
' 

FORM APD-74 

FUNCTIONAL REQUIREMENTS 

., 

,. 

(RESERVE THIS SPACE FOR FILING) 

ATOMIC POWER ENGINEERING DEPT. 

FUNCTIONAL REQUIREMENTS . 

IRRADIATED FUEL ASSEMBLY SHIPPING CONTAINER 

WESTINGHOUSE ELECTRIC CORPORATION 
ATOMIC POWI;R DIVISION 

P.O. BOX 1468, PITTSBURGH 30, PA. 

Page __ l _ 

7 Li'Cf- J 

_ ;:::..8_ Pages 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



.. 

-· (Reserve this space for filing.) 

Form APD-75 

IRRADIATED FUEL ASSEMBLY SHIPPING CONTAINER 
···t. 

I. Introduction 

This documen.t. describes the design of an irradiated fuel assembly shipping 
container which is to be used to ship one complete 

1
PWR fuel assembly to a 

laboratory for exarninatiop and testing. Il;-radiated.'·demotes fuel that is' };lSed 
but not spemt.· Shipment is to be accomplished by e:j..ther rail or truck. . . . . 

Possible use of the fuel ·after laboratory inspection and utilization of 
Bettis facilities.for the examination are factors .influencing the design. 

An estimated fuel life of 600 continuous operating hours and a fuel removal 
time of 70 hours for PWR core 1 together with the physical size of the con-
tainer are the factors used to determine shielding and cooling capacities. 
Since the activity and decay heat of the fuel are functions of time after 
shutdown of the reactor, the snielding and cool capacities are not limiting 
in that the fuel may be stored at the Site before shipment. 

The physical;limits of the container are fixed so as to be compatible with 
Bettis Site handling facilities and shock and vibration requirements for 
the ~uel. Where possible, the container is designed to permit ease of physi
cal modification. With the use of suitable adapters, the container could be 
used to transport a single AlW type fuel cluster· (see Part II-C-2-a). 

II. Design Consideration 

A. Shielding 

1. Shielding complies with ICC regulation for shipping radioactive 
materials so that the dose rate at the su:rface of the container does 
not exceed 200 mr/hr and the dose rate one meter from the surface of 
the fuel does not exceed 10 mr/hr. 

~. Shielding.is calculated on the basis of the.expected actiVity of 
a PWR core 1 enriched fuel assembly '70 hours after shutdown. The 
fuel is considered to have operated ·for 6oo continuous full-power 
hours. 

B. Decay Heat Removal 

1. The decay .heat of the fuel assembly is removed from the container by 
means of a second~y cooling system.··· 

a. The over-all heat transfer coefficient for cooling by natural 
convection of the secondary cooling system is too low to remove 
decay heat at atmosphe:fc pressure within the container. There
fore, ,a forced q9nv:~~:t~o.~. system containing a 5 gpm centrifugal 
pump is utilized. · · 
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Decay Heat Removal (Contd.) 

2. 

b. A secondary cooling system is used in preference to a primary 
one in order to eliminate the hazard of escaping contaminated 
fluid. (See Section II-B-2-b ·~or furt~er explanation.) 

c •. The capacity'of the cooling system is 43,ooo Btu/hr. This capa
city is based on the expected amount of\decay heat produced by an 
enriched PWR fuel assembly 70 hours after shutdown. The fuel is 
considered a; having operated for 600 continuous full-power hours. 

d. The container is mounted on a structure at an angle:of 15 degrees 
from.the horizontal during shipment in order to·provide.an ade-

. qua~e convective current fo~ the primary water.· This provides 
.the primary water with a heat transfer coefficient capable of 
removing the·decay heat from the fuel to the secondary cooling· 
system. 

e• .. Instrumentation describing pressure and temperature of the primary 
.and secondary water provides a check on the effectivene~s of the 
secondary cooling system. 

f •. Two outlets on the cask provide a means for adjusting the primary 
water level and flow necessary during the initial loading opera
tion at the Site. 

g. Operation of the secondary cooling pump and cooling fan on ~ out
side single phase 110 volt electrical system is provided for by · 
means of appropriate electrical connections in the case of emer
gency or prolonged site operation. 

h. ·A solenoid valve and check valve are provided in the secondary 
cooling system to cut it off from the primary system in the case 
of power failure. Should a leak then develop between.the primary 
and secondary s,ystems, this would prevent escape of the primary 
water. 

The container is designed. tO withstand twice the equilib.rium pressure· 
developed if the secondary cooling system should fail. The decay heat 
then would be re~oved by means· of a natural convect~on.of primary water, 
conduction through the container walls and radiation from the container 
surface.· The equilibrium pressure is calculated to be 250 psi. 

a. The design complies with Section VIII of the ASME Boiler Construe-

. ' .. ··. 

. tion Code except for a re~ief valve (see next Part b ·for explana
tion) and the ICC regulation governing ~hipment of. explosive material ... 

b. Since natural co!l:vec-t:-i~:9-. Js used as a back-up, depended upon only :Ln. 
the event of failure of the secondary cooling system, and the con
tainer is designed for safe operation under these conditions, it is 

. . ·j 

not necessary· t6 have a relief valve or a hermetic ally sea~ed 
·container. This is desirable since it eliminates the hazard of 

·I 
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B. Decay Heat Removal (Contd.) 

b. escaping fluid due to a faulty relief valve and eases the difficulty 
of handling imposed by a hermetic seal. 

c. A good heat transfer condition must exist between the stainless steel 
inner liner, the ca,rbon steel outer liner, and the lead shielding in 
order to dissipate the heat gener~ted in the case of failure of the 
secondary cooling system. This is to be accomplished by a 95 to 100 
per cent metallurgicB.l bonding of the ··lead to the aforementioned 
surfaces (eliminating insulating effect of air gap). The bonding 
process and the inspection procedure of the bond are to be established 
by the vendor at the time of submittal of bids .and is subject to the 
approval of the cognizant Westing~ouse engineer. 

C. Structure 

l. The internal construction of the container allows for possible bow or 
twist of a used fuel assembly in that the center grid support is made 
adjustable. 

2. Individual replacement and/or removal ·of the internal components of the 
container allow for ease of modification and maintenanceo 

a. The inner shell, cooling coils, grids~ bottom adapter, cap adapter, 
and end plug are designed for easy!) remote removal. Modification of 
these components would make the container suitable to ship an AlW 
type fuel cluster. 

3. Removable structures are furnished for vertical pandling and shipping 
and horizontal handling facility is built into the structure of the 
container. This not only leads to simpler over-all handling structures, 
but also facilij:.ates handling procedure at Bettis and ECF. 

4. A removable plug at the closed end of the container provides for the 
insertion of a ram to aid in the removal of the fueL 

5. Limitations of the Bettis hot lab facilities consisting of a 15 ton 
crane and a 3 ft high and 1'8 ft long access ;to hot ce1ls serve to impose 
restrictions on the physical size and handling structure of the con
tainer. 

a. Although the weight limit is exceeded, a handling procedure has been 
evolved whereby the crane will not have to lift the full load of th~ 
container •. 

D. Shock of Vibration 

l. The structural strength of the fuel and the support the fuel receives 
from the internal components of the container are the factors used to 
determine the shock' and Vibration limits in shipment.. Preliminary cal
culations indicate -that· a" seed or blanket as it is si.lpported in the 
container can sustain up to a 20 g shock load in any di~ection without 
being harmed. The lowest resonant frequency, 140 cps, is found to 
occur in the blanket assembly as it is supported in the container. 
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D. Shock of Vibl:'ation ( Contd. ). 
.,. 

2. It is necessary to ·furnish·special blocking for the bundles in the 
blanket assembly so that the assembly can:take a 20 g axial shock load. 
The movement'· of. the bundles relati ire . to the blanket shell· is . restricted 

"( . . .. 
by two support~, - one is an extension -of the container'.s bottom adapter 
and..the other a\three-column support which ;will be held in place by'the 
container cap .. <';(he three-column support will be inserted in the top of 
the fuel after the fuel is set in the contatner. Without these supports 
an axial shock 10~,d of approximately 2 gs would be enough to yield the 
rake assembly insfde ~he blanket. · 

III. ~ysical Description 

The container is cylindrical with its ends in the shape of truncated cones. 
The fuel in the container is immersed in water, is s~rrounded by stainless 
steel cooling c::oils and is supported by grids. Enclosing this system are stain
less steel casings followed by lead and a carbon steel outside liner. One end 
has .a: cap which is. removed when loading ··or unloading. A poison rod is provided 
wheri' enriched fuel is to be shipped. ·The container as shipped weighs 20 tons, 

.is 8ft long, 5 ft wide, and 6ft nigh. The secondary cooling unit which 
a·ccompanies the ·container weighs . 2 tons and is 7 ft long, 6 ft wide, and 5 ft 

. high. 

IV. Schematic Diagram of Cooling System (See Pages 6, 7.; and 8) 

I 
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SCHEMATIC 

Ke·y to Equipment Notation 

Description . 
\ 

' . . 
·Diesel Power Unit 1

'--. 

R:· H. Sheppard Compariy.9 In¢·. 
Model. #8 · · 

'~~ .. 
'·\ ... 

. ·,\':\ . 
':~ 

I 

Capacity_ ... 3 hp, 2 kw, 110 v~ 6o cycle, single phase 

Quick Connective Coupling 
Hansen Manufacturing Company 
Model #4HK .· 
Stainless .. ..:. two=way shutoff 
Capacity - 500 psi 

Weatherhead Ermeto Fitting 
1/2 in. diameter ~ pipe to tube 
Stainless 

Valve 
Vogt Stainless. Steel Gate Valve 
Capacity - 750 psi 

Gate Valve 
Crane Company 
Model #18840 

Air Vent Valve 
Crane Company 
Model #976 · 
Seal #14A 
Capacity .,;. 150 psi 

High Pressure, Two-way Solenoid Valve 
Special·Automatic Switch Company 
Capacity - 500 psi, 500°F 

Check Valve 
. Crane Company 
·Madel #18826 
Capacity.=.500 psi 

Pressure Indicator 
Mansfield & Green 
Mode), #AJ:J.? ..... 

-~-

Continuous duty_clean out type with flushing connection 
Pressure Range - 0 to 500°F 
Twin Seal Diaphragm .(good for 1,000 psi) 
Operating Temperature Range - 0 to 500°F 

·:. 
· .. 
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Symbol 

I-2 

I-3 

I-4 

R 

s 
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Key to Equipment Notation 
( Contd.) 

Description 

Temperature Indicator 
Wheelco Instruments 

.. Chromel Constantan· Thermoco.uple 
Range - 0 to l,.000°F · · 

' I 

.. Dial Thermometer 
Harris Pump and Supply Company 

-Type 6242 RB 

Water Level Gauge 
Direct Reading Liquidometer 
Liquidometer Corporation · 

Radiator 
Nesbitt Propeller Fan Unit Heater 
Model #18J22 
Propeller type hot water unit heater 
Capacity - 43~000 Btu/hr 

Surge Tank 

Centrifugal Pump 
·Eastern Industries 
M~del #)J 
Capacity - 5 gpm 
Differential Pressure - 65 psi 
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