F -Fﬂ +g
1B n,p [2 4

%, 5, F, F4] +g

Mass terms are determined from the impact weights of the
container, Wc, and the payload, Wp. The contaiher mass is
éubdivided into & midbody mass, Wype and aﬁ impact zone mass,
myge The midbody mass equals 75¢ of the moving mass while
the impact zone mass equals 25% of the moving ﬁass plus the

arrested mass. Specifically:

™A = 3/4 (We-Wa)/g

[1/4 (We - Wa) + Wa| /g
' m, = Wp/g-
Where: _
Wa = ¢A(gl), Arrested Weight (a function of gl)

g = Gravitationél Constant
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Auxilliary Relations:

The force, Fi' in each spring, Si, is directly related to the
relative deflection, Z50 of each spring. These.relative de-

flections are as follows:

Spring S1
zZ = xlB

Springs S2 and S3

29 = xlA -2z
23 =% - %
Spring S, .
2y = (X5 = 2) = 2501 (X = 2) = 25) > 0
= 0 ;(xz-zl-zo);ﬁ.-o

Force Deflection Relations:

Each of the springs mﬁy be defined by tébular data (depicts
linear and non-linear behavior) built-in subroutines and user
defined "drop-in" subroutines. COrréction for the arrested
fraction of container mas§ follows the general approach used

for springs..

Tabular Data - Forces (Fi) are defined versus relative de-

flections (zi). A control flag defines compreséion memory
springs. If non-linear tension-compression springs are '
desired, both positive (compression) and negative (tension)

portions of the load deflection relation must be defined.
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Extrapolation beyond the last point is allowed thereby
automatically accommodating input of linear spring char-

acteristics and precluding computational aborts.

Spring 2 is unique and ﬁust_be defined as a tabular ten-
sion-compression spring, Ki = 1. This spring must be de-
fined by 4 pairs of (X,Y) data since it represents a bi-
linear bystefetic element depicting the so called Bauschinger
Effect. It has béen found necessary to incorporate this
feature to adequately depict the dynamics of the two body

problem.
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Built-In Subroutines:

(a) Rectangular Edge

F, = F

-+ F

Where:

Q
0
H

Q
5

bﬂ.

1-22

Force due té crushable medis
Lo

2 zi ér .

Force due to plastic deformation

(bending) of external edge sheets

S L t , (Assumes 5t bend radius)

XP___
10

cruéh stress of media

yield stress of external sheet

‘thickness of sheet
‘edge length



(b) Rectangular Corner

F

= F.,+F

Where:

F

1-23

Force due to crushable media

. 3v3 2
hg « O = 2 By Oy

Force to edge sheet plastic bending

225; &y g._ t, (5t bend radius)
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Discussion of the Model:

This impact model represents an intermediate solution between

the single degree of freedom approaches possessing limited

validity/applicability and computationally inefficient multi

mass non-linear impact'models. Its validity remains to be

'fully demonstrated; none-the-less it offers potential solu-

tions to many limitations of prior models; namely:

ability to accommodate the "hardening" characteristics

of crushable media in the final stages of compression.

ability to study the "two-body" effects when the pay-
load is normally supported on & "soft" vibration iso-

lation system for normal transport; e.g. fuel rods.

approximate representation of separate interieal force

deflection relations.

approximate representation of external sheet plastic
deformation capabilities. Testing is required to fine-

tune these features.

near “fooi—pioof" selection of compute and print inter-
vals = thereby eliminating trial and error selection.
2 major portion of this task is accomplished by the

error checks within the Merson variable step integration |

routine.
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1.7.1.1.2 Imﬁact Evaluation

This analyéis determines the maximum accelerations and defor-

mations of the overpack and

fuel assembly when subjected to

a 30 foot drop on an unyielding surface. Four impact orient-

ations are consideréd critical:

- Flat Side - for maximum acceleration

- Long Edge - for maximum deformation

- Corner - for maximum deformation
- Short Edge - for maximum internal forces

The basic math model is comprised of three degrees of freedom:

an overpack mass and a fuel

assembly mass. The overpack mass

is subdivided into a iower impact zone mass, Myar and & mid-

body mass, Mype Mass, MlB'

moving mass.

/=2806 Ks
X Ggpeelis

equals arrested mass plus 1/4 of

_ Non iinear spfings'sl and S, re-
present the characteristics of
the overpack. Spring_83 repre- .
sents the vibration isolation
attachment of overpack to fuel
assembly strongback.. Spring S;A
represents the deformation char-
acteristics of the strongback to
overpack contact which occurs when

' the normal clearance, 2., has been

consumed through relative defor--'

mation of overpack and fuel assembly.
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1.7.1.1.3 Summary

As noted in Section 1.1.2, Design Criteria, the prime func-
tion of the overpack is to provide thermal insulation to the
fuel rods. Therefore, damage resulting from the drop con-
ditions are used primarily to modify the thermal model to
account for loss of insulation. Maximum rod acceleration
was found to be less than 178 g's. Since the rods are spe-
cial form, they can withstand a 30 foot drop unprotected,

the reduced envirbnment will be beneficial and safe.

The summary impact results'table-presents maximum deforma-
tionsvfor each of the four deformable elements of the impact
model versus the three selected 6rientations. The purpose of

this section is to summarize these results in a graphical and

easily understood fashion.

.3.1 Flat Drop

Results are interpreted for impact on the top and bottom

surfaces.

(a) Bottom Impact (Side View)

TB5VT— = : |
N Y T ”
s [T
_.—.4_‘..‘_ ._.'1/ ,,./»f P s ;
J: { ' 0 1

E . ” _1
026" EREL
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The above sketch illustrates thé net section remaining after,.
impact. The original 4" section is reduced to 2.716" by uni-
form crushing on the bottom surface. The section is further
reduced by fuel assembly impact on the inner surface. This
inner surface impact locally reduces the remaining thickness
to 0.028" at each\transversé support frame angle. The
transition between 2.716" aﬂd 0.628“ thickness follows a
typical catenary shape due to the membrane behavior of the

inner container skin backed by the crushable foam.

(b)Y Top Impact . Side View)
S . el
' FueT desy |
| — '
J _ }-——/ ?.64‘4 - /2% yer
—t /15" * (Czafféd
k —77/>5i/7/4///> 7R T J
- ,028" L /.284-"
L. - 272/¢4" L- zec88"”7

‘The shaded area Tepresents net section remaining after -impact.
The original 4" section is reduced to 2.716" by uniform crushing
~of the bottom surface. At each of-the 18 cross bar nut protectors
(fuel assembly), the section is reduced to 0.028". Nofe: In the
thermal anélysis a slightly more conservative approach is taken
which further reduces this net section.at nut protectors. Section

1.7.2 demonstrates that the skin does not tear.
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.3.2 Long Edge Impact

The geometry of the long edge is &s follows:

4:”,

B.412. " (CBAH Jepir

— 1830 " (Alf}'fe—?.;vaﬂ> -

oomp - . - o e ot S -

N

e R s A
e e

Impact is assumed tq,d¢cur symmetricallyla}bng the long edge.
Based on this?gésﬁmpélbn, the minimum distance between inner
and outer skins,is'11836“.' This net section, exists only along

a "line", elsewhéréizﬁhe net section exceeds this value.

Importantly, this case is considerably less critical from a

thermal viewpoint than the flat impact, Section 4.1.
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3.3 Corner Impact

\_/f ‘ The graphics of the impact surface and inner container sur-
face become rather involved. The following two sketches
attempt to sepafately depict the geometry'in a schematic

. A
. gt

fashion:
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SHORT EDGE IMPACT

The geometry of the short edge is shown in the sketch shown below.

- Impact is assumed to occﬁr symetrically along the short édge.

Based on this assumption, the minimum distance between inner

and outer skins is 0.239 inches "along & line" defined by the

inner corner. This impact is considered less critical from a

- thermal viewpoint than the previously discussed "flat" impact.

MAXIMUM ACCELERATION OF CONTAINER = 2665.8 AT TIME

«,0492 SECONDS

MAXTMUK ACCELERATION OF PAYLOAD = -7129.3 AT TIME

=+0508 SECONDS

MAYIMUK EQRCE TN SPRING 1w 1014088 AT TIME =.0528
MAXIMUM FORCE IM SPRING 2= 211656 AT TIME =,0580
MAXYTIMUM FORCE IN SPRING 3e " 41845 AT TIME I.OSOZ

. MAYTMUM FORCE TN SPRING &= 1025783 AY TIMF «,0508

MAXIMUM RELATIVE DISPLACEMENT IN SPRING 1= .805 AT TIFE =,0528
TMAXTMUM RELATIVE DISPLACEMENT IN SPRING 2= ¢339 AT TIME =.0580

MAYTMUM RELATIVE DISPLACEMENT IN SPRING 3s 1,006 AT TIME =,0502

MAXIMUM RELATIVE DISPLACEMENT IN SPRING &= «769 AT TIME =,0508

S
/0"
4229"
(Nerecron
| {3
Q\ >
I mz
U
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RESPONSE QUANTITY

IMPACT CASE

FLAT EDGE CORNER
Spring Rel. Deflection (in)
Spring 1 (Base) 1.284 8.412 15.288
Spring 2 (Midbody) 1.008 .300 3.240-
spring 3 (Shock) 11.796 | 12.444 | 13.884
spring 4 (Contact 2.688 | 2.616 | 9.024
Spring Forces (1lb)
Force 1 1,067,386 | 775,848 {541,704
Force 2 888,790 | 555,372 | 209,596
Force 3 40,987 | 43,271 | 48,394
Force 4 818,978 | 778,933 | 695,204
Accelerations. jg)
Fuel (%,) 177.89 170.21 | 153.92
Container (X)) 305.11 | 211.91§ 87.15
{(Midbody)
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CASE 1 FLAT DROP BOTTOM

T e

Max IMUS 4CCELERATIUN IF SgﬁfAINEQ e 782445 AT T1ME =42245 SECINDS

MAXIMUM ALCeLeRATIUN OF

ARTKUM FORCE IN SPRING - 6 AT :TIME
MAXTrnUM FGRCE IN SPRIne 2= 686790 AT 1142 ©,0319
MAATHMUM FOURCE IN S5PRaN3 3= 40GET al TIAE e,0245
MAXIFMU4 FORCE IN >PRING 4= B1BG7E AT T14Z £,0540

ﬁa;ﬁbﬂQQcLATlVEQJIbPLAC-M-NT}Su;;-,’M
AXIMUM RELATIVE DISPLACEMENI IN SPRI
AXTKUA RELATIVE DISPLAUEMENT "IN SPRING 3= 7 i9g3 -

MARIBUM KeLATIVE D1SPLACEMENT IN SPRING 4= “224 af TIRE .3349

CASE 2 EDGE DROP

MAXIMUM FORCE IN SPRING 1= 775646 AT TIME =.0476

MAXIMUM FORCE IN SPRING z- 555372 AT TIME =,0448
u 43271 AT TIME =,0387

. MAXIMUM FORCEIN SPRING 4- 778933 AT TIME =.06400 " @ Shat T

MAXIMUM RELATIVE® DISPLACEHENT IN SPRING 1 #7001 AT TIHE "4 0476

_ MAXTMUM RELATIVE DISPLACEMENT IN SPRING 2 2025 AT TIME =,0448
MAXTMUM RELATIVE DISPLACEMENT IN SPRING 3= 1,037 AT TIME =,0387
MAXIMUM RELATIVE DISPLACEMENT IN SPRING &= «218 AT TIME =,0400

CASE 3 CORNER DROP.

se- - . EEET IR - .- e . e o et e

MAXTINMUM ACCELERATION UF CJNTAINER s ZBO&.Z AT TIME 0612 SECONDS

A

SO —

MAXIMUM ACCELE?ATISN OF PAY{DAD = -4956 1 kT rrﬁr £.0610 SECUNDS
N

_MAXIKUM FORCE IN SPR Ne.la« 541704 AT %&ne 0642 . o
MAXT®UM FORCE IN >PRING 7=, 209596 AT TIMt =.u460
MexImiM FORCE [M SPRING 3= @, 48394 AT TIME =,96]12
MAXIMUM FORCE [ SPRING 47 6949204 :AY YIME ©,0610 . . .
HEXTMUM RELATIVE PISRLASESERT IN SPRING 1+ 12274 AT TIME =.06642
MAXIMUM RELATIVE DISPLACEMENT IN SPRING 2= +273 AT TiMe =.9469
AT RUM RELATIVE UISPLACEMENT IN SPRING 3= 1¢157 AT TINE =,061¢

MAeLhUM RELATIVE DISPLACEMENT IN SPFING 4= o el52 AT TINE =.v610

-/

1-51



.3.4 Lid Retention

a) Capability

From drawing 158lF50 it can be seen that the lid is secured-
to the body by means of 12 ratchet binders and 12 double shear
ball lock pins. Both react tension loads. Shear loads are
reacted by the ball lock pins, their brackets, ratchet binder
brackets and the package shear lip (Reference, Drawing 1581F50,
Detail A). These capabilities are calculated as follows.

1. Ratchet Binders

Ultimate braking strength of each 7/8 inch diameter

binder is given as:

Pt = 32,000 lbs. (Ref. attached data sheet)

Shear loads are reacted by the lower binder'support

bracket lip as shown below.
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Shear loads are reacted by the bracket and its attach-
ment weld. Therefore, its shear strength capacity is
equal that of the attachment weld. For conservatism,

assume only the top filled weld to be effective.

Ps1 Fsu A'w_eld
Where
Fey = 35,000 'psi R,
A = (4 in) (1/8 weld) (sin 45°)
= .354 in 2
Psl = (35000) (.354)
Psl = 12390 1lbs/Bracket

Therefore, each ratchet support bracket can react 13,381 1bs.

prior to shearing.

2. Ball Lock Pins

The ultimate double shear strength,for a CL-10-BLP-1~4.5
pin is 51,400 lbs per manufacturers data. The critical
area is not thé pin but bearing capacity of the pin sleeve
to container interface. Bearing strength can be calculated

as follows:

Pbrg Fbrg A
Where.
Fbrg 90,000 psi (Mil-EDBK-V)
= .095 in 2
Bbrg (20000) (.095)

= 8583 lbs.
Since pin loads are reacted in bearing at two locations (double

shear) the total caﬁacity is:
' 1-51b



3.

P = 2P

s2 brg

= 18,128 1bs.

Therefore, each ball ;ock pin can react 18128 lbs in lateral
shear. Shear loads parallel to the pin are reacted by the

external lug in the same manner as the ratchet binder lug

above.
PsB Fsu A'weld
= (2 in) (1/8 in) (35000 psi) (sin 45°)
= 6187 lbs.
Shear Lip

From the drawing it can be seen that the full perimeter

of the packagelis equipped with a deep éhear lip. The lip
is held in contact by the tension capability of the binders
and ball lock pins. Shéar in the outward direction is
reacted by the brackets as noted above. " 2n inward load is
reacted primarily by the'l/alweld between the rectangular
tube and skin shown above. -

A unit length capability can be calculated as follows:

P§4 = Psu A‘weld

F__ = 35000. psi

su
Beg = (1 in) (1/8) (sin 45°)
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= 2
Py (35000) (.088 in®)

Ps4 = (3080 1lbs/in)
b) Loads
From the Summary Impact Results, page 1-47, it can be seen
that the container body experiences the following accelerations

during impact orientations.

Long Edge drop = 211.9 g's .
Short Edge drop = 82.79 g's

Corner drop = 87.15 g's (Ref. 1-46a)

c) Margin of Safety

1. Edge Drop ;

The edge drop will produce the following loads that must

be reacted by the shear pins, etc., from above
//r\\\//\K\g_
> .
) 5

&
05 W WA W G W W W W W W W W

tan © = 45/47 : '

e = 43.8°
He = (211.9 g's) (cos €)
He = 153 g's _ L

Using a 1id weight of 1900 lbs., the total shear force
to be reacted will be:

Pro = (1900 1bs) (153 g's)

= 290,810 lbs.
1-51d



If the paqkage were to impact on its 1lid, secondary impact loads

from the fuel assembly would produce additional lateral shear

\_/ loads. . . .

On impact,'the soft support mounts will provide a tension load to

—/ the upper side and a compression load to the lower edge. From the

-

sketch it can be seen that the upper mount will elongate or stretch
1-51d-1 |



J

3 1/2 inches until full contact is made with the opposite'side.
This load contribution can therefore be calculated as follows:

P, = (3.5 in) (1030 1b/in per pg 1-35) (9 mounts)

Pu = 32,445 lbs.

For conservatism, assumé the strong back will come to rest, and

be supported by the fully éompreséea mount and point "A" on the

. outer shell. This can be represented as follows:

(4800 1bs) (170.21 g's) (Cos 43.8°)

_d
{

Pr -
P, = (8/17) (4800) (170.21)" (Cos 43.8%)
P, = 277,500 1lbs.

If these loads were conservatively -added, the total lateral

or shear load will be:

1l
P = 290,810 +32,445 + 277,500

P = PHe-l-Pu-!-P'

P = 600,753 lbs.
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This will be reacted by the following:

5 Shear Ratchet Brackets (P_,) one gide only = 61,950

4 Shear Pins (Psz) ends only = 72,512
4 Shear Pin Brackets (PSB) one side only = 24,748
200 in. Shear Lip (Ps4) one side only = 616,000

775,210 1bs.

Therefore, the 1id can react a lateral shear load of:

Lat = 775,210 1bs.

Margin'of Safety:
M.S§. = 715,210/600,753 = 1
M.S. = + .29 (Edge Drop)

'2. Corner Drop -

A

NOTE:

From page 1-51d4, it can be
seen that corner drop pro-
duces higher accelerations
than the short edge drop.
Energies are absorbed more
uniformly during edge impact.

[

B, = (87.15 g's) cos 12.3°

H, = 85.14 g's

Using the lid weight of 1900 lbs. the total shear force to
be reacted will be: ‘ ' _

Pge = (1900 1bs) (85.14 g's) + spring (13.9 in) (2470 1lb/in)

= 161,770 1bs. + 48220 lbs = 209,990 1bs.

 7his will be reacted by the following:

1 ratchet bracket (Psl) end only = 12,390 1bs.
8 shear pins (Psz) sides only = 145,024 lbs.
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2 shear brackets (P, ,) ends onlf = 12,374

1bs.
41 inches shear lip (Ps4) one end_only = 126,280 1lbs.
296,068 1lbs.
Therefore the 1id can react a longitudinal shear load of
296,068 1bs.
Longs = 296,068‘ ibs.
Margin of Safety: ‘
'M.S. = 296,068./209,990 - 1
M.S. = + 41 (Corner Drop)
3. Flat Drop
From the impact analysis shown on page 1-41c, the rebound load

experienced by the 1id will be 271,404 lbs. This load will bé

reacted by the binders and ball lock pins. (Ref. pages 1-
" and 1-514 |
Margin of Safety:

M.S. = (12 Py oo + 12 Ppins)/Prebound -1

= (12) (28125) + (12) -(16786) / 271,404 - 1
= (337,500 + 253,116)/271,404 - 1

51h,

= + .96 ' | | .

CONCLUSION

It can therefore be concluded that impact loads on the container

can be safely reacted by the 1id attachment mechanism. The re-

dundancy and independence of these mechanisms will assure that

jocalized damage will have a small impact on the containers overall

ability.
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.3.5 Ratchet Binder Closure Latch Mechanism

As can be seen from drawing number 1581F50, the ratchet binders
'are enclosed within a heavy strﬁctural steel channel. The
channel provides localized pfotection for the biﬁder as well

as a system 6: load distribution into the-overpack shell. Loads
are reacted through the lower end by a 3/4“ diameter bolt.

The upper end of the binder is pinned to a similar inverted
chanel by means of a 5/8" diameter ball lock pin.

To open the package, the binder is loosened sufficiently to
allow the 5a11 lock pin to be depressed and withdrawn. The
binder is then rotated down and.flush with the package sides.
After removal of the adjacent ball lock shear pins and binders,

the package lid can be removed.

Structural capécify for the critical areas is shown below.

1) Ratchet Binder - per manufacturers data the binders

ultimate strength is given as 32,000 pounds each.

2) Ball lock pin - per manufacturers dafa, the ultimate
strength in double shear of the ball lock pin is given as
51,400 pounds each.

3) 3/4" diameter bolt - the ultimate double shear strength of

a 3/4" diameter bolt is given as 31,800 pounds each.

4) Bearing stress capacity is given as:
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Pbrg = Fult A '
Where
Pult = 90,000 psi (Mill-EDBK~-V) (Bearing Stress)
A = (5/8) (.25) (2)
| = .313 in 2
Pbr§ = (90,000 psi) (.313 in)
= 28,125 lbs. each
5) Lower channel weld to skin ,

Pw = Fty Aweld
-y 35000
ty =. . .- . .

(20 in) (1/8) (sin 45°)
2

A'weld#
.= 1,76 in

P_-= (35000 psi ) (1.76 in)

= 616007 1bs.

Therefore, it can be concluded that the,ratchet.bihdefAclosure
latch has a minimum capacity of 28,125 1bs. each (from number

four above).
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«3.5 Shear Pin Tearout Capability

WELDED FIFE TWSEET

Since the pipe insert is welded to the skiﬁ, shear out loads will
be reacted by over a 360° circumference. Loads along.the lower
edge can be caiculated using the standard 40° shear out. For

the pin to tear free of the pipe it must fail ih tension or

tear the weld f:ee.

174

(4’0 ° st v W TLS 1840 ) / LO° SHERR VT ) [=riehn )

Tension:
P, = Fuﬁ = ( 55000psi)(.109 thick) (1.0 long)
P, = 5995 ibs/side
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Shear

Py = (35000 psi) (n7r/2) (.875) (.109.thick)

Pp = 5243 1bs/side

40° Shear Out

P, = Fsu 2t (EM - d/2 cos 40)

= (35000) (2) (.109) (.75-.44 (.766))
= 3150 1bs

From above it can be seen that shear out is critical.

Therefore maximum capability is as follows:

P = _(PB + Ps) 2 side

= (5243 + 3150) 2

= 16786 1bs. (Pin Tension Capability)
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1.7.2 Puncture Evaluation

Puncture analyses are conductedrusing the "punch“ program
developed by Mechanics Research, Inc., MRI-TR-560-(70)1,2/70.
The purpose of these analyses is to predict the behavior of
container shell material when impacted by localized protruber-
ances. Applicable federal regualtions require the container
to not fail when impacting a 6" diameter punch in a 40" free
fall. This requirement defines the performance of the outer
container shéll. Similiarly,'tﬁe performance of the internal
shell is defined by the 30 foot drop and the characteristics

of protuberances existnat on the fuel assembly.

The “gﬂncp“ computer code employs straight forward princiéals .
of mechanics and ultimate materials properties. Despiée its
simplicity, excellent correlation with test data has been
demonstrated; i.e., Figure 2.2 of ORNL-NSIC-68 has been analy- -
tically .duplicated. "Punch” téeats the shell as an axism-
metric membrane and the foam as a backing media exhibiting
purely plastic (constant stress) resistance to imposed defor-
mations. With these assumptions, deformations of the punch
inéo the backing media may be determined. EKnowing deformation
thg ;esisting force is obtained. from the membrane geometry.
Both membrane tensile force and energy absorbed may thus be

deﬁermined..

For both external and internal impacts the "punch" program
results are used to determine required shell thickness versus

punch pin stroke depth into backing media.
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1.7.2.1 External'Shell Punbture

Using the "Punch" code the following required shell thickness

was calculated.

STATIC TINELASTIC McMBRANE PUNCTURL A&ILYSIS

% BASIC th’NbF&ING DATA

PACKAGE AEEGHT (LB) = EblleC

DRuUP Hclal'” (I’\” s "tlcf

KINETIC ENERGY Tu AESOKS (FT=LB) = = 26667

ULTIMATE STQFJS CF MEMBRANE (FSI) = 3307

_ ULTIRETc ELONGATION GF WEFBRANE (PERCENT) = 36

'»fRADIUS OF vuncruas PINTCIN

EDGE RADIUS OF PUNCIUR: PIN (IN) = 425

~ NUABER oF TRIAL LO07 CYCLES

k% TRIAL CASE DATA*

CRUSH STRENGTH GF BACKING %&o:& ST = ?fﬁfiébff?f**?ﬁtﬂ

BACKING MEDIA TRICKNESS (IN) =  =sGC

IthJAL THICKNESS OF huMERANE SHEET (IN) = OSU

- INCRERE NTAL rqxcnuass oF nenakkueq’ﬁ‘”’"”°‘"

" ¥¥% PUNCTURE GeSICN TRIAL CASES

: ..’ *,ﬁi#;*;;#.& V&LULJ AT m:M RANE” FAILURE ##42¥Rsdix
SHetT CRUSH TJ1aL_ CruSH  TGIAL  JEAR SHEET
1HICK RADsUS  FURCS OErTd  ENERGY  ACLee  ANGL:
(IN) (1) (eo) (1) (FT=LB) () (D:is)
sCBCT 144748 08295 7.49;%$ ’29¢1~ 149 _43.3 e
¢ 3990 154005 Te4ey Beli " | 35iaf 59 qs.a*D;SIGN VALUES
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Therefore, the design minimum skin thickness should be .090 in.
From the drawing it can be seen that the overpack is constructed

from 12 gauge (.1042 in) material.

It should be noted that for conservatism the subsequent thermal

analysis model of Section 1.7.3 assumes that the external shell

‘does_puncture. For this analysis a 12 in. diémeter hole was

assumed to exist in the external shell and insulation.
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1.7.2.2 Internal Shell Puncture

An impact on the top surface of the overpack is considered
most critical since it tends to drive the 18 nuts of the

strongback cross bars into the foam backed top inner surface.

To minimize shell thickness, each bolt is fitted with a large
diameter nut (1 1/2" diameter). The requirements of this
puncture analysis are thus;
Drop Height = 30 feet
Puncture Pin = 1 1/2 inches
Weight/Pin = © 4800/18 = 267 1bs

Steel & Foam - See Section l.7.2.1

The following sheet summarizes relevant relations for required
inner shell thickness.versus stroke. Some explanation of this
~ figure is warranted. Thrée primary curves are shown for foam
strengths of 75, 100, and 150 psi. For the 100 psi foam,

the influence of various protector diameters is illustrated

4" g, 3" g, 2" §, 1 1/2" #).

Required shell thickness may be found knowing stroke. Two
approaches are utilized and tear margins determined for the 10
gauge (.1345") inner shell: ' '

Most Conservative
Max Stroke = Foam Thickness = 5"
Thickness Req'd = 0.1265"

Mstear = ,1345/.1265 -1 = +0.06
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Most Realistic _
Max Stroke = Z4 max (Impact Flat Drop) = (.222) (12)
' = 2.66"

Thickness Reg'd = 0.044
MStear = .1345/.044 -1 = +2.06

.. The inner shell does not tear.
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1.7.3 Thermal

The following thermal evaluation of the package demonstrates
its ability to meet the normal transport and hypothetical

accident conditions.

1.7.3.1 Summary of Pressures and Temperatures

~ Under steady state conditions, assuming a 54 hour day'ét max-
jmum solar heat load and an internal heat load of 400 watts,
the maximum rod temperature was found to be 232°F. External

package temperature was less than 173°F.

Rod teﬁperaturés rose to a maximum of approximately 340°F when

the package was subjected to the hypothetical fire condition.

From the above it can be safely concluded that thermal con- .

ditions will have "little effect on the fuel rods.

1.7.3.2 Thermal Analysis

This analysis treats.both normal transport and hypothetical
accident conditions. Specifically, conditions evaluated in-
clude:

Normal Transport - 400 Watts Decay Heat

Sheltered - 70°F Ambient 2ir
Exposed - Maximum Solar Flux

100°F Ambient Air (Design Criteria)

130°F Ambient Air
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Hypothetical Accident Condition

Overpack Condition

Undamaged

Composite Damage Case

Fire Exposure
30 Minute Fire @ 1475°F
400 Watts Decay Heat
Surface Emissivity = 0.8
Initial Conditions - 100°F Ambient Air
Cooling -~ Radiation Free Convection ---_70°f Ambient Air

The moéel employed fpr_this analysis follows these introductoiy
remarks. Briefly the model consists of a 13 node lumped pata-
meter irealieation. A single node is used to fgpresent the
external overpack shell. Four nodes are used to represent

the foam insulation separating inner and outer container shells.
The inner shell is represented by three nodes, one for the |
rectangular tube closure rail surrounding thé‘opening, one

for the shell bottom ( adjacent to the fuel bundle cradle )
‘and finally, one node representing the remainder of the inner
shell surface. The fuel transport assembly is represented by
a total of four nodes, one for the cradle and three fbr the
fuel bundle. The three nodes assigned to the fuel correspond
to annular rings of fuel pins. The outermost ring consists

of only the outermost row of fuel pins. The next ring consists
. of the second and third rows of fuel pins. Finally, the third
andilast fuel node consists of the innermost fuel pins (row 4

and inward).
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The overpack outer shell is linked to the external environment
(ambient air or fire source) by a pair of resistors, one repre-
sents radiation effects and one represents convéction effects
(free). During the 30 minute fire, the convection resistor

is switched off. Solar flux is applied by a direct heat input

to the outer shell.

Heat transfer through the foam insulation is represented

by conduction resistors. To account for the possibility of

foam char, the resistors afe defined versﬁs temperature such
that the foam is replaced by an equivalent air gap at 400°F.

Gases generated from decomposition of the foam (temperature

‘> 600°F) are vented through six 1% inch diameter holes in the

external skin. These vents are closed with a standard ABS .

plastic pipe plug that melts well before off gasing starts.-

Heat transfer in the 1lip closure area is represented by
metallic conduction resistors. Heat transfer between the
inner shell and fuel assembly is represented by radiation

L4

resistances. - -

Damage effects are represented by a composite conduction

resistor linking inner and outer shells.

Solution of steady state (normal transport) and transient
(fire) cases is achieved by a conventional thermal analyzer
program, THAN, based on the well known Lockheed Thermal

Analyzer.
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1.7.3.2.2.2 Hypothetical Fire Accident

Two analyses have been performed. These analyses are
essentially identical in éll respects except one reflects the

damaged condition and the other the undémaged condition.

The analysis assumes & time programmed source temperaturé
(1475°F for 30 minutes, theﬁ 70°F thereafter). Similarly,
convection between source and overpack shell is a time
programmed function operable only after the 30 minute fire -

exposure. No artificial cooling was applied.

Summary results are plotted on the following sheet for the
damaged case. Comparative points are iliustrated for the most

significant portion of the undamaged analysis.

This plot shows the following: )

1) overpack shell responds quickly to the source temperature.

2) within 45 minutes all elements, except fuel have attained
maximum temperature and have begun to cool. |

3) Innermost fuel pins attain a maximum temperature of about
260°F at about 3.5 hours.

4) Maximum.interior wall temperature of aboutf4;m°F is at-
tained on the closure rail at about 36 minutes.

5) Outermost fuel pins attain a temperature of 340 °F af:

about 45 minutes.
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TRANSIENT PROBLEM

T | X
TIME = : SECe | ,
_ﬂ;ﬁlﬂuﬁmkc DRODUCT = a0 . SEC, ===== FOR NQDE 0 . . wr
1D DEGREES F 10 DFGREES F_ I0  DEGREES E 10 _ DEGREESF
1 1475.00000001'.7éf7ﬁ“148;§oddbob © 3% 153.0000000 & . 157482000
5 162,6406000 6 167,4606000 7 17644000000 _ &  183.10000
— e 165.2000000 10 185.,2000000 11  191.4000000 12 206450000
13 21542000000 - o
CTINE = 5.0000000E=01SEC. . 0 S
_nxulnun.zc_zxnaucx_ ___lLZIIQZAbE"B25&&4_:::::.Eﬂ& NODE. .2 T
_I0 DEGREES F ID __ DEGREES F___JD _ DEGREES F _ ID DEGREES F
.,1475.000000,, 1 .,'i 911 s7eeezz"7”45577456-50784
2672104059 : 7 193.9375739- B 422.08402
392.5969816 10  192.5715768 11 31649001817 12 226464967
21648313187
TIME = - 6+0000000E-01SECs &+ * .7 o S
BINIMUH RC PRUDUQJM:___1.12454705—0155C- oo FOR NODE 11 iniii i
1D DEGREES € 10 DEGREES F 4410 DEGREES_F ID____DEGREES_F
'17”l"]: 69.9979955 2 450.5631652 ‘3 796.5729172 '4 512.95647"
(5 - 304.8161094 6 226+4021996 7 201.2387341___ 8 __ 401.98817
9 411.7639106 10  197.0266960 11  339.4984180 T2 23779937
13 218.3168822
T ' G - 7 ...rq,....,_. AR
ﬁ”TtnE"ir’ 3.)soooooe+oossc. R T A BRI
KININUM RC PRODUCT = S 851993E=01SECs ====s_FOR NODE _ 11 -

ID DEGREES F . ID DEGREES_F ID  _DEGREES_F_____ID_ . DEGREES.
S | 69.9322940 2  110.0747763 3 15445915442 4 1914684t
L5 218,2689702 . 6 233,1843869 1 244,3025160_ & . 21B.943:
9 20942440165 10  244.5846284 11 23549142369 12 2534755¢

13 2617544178 .
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1.7.4 Water Immersion

The effects of the water immersion test condition for

fissi;g packages can be found in Appendix 5.6
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~1.7.5 Summary of Damage

As a result of the above assessment, it is concluded that
should fhe Model MO-1 Package be subjected to the hypothetical
accident conditions: |
1) A reduction of shielding will not occur due to absorber
plate location, between the fuel assemblies and sand-
wiched within_the support frame structural members.
2) No radioactive material would Se released from the

package.

Also, as a result of the assessment described above, it is
concluded that, if subjected to the hypothetical accident
conditions, the Model Mo?l Package would be subcritical, as-
suming: )
1) The fissile material is in the most .credible reacﬁive .
configuration .consistent with the damaged condition
of the packaging and the chemical and physical form
of the contents; '
2) Full light water moderation of the contents consistent.
with the damage conditions of the contents;
3) Full light water reflectién of the contents consistent

with thé'damage condition of the contents.

Refer to Section 5.0 for nuclear safety criteria, assumptions,

methods of analysis, and results.
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1.8 Special Form

Since Special Form is not claimed, this section of the appli-

cation is not applicable.

1.9 Fuel Rods

Structurally the fuel rods to be transported in the Model MO-1
Package- are identical to those that are currently authorized
for shipment in the RCC Package series. As noted in Section
1.1.2, the prime requirement of this package is to provide
thermal insulation for the pressurized fuel rods.- fhe analysis
Qf Section 2.0 will demonstrate the overpack's ability to meet

this requirement.



1.10 Appendixf

Index to Appendix

1.10.1 NRC Certificate No. 5450, Docket 71-5450

1.10.2 Drawing No. 1581F50, Revision 1, Sheets 1 and 2.

General arrangement of Model MO-1 Packaging.

1.10.3 W Letter PDD 045-74, dated 08/22/74
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: IWestinghouse Electric Corporation
- ATIN: Mr. A. T. Sabo

Appendix 1.10.1

UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

xagk® ~ APR 15 1381

FCTC: RHO
71-5450

P.0. -Box 355 ' . L\‘gs :.iCENSING
Pittsburgh, PA 15230 : MAFZGUARDS & SAFETY
Gentlemen-

Enc10$ed is Certificate of Compliance No. 5450, Revision No. 13, for the

~ Model Nos. RCC, RCC-1, RCC-2, RCC~3, and RCC-4 packaging. This certificate.
- supersedes Certificate No.-5450 Revision No. 12, dated January 28, 1981.

Changes made to the enclosed’ certificate are fndicated by vert1ca1 1ines
1n the margin. -

- Those on attached 1ist have been registered as users of these packages

under the genera1 license provisions of 10 CFR §71. 12(b) or 49 CFR §173.393a.

This approval constitutes authcrity to use these packages for»shipment of

radioactive materifal and for the packages to be shipped in accordance with
the provisions of 49 CFR §173.393a.

Sincerely,

Charles E. MacDonald, Chief
- Transportation Certification Branch
Division of Fuel Cycle and
‘Mater{ial Safety

Enclosure:{ As stated

cc w/encl: Mr. Richard.R. Rawl
. Department of Transportation
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- Model Nos. RCC RCC-1, RCC-2, RCC-3, and RCC-4 Packagings
SA/5450/AF - _

Addressees

Department of Energy

ATTN: Mr. E. L. Barraclaugh
P.0. Box 5400 ,
Albuguerque, NM .87115

Department of Energy
ATTN: Mr. Larry Blalock
P.0. Box E

Oak Ridge, TN 37830

Departmenf of Energy

ATTN: Mr. James M. Peterson

P.0. Box 550
Richland, WA 99352

Duquense Light Company
ATTN: Mr. J. A. Werling
P.0. Box &

Shippingport, PA 15077

IRT Corporation
ATTN: Mr. K. L. Crosbie
P.0. Box 80817 '
San Djego, CA 92138
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Oak Ridge National Laboratory
ATTN: Mr. William E. Terry
P.0. Box X

Oak Ridge, TN 37830

Sandia Laboratories .
ATTN: Mr. W. C. Purchase
P.0. Box 5800

-Albuquerque, NM 87118

Tennessee Valley Authority
ATTN: Mr. L. M.-Mills
400. Chestnut Street, Tower II
Chattanooga, TN 37401 ‘

Virginia Electric Power Company
ATTN: Mr. B. R. Sylvia

P. 0. Box 26666 -
Richmond, VA = 23261

" Westinghouse Electric Corporation

ATTN: Mr. A. T. Sabo
P.0. Box 355
Pittsburgh, PA 15230



Form NRC-618
(1273)
‘0 CFR 71

U.S. NUCLEAR REGULATORY COMMISSION -
CERTIFICATE OF COMPLIANCE
For Radicactive Materials Packages

1.4a) Certificate gzgaer

-

1) {igvislon No. 1.(:10 ?A??& édbeytAlt}catbn No. ) {ngcs NoJ1.(e} Total Noiage

2. PREAMBLE

2.a)  This certificate is kssued o satisfy Sections $73.293a, 173.394, 173.395, and 173.396 of the Department of Transportation Hazardo
* Materlals Regulations (43 CFR 170183 and 14 CFR 103) and Sections 146—19~10a snd 146—19—100 of the Department of
Transportation Dangerous Cargoes Regulations {46 CFR 1465-148), &s amended. . :

2.(b) The packaging and contents described in item E below, meets the safety standards set forth in Subpart C of Title 10, Code of
Federal Regulations, Part 71, “Packaging of Radioactive Materials for Transport and Transportation of Radioactive Material Under-

Certain Conditions.”

~2(c) This certificate does not relieve the consignor from compliance with any requirement of the regulations of the U.S. Department of
Transportation or other applicable regulatory sgencies, including the government of any country through er into which the package:

will be transported.

3. This centificate ks issued on the basis of a safety analysis report of the package design or application—

3.(a)  Prepared by (N d
Westiﬁghouse E1£c€:¥£é

P.0. Box 355 :
Pittsburgh, PA 152;0»

3.lb) Title and Kentification of report or application:

address): : .
Corporati on Westinghouse Electric Corporation appliication

dated December 17, 1980, as supplemented.
| " 71-5450 '

3.4c) Docket No.

4. CONDITIONS .

. This certificate is nonditio_tﬁl upon the fulfilling of the requirements of Gubpart D of 10 CFR 71, &5 applicable, and the condftions specifie

in tem € below.

\'f. Description of Packaging and Authorized Contents,’ Model Number, Fissile Class, Other Conditions, and. References:

(&) Packaging

(1) Model Nos.:

RCC, RCC-1, RCC-2, RCC-3, and RCC-4. -~
(2) Description A

Steel fuel element cridie assembly consisting of & strongback and adjhstz
fuel element clamping assembly, shock mounted to & 14-gage steel outer
container by shear mounts. Neutron absorber plates are required for the

contents

as specified. Gross weight for the RCC and RCC-2 is 6,300 1bs.,

" RCC-1 and RCC-3-fs 7,200 1bs., and RCC-4 is 8,40Q 1bs. - .

(3) Drawi ngé

-';_'I..The packaging is constructed in accordance with Westinghouse Electric
.. Corparation Drawing Nos.: 1596E24, 1596E25, and 1553E30 fo the RCC and

_ o E22,
\_ | (4) Fuel rod

RCCA2) 1596E24, 1596E25, and 1553E31 for the RCC-1 and RCCZ34 and

1596E23, and 1548E55 for the RCC-4. ,
c‘gjd in

container: reinforced 13-gage steel box constru

accordance with West_'l nghouse Electric Corporation .Drawing No. C56J005S.
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Page 2 -»Certificate No. 5450 -»Revisinn No. 13 = Docket No. 71-5450

5.
/.

(b) Contents
1) Type and form of material

(i) Uranium dioxide as zirca1oy or stainless steel clad unirradiated fue
elements. Two (2) neutron absorber plates consisting of 0.19" thick
full length stainless steel containing 1.3% minimum boron:or 0.19%
“thick OFHC copper are required between fuel elements of the followin

specifications:
14x14 15x15  14x14 15x15 17x17 16x16 . 14x14
' ir  1Ir SST SST ir ir ir
Type Clad Clad Clad Clad Clad Clad Clad
Pellet diameter 0. 344~ ‘ ‘
(nom), in 0.367 0.367 0.38% 0.384 0.308-0.322 0.322 0.3805
Rod diameter . 0.400~ - :
(nom), in 0.422 0.422 0.422 0.422 0.360-0.374  0.374 0.44
Maximum fuel , o
length, .in 144 144 120 120 168 - 144 144
Maximum rods/ . : , -
element ) 180 204 180 204 - 264 235 176
Maximum cross ° ' :
section, ' -
(nom), insq 7.8 .8.4 . 7.8 8.4 8 4 ' 7.8 7.98

Maximum U-235/ .
element, kgs 17.7 18.3 18.5 18.7 17.0 (144"L) 16.6 19.0
Maximum U-235 . . 19.8 (168%L)

, enrichment, w/o. 4.0 3.65 4.0 3.65 3.65 - 4.0 3.85

(i1) Uranium dioxide as zirca1oy or stainless steel clad
unirradiated fuel rods of the following specifications-

Type -~ _ SST Clad. Zr Clad . Zr Clad
Pellet diameter (nom), in  0.384 0.367  0.322
. Rod diemeter (nom), in 0.422 . 0.422 - 0.374
. Fuel length (max), in . 144 144 168
Maximum U-235 enrichment, w/o 4.0 . . 4,0 7 3.65

_(2) Maximum quantity of material per package
jéf (1) For the contents described if 5(b)(1)(1):
_ '1. Two fuel elements.
" (4) For the contents described n 5(b)(1)(1):

Two inner containers containing not more than 80 kilograms U-235. |
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‘Page 3 - Certificate No. 5450 - Revision No. 13 - Docket No. 71-5450

(c) Fjssile Class ' , II and III
(1) Minimum transport index to be shown

on label for Class Il 1.2
“(2) _Méximum.number of péckages per
: . shipment for Class III | 60

Fuel rods shall be closely packed in the fuel rod container on no more than an
equivalent metal-to-meta] square lattice. Partially loaded fuel rod containers sha
be fitted with a minimum of three, equally spaced blocks, of which the noncombustib
portion of the blocks and the method by which they are secured shall assure that th
rods are maintained on no more than &n equivalent metal-to-metal square lattice
within the fuel rod container.

Each fuel assembly shall be unsheathed or shall be enclosed in an unsealed, poly-
ethylene sheath which will not extend beyond the ends of the fuel assembly. The en
of the sheath.shall not be folded or taped in any manner that would prevent the flo
of 1iquids into or out of the sheathed fuel assembly. ,

Alternatively, the fuel assembly may be enclosed in an elongated plastic bag or
sheath along its full length. At the bottom end of the fuel assembly, the bag will
be cut off or folded back to assure that the entire cross section of the lower end
the assembly is unobstructed. When folding is used, the portion of the sheath that
is folded back will be cinched with tape near its end to hold it in place, and the
Tength will be such that when the assembly is loaded in the packaging, the folded
sheath will be clamped in.place in at least two grid locations. The top end of the
bag may be gathered together and taped closed. However, the top end then will be
s1it on all four sides. The s1its will run perpendicular to the axis of the assemb
ahd will extend the inner distance between the top nozzle pads and spring clamps
(approximately 60% of the length of each side). The slits will be made in a plane
near that formed by the top of the pads and clamps.

The package authérized by this certificate is hereby approved for use under the
general license pyovisions of 10 CFR §71.12(b). )

Expiration date: January 31, 1986.
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Page 4 - Certificate No. 5450 - Revisfon No. 13 - Docket No. 71-5450

, , REFERENCES
_ %estingﬁouse Eiet;tric Corporation- application dated December 17, 1980.
Supplement dated: January 21, 1981. ' ' _
| ' FOR THE U.S._.' NUCLEAR REGULATORY COMMISSION
YR 4
"~ Charles E. MacDonald, Chief
= : Transportation Certification Branch

Division of Fuel Cycle and
Material Safety

 Date: APR 15 1981
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APPENDIX 1.10.3

f‘ﬁagi’a' :

PDD 045-74
fen  NFD Engineering
N X-4740

o : August 22, 1974

Swieet: Shipping Container Fire

" NUCLEAR FUEL DIVISIOH : : R _ﬁgg;YSis for Plutonium
S. Kmonk, Manager | ;ﬁ? ' (1) EML Report Job 1943
Standard Product Design 1I - @Eﬂv _ ;‘Shggping Cgr_;tziner

. ' . . ccident - Cla :
cc: S. Nakazato . o -AUG2 61974 Burst Test", 7/30/7
R. T. Meyer " . :

D. D. Seel ) PRODUCT ENG! EERING
D. J. Sperhac » . - y
SUMMARY

As part of the DGRF-05300 Plutonium Transport Design effort, a modeled
rod transient temperature behavior during the regulatory spécified half- -

" hour fire accident has been devised. The modeling was performed on the

present W shipping container with two 14x14 zirc clad assemblies. The
analysis indicates that considerable rod burst could occur with the
present non-insulated shipping container based on projection of clad E
burst data, reference (1).. By adding insulation to either. the shipping
container shell ID or boxing in the assemblies with insulation will
reduce the clad surface temperatures to preclude rod burst. The results -
for all cases of interest are summarized in Table.l., :

RECOMMENDATIONS -

As an alternative to the vendor supplied shipping container modifications,
it is recommended that W proceed with in-house design using 3/4-inch
Marinite-36 insulation ir a box-1ike arrangement around the fuel assemblies.
In order to confirm the design analysis, plans should be made for a

reduced scale verification test. . : o

ANALYSIS

The analytical heat transfer model was devised to simulate 2 fire of a
half-hour duration on the present ¥ shipping container used for transporting

the 14x14 fuel assemblies. The assumptions and model descriptions, as:
discussed at the meeting of August 3, will be documented at a later date. -

. Figure 1 shows the different configurations modeled for analysis. Figure 2
.displays the arbitrary rod rings used for the lumped-mass analysis of the
- 14x14 fuel assemblies. - ~ : o . '
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From the clad burst test conducted as of this report, reference (1), it
is projected that initial Helium pressurization up to 500 psig will result
in rod burst at clad temperatures.of > 1100°F as illustrated in Figure 3.
However to cover uncertainties {mainly, the neglect of natural convection
and conduction within the shipping container) in the analytical model, a

clad temperature criterion of 600°F has been selected. - ‘

RESULTS

When the system was -analyzed with no insulation, it can be seen from

Figure 4 that the rods do exceed the criteria for rod burst and that some
modifications to the present W shipping container will be required. The
insulation selected for analysis was Marinite-36, because of its very low
value of thermal conductivity (0.067 BTU/hr.-ft-°F). Table 1 displays the
cases analyzed along with body temperatures of the selected masses..
Temperature profiles for all the cases with insulation are illustrated in
Figures § thru 8. It should be noted that by placing the insulation in a
box-1ike arrangement around the fuel assemblies, along with the benefits
of ‘less materfal needed and ease in manufacturing and installation, the
rods will see a lower temperature than when the insulation is placed on the
container wall. Using 1/2-inch Marinite-36 insulation in the box-like
array does meet our criterion of 600°F but for additional conservatism our
recommendation will be to use 3/4-inch Marinite-36 insulation boxing in .
- -the fuel assemblies. However since there was a good deal of simplification
and assumption used in the analytical model, testing should be conducted to
verify the model and for 1licensing purposes. : o

oo wDds
) ¥. D. Rabenstein '
Product Design & Development
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Tab]e 1.

Sunrmary of Sh1pp1ng Contalner Temperatures After 1800 Second Fire Acc1 dent

Case

Températures - °F |

2nd Rod Ring

Model 2+ (Figure 8)

1460

Container | Insulation OD | Insulation ID | 1St Rod Ring 3rd Rod Ring
No Insulation 1425 -- - 1345 1200 1630 .
(Figure 4) !
1/2" Insulation* 1445 810 675 350 95.
Model 1t (Figure 5) .. - ' . :
" 1/2" Insulation* 1460 1440 725 525 235 80
Model 2+ (Figure 6) . Lo .
3/4" Insulation* 11450 .. o B T - 460 170 - nT5-
Model 1+ (Figure 7) | ‘ _ g
3/4" Insulation* 1450 600 380 140

75

. * Insulation used was Marinite-36 .
.+ Hodel 1 has the insulation placed on inside of container wall and Model 2 has the 1nsu'lat10n wrapped

around the fuel assemblies
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2.0 THERMAL EVALUATION

This chapter identifies and analyzes the principal thermal
engineering design of the packaging and describes the system
importaﬁt to safety and to compliance with the performance

requirements of 10 CFR 71. (Reference Section 1.7.3)



3.0 CONTAINMENT

This chapter identifies the package containment for the normal

conditions of transport and the hypothetical accident conditions.

3.1 Containment Boundary

3.1.1 Containment Vessel

The containment vessel claimed for the Model MO-1 Package is

fhe sealed zircaloy fuel rods as descfibed in Section 1.9.

3.1.2 Containment Penetration

There are no penetrations into the containment vessel.

3.1.3 Seals and Welds

There are no seals which effect the package containment. The

sealed zircaloy fuel rods are heliarc welded.

3.1.4 Closure

\

There are no clasure devices used for the containment vessel.

3-1
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3.2 Requirements for Normal Conditions of Tfansport

The following is an assessment of the package containment under
normal conditions of transport as a result of the analysié per-
formed in chapters 1.0 and 2.0, above. In summary, the con-
tainment vessel was not effected by these tests. (Refer to

Section 1.6, above).

3.2.1 Release of Radioactive Material

There was no :elease'of radioactive material from the contain-

ment vessel.

3.2.2 Pressurization of Containment Vessel

Normal conditions of transport will have no effect on the fuel

rod pressurization.

3.2.3 Coolant Contamination

This section is not applicable since there are no coolants

involved.

3.2.4 Coolant Loss

Not applicable.



3.3 Containment Requirements for the
Hypothetical Accident Conditions

The following is an assessment of the packaging containment -
under'the'hypothetical accident conditions as a result of the
analysis performed in Chapters 1.0 and 2.Q, above. In summary,
the containment vessel was not effected by these tests. (Refer

to Section 1.7).

3.3.1 Fission Gas Products

The tests to demonstrate the Type "B" accident conditions have
no detrimental effect on thé containment vessel. It follows.

that there can be no release of Fission Gas Products to the

containment vessel as a result of these tests.

3.3.2 Release of cdntents

From the thermal analysis described in Section 1.7.3, above,
it was determined that the fuel rods would reach a maximum
temperature of approxima;ely 275°F when the package was ex-
posed to the 1475°F accident condition. Since rod burst
occurs at temperatures exceeding 1200°F, it is safe to con-
- clude that pressurization of the containment vessel répre-

sents no threat to the packaging integrity.
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4.0 SHIELDING EVALUATION

—/

4.1 Discussion and Results

The design and materials of construction for the Model MO-1
Packaging‘provide the necessary shielding effectiveness to
meet applicable DOT requirements. Prior to each shipment,
radiation readings will be taken based on individual load-
ings to assure compliance with applicable regualtions. Refer

to Westinghouse shielding evaluation in Appendix 4.5

4.2 - 4.4 See Appendix 4.5.1

\_~ ) 4.5 Appendix

4.5.1 Westinghouse letter Number ST-RES-SLA-1615 dated Feb-
. ruary 10, 1976. Subjéct: Shieldihg for Puo2 Assembly Shipping

Container.



APPENDIX 4.5.1
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WRD-PHRSD Engineering

tem - Systems Technology

S WN 1 249-5154

bax :February 10, 1976
Swiect. Shielding for Pqu Assemb1y Shipping COntalner

To:

WATER REACTOR DIVISIONS

NUCLEAR EHERGY SYSTEMS

C. E.'Pa1mer
K. R. Schendel

cc: F. J. Frané”“ D"-*--'? CaCZECT pasin aN,
<D, Sperhac <75

Reference: HSS-043-75

"The new fuel shipping container being designed by NuPaC for transport

of KEP, RGE, and HOK plutonium assemblies has been analyzed to determine
its overa]l shielding effectiveness and its ability to meet DOT shipping
regulations. The isotopic composition of the HO fuTI was assumed to be
that listed in the referenced transmittal.

" The results of the analysis indicate that the materials of construction used

in the container itself should be sufficient to reduce radiation levels
on the surface of the container to less than 100 mrem/ar. However, without

. the use of auxiliary shielding, the DOT requirement of 10,0 mrem/hr at a
. distance of 6 feet from the external surface necessitates the use of &

closed transport vehicle. ‘Depending on the truck geometry and construction,
it may also be necessary to insert up to 1 inch of borated polyethelene
forward of the shipping containers to reduce neutron dose rates in the

cab to levels less than 2 mrem/hr. ‘

The dose rate calculations used 1n the analysis were performed using both
Sn-transport and point kernel techniques. The neutron and gamma ray source
terms were derived from the isotopics 1isted in the referenced trensmittal.
Due to & lack of definitive information regarding truck geometry, rather
broad conservative assumptions were used to estimate dose rates in the cab.
A detailed analysis of the carrier may well 1ndicate ‘that the supplementany

- polyethelene shield is not required.

A copy of the calculations discussed above will be located in the Radiation
and Environmental Systems files. If you have any further questions, please

advise.

; o, Qndenne~—

S. L. Anderson, Engineer
Radiation and Environmental Systems . -
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5.0 CRITICALITY EVALUATION

5.1 Discussion and Results

Criticality studies have demonstrated that the Model MO-1
Package can be safely shipped based upon the assumptions
contained therein. Refer to Appendix 5.6.1 for Criticality

Analysis and Review.

5.2 - 5.5 See Appendix 5.6.1

5.6 Appendix

5.6.1 Critica]ity Analysis and Review for Westinghouse Model MO-1
Packaging. (Fue1 Assemblies)

5.6.2 Criticality Analysis and Review for Westinghouse Model MO-]
Packaging. (Fuel Rods)

5.6.3 Criticality analysis and Review for Westinghouse Model MO-1
Packaging for Copper Absorber Plates.
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/ . f g APPENDIX 5.6.1

CRITICALITY ANALYSIS AND REVIEW
W MODEL MO-1 PACKAGING .

Introduction

In order to verify that plutonfum fuel assenblies can be shipped without
a nuclear safety hazard in plutonium fuel assembly shipping containers, .

nuclear criticality calculations were conservatively performed by modeling .

-

several accident situations.

The computed value of. keff for the maximum credible accident (MCA) was
considered to be the criteria for nuclear safety. The MCA configuration
was defined as two flooded, maximally crushed, shipping containers each
coniaining two assemblies aligned so as to effect the largest value of keff'
Maximally crushed shipping-cask dimensions have been determined by drop
tests and conservative mechanical considerations.

The NRC guidelines require that keff for the MCA should not exceed 0.98.
For undamaged, but flooded containers, the corresponding maximum value
of k of f should be no greater than 0.94. A simplistic diagram of.the
undamaged plutonium fuel assemny shipping container and internaTs are
shown in Figures 1, 2 and 3.

" Calculational Model

The plutonium fuel assemblies are composed of three enrichments arranged
in a 14x14 fuel array (see Figure 4 and Table 1). These enrichments are
nominally 4.20, 3.40, and 2.60 w/o total plutonium where enrichment is
defined as | ' :

' weight (Pu)zl _
Total Plutonium Enrichment = weTgnt (5005) T welght (UOZ) -

Natural granium is the constituent uranium with 0.711 w/o U-235. For cal-
culational purposes, the assemblies were conservatively aséumed to be of
4.4 w/o PuO2 enrichment rather than the 3.82 w/o Puo2 mean or the 4.2 w/o
PuO2 maximum enrichment. The plutonium isotopic distribution was measured
in July, 1971 (Pu-241 decay was'a110wed to July 1974):



Isotope w/o

© pu-238 0.09
PU-239 - 78.13
PU-240 18.27
PU-241 3.05
PU-242 | 0.47
R < o

The 4.4 w/o - 81% fissile plutonium rods are nomiﬁaf1y’ten or twelve feet
long, but were conservatively assumed to be of infinite length, i.e., the

axial buckling was taken to be zero. In addition, the model neglects all.
structural material other than wall thickness and poison plates (1.3 w/o
natural boron and 98.7 w/o S$-304). The assumption that the density .of

the flooding water is at its maximum value of 1.0 gm/cc represents another
conservatism, since the 14x14 assembly design is under-moderated at ambient
conditions. ' ' '

Usfng Westinghouse versions of LEOPARD.and PDQ, 2 group cross sections were

- generated (see Tables 2 and 3), calculations for keff were performed for

three hypothetical accident situations.

Case 1 A single flooded assembly surrounded by an infinite water

' reflector. _ . N
Case 2 A single flooded shipping cask whose two assemblies are

crushed to within a minimum credible distance of each other
with borated SS poison plates, surrounded by an infinite reflector.

 Case 3 Two flooded césks whose four aséemb11es are crushed tbgether |

to within minimum credible distances of each other |
ng) accountfpg_for SS cask w;l}s ﬁgd borated §S poison plates (MCA)

P T IR T

.Figures § through 7 show the geometries of the three accident situations

considered. The distances between assemblies represent minimum credible

5-4



clearances during the hypothetical accident; the surrounding water reflector
is effectively of infinite thickness. :

Results

A table of keff values ca]culated for each case is shown below. These values
may be taken as upper bounds on keff since in all cases they reflect numerous
conservative assumptions.

Casg y I Cénfiguratipn _Ca1cu1ated keff
| . Single flooded 4.4 w/o Pu assembly - .8879
surrounded by an infinite reflector
2 Two flooded, crushed, 4.4 w/o Pu .  .8876

assemblies with borated SS poison
plates, surrounded by an infinite
reflector

3 2) Four flooded, crushed, 4.4 w/o .9729 .
Pu assemblies. with cask wall, - .
_and borated SS poison_ plates (MCA) e

Conclusions

The calculational results shown above indicate that the plutonium assemblfes .
may be safely shippéd in shipping casks equipped with borated SS plates since
the fuel assemblies can in no way become, critical even under the severe
conditions of the maximum credible accident, Case 3(a). (MCA kegs < 0.93)'
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TABLE L

Plutonium Fuel Licensing Parameters

14x14 Assembly Loose Rods
Pellet Parameters
Material _ - Pu0y Same
Highest enrichment (PuO,U02)  (See Note 1) 6.0 w/o (85% fissile),

(.71 w/o y-235)

Diameter (NOM) 0.3659"" i | Same

Rod Parameters

Cladding matl. Zirc-4 ' Same
Clad 0.D. (NOM) 422" Same
Clad thickness (NOM) . 0.243" Same
Fuel length , 120" - 144" Same

Arrey Parameters

No. of rods (max) 179 -

Pattern 14x14 N NA

Fuel rod lattice pitch (NOM) .556" - Touching square lattice (2)
Assembly envelope (NOM) 7.784" x 7.784" ~ 8.072" x 8.072"

Licensing Criteria . ,
Total fissile (max) < 20 kg/assembly < 33 kg/box

i .
K ¢e (Max/ass'y) < .90 | Same
Keff (Max/1 pkg) < .94 Same
K ¢s (Max/MCA) < ,98 . Same
Poison Plates Required ' 2 borated stainless Not Required. Boxes per W
or OFHC copper drawing C5650D55.
1. For various plutonium isotopics the Pu0, enrichment is 6.0 w/o (71% fissile)

4.4 w/o (81% fissile) and 3.03 w/o (BSszissilé). The U235 enrichment is the
same for all cases at 0.71 w/o.

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 container
shall be fitted with & minimum of three, equally spaced blocks, of which the
noncombustible portion of the blocks and the method by which they are secured
gshall assure that the rods are maintained on no more than an equivalent metal-
to-metal square lattice within the fuel rod container.
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Case 1: Single. Assemb'ly"ln. Flooded Cask
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WATER T
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Case 2: Two Assemblies in Flooded Casks
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. ; |
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0.45724> CFUEL -
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‘V
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Table 2 o
Atom Densities

(1024 Atoms/cc)

Material = 4.8 w/o Pu Assembly, = Reflector .~ Steel  Borated ~ Cu Plate
- " Flooded e Steel A
" Hydrogen 3.815502 x 1072 ' 5.6880°x 107 0 ‘o 0
Oxygen  3.208293x 1072 3.340x107% .0 .0 0
Zircaloy - 4.22137%6x10°. . 0. " 0 0. o -
Stainiess ~4.88801 x 10° 0 .. - 8.65x1072 81302x1o'?, 0
Inconel  2.868596 x 107 0 "0 o . 0.
8-10 0 0 0. " 1looxi0 | 0
Cu(natural) 0 - 0 0 0 - 8.47x10°2
U-234 3748388 x 107 0 0 o -~ 0.
U-235 . 4.734856 x 107 0 0 0 0
G-238 6.491287 x*10°3 0 0 ) 0
Pu-239 2.360837 x 10° 0 0 0 0
Pu-210 5.497964 x 107 0 0 0 0
Pu-201 9.138146 x 10°° 0 0 0 0
Pu-242 - - 1.387309 x 1078 0 0 0 0




SL-5

"

" Table 3

_ Macroscopic Cross-Sections
" (68°F, 1.0 gm/cc water)

Crnss;Section' 4,4 wfo Pu Assembl}, Reflector: Steel

. R Flooded - o A
) ) . . . . . . ‘.
rowp? .. o
Dem)  1.2085 2383 .0
') 0.0128 . . 00005 0.0006
gal)  0.01%  ; 0.087% - 0.00005

vxf(ch") e 10.0099 : "7f- 0 '. -0

‘Group 2 - | ' ' .
D(cm) " 0.1960 0.1655  0.3360
g(en™)  © 0.3520 . 0.0222 0.2630

vzf(cm'l) . 0.5%2 | o - o

*

Borated
Steel

" 1.1088.

0.0338 .

0

o ..

0.0903
4.460

Cu.

- 1.2401

0.00907

0.

- - 0.4872

0.3502

0




APPENDIX 5.6.2 .

Introduction

In order to verify that mixed oxide (Puoz, Uoz) fuel rods can Se_
safely shipped in the Westinghouse Model MO~1 plutonium fuel assem-
bly shipping container, nuclear criticality calculations were per-
formed by conservatively modeling several accident situations. 1In
modeling these accident situations, the loose fuel rods are assumed
to be loaded into fuel rod boxes prior to their loading into the

‘shipping container.

The computed value of k eff for the maximum credible accident (MCA)
was considered to be the criteria for nuclear safety. The MCA con-
figuration was defined as two flooded, maximally crushed, shipping
containers each containing two fuel rod boxes aligned so as to
effect the}largest,value of keff Maximally crushed shipping cask

dimensions have been determined'by conservative mechanical con-

siderations.

The NRC guidelines require that k e£f for the MCA should not exceed
0.98. For undamaged, but flooded containers, the corresponding

"maximum value of keff should be no greater than 0.94.

5-16
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Calculational Models and Geometry Con51derations

For calculational purposes, the maximum expected fuel enrichment
for mixed oxide fuel is conservatively set at 6 w/o Puo,, where
enrichment is defined as:

weight of Puo,,
weight of Puo, + weight of UO,

Total Puoz.Enrichment (w/o) = * 100¢%
Natural uranium is the constituent uranium with 0.711 w/o0 U-235
and the pellet density is taken to be 95% of theoretical.

/

Two sets of plutonium isotopic distributions were examined. The
first is representative of 2.94 w/o Puo, fuel measured at the West-
inghouse Plutonium Fuels Development Laboratory and backfitted to

a zero Am-241 (reprocessing) date. This isotopic distribution was
conservatively chosen due to its high fissile content (over 85%).
These isotopics will be referred to as 85% fissile isotopics in

this report. The second set of isotopics is representative of 1lst
recycle plutonium isotopics from a PWR and will be referred to as
lst recycle isotopics. Isotopic distributions are listed in Table I.

The updated Westinghouse versions of LEOPARD and PDQ were used in
the criticality analysis. LEOPARD was used to generate 2 group'
macroscopic cross sections for input into the two dimensional PDQ
model., Fuel cross sections include a post processing decay of Pu—24l
for 10,000 hrs. The cross sections are representative of ambient
(GBPF);conditions with the flooding water density equal to 1 gm/cc.

It is intended that the licensing provision for the shipment of mixed
oxide fuel rods contain the following statement which parallels

our U0, shipping container authorized contents (per NRC Certificate
of Compliance £5450):

"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 a2 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."”
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‘With the above, the following assumptions were used for geometry .
considerations:

1) The rod box geometry specified in Westinghouse drawing
C5650D55 remains intact. .

2) The rod box inside dimension including manufacturing tolerances
is 8.072" + .0625."

3) The sponge rubber box liner decomposes subsequent to initial
loading leaving a maximum in51de box dimension of 8.072" +
.1875" = 8.2595." '

4) The fuel rods are packed in a square lattice. (Previous cal-
culations have shown that fuel rods which are close packed in
a square lattice are more reactive than in a hexagonal lattice.
Thetﬁrue loading condition is expected to be some combination
of e two.

Using these considerations as guidelines, four basic rod box geo-
metries were examined:

1) A rod box loaded with an 18 x 18 array of fuel rods with a
uniform rod pitch of .4523 in.

2) A rod box loaded with a 19 x 19 array of fuel rods with a
uniform rod pitch of .4347 in.

3) A rod box loaded with a 18 x 18 array of fuel rods, close
o packed at .4220 in., with a vertical and horizontal gap of
«545 in.

4) A rod box loaded with an 18 x 18 array of fuel rods, close
packed at .4220 in., with 2 vertical and horizontal gaps
equaling .545 in.

The above geometries are shown in Figure I. The geometries with
gaps have been considered, in order to include reactivity effects
of any gaps which could occur where fuel rods are packed in a square
array. '

- The four basio rod box geometries were examined with the PDQ 2-D

model for the following hypothetical accident configurations:

Case 1: A single flooded rod box surrounded by an infinite water
water reflector (Criterion=keff-not to exceed 0.90).

Case 2: 1A single £looded shioping container whose two rod boxes
are crushed to within a minimum credible distance of.each
other, and surrounded by an infinite water reflector.

not to exceed 0.94).

5-18
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Case 3: The maximum credible accident (MCA). Two flooded con-
tainers whose four rod boxes are crushed together to within
minimum credible distances of each other. -
(criterion: k_c. not to exceed 0.98).

The fuel rods were assumed infinitely long (Bg = 0), the floodiné
water is assumed pure at 1 gm/cc, and no credit was taken for the

rod box as an absorber material. In addition, both sets of plutonium
isotopic distributions were used.

The 2-D model hyPothetical accident configurations are shown in
Figure II. - | - -

Results
The maximum calculated keff values for each Case defined above are

less than the allowable values specified aé criteri;{ The caléu-

 lated values manbe taken as upper bounds on keffAéince'in_all cases

they reflect numerous conservative assumptions.

Tables II and 1II give the required criticality model atom densities
and cross sections used in the MCA analysis. Geometry 4 above was

found to be the most reactive configuration for the MCA analysis.

ConClusioﬁs

-

Theéalculationa;:esults shownAabove-indicate-that zirconium clad fuel
rods of the following specifications can be safely shipped in rod boxe:

.loaded into the Westinghouse Model MO-1 shipping container since the x
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boxes can in no way become critical even under the severe conditions
of the maximum credible accident, Case,3 (MCA keff < 0.98). '

Fuel Rod 0.D. (NOM) - .4220 in.
Pellet O.D. (NOM) S .3659 in.
Clad Thickness (NOM) 0.243 in.
Maximum Enrichment ' ~ 6.0 w/o Puo,

Maximum Fissile Content ' 85¢%
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(, ;" - : . o TABLE.I o ~

Plutonium Isotopic Distributions’
~Used In Criticality Analysis

(Distributions Assumed At Completion Of Reprocessing) -
CISOTOPE - © 85% FISSILE ISOTOPICS ~  JST RECYCLE ISOTOPICS
R ' WO W
' Pu-238 T " 1.3
- Pu-239 eLe3 . 57.43
© . pu-240 o s o 22.85
C e - 3.768 SRR X
N/ gy : . | L o - . .
T pu-2a2 e se0 . 5.05
Pu-gad s fu-zdl = . es.607% | 70.97%
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(" . " - - TABLE 1

~ | .. MCA CRITICALITY MODEL :
ATOM DENSITIES PRIOR TO POST PROCESSING |
DECAY OF PU-241 FOR 10,000 HOURS
(10%% Atoms/cc)

-

FUEL_IN FLOODED ROD BOX (.422" ROD PITCH) .

ELEMENT
: 6 w/o Pul2 6 w/o Pul2
, 85% Fissile Isotopics Ist Rec_yc"le. Isotopics
HYDROGEN 1432 | 1.4353-2
- oxveEN ' 3.4338-2 3.4339-2
ZIRCONIUM © 7.3752-3  7.3752-3
v S emers 367197
NEs v-235 - odesss 9.1948;5' 
N 23 | - 5.82387 - 5.8233-7 -
-238 . laere-2 . 1.2678-2 |
Pu-233 66124 479824
Pu-240 , 1.0972-4 1.8176-4
Pu-241 - : 3.0328-5 ©_T.0917-4
Copw2s2 s 473746 © 4.0545-5
o Hy0
HYDROGEN - _ 6.688-2
OXYGEN | _ 3.304:2
. SAE 1010-1020 LOW CARBON STEEL
;5%/{ STl

Sl  STEEL 8.5239-2

5-22 . (1.000-2 = 1.000-2)



¢ - .. TABLE 111 ' | '
- © HCA CRITICALITY MODEL
MACROSCOPIC CROSS SECTIONS

(68°F, Hy0p = 1 gm/ce) |
(6 w/o Pu0,) . -

FUEL IN FLOODED ROD BOX (.422" ROD PITCH) |

85% Fissile  1st Recycle L Carbon
: Isotopics Isotopics =~ Mater - Steel
Eroup 1. (0.625 ev to 10 Mev) - B L L
* D (em) 1.16715 1.16551  1.3085 = 1125
za (cnl) .1763 L0186 .00045 - .00330
Ir(cn')  .00260° .00220  .04826 00008
o Lowf () L0755 o 0 0
| C/ o émdp 2 (0.0 to 0.625 ev) - R | , -
D(m)  .25443 L2502 .1666 L3302
za(en”l) 13644 236l . .0222 2208
vif (m™')  2.3883 2008 - 0 0
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APPENDIX 5.6.3

CRITICALITY ANALYSIS AND REVIEW
¥ MODEL MO-1 PACKAGING I"OR COPPER ABSOR.BER PLATES

An evaluation was made, for the MO-1 Plutonium Fuel Assembly Ship-
ping Container, of the conditions which would justify the use of
coppef absorber plates instead of borated stainless steel. A previous
study concluded that borated steel plates would be required to

meet NRC guidelines on criticality for the maximu credible accident

(x eff S 0.98). This conclusion was reached with the ultra-conser-
vative assumption that the polyurethane foam between the inner and
outer container liners was absent, that the inner and outer liners .
were crushed to contact, and that the assemblies in the containers were
free to move any vertical distance relative to the liners such that the
greatest k eff resulted. If assumptions are made which limit the
degree of container crushing or wvertical fuel assembly movement to

a more realistic (although still very conservative) dimension, -

copper - is . found to be a suitable poison material.

In this reevaluation, the effects on reactivity of vertical move-
ment and separation of assemblies in the maximum credible éccideht
are investigated. The methods, geometry, and models used are
essentially those used in the previous study. -

The maximum credible accident was considered to be two flooded,
crushed containers in contact, whose assemblies are uniformly loaded
with 6 w/o Puo, and first recycle isotopics, as described in
Appendix 5.6.1. The polyurethane between the inner and outer
carbon steel walls is missing and the walls are crushed into con-
tact. Copper plates are used for a poison material. The vertical
distance between the assemblies in the assembly support frame and

. the crushed walls is variable. The geometry is shown in Figure 1.

-

The results of the calculations show that for separations between

the pairs of assemblies of four inches (4") or more, the k_ off for 6 w/
first recycle isotoplc assemblies using copper absorber plates is less
than the MCA criterion of 0.98 maximum. Considering the physical con-
struction of these packages, a separation of 4" is readily credible

as a revised assumed parameter of the MCA. '

'5-26



£

In addition,'similar calculations were performed using 3.03 w/o
Puo,, fuel with 83.5% fissile content. The results showed that
Keff was 0.03 AK lower than the 6.0 w/o Pu (71% fissile) case
discussed above. This 0.03 AK margin means that assemblies with
average PuO, enrichments up to 3.03 w/o and fissile content up’A

" to 85% can be shipped.

NRC criticality guidelines are met for a sipgle flooded assembly
and for two flooded assemblies with copper absorber plates. When
it is assumed that in the maximum credible accident the fuel
assemblies, after crushing, are separated by greater than 4 inches
from each other, then copper épsorber plates will meet NRC
requirements.
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6.0 OPERATING PROCEDURES

This chagter generally describes the procedures to be used for

loading and unloading the Model MO-1 Package. In additionm,

detailed Westinghousé operating procedures and forms shouid

be used when performing these operations.

1)

2)

3)

4)

4a)

6.1 PROCEDURES FOR LOADING THE PACKAGE

Equalize the pressure inside.the package by reieasing the

air filling valve located on the forward end of the container.

Remove the latch pins located near the separation plane of
the 1id and body. A small cable is attached to each pin to
prevent loss of the latch pins during the 1lid removal

operation.

Loosen and remove the ratchet binders which secure the 1lid

to the body of the package.

Remove the overpack 1lid by attaching éuitable hooks or
shackles to the lifting ears provided on the 1lid. (Refer

to drawing, Appendix 1.10) Care should be taken during this
opefation g0 as not to damage the 1id to body interface seal.

Set the 1lid on wood cribbing to protect this interface.

Check for the presence of or install apprdpfiate neutron

absorbers. (Refer to Section 5.0, Criticality Evaluation)



5)

6)

7)

8)

9)

10)

11)

12)

Loosen swing bolt clamps of the shock mount support

frame and swing free of the fuel assembly support frame.

Attach crane to liftiﬂg lug at the forward end of the

fuel assembly support frame.

Pivot fuel assembly support frame to vertical position.

While holding the fuel assembly support frame with crane
in the vertical position, install two supports which are
used to hold the uprighted fuel assemblies in the verti-

callposition.

Remove pins securing top end support'assembly and swing

supports free of the top opening.

Open the fuel assemblf clamping frames for the fuel
assembly position being loaded.

Attach the crane using the fuel assembly handling
fixture, to the top nozzle of the fuel assemSly to be
loaded.

Lift the fuel assembly until the bottom end is at an
elevation slightly higher than the bottom end support

of the cradle assembly and then carefully move the fuel
assembly horizontally into the containér support frame,

Position the fuel assembly against the support frame

6-2
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13)

14)

15)

16)

17)

18)

19)

20)

and lower it until the bottom nozzle contacts the bottom

support plate.’
While supporting the weight of the fuel assembly with
the crane, close the clamping frames onto the fuel as-

sembly grid and tighten clamp fasteners.

Repeat steps 10 through 13, above, to load the second
fuel assembly. '

Swing closed the top end support assembly and insert

‘locking pins.

Attach crane to lifting eye at the top end of the fuel
assembly support frame in preparation for lowering to

the horizontal position.

'Remove two vertical support bars.

Lower fuel assembly support frame to the horizontal

position.

Engage and tighten swing bolt clamps to secure the fuel

assembly support frame to the shock mount support frame.

Check tightness of all fastener hardware.



AL}

- 21)

'22)

23)

24)

25)

26)

27)

28)

1)

2)

Install accelerometers on the inte:nal support mechanism.

Inspect the inside of the base and 1id to assure that

there are no loose articles within the packaging.

Place the overpack lid on the body using the azlignment
pins on the body assembly to guide the 1id assembly.

Install the latch pins through the 1lid into the body.
Inspect the package for proper labeling necessary to
meet federal regulations. Correct any_Iabelihg deficien-
cies.

Install an approved security seal.

Using an overhead crane with slings, transfer the package

to the bed of the transport vehicle.

After all packages are on the transport vehicle, secure

them to the vehicle using appropriate tiedown devices.

6.2 Procedures for Unioading the Package

Move the upopened package_to:the"apprppriate"unloadihg

area. Place it in a suitable unloading attitude.

Perform an external inspection of the unopened package
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3)

4)

5)

6)

7)

as required in appropriate Westinghouse Procedures.
Record any significant or potentially significant

observations in addition to the standard information.
Equalize internal container pressure with atmospheric
Pressure by pressing or removing the air valve stem
located at the aft end of the container. Reinsert
the air valve stem if it has been removed.

Remove the security seal.

Repeat steps 2 through 10 in Section 6.1 above for re-

. moving the overpack 1id and raising the fuel assembly

support frame to the vertical positidn;'

Loosen and swing back all clamping frames so that they

do not interfer with removal of the fuel assembly.

Remove the fuel assemblies.



7.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

7.1 Acceptance Tests

The Model MO-1 Packaging shall be inspected and released for

use by a responsible Westinghouse employee prior to loading

fuel assemblies. The following items will be included in

such inspections:

1)

2)

3)

-4)

5)

5a)

The entire package, both inside and out, shall be
visually inspected and assured that it has not been
significantly damaged (no cracks, punctures, holes, nor

broken welds) .
The exterior stencils must be in place and.leguﬂeg?ly,

Latch pins, ratchet binders, and gaskets must be pre~

sent and free of defects.

The internal shock mounted support mechanism should be
visually inspected and assured that it has not been

significantly damaged .(no broken welds, no broken nor

. bent members, and the assembly must be properly orientated

wi;hin the body of the overpack).

The shock mounts shall be visuaily inspected and assured
to be in place and propefly secured to the mounting

brackets and to the support mechanism.

The appropriate neutron absorbing poison plates must be
in position between the fuel assemblies prior to release

of the Model MO-1 Packaging.
7-1



6) Follow all Westinghouse pperating procedures and
complete all necessary records for the handling and

operation of the Model MO-1 Packaging. -

7.2 Maintenance Program

A good sound industrial maintenance program should be
followe& to assure the integrity of the Model MO-1 Packaging.
Components such as éaskets, latch pins, ratchet binders,
poison plates, and components necessary for the safe and
easy operation of the packaging should be.given regular

inspection and repaired or replaced as necessary.

5.
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