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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-i 

0.0 GENERAL INFORMATION 

0.1 Introduction 

This application seeks authorization to deliver reactor fuel 

assemblies in the Model MO-1 Packaging to carriers for trans

port. When the reactor fuel contains mixed oxides (i.e., UO2 

-PuO2 ) exclusive use vehicles will be used. The maximum 

number of such packages per shipment under Class II conditions 

is thirty one (31) or a Transport Index of 1.6. Under Class 

III conditions the maximum number of packages is sixty two 

(62). Authorization 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-l Fuel Assembly Shipping Container as approved under 
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NRC Certificate No. 5450, Docket 71-5450. (See Appendix 

1.10.1) A new outer container employs design features assur

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

0.2 Package Description 

0.2.1 Packaging 

0.2.1.1 General Description 

The Model MO-i Packaging consists of a reusable insulated 

and shock absorbing shipping packaging designed to protect 

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-I Packaging are 

included in Appendix 1.10.2. They show overall dimensions 

of the overpack with its outer and inner steel shells. The 

shells are fabricated of ductile low carbon steel which allows 

them to undergo large deformation without fracturing. All 

joints are arc welded with full penetration welds to assure 

structural integrity.
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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 insulating 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 overpack 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 the upper 

unit serves as the lid. The stepped joint between the two 

halves is sealed with a neoprene gasket. Heavy gauge rectan

gular tubing is used to form a rigid structural interface and 

support frame for the internal shock mount system.  

The upper and lower sections of the overpack, called the lid 

and body respectively, are pulled together and secured 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 inserted through the lid into the body.  

This will insure that the overpack halves will remain together 

even if the ratchet binders are destroyed. 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 intended to be the containment vessel.  

Its prime function is to reduce the severity of the hypothetical 

accident conditions such that the reactor fuel elements (rods) 

can serve as the containment 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 assembly for transport. The strong

back assembly and shock mount system are identical to those 

currently used in the RCC-l container. In 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-l 

Packaging provides for two 0.188 inch thick, full length, 

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 support mechanism is identical
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to that used in the existing RCC-l Package. This support 

mechanism is suspended within the container shell by means 

.of 18 rubber shock mounts. These provide shock and vibra

tion isolation and permit movement of the internals within 

the shell.  

0.2.1.7 Sampling Port 

There are no sampling ports.  

0.2.1.8 Tiedowns 

Tiedowns are a structural part of the package. From the 

attached general arrangement drawing it can be seen that 

four reinforced tiedown locations are provided. Refer to 

Section 1.4.4 for a detailed analysis of their structural 

integrity.  

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 

to Section 1.4.3 for a detailed analysis of their struc

tural 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 nitrogen) the inner cavity prior to ship

ping or storage, and one for relieving the inner cavity 

pressure prior to removing the lid. 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 exceeded if it can 

K> be demonstrated that actual equilibrium temperatures with 

the higher heat load are still within allowable limits.  

0.2.1.12 Coolants 

There are no coolants involved.  

0.2.1.13 Protrusions 

There are no outer or inner protrusions except the external 

ratchet binders described in 0.2.1.2, above and the internal 

shock mounted support mechanism described in 0.2.1.6, above.
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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 packaging. There are 

no complex operational requirements connected with the Model 

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

0.2.3 Contents of Packaging 
t s 

K> Contents will be those shown in Table 1 of Appendix 5.6.1.
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1.0 STRUCTURAL EVALUATION

This Section identifies and describes the principal structural 

engineering design of the packaging, components, and systems 

important to safety and to compliance with the performance re

quirements of 10 CFR 71.  

1.1 Structural Design 

1.1.1 Discussion 

The principal structural members and systems in the Model MO-l 

Packaging are: (1) the primary containment vessel as described 

in Section 0.2.1 above; (2) the internal shock mounted support 

mechanism supporting and protecting the fuel rod assemblies; 

and (3) the insulated shipping container or overpack with its 

ratchet binder closure devices. The above components are.  

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

sign 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 transport 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 14750 F thermal exposure and the transfer or dis

sipation of any internally generated heat.  

To eliminate any 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-l Package. This system incorporates a 

strongback frame which is used to support two fuel assemblies 

over their entire length. A number of clampingframes clamp 

the fuel assemblies rigidly to the strongback. The entire 

system is then supported from the interior surface of the 

overpack by means of rubber shock absorbers. Proven perfor

mance over the years substantiates the adequacy of this 

concept.  

It should be noted that both the unprotected pressurized and 

unpressurized fuel rods are capable of meeting all the require

ments set forth for special form material with one exception.  

It has been determined through testing that the pressurized 

rod configuration when heated to temperatures exceeding 

11000 F may be stressed beyond their yield point. (Ref. Appendix 

1.10.3). 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 pressurized 

rods from the 14750 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 6000F.  

The nonpressurized rods do meet the special form requirement 

for 14750F exposure and therefore the insulation requirement 

is even more conservative.  

Since the fuel rods can sustain a 30 foot free fall unpro

tected, it is conservative 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 puncture test will be assessed in the follow

ing sections. The results of the 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 temperature control measures.  

To expand the utility of the package, it was assumed that 

at some time it may be desirable to ship mixed oxide fuels 

that have heat generating 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.
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1.2 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 weight is approximately 3800 pounds making a 

maximum total gross weight for the Model MO-1 package of 

8600 pounds. The center of graivyt for the assembled package 

is located at the approximate 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 Mechanical Properties of Materials 

The Model MO-l packaging uses an outer and inner shell fabri

~J" cated of various thicknesses of low carbon hot rolled steel.  

Material properties of the steel are as follows: 

Per Mil HDBK-V 

Ftu = 55,000 psi 

F = 36,000 psi 

Fsu = 35,000 psi 

Fbry = 90,000 psi
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Rigid polyurethane foam fills 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 

Thermal Conductivity K

100 psi 

= .20 Btu in/hr-ft 2 -°F

K>

j
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1.4 General Standards for All Packages

This section demonstrates that the general standards for 

all packages are met.  

1.4.1 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.  

1.4.2 Positive Closure 

The positive closure system has been previously described in 

Section 0.2.1. In addition, each package will be sealed 

with an approved tamper indicating seal and suitable locks 

to prevent inadvertent and undetected opening.
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1.4.3 Lifting Devices

Four lifting locations are provided. The total load to be 

carried at each location can be calculated as follows: 

P (Pkg Wt) (3 g's)/No. of Lugs 

= (8600 lbs) (3 g's) / (4) 

6450 lbs/lug 

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

Fsu =:35,00" psi (Min Per- 4IL HDB 

Using the standard 400 shearout equation:

P P Fu 2 t [ E.M. -d/2 cos,400J 

= 35,000 psi) (2) (.25) (1.25-.50 cos 400) 

• 15,172 lbs

Margin of Safety is: 

MS = 15,172 /6450 - 1 

MS = +Large
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Stress along the welded lug base to skin is calculated as 

follows: 

F P/A 

Where 

P = 6450 lbs.  

A = (8 in) (.125) (Sin 450) 

= 1707 in 2 

2 Ft = 6450 lbs/1707 in 

= 9123 psi 

Margin of Safety: 

MS = 35000/9123- 1 

MS = +4LARGE 

Therefore, it can be concluded that the lifting points are 

more than capable of reacting a load equal to three times 

the package weight. Should the lugs experience a load greater 

than T572.opounds 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.
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1.4.4 Tiedowns 

Four tiedowns are provided. The total load carried by each 

can be calculated as follows:

P

P (Pkg Wt) (10 .g's) / (4 lugs) (Tiedown Angle, cos 300) 

= (8600) (10) / (4) (cos 300) 

24826 lbs/lug 

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

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

1.-8

KJ

P



a) Using standard 400 shear out equation: 

P F su2 t EE.M.- d/2 cos 400] 

(35000M) (2) (.375) E2.00 - 1/2 cos 400] 
42446 lbs.  

Margin of Safety: 

MS i- 42446-/24826 - 1 

MS = + .71.  

b) Lug to container shell welds: 

Conservatively assume full load to be reacted parallel 

to container.

° r,3.S

4L

Direct shear stress is calculated as follows:

Fs =P/A 

Where 

P = 24826 lbs 

A = (20 in) (.125 In) (.707)

Fs 5 14045 psi 

Secondly stress resulting from the moment is calculated

as follows: 
Fsm" Mr/J.

Where 

M = (24826 lbs) (4.25 in) 

= 105510 in-lbs 

r = 3.60 
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Fsm = (105510) 

Fsm = 5914

J = A(L2/12 + ro) 

= (20 in) (1/8) (.707) (400/12 + 3) 

= 64.23 

(3.6) /64.,23

Combining these stresses vectorily the total is given by:

Ft

<�

Ft 

Ft

= F + Fm sin e 

Where 

F5  = 14045 psi 

Fsm 5914 psi 

e 33.70 

sine .555

= 14045 + (5914) 

= 17327 psi

(.555)

Margin of Safety: 

M.S. = -36000 /17327 - 1 

M.S. = +1.07
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Therefore, it can be concluded that the tiedowns are able 

to react loads greater than 10 g's. Should they experience 

loads greater than 12,446 lbs, ( 17 gs) the lug hole will 

locally shear out. This will-not impair the overpack's ability 

to meet other requirements of this subsection.  

Impact loads resulting from 30 foot drops will locally flatten 

both lugs (lifting and tiedown). Edge compression through 

the lifting lug will result in localized buckle of the tension 

strap portion. Therefore, the ratchet assemblies will not 

experience detrimental compression loads.
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1.5 Standards for Type "B" and Large Quantity Packaging 

This section demonstrates that the standards for Type "B" 

and large quantity packaging are met.  

1.5.1 Load Resistance 

The Model MO-i Packaging was analyzed according to the require

ments'of 10 CFR 71.32, to demonstrate that it could satisfac

torily withstand the specified loading. In performing the 

necessary calculations, the outer shell was analyzed as a 

simple beam without consideration being given to any rein

forcing members. Assuming a package 206 inches long with a 

gross weight of 8600 pounds, the maximum unit load will be: 

stress: 

f =MC/I 

= (1,108,640)(23.5)/9196 

= 2833 psi 

where: 

w = (5) (86001bs)/206 = ,209 lb/in 

M = w.L2 /8 = (209) (206)2/8 1,108,640 in-lb 

I = (ho4-h4)/12 =(474-46.7324)/12= 9196 in 4 

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 yield 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 foam and steel compression 

onto the ends of the overpack. 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 reactor 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-I Packaging has been designed and constructed, 

and the contents are so limited (as described in Section 0.2.3 

above) that the performance 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 ability 

of the Model MO-l Packaging to satisfactorily withstand the 

normal conditions of transport has been assessed as described 

below:
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1.6.1 Heat 

A detailed thermal analysis can be found in Section 1.7.3 

wherein the package was exposed to direct sunlight and 1300F 

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 2320 F. Ex

ternal package temperature was less than 173 0 F. These temper

atures will have no detrimental effects on the package.  

1.6.2 Cold 

KJ The materials of construction for the packaging, including 

the overpack and the fuel rods themselves, are not signifi

cantly effected by an ambient temperature of -40 0 F. The 

package contains no fluids which could freeze and expand 

such as water.  

1.6.3 Pressure 

The package is not designed to be pressure tight. Seals 

located along the package lid to body interface are designed 

to minimize the entrance of external environmental elements 

such as rain, dust, etc. Should the package prove to hold 

pressure under a .5 atmospheric condition, it is equipped
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vith-aback up pressure relief valve. Any pressure rise in 

the container above 7.5 psig 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 should 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 package.  

1.6.4 Vibration 

Shock and vibration normally incident to transport are con-

sidered to have negligible effects on the Model MO-I Packaging.  

Rubber shock 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 under severe handling 

conditions. Conversely, the inertial loads imposed on the over

pack by the strongback assembly are significantly attenuated.  

1.6.5 Water Spray 

Since the package exterior is constructed of steel, this test 

is not required.  

1.6.6 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 Section 1.7, below.

1.6.7 Corner Drop 

This requirement is not applicable since the Model MO-i 

Packaging 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 Section 1.5.1, above, that the Model 

MO-I Packaging will dupport a uniformly distributed load equal 

to five times it fully loaded weight without*generating stress 

in any packaging material in excess of its yield strength.  

Secondly, the entire external shell is backed with rigid poly

urethane foam that has a compressive strength in excess of 100 

psi. Therefore, the package can safely support compressive 

loads greater than 2 psi.  

1.6.10 Conclusion 

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

1) There will be no release of radioactive material 

from the containment vessel; 

2) The effectiveness of the packaging will not be 

substantially reduced; 

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

package which could, through any credible increase 

in pressure or an explosion, significantly reduce 

the effectiveness of the package; 

4) N/A (No coolants involved) 

5) N/A (No coolants involved) 

Also, as a result of the assessment described above, it is 

concluded that under normal conditions of transport: 

1) The package will be subcritical (See Section 5.0 

below for nuclear criticality safety assumptions, 

methods of analysis, and results); 

2) The.geometric form of the package contents will 

not be substantially altered; 

3) 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; 

4) There will be no substantial reduction 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 

so limited that the performance requirements specified in 

10 CFR 71.36 will be met if the package is subjected to the 

hypothetical accident conditions specified in Appendix B of 

10 CFR 71.  

To demonstrate the structural integrity of the package and its 

ability to withstand the hypothetical accident conditions, a 

detailed computerized analysis was conducted. It is important 

to note that the techniques, analysis methods, assumptions, 

and routines employed follow closely those used for other 

petitions such as: 

1) DOT 6400 Super Tiger 

2) DOT 6553 Paducah Tiger 

3) DOT 6272 Poly Panther 

4) DOT 6679 Half Super Tiger 

5) DOT 6744 Poly Tiger 

6) AECB - Resin Flask 
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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 proven to be conservative 

when compared with full scale testing.  

1.7.1 Free Drop 

The performance and structural integrity of the Model MO-1 

Package was evaluated for the drop orientation that 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 container as a 

three degree of freedom non-linear dynamics model. One degree 

of freedom depicts the response of the container, whereas, 

the second degree of freedom depicts the response of the pay

load. The non-linear springs, or load resisting elements, 

are represented with maximum generality and may be character

ized by: linear coefficients, non-linear 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 clearance gaps.  

Additional provisions recognize (approximately) the change 

of mass as a body is incrementally crushed and comes to rest.  

Provisions are incorporated to select automatically appro

priate computing-and print intervals during the impact-time 

history. The solution terminates when the kinetic energy of 

the three body model falls below a pre-selected threshold 

value signifying "at rest" upon the unyielding surface.  

Solution is achieved by an efficient variable step Runge

Kutta-Merson integration algorithm used extensively for 

highly non-linear dynamic analyses.  

Derivation of Equations of Motion: 

The math model schematic is as follows: 

_t5'7Z
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Where:

Initial Conditions @ t - 0: 

Xl XB=X2 =0

(h = Drop height)

The Differential Equations of Motion are: 

"I A[F3 - F 2] + g 

S _ + F4 - + g 
lB m1B [2 

1 _F3 -F 4J +g x2 m 2g-3 4

Mass terms are determined from the impact weights of the 

container, Wc, and the payload, Wp. The container mass is 

subdivided into a midbody mass, mlA, and an impact zone mass, 

mlEB. The midbody mass equals 75% of the moving mass while 

the impact zone mass equals 25% of the moving mass plus the 

arrested mass. Specifically: 

mlýA= 3/4 (Wc-Wa)/g 

S1B= [1/4 (Wc - Wa) + Wa] /g 

a2 = Wp/g.  

Where: 

Wa = A (gl), Arrested Weight (a function of gl) 

g . Gravitational Constant 
1-19

= container mass - midbody (variable) 

= container mass - impact zone (variable) 

= payload mass (fixed) 

= Non-Linear Spring (whose Force -Fi) 

Initial Clearance Gap for Spring S4

mlB 

m 2 

Si 

B0



Auxilliary Relations:

The force, Fi, in each spring, Si, is directly related to the 

relative deflection, zi, of each spring. These relative de

flections are as follows: 

Spring S1 

z XIB 

Springs S2 and S 3 

Z2  XlA z1 

z 3  X2  1X 

Spring S4 

z4 = (X2  zI )1 (X2 - z - zo) 0 

= 0 ; (X2 - z 1 -zo) 0 

Force Deflection Relations: 

Each of the springs may be defined by tabular data (depicts 

linear and non-linear behavior) built-in subroutines and user 

defined "drop-in" subroutines. Correction for the arrested 

fraction of container masi follows the general approach used 

for springs.  

Tabular Data - Forces (F1 ) are defined versus relative de

flections (zi). A control flag defines compression 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 must be defined as a tabular ten

sion-compression spring, Ki = 1. This spring must be de

fined by 4 pairs of (XY) data since it represents a bi

linear bysteretic element depicting the so called Bauschinger 

Effect. It has been 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

= FF+ FS 

Where:

F5

Ocr 

oryp 

t 

.9

= Force due to crushable media 

= 2 a A cr 

= Force due to plastic deformation 

(bending) of external edge sheets 

= y I t , (Assumes 5t bend radius) 

10 

crush stress of media 

= yield stress of external sheet 

'thickness of-sheet 

= edge length
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(b) Rectangular Corner

K-

Fi F + FS 

Where:

- 1 = ' I 
S -

F = Force due to crushable media 

SA• Ocr 2 i cr 

FS S Force to edge sheet plastic bending 

3V0 ei d' t, (St bend radius)

K>
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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 a "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 "fool-proof" selection of compute and print inter

vals - thereby eliminating trial and error selection.  

A 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 Impact Evaluation

This analysis 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 considered 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 lower impact zone mass, MIA, and a mid

body mass, MIB. Mass, RIB, equals arrested mass plus 1/4 of 

K> moving mass.  

Non linear springs S1 and S2 re

*• present the characteristics of 

the overpack. Spring S3 repre

,4 -sents the vibration isolation 

Sattachment of overpack to fuel 
, S. - assembly strongback. Spring S4 

3 rT, " represents the deformation char

acteristics of the strongback to 

Al, .- 6 /($ overpack contact which occurs when 

to'•x 4",/e the normal clearance, ZO, 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 environment will be beneficial and safe.  

The summary impact results table-presents maximum deforma

tions for each of the four deformable elements of the impact 

model versus the three selected orientations. 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) 

(S'N
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The above sketch illustrates the 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 transverse support frame angle. The 

transition between 2.716" and 0.028" thickness follows a 

typical catenary shape due to the membrane behavior of the 

inner container skin backed by the crushable foam.  

Wb} Top Impact Side View).  

7 7 

The shaded ar'ea*Yepriesents 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". Note: In the 

thermal analysis 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 as follows:

14 1.11

Impact is assumed to.occur symmetrically along the long edge.  

Based on this assumption, the minimum distance between inner 

and outer skins is 1.836". This net section, exists only along 

a "line", elsewhere," the 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

The graphics of the impact surface and inner container sur

face become rather involved. The following two sketches 

attempt to separately depict the geometry in a schematic 

fashion:

.ZV ee- * -.....-.

I 
I

�gg&-� %4'ze.)
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SHORT EDGE IMPACT

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

Impact is assumed to occur symetrically along the short edge.  

Based on this assumption, the minimum distance between inner 

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

inner corner. This impact is considered less critical from a 

thermal viewpoint than the previously discussed "flat" impact.  

MkXIMUP ACCELERATION OF CONTAINER * 2665.8 AT TIME •*0492 SECONDS 

RAXIMUP.ACCELERATION OF PAYLOAD a -7129o3 AT TIME a*0508 SECONDS 

M&XTMtIIM FOnRC TV tPRTNW( Is 0140RS AT TYNP a.0579 

FAXImUM FORCE IN1 SPRING 2o 211956 AT TIME n*0580 
MkXIMUJF FORCE IN SPRING 3S 41645 AT TIME z90502 

.MAzymil FOQPF Tm SPRTNc 4o 10767Pq AT TTMF *.05AA 

MAXIMUM RELATIVE DISPLACEMENT IN SPRING 1. .805 AT TIME ..O52A 
MAXIMUP RELATIVE'DISPLACEMENT IN SPRING 2a .339 AT TIME s-0560 
MAXTMIItt RELATTVE DI--nT AEMCWT TN SPPTJNG go 1fn4.aT TIME S,6050 
MAXIMUM RELATIVE DISPLACEMENT IN SPRING 4o ,769 AT TIME se0508

/0//
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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 (lb) 

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 (g) 
60 

Fuel (X2 ) 177.89 170.21 153.92 

Container (X1 ) 305.11 211.91 87.15 
(Midbody)
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CASE 1 FLAT DROP BOTTOM

MAIF-UM ACCEL.ERATiLii; Ir %Z0;jrAINjE a 482496 AT IlIE =,024D SEý;JNDý,

MAXIM~n A-lCELl.#ZATIuN if PAYLOAD -572b, J: AT Tlil rCQ.  

.44AI K4 rU FOFC Eý ti P K LN G I .1067Bbb AT TlAIE:-.O'r330 
PIAP I W.&f (-GRCE IN !iPRIAu Zu b60790 AT 414; a*031i) 
h AA rhujM F R -soRE IN $Pkj.IS 3r- 40qi67 A[ TIAE .o0245t 
MAXIMUl FOR~CE IN :P ORING 49 818q79 AT T1.1 i=- cs 0 iu MAAIM-M -RLATIVE .,JISPLACStIZNT -I.. SPRN 1 1O-WTý4=.3, 
'N. AXIEU0 'RiLATIV kiPLcn~4 INSP14G z 4 AT T1i I~jk *Q31 

.IMAIML'M i cLAII~ OI.SPLAZ-E1~ir- IN SPR4.N6. 4w .Z24 i.d TIME c*3340 

CASE 2 EDGEDRP____ _________ 

MAXTMIJM ActcFIFRATflnN OF CONTATHFR -- 62. AT TIMF sO8 FCONDIS 

MAXIMUM. ACCELERATION OF. PAYLOAD. w: ,-5480o9 AT TIME u0.0400,SECONDS 

4AXIMUM FORCE IN SPRING In 775848 AT TIME a*0476 
MAXIMUM FORCE IN SPRING 2n 555372 AT.TIME w.O448 
mAXMUM FO3RCE IN SPRING 3w 7793 AT.TLTlE ZO'%82 

MAXIMUM RELATIVE DISPLACEMENT IN :SPRING.1In .0 AT..TIME .076: 
MAXIMUM RELATIVE DISPLACEMENT IN SPRING 2a .. .25A TNE 0448.  
MAXIMUM R-ELATIVE DISPLACEMENT IN SPRING So' 19'037 AT TIME a@0387 
MAXIMUM RELATIVE DISPLACEMENT IN SPRING 4a .218 AT TIME a*0400

CASE 3 CORNER DROP.

MA.XIMUM ACCELER~ATION OF C-cINTAINER =26.06..2 AT.-TIME. c.0612 S11ECONDS 

MAXIMUMh ACCELERATION OF P~f. 4O1AD 19 -4 9 5 e-s AvT'~riRM- c,0610 SECIJN)S 
M____ tNX f.JiFORE N P 541704-AT _ _(`*ý;'*04 

MAXIM.U'M FOC IN NPAlNGl -2wT 059 AT JIPIk --U460 
M f~ FOP'CE li4~ 5PRT. i. 166 49394-AT TIME zoi)612 

IlikI ~MUM RELATIVE VI15 A 1 T I SPRING lw - --ZV0 TIM :.6" 
fiAiImlJM RELATIVE DI!,PLACMEIKET IN SPRING 2c= .2 .73 AT TIMt =,,)460 

..AAIVE F UlPLACEIOENT INSIN = 19.057 AT TIME -. 61 
MA xI MklM ýREL.ATIY V-)I SDLACE'MENT 14 SPFING,4m .9752 AT TIME c.ubJ.U
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.3.4 Lid Retention 

a) Capability 

From drawing 1581F50 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: 

P = 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, 

K> assume only the top filled weld to be effective.  

Psl =Fsu Aweld 

Where 

Fsu 35,000 *psi 

A (4 in) (1/8 weld) (sin 450) 

.354 in 2 

Psl = (35000) (.354) 

Psl = 12390 lbs/Bracket 

Therefore, each ratchet support bracket can react 13,381 lbs.  

prior to shearing.  

2. Ball Lock Pins 

The ultimate double shear strength for a CL-10-BLP-L-4.5 

pin is 51,400 lbs per manufacturers data. The critical 

area is not the pin but bearing capacity of the pin sleeve 

to container interface. Bearing strength can be calculated 

as follows: 

Pbrg F brg A 

Where.  

Fbrg = 90,000 psi (Mil-HDBK-V) 

A = (.875) (.109) 

= .095 in 2 

Bbrg = (90000) (.095) 

= 8583 lbs.  

- Since pin loads are reacted in bearing at two locations (double 

shear) the total capacity is: 
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P s2 =2 Pbrg 

= 18,128 lbs.  

Therefore, each ball lock 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.  

P =F A s3 su weld 

= (2 in) (1/8 in) (35000 psi) (sin 450) 

= 6187 lbs.  

3. Shear Lip 

From the drawing it can be seen that the full perimeter 

of the package is equipped with a deep shear lip. The lip 

is held in contact by the tension capability of the binders 

and ball lock pins. Shear in the outward direction is 

reacted by the brackets as noted above. An inward load is 

reacted primarily by the 1/8 weld between the rectangular 

tube and skin shown above.  

qI-PS 4 

A unit length capability can be calculated as follows: 

P, F A 
S4 su weld 

Fsu= 35000. psi 

Aweld = (1 in) (1/8) (sin 450)
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P54 = (35000.) (.088 in2) 

Ps 4 = (3080 lbs/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

tan e 

E 

He 
He 

Using 

to be 

PHe

= 45/47 

= 43.80 

= (211.9 g's) (cos e) 

= 153 g's 

a lid weight of 1900 lbs., the total shear force 

reacted will be: 

= (1900 lbs) (153 g's) 

= 290,810 lbs.  
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If the package were to impact on its lid, 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 

K>/ 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 
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3 1/2 inches until full contact is made with the opposite side.  

This load contribution can therefore be calculated as follows: 

Su= (3.5 in) (1030 lb/in per pg 1-35) (9 mounts) 

P = 32,445 lbs.  

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

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

outer shell. This can be represented as follows: 

(4800 lbs) (170.21 g's) (Cos 43.80) 

P, 

P (8/17) (4800) (170.21) (Cos 43.80) 

P1  277,500 lbs.  

If these loads were conservatively'added, the total lateral 

or shear load will be: 

P = He + Pu + Pl 

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

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

5 Shear Ratchet Brackets (Psl) one side only = 61,950 

4 Shear Pins (P s2) ends only = 72,512 

4 Shear Pin Brackets (Ps3) one side only = 24,748 

200 in. Shear Lip (Ps 4) one side only = 616,000 

775,210 lbs.  

Therefore, the lid can react a lateral shear load of: 

Lat 5  = 775,210 lbs.  

Margin of Safety: 

M.S. = 775,210/600,753 - 1 

M.S. = + .29 (Edge Drop) 

2. Corner Drop 

NOTE: 
From page 1-51d, it can be 

- seen that corner drop pro
duces higher accelerations 
than the short edge drop.  
Energies are absorbed more 
uniformly during edge impact.  

H = (87.15 g's) cos 12.30 

H c = 85.14 g's 

Using the lid weight of 1900 lbs. the total shear force to 

be reacted will be: 

PEc = (1900 lbs) (85.14 g's) + spring (13.9 in)(2470 lb/in) 

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

This will be reacted by the following: 

1 ratchet bracket (Psl) end only= 12,390 lbs.  

8 shear pins (P s2) sides only = 145,024 lbs.  
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2 shear brackets (P. 3 ) ends only = 12,374 lbs.  

41 inches shear lip (P. 4 ) one end only = 126,280 lbs.  

296,068 lbs.  

Therefore the lid can react a longitudinal shear load of 

296,068 lbs.  

Long6  = 296,068 lbs.  

Margin of Safety: 

H.S. = 296,068./209,990 - 1 

H.S. = + .41 (Corner Drop) 

3. Flat Drop 

From the impact analysis shown on page 1-41c, the rebound load 

experienced by the lid will be 271,404 lbs. This load will be 

reacted by the binders and ball lock pins. (Ref. pages 1-51h, 

and 1-51i 

Margin of Safety: 

M.S. (12 Pbinders + 12 Ppins)/Prebound - 1 

(12) (28125) + (12) (16786) / 271,404- 1 

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

+ .96 

CONCLUSION 

It can therefore be concluded that impact loads on the container 

can be safely reacted by the lid attachment mechanism. The re

dundancy and independence of these mechanisms will assure that 

localized 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 158lF50, the ratchet binders 

are enclosed within a heavy structural steel channel. The 

channel provides localized protection for the binder as well 

as a system of 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 ball 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 capacity 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 data, 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 

Fult = 90,000 psi (Mill-HDBK-V)(Bearing Stress) 

A = (5/8) (.25) (2) 

= .313 in 2

Pbrg = (90,000 psi) (.313 in) 

= 28,125 lbs. each 

5) Lower channel weld to skin 

P = ty Aeld 

F 35000 
ty 

Aweld= (20 in)'(1/8) (sin 450) 

1.76 in 2

Pw- = (35000 psi 

= 61600'"... lbs.

(1.76 in)

Therefore, it can be concluded that the ratchet bindel closure 

latch has a minimum capacity of 28,125 lbs. each (from number 

four above).

1-51h
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.3.5 Shear Pin Tearout Capability

Since the pipe insert is welded to the skin, shear out loads will 

be reacted by over a 3600 circumference. Loads along the lower 

edge can be calculated using the standard 400 shear out. For 

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

tear the weld free.  

Tension: 

PA = FtA 55000psi) (.109 thick) (1.0 long) 

PA = 5995 ibs/side
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Shear 

PB = 

PB =

(.35000 psi) ('fr/2) (.875) (.109 thick) 

5243 Ibs/side

400 Shear Out 

P s= Fsu 2t (EX- d/2 cos 40) 

= (35000) (2) (.109) (.75-.44 (.766)) 

= 3150 lbs 

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

Therefore maximum capability is as follows: 

P = (PB + Ps) 2 side

(5243 + 315Q) 2 

= 16786 lbs. (Pin Tension Capability)

K>
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1.7.2 Puncture Evaluation 

> Puncture analyses are conducted using the "punch" program 

developed by Mechanics Research, Inc., MRI-TR-560-(70)I,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 shell. Similiarly, the performance of the internal 

shell is defined by the 30 foot drop and the characteristics 

of protuberances existnat on the fuel assembly.  

The "Punch" computer code employs straight forward principals 

K>j of mechanics and ultimate materials properties. Despite 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" treats 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 

into the backing media may be determined. Knowing deformation 

the resisting force is obtained from the membrane geometry.  

Both membrane tensile force and energy absorbed may thus be 

determined.  

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 Puncture

Using the IIPunchu code the following required shell thickness 

was calculated.-

STAIIC B'NELAS1 IC MOMObANL. FUNC1URLE ANILYSIS.  

BASI4~C CNGjticrRING DATA 

PACKA(, 4vELGHT (LB) Et 

DRJI? HcJ.SrI (INJ) z ko 

KlmtTIC ENERGY TU AE.3I00 F T-1L)Y 2t667 

ULTIMATE SIRF4S UF MNijBRAN E (PSI) 1cC 

ULTtIMAlt ELUiNGATION OF r~eBRANE 4PERCENT) 38,.  

RADIUS OF ObAICTURE .P~ 'N J IN aa 

EDL7E iRAIIUS I3I PUNCIL.Rz PIN (IN~) 62.25 

NU-IbER 6,F TRIAL :LOO? CYC:Lf,ý 

**TRIAL CASt' DATA* 

CRUSih STRENG74 GF BACKI1.7 MEDIA (PSI) 100 

BAC.(u4G MEDIA 7mICKN'ESb (IN) a _0 

INITIAL *flICK~heLSS OF ht.MEKiANE SHEET (IN) 18 

INRPENTAL THICKN'ESS OF'.F8PN Str E I) a0 

'R E ?U(.UP S ASGN. TR i ALý CA~SE 

***i 'p* 4'VLU a 3 AT S MBRA4 V- FAI L URE *4*** 

a OftC 14.74' 7.4 9'ijd .52VE4 9 43*.5 
0 j9jiý 6:ý 7b4ef 6 Cl 3bI'tO z*Q. 4.4.c#DL.SIGN-VALUE4
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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. diameter 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 lbs 

Steel & Foam - See Section 1.7.2.1 

The following sheet summarizes relevant relations for required 

inner shell thickness versus stroke. Some explanation of this 

figure is warranted. Three 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" Or 3" •,2" Or 1 1/2- ) 

Required shell thickness may be found knowing stroke. Two 

approaches are utilized and tear margins determined for the 10 

gauge (.A345") 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 = 74 max (Impact Flat Drop) = (.222)(12) 
= 2.66' 

SThickness Req'd 0.044 

KStear .1345/.044 -il +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 24 hour day at max

imum 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 temperatures 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:

r>

Normal Transport 

Sheltered 

Exposed 

1000F Ambient 

1300F Ambient

- 400 Watts Decay Heat 

- 700F Ambient Air 

- Maximum Solar Flux 

Air (Design Criteria) 

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 model employed for this analysis follows these introductory 

remarks. Briefly the model consists of a 13 node lumped para

meter irealieation. A single node is used to represent 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 the 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 for 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 

and last 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 convection 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 are defined versus temperature such 

that the foam is replaced by an equivalent air gap at 4000F.  

Gases generated from decomposition of the foam (temperature 

S6000F) are vented through six 1½ 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 lip closure area is represented by 

metallic conduction resistors. Heat transfer between the 

inner shell and fuel assembly is represented by radiation 

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 all respects except one reflects the 

damaged condition and the other the undamaged condition.  

The analysis assumes a time programmed source temperature 

(1475°F for 30 minutes, then 700F 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 illustrated 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 about'4101F is at

tained on the closure rail at about 36 minutes.  

5) Outermost fuel pins attain a temperature of 340 OF at 

about 45 minutes.  

1-85



TRANSIENT PROBLEM 
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9 165.2000000 10 185.2000000 11 191.4000000 12 206.50000 

13 215.2000000

TIME E 5.0000000E-O1SEC•+, 
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1.3 261.7544178
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1.7.4 Water Immersion

The effects of the water immersion test condition for 

fissile packages can be found in Appendix 5.6

0
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1.7.5 Summary of Damage

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

should the Model MO-i 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 be 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-I Package would be subcritical, as

suming: 

1) The fissile material is in the most credible reactive 

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 reflection of the contents consistent 

with the 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-I 

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.- The analysis 

6 of Section 2.0 will demonstrate the overpack's ability to meet 

this requirement.  
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1.10 Appendix.  

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-I Packaging 

1.10.3 W Letter PDD 045-74, dated 08/22/74
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20555 

Ahh' 4 r aew*h

FCTC: RHO 
71-5450 

Westinghouse Electric Corporation 
ATTN: Mr. A. T. Sabo 
P.O. -Box 355 
Pittsburgh, PA 15230

j;APR42P0 

.,% F ",-S & SA'FETY

Gentlemen: 

Enclosed 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 29, 1981.  

Changes made to the enclosed certificate are indicated by vertical lines 
in the margin.  

Those on attached list have been registered as users of these packages 
under the general license provisions of 10 CFR §71.12(b) or 49 CFR §173.393a.  

This approval constitutes authority to use these packages for shipment of 
radioactive material 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 
Material Safety

Enclosure: 

cc w/enc1:

As stated 

Mr. Richard.R. Rawl 
Department of Transportation
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.Model Nos. RCC. RCC-l, RCC-2, RCC-3, and RCC-4 Packagings 
USA/5450/AF

Addressees

Department of Energy 
ATTN: Mr. E. L. Barracl augh 
P.O. Box 5400 
Albuquerque, NM .87115

Oak Ridge National 
ATTN: Mr. WiIIiam 
P.O. Box X 
Oak Ridge, TN 378:

Laboratory 
E. Terry

I0

Department 
ATTN: Mr.  
P.O. Box E 
Oak Ridge,

of Energy 
Larry Blalock

Sandia Laboratories 
ATTN: Mr. W. C. Purchase 
P.O. Box 5800 
Albuquerque, NM 8711537830

Department of Energy 
ATTN: Mr. James M. Peterson 
P.O. Box 550 
Richland, WA 99352 

Duquense Light Company 
ATTN: Mr. J. A. Werling 
P.O. Box 4
Shippingport, PA 15077 

IRT Corporation 
ATTN: Mr. K. L.. Crosbie 
P.O. Box 80817 
San Diego, CA 92138

Tennessee Valley Authority 
ATTN: Mr. L. M.Mlls 
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.O. Box 355 
Pittsburgh, PA 15230
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Form NRC-618 
(12-73) 

"0 CFR 71

U.S. NUCLEAR REGULATORY COMMISSION 

CERTIFICATE OF COMPUANCE 
For Radioactive Materials Packages

1.a) Certifcate 1.b) *vision No. 1.1c) a Idntfcation No. .1d) as No 1.4) Total No. Page 

2. PREAMBLE 
"V2a) This certificate Is Issued to satisfy Sections 173.93a. 173.394. 173.395. and 173.396 of the Department of Transportation Hazardo 

Materials Regulations (49 CFR 170189 and 14 CFR 103) and Sections 146-19-10a end 146-19-100 of the Department of 
Transportation Dangerous Cargoes Regulations (46 CFR 148-149). as amended.  

2.(b) The packaging and contents 'described in item 5 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 agencies, including the government of any country through or Into which thepackage
will be transported.  

3. This certificate is issued on the basis of a safety analysis report of the package design or application

3.(a) Prepared by (Name and address): 3.1b) Title and Identification of report or application: 
Westinghouse Electric Corporation Westinghouse Electric Corporation application 
P.O. Box 355 dated December 17, 1980, as supplemented.  
Pittsburgh, PA 15230 

71-5450 
3L.() Docket No.  

4. COND ITIO NS - ". . ... .

C-

This certificate Is conditional upon the fuflling of the requirements of Subpart ) of 10 CFRiI 71, as applicable, and the condions specmna 
In item 5 below.

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

(a) Packaging 

(1) Model Nos.: 

RCC, RCC-1, RCC-2, RCC-3, and RCC-4.  

(2) Description 

Steel fuel element cradle assembly consisting of a strongback and adjusti 
fuel element clamping assembly, shock mounted to a 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 lbs., 
"RCC-1 and RCC-3.s 7,200 lbs., and RCC-4 is 8,400 lbs.  

(3) Drawings 

. ":The packaging is constructed in accordance with Westinghouse Electric 
U ! rp. ration Drawing Nos.: 1596E24, 1596E25, and i553E30 for-the RCC and 
RC 2 "596E24, 1596E25, and 1553E31 for the RCC-l and RCM(A3 and 

jorp'E22. 1596E23, and 1548E55 for the RCC-4.  

(4) Fuel rod container: rentnforced 13-gage steel box construc'-- in 
* accordance with Westinghouse Electric Corporation Drawing No. C56J0055.

1-95
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Page*2 - Certificate No. 5450 -Revision No. 13 - Docket No. 71-5450

(b) Contents 

(1) Type and form of material 

(1) Uranium dioxide as zircaloy or stainless steel clad unirradlated fue' 
elements. Two (2) neutron absorber plates consisting of 0.19" thick 
full length stainless steel containing 1.3% minimum boronlor 0.1912 
thick OFHC copper are required between fuel elements of the following 
specifications:

iL2e

Pellet diameter 
(nom), in 

Rod diameter 
(nom), in 

Maximum fuel 
length, in 

Mkaximum rods/ 
element 

Maximum cross 
section, 
(nom), in sq 

Maximum U-235/ 
element, kgs 

Maximum U-235 
enrichment, w/o.

14x14 
Zr 
Clad 

0.344
O.367 
0.400
0.422 

"*144 

180 

7.8

15x15 
Zr 
Clad 

0.367

14x14 
SST 
Clad

15x15 
SST 
Clad

17x17 
Zr 
Clad

0384 0.384 0.308-0.322

0.422 0.422 *0.422 0.360-0.374

144 

204

120 

180

.S..4 7.8

120 

204 

8.4

168 

264 

8.4

17.7 18.3 18.5 18.7 17.0 (144"L) 
19.8 (168"L) 

4.0 3.65 4.0 3.65 3.65

16x16 
Zr 

Clad

- 14x14 
Zr 
Clad

0.322 0.3805 

0.374 0.44 

144 144

235 176

7.8 7.98 

16.6 19.0 

4.0 3.85

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

Type -

Pellet diameter (nom), in 
Rod diameter (nom), in 
Fuel length (max), in 
Maximum U-235 enrichment, w/o

SST Clad

0.384 
0.422 

144 
4.0

Zr Clad

0.367 
0.422 

144 
.. 4.0

Maximum quantity of material per package 

(i) For the contents described i6 5(b)(1)(i): 

Two fuel .elements.

(0i) For the contents described in 5(b)(1)(ii):

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 

X (c) Fissile Class II and III 

(1) Minimum transport index to be shown 
on label for Class IL 1.2 

(2) Maximum number of packages per 
-shipment for Class II1 60 

6. 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 fittbd 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 thi 
rods are maintained on no more, than an equivalent metal-to-metal square lattice 
within the fuel rod container.  

7. 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 liquids 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 

K -' length 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 
slit on all four sides. The slits 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.  

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

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

REFERENCES 
K-estinghouse Electric Corporation application dated December 17, 1980.  

Supplement dated: January 21, 1981.  

FOR THE U.S. NUCLEAR REGULATORY COMMISSION 

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 

PDD 045-74 

Fan NFD Engineering 
WN :X-4740 

SWe :.August 22, 1974 
Siject: Shipping Container Fir( 

Analysis for Plutonium 
NUCLEAR FUEL DIVISI~f| Rods 

S. K~monk,, Manager UD(1) EML Report Job 1943 
Standard Product Design II "Shipping Container 

".. "Accident - Clad 
cc: S. Nakazato LAUG261974 " Burst Test", 7/30/74 

R. T. Meyer G 
D. D. Seel PRODUCT ENGI EERING 
D. J. Sperhac 

SUMMARY 

As part of the DGRF-05300 Plutonium Transport Design effort, a modeled 
rod transient temperature behavior during the regulatory specified 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 occbr with the 
present non-Insulated shipping container based on projection of clad 
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 

K-' 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 
Marlnite-36 Insulation Tr. a box-1lk4 arrangement around the fuel assemblies.  
In order to confirm the design analysis, plans should be made for a 
reduced scale verification test.  

ANALYSIS 

The analytical heat transfer model was devised to simulate a fire of a 
half-hour duration on the present W 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 I shmos the different configurations modeled for analysis. Figure 2 
displays the arbitrary rod rings used for the lumped-mass analysis of the 
14x14 fuel assemblies.
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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 > 11000F 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 6000 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-OF). Table I displays the 
cases analyzed along with body temperatures of the selected masses..  
Temperature profiles for all the cases with insulation are illustrated in 
Figures 5 thru 8. It should be noted that by placing the insulation in a 
box-like arrangement around the fuel assemblies, along with the benefits 
of less material 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 600OF 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 licensing purposes.  

W. D. Rabenstein 

Product Design & Development 

dp
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Table 1 

Sunmnary of Shipping Container Temperatures After 1800 Second Fire Accident

* Insulation used was Marinite-36 

,+ .odel 1 has the insulation placed on inside 
"around the fuel assenblies

of container wall and Model 2 has the Insulation wrapped

( C

Case "" Temperatures - _F 

Container Insulation OD Insulation ID lst Rod Rins 2nd Rod Ring 3rd Rod Ring 

No Insulation 1425 1345 1200 1G30 
(Figure 4) 

1/2" Insulation* 1445 810 675 350 95.  
Model 1+ (Figure 5) 

1/2" Insulation* 1460 1440 725 525 235 80 
M, odel 2+ (Figure 6) 

3/4" Insulation* ,1450 * 615 460 170 ^17 
-Model 1+ (Figure 7) 

3/4" Insulation* 1460 1450 600 380* 140 u75.  
Model 2+ (Figure 8)
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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 

important to safety and to compliance with the performance 

requirements of 10 CFR 71. (Reference Section 1.7.3)
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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-l Package is 

the sealed zircaloy fuel rods as described 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 closure devices used for the containment vessel.

3-1
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3.2 Requirements for Normal Conditions of Transport 

The following is an assessment of the package containment under 

normal conditions of transport as a result of the analysis 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 release of radioactive material from the contain

ment vessel.  

3.2.2 Pressurization of Containment Vessel

K>_
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.
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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 the containment vessel. It follows.  

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

containment vessel as a result x•f these tests.  

3.3.2 Release of Contents 

From the thermal analysis described in Section 1.7.3, above, 

it was determined that the fuel rods would reach a maximum 

temperature of approximately 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 repre

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-i 

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. Subject: Shielding for PuO2 Assembly Shipping 

Container.
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APPENDIX 4.5.1
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APPENDIX 4.5.1 

WRD-PWRSD Engineering 
ftm -Systems Technology 
W, .249-5154 
Dar? :February 10, 1976 

KU S•d-c.Shielding for Pu0 2 Assembly Shipping Container 

NUCLEAR ENERGY SYSTEMS 
WATER REACTOR DIVISIONS 

TO: C. E. Palmer 
TK. R. Schendel. FERi2,7jj"f 

cc: F. J. FranTV';DA•2,•D'--. I

<•iIr. sperhac ?Ž 

Reference: HSS-043-75 

-The new fuel shipping container being designed by NuPaC for transport 
of KEP, RGE, and ,OK plutonium assemblies has been analyzed to determine 
its overall shielding effectiveness and its ability .to'meet DOT shipping 
regulations. The isotopic coposition of the lid'2 fuil 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/hr. Howtever, 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 a 
closed transport vehicle. Depending on the truck geometry and construction, 
it may also be necessary to insert up to I inch of borated polyethelene 
forward of the shipping containers to reduce neutron dose rates in the 
cab to levels less than 2 rnrem/hr.  

The dose rate calculations used in the analysis were performed using both 
Sn'transport and point kernel techniques. The neutron and gamma ray source 
terms were derived from the isotopics listed in the 'referenced transmittal.  
Due to a 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 indicate that the supplementary 
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.  

S. L. Anderson, Engineer 
Radiation and Environmental Systems 

4-4
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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 Criticality Analysis and Review for Westinghouse Model MO-1 
Packaging. (Fuel Assemblies) 

5.6.2 Criticality Analysis and Review for Westinghouse Model MO-1 
Packaging.(Fuel Rods) 

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

CRITICALITY ANALYSIS AND REVIEW 

W MODEL MO-I PACKAGING ...  

Introduction 

In order to verify that plutonium fuel assemblies 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 

containing two assemblies aligned so as to effect the largest value of keff

Maximally crushed shippin-g-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 keff should be no greater than 0.94. A simplistic diagram of..the 

undamaged plutonium fuel assembly shipping container and internalt 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) 2) 
STotal Plutonium Enrichment =weight (PuO2) + weight (UO2) 

Natural uranium is the constituent uranium with 0.711 w/o U-235. For cal

culational purposes, the assemblies were conservatively assumed to be of 

4.4 w/o PuO2 enrichment rather than the 3.82 w/o PuO2 mean or the 4.2 w/o 

K>j PuO2 maximum enrichment. The plutonium isotopic distribution was measured 

in July, 1971 (Pu-241 decay was allowed to July 1974): 

/ 
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Isotope w/o

PU-238 0.09 

PPU-239 78.13 

PU-240 18.27 

PU-241 3.05 

PU-242 0.47 

Pu-239 + Pu-241 0.812 
Total Pu 

The 4.4 w/o - 81% fissile plutonium rods are nominally 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 SS-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 

K, conditions.  

Using 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.  

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 casks whose four assemblies are crushed together 
to within minimum credible distances of each other 

a) accounting for SS cask walls and borated SS poison plates (MCA) 

Figures 5 through 7 show the geometries of the three accident situations 

considered. The distances between assemblies represent minimum credible 
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clearances during the hypothetical accident; the surrounding water reflector 

is effectively of infinite thickness.  

Results 

A table of keff values calculated 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.  

Case Configuration Calculated keff 

1 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 a) Four flooded, crushed, 4.4 w/o .9729 
Pu assemblies, with cask wall, 
and borated SS poison plates (MCA)------------- ...  

Conclusions 

The calculational results shown above indicate that the'plutonium assemblies 

may be safely shipped 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 keff ' 0.98)
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Figure 3

Assembly Support and Lifting Frames 
(End View) of Current _W Design 
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TABLE I 

Plutonium Fuel Licensing Parameters

Pellet Parameters

Material 

Highest enrichment (PuO2 UO2 ) 

Diameter (NOM) 

Rod Parameters 

Cladding matl.  

Clad O.D. (KOM) 

Clad thickness (NOM) 

Fuel length 

Array Parameters 

No. of rods (max) 

Pattern 

Fuel rod lattice pitch (NOM) 

Assembly envelope (NOM) 

Licensing Criteria 

Total fissile (max) 

K eff (Max/ass'y) 

Keff (Max/l pkg) 

K eff (Max/MCA) 

Poison Plates Required

14x14 Assembly 

PuO2 

(See Note 1)

0.3659"

Zirc-4 

.422" 

0.243" 

120" - 144"

179 

14x14 

.556" 

7.784" x 7.784"

< 20 kg/assembly 

< .90

< .94 

< .98

2 borated stainless 
or OFHC copper

Loose Rods

Same 

6.0 w/o (85% 
(.71 

Same

fissile), 
W/o U-235)

Same 

Same 

Same 

Same

NA 

Touching 

8. 072" x

square lattice (2) 

8.072"

< 33 kg/box 

Same

Same 

Same

Not Required. Boxes per W 
drawing C5650D55.

1. For various plutonium 
4.4 W/o (81% fissile) 
same for all cases at

isotopics the PuO2 enrichment is 6.0 W/O (71% fissile) 
and 3.03 W/o (85% fissile). The U235 enrichment is the 
0.71 w/o.

2. 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 a minimum of three, equally spaced blocks, of which the 
"noncombustible portion of the blocks and the method by which they are secured 
shall assure that the rods are maintained on no more than an equivalent metal
to-metal square lattice within the. fuel rod container.
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Case 1: Single Assembly in. Flooded Cask 

TER 
30.4e CK 

FUtEL .  

3.0.4CM -4/.77134N BM. -. Or 

30.4804 

I.  
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Case 2: Two Assemblies in Flooded Casks 

W/ATER1 

0.45172 <-tiE' 

0.477S

P40/516A PLATE 

30.4 6 04.  
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Case 3: Four Assemblies in Two Flooded Casks

K>

WATER

3.

11
is eM

*1. .O 2, 

PO.477O P

P~oiso,1 PLArr

0.76 20 -M.  * ..

SS ASK WrALL 
! L

1 5-13

-A6

FUEL
,I | . .  

776 CM

%T'c.0

Vm

30,00



C,(.

Material

Hydrogen 
Oxygen 

Zircaloy 
Stainless 

Steel 

Inconel 
B-10 

Cu(natural) 

U-234 
U-235 
0-238 

Pu-239 
Pu-240 
Pu-241 

Pu-242*

4.4 w/o Pu Assembly, 
Flooded 

3.845502 x 10
3.298293 x 10-2 

4.221376 x 10"3.  

4.888801 x 10-5 

2.868596 x 10
0 
0 

3.748388 x 10-5 

4.734856 x 10" 
6.491287 x10 3 

2.360837 x 10-4 

5.497964 x 10-5 

9.138146 x 10.6 

1.387309 x10"
6

Atom Densities 

(1024 Atoms/CC) 

Reflector 

'6.6880 x* 0" 2 

3.3440 x 19"2 
*. 0. " 

0 

'0 
* 0 

0 
0 
0 
0 

0 
0 
0 
.0

Steel

0 

0 
0

Borated 

Steel 

0 

.0 
0

8.65x10"2 8.302x10" 2

0 

0.  

0 
0 

0 

"0 

0 
0 
0 
0.

0 

"1 .. 100x10-3 

0 

0 
0 
0 
0 

0 
0 
0

Cu Plate 

01 

.0 

0.  

0 

0 

8.47xl0O 

0 
0 
0 

0 

S 0 .  
0

Table 2
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C
4

' Table 3

Macros cop c Cross-Sections 
(68*F, 1.0 gm/cc water)

Cross-Section 

Group I 

ID(an) 

a 

Vr(cn 
,1rf(c"n)

ci 
__a

4.4 w/o Pu Assembly, 
Flooded 

S

1.2085 

0.0128

0.0196 

0.0099

I

Reflector-

1.2333 

o0.0005

0.0476

Steel

1.032 

0.0006

Borated 
Steel 

1.1088 

0.0338

0.00005 0

0 0 ..

•Group 2 

D(crn) 

Za (CM-1, ) 
vr=f(cr"1)

0.1960 

0.3520 

0.5962

0.1655 

.00222

0

6..33.60 

0.2630

"0 "

0.0903 

4.469 

0

* 0.4872 

0.3502 

0
6

(7 C

Cu.  

.1.2401 

0.00907 

0, 

0



( "APPENDIX 5.6.2 

Introduction 

In order to verify that mixed oxide (PuO2 , UO2 ) fuel rods can be 

safely shipped in the Westinghouse Model MO-l plutonium fuel assem

bly shipping container, nuclear criticality calculations were per

formed by conservatively modeling several accident situations. In 

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 keff 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 keff 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 Considerations 

For calculational purposes, the maximum expected fuel enrichment 

K.> for mixed oxide fuel is conservatively set at 6 w/o PuO2 , where 

enrichment is defined as: 
weight of PuO2 

Total PuO2 Enrichment (w/o) xweight of Pu 2 + weight of U12 x001 

Natural uranium is the constituent uranium with 0.711 w/o U-235 

and the pellet density is taken to be 95% of theoretical.  
I 

Two sets of plutonium isotopic distributions were examined. The 

first is representative of 2.94 w/o PuO2 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 1st 

recycle plutonium isotopics from a PWR and will be referred to as 

6 Ist 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-241 

for 10,000 hrs. The cross sections are representative of ambient 

(68 0 F) 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 UO2 shipping container authorized contents (per NRC Certificate 

of Compliance 15450): 

"Fuel rods shall be closely packed in the fuel rod container on 
no more than an equivalent metal-to-metal square lattice. Partially 
loaded fuel rod containers shall be fitted with a minimum of 
three, equally spaced blocks, of which the 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 ecuivalent 
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 inside 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.  
The true loading condition is expected to be some combination 
of the 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 
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 basic 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:k -not to exceed 0.90).  eff 

Case 2:' A single flooded shipping container whose two rod boxes 

are crushed to within a minimum credible distance of each 

other, and surrounded by an infinite water reflector.  

(Criterion:k not to exceed 0.94).  
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Case 3: The maximum credible accident (MCA). Two flooded con

tainers whose four rod boxes are ciushed together to within 

minimum credible distances of each other.  

(Criterion: kff not to exceed 0.98).  

2 
The fuel rods were assumed infinitely long (BZ 0), the flooding 

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 kf values for each Case defined above are 
eff 

less than the allowable values specified as criteria. The calcu

lated values may be taken as upper bounds on keff since in all cases 

they reflect numerous conservative assumptions. ._ 

Tables II and III 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.  

Conclusions 

The calculational results shown above indicate- that zirconium clad fuel 

rods of the following specifications can be safely shipped in rod boxei 

loaded into the Westinghouse Model MO-lIshipping container since the r(
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boxes can in no way become critical even under the severe conditions 

of the maximum credible accident, Case,3 (MWA keff < 0.98).

Fuel Rod O.D. (NOM) 

Pellet O.D. (NOM) 

Clad Thickness (NOM) 

Maximum Enrichment 

Maximum Fissile Content

.4220 in.  

.3659 in.  

0.243 in.  

6.0 w/o PuO2 

85%

a
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ISOTOPE

Pu-238 

Pu-239 

Pu-240 

Pu-241 

"Pu-242 

Pu-239 + 
Total P

TABLE I 

Plutonium Isotopic Distributions 
Used In Criticality.Analysis 

(Distributions Assumed At Completion Of Reprocessing) 

85% FISSILE ISOTOPICS 1ST 
WO 

.228 

81.839

13.575 

3.768 

.590

Pu-241 
U

a 85.607%

RECYCLE ISOTOPICS 

W/o 

1.53 

57.43 

22.45 

13.54 

5.05

70.97%
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TABLE II
.

MCA CRITICALITY MODEL 

ATOM DENSITIES PRIOR TO POST PROCESSING 

DECAY OF PU-241 FOR 10,000 HOURS 

(1024 ATOMS/CC)

ELEMENT 

HYDROGEN 

OXYGEN 

ZIRCONIUM 

U-234 

U-235 

U-236 

-U-238 

Pu-239 

Pu-240 

.Pu-241 

Pu-242

HYDROGEN 

OXYGEN

FUEL IN FLOODED ROD 

6 w/o PuO2 

85% Fissile Isotopics 

1.4353-2 

3.4339-2 

7.3752-3 

3.6779-7

9.i948-5 

5.8233-7 

1.2678-2 

6.6612-4 

1.0972-4 

3-.0328-5 

4.7357-6

BOX (.422" ROD PITCH) 

6 w1o Pu02 

1st Recycle Isotopics 

1.4353-2 

3.4339-2 

7.3752-3 

3.6779-7 

9.1948-5 

5.8233-7 

1.2678-2 

4.7942-4 

1.8176-4 

1.0917-4 

4.0545-5

H20 

6.688-2 

3.344-2

SAE 1010-1020 LOW CARBON STEEL

8.5239-2

. (1.000-2 = 1.OOOE-2)
5-22
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0 TABLE III

Group 

D (cm) 

za. (cir 

Er (cn 

vEf (c

M4CA CRITICALITY M4ODEL 

• .MACROSCOPIC CROSS SECTIONS 

. (68°F, H20p = I gm/cc) 

(6 w/o PuO2 ) 

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

85% Fissile 1st Recycle 
.Isotopics Isotopics Water 

1 (0.625 ev to 10 Mev) 

1.16715 1.16551 1.3085 

.) 01763 .01816 .00045 

100260" .00229 .04826 

m .01755 .01746 0

Group 2 (0.0 

' (cm) 

Ea (cm" 1 ) 

vEf (cm')

to 0.625 ev) 

.25443 

1.3644 

2.3843

.0

Carbon 
Steel 

1.125 

.00330 

- .00014 

0

.25902 

1.2361 

2.0929.

.1666 

.0222 

0

.3302 

.2208 

0
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APPENDIX 5.6.3 

CRITICALITY ANALYSIS AND REVIEW 

W MODEL MO-1 PACKAGING FOR COPPER ABSORIER VLATES 

An evaluation was made, for the MO-i Plutonium Fuel Assembly Ship

ping Container, of the conditions which would justify the use of 

copper 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 

(keff ! 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 thf 

greatest keff resulted. If assumptions are made which limit the 

degree of container crushing or vertical 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 accident 

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 PuO2 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-f* for 6 w/i 

first recycle isotopic 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.  
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In addition, similar calculations were performed using 3.03 w/o 

PuO2 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 PuO2 enrichments up to 3.03 w/o and fissile content up 

to 85% can be shipped.  

NRC criticality guidelines are met for a single 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 absorber plates will meet NRC 

requirements.
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6.0 OPERATING PROCEDURES 

This chapter generally describes the procedures to be used for 

loading and unloading the Model MO-I Package. In addition, 

detailed Westinghouse operating procedures and forms should 

be used when performing these operations.  

6.1 PROCEDURES FOR LOADING THE PACKAGE 

1) Equalize the pressure inside the package by releasing the 

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

2) Remove the latch pins located near the separation plane of 

the lid and body. A small cable is attached to each pin to 

prevent loss of the latch pins during the lid removal 

operation.  

3) Loosen and remove the ratchet binders which secure the lid 

to the body of the package.  

4) Remove the overpack lid by attaching suitable hooks or 

shackles to the lifting ears provided on the lid. (Refer 

to drawing, Appendix 1.10) Care should be taken during this 

operation so as not to damage the lid to body interface seal.  

Set the lid on wood cribbing to protect this interface.  

4a) Check for the presence of or install appropriate neutron 

absorbers. (Refer to Section 5.0, Criticality Evaluation)
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5) Loosen swing bolt clamps of the shock mount support 

frame and swing free of the fuel assembly support frame.  

6) Attach crane to lifting lug at the forward end of the 

fuel assembly support frame.  

7) Pivot fuel assembly support frame to vertical position.  

8) 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

cal position.  

9) Remove pins securing top end support assembly and swing 

K- supports free of the top opening.  

10) Open the fuel assembly clamping frames for the fuel 

assembly position being loaded.  

11) Attach the crane using the fuel assembly handling 

fixture, to the top nozzle of the fuel assembly to be 

loaded.  

12) 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 

K>assembly horizontally into the container support frame.  

Position the fuel assembly against the support frame
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and lower it until the bottom nozzle contacts the bottom 

support plate.  

13) 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.  

14) Repeat steps 10 through 13, above, to load the second 

fuel assembly.  

15) Swing closed the top end support assembly and insert 

locking pins.  

16) Attach crane to lifting eye at the top end of the fuel 

assembly support frame in preparation for lowering to 

the horizontal position.  

17) Remove two vertical support bars.  

18) Lower fuel assembly support frame to the horizontal 

position.  

19) Engage and tighten swing bolt clamps to secure the fuel 

assembly support frame to the shock mount support frame.  

20) Check tightness of all fastener hardware.
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21) Install accelerometers on the internal support mechanism.  

22) Inspect the inside of the base and lid to assure that 

there are no loose articles within the packaging.  

23) Place the overpack lid on the body using the alignment 

pins on the body assembly to guide the lid assembly.  

24) Install the latch pins through the lid into the body.  

25) Inspect the package for proper labeling necessary to 

meet federal regulations. Correct any labeling deficien

cies.  

26) Install an approved security seal.

27) Using an overhead crane with slings, transfer the package 

to the bed of the transport vehicle.  

28) After all packages are on the transport vehicle, secure 

them to the vehicle using appropriate tiedown devices.  

6.2 Procedures for Unloading the Package 

1) Move.the unopened package. to tbe.appropriate.unloading 

area. Place it in a suitable unloading attitude.  

2) Perform an external inspection of the unopened package
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as required in appropriate Westinghouse Procedures.  

Record any significant or potentially significant 

observations in addition to the standard information.  

3) 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.  

4) Remove the security seal.  

5) Repeat steps 2 through 10 in Section 6.1 above for re
6 

moving the overpack lid and raising the fuel assembly 

support frame to the vertical position.  

6) Loosen and swing back all clamping frames so that they 

do not interfer with removal of the fuel assembly.  

7) Remove the fuel assemblies.
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7.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

7.1 Acceptance Tests 

The Model MO-I 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) 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).  

2) The exterior stencils must be in place and legible*A.  

3) Latch pins, ratchet binders, and gaskets must be pre

sent and free of defects.  

-4) 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 

within the body of the overpack).  

5) The shock mounts shall be visually inspected and assured 

to be in place and properly secured to the mounting 

brackets and to the support mechanism.  

5a) The appropriate neutron absorbing poison plates must be 

in position between the fuel assemblies prior to release 

of the Model MO-I Packaging.  
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6) Follow all Westinghouse operating 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 

followed to assure the integrity of the Model MO-I Packaging.  

Components such as gaskets, 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.

7-2



THIS PAGE IS AN 
OVERSIZED DRAWING 

OR FIGURE, 

THAT CAN BE VIEWED AT 
THE RECORD TITLED: 

DWG. NO. C5650D55 
FUEL ROD SHIPPING 

CONTAINER 
WITHIN THIS PACKAGE...OR, 
BY SEARCHING USING THE.  

DRAWING NUMBER: 
C5650D55 

NOTE: Because of this page's large file size, it may be more convenient to 
copy the file to a local drive and use the Imaging (Wang) viewer, which can be 
accessed from the Programs/Accessories menu.  

D-1


