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ABSTRACT 

This paper was prepared for and presented to an ORSORT Class on 
December 28, 1959, as a one -hour tal k and is a general paper coveri ng 
the fundamental factors influencing carrier design, such as shielding, 
critical ity, heat transfer and economics. Typical carriers used in the 
past or currently used are described incl LCling the Tucson carrier, MTR, 
SRP, SRE, and others. 

NOTICE 

This document contains information of a preliminary nature and was prepared 
primarily for internal use at the Oak Ridge National Laboratory. It is subject 
to revision ar correction and therefore does not represent a final report. The 
information is not to be abstracted, reprinted or otherwise given public dis­
semination without the approval of the ORNL patent branch, Legal and Infor­
mation Control Department. 



,------------------------------LEGALNOTICE 

This report was prepared as an account of Government sponsored work. N.either the United States, 

nor the Commission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy, 

completeness, or usefulness of the information contained in this report, or that the use of 

any informationl apparatus, method, or process dischaed in this report may not infringe 

privately owned rights; or 

B~ Assvmes ony liabilitios with respect to the USe of, or for damages resulting from the use of 

any information, apparatus" method. or process disclosed in this report. 

As used in the above, "person acting on behalf of th., Commission" includes Clny employee or 

contrClctor of the Commissfon, or emptoyee of such controctor, to the extent thot such employee 

or controctor of tho Commission, or employee of such contrClctor propores, disseminates, or 

provides acceSS to, any information pursuont to his employment or contract with the Commir.sion, 

or his employment with such contrClctora 
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The operation of power reactors wi II result in the necessity for the recovery of 
unburned fuel from the expended coreso Transportation of spent fuel elements from the 
reactor sHes to the processing plants as well as at the reactor sites and within the 
processing planh requ1res the use of special equipment to permit the safe handling of 
these highly radioactive matedal$. 

These devices are commonly referred to as carriers, a shorten[ ng of the terms slug 
carriers or product carriers which were applied in the early days of the project to heavily 
shielded contaBners used in shIpping mulHcurle quantities of radioactive materials over long 
or short distances, A slug carrier permitted safe transportation of radioactive uranium 
slugs discha:"ged from a nuclear weador" and a product carrieFwas used to tran:tiport'Q 
highly radioactive end product ~uc:h os Ba 140 and its hard r emitting daughter, La l40, 
resulting from chemk:ally treating irradiated fuel slugso Casks or coffins are similc.u'words 
for referdng to !'he containers for shipment of radioactive materials. The terms include the 
required iiihieidingu !ntegral means of heat removal and the ancillic~IY equipment incorporated 
therein, 

The term co~r:er has a different meaning in the regulations of the AECil ICC., Bureau 
of Explos!ves and other agencfie£ goveming the shipment of irradiated fuel elements !Cnd 
i£ defined as any per$on who receives Sipedal nuclear material for the purposes of trom,­
portationo A slug charger !s a carder wHh additional built in features that allow the 
sl\.lgs to be dlscharged nnto a dis$Oive~o Carriers or casks are used for handling liquid fuels 
as wen 0% ;\;olid fuels. 

Many factor:!: miJSf be consadered 1n carmer design, the more impo~·tant of these include~ 

1. PhY$ical state of the w'ad!oac:tive maternal! either liquid or solid 
2. Shielding 
3. Cdt1calHy 
4. Surface decontamination 
50 Heat transfer 
6. Carrier ha:ndi~ng a::ld ha:n$portaHon 
7. Coolant 
8. Il"Istrumentation 
9. Materials of con~t!rucHon 

10. Fabrl cat~on and I nspecHon 
11. Safety and ec:onomici.i! 

Physical State of the RadGoacHve Material 

It is difficult to c:omilder anyone of these factors by itself since many of them are inter­
related. For example, let us cans!der the first factor or the physical state of the radioactive 
material; this factor wi II Influence both the 3!ze and shape of a carrier as well as its 
method of con$truction. In deciding ~pon the size of the carrieru one must also consider 
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how much fuel is to be transported at one time, and this in turn must be balanced 
against other factors such as criticality, heat transfer, available handling facilities and 
economics. These factors become evident in reviewing the various typical carriers which 
are described later. 

Shielding 

Lead is normally employed for carrier shielding because of its high density and low 
cost. Depleted uranium has been considered for use as shielding - however, the cost 
of conver~in9 the depl«.;ted. ~taniiJm 'to the metdl has made'irs'use prohibifive except lor' 
very limit~q applications •. 

Cd ti ca Ii ty 

The carriers must be carefu II y revi ewed, studi ed, and ca I cu loti ons or experi ments made 
to ascertain that there is no chance of the fuel assemblies becoming critical when placed 
in the carriers. The following assumptions have been proposed by pending AEC regt/lotions 1 
for the purpose of evaluating criticality~ 

1. The shipment will be mode with water or antifreeze filling all spaces in and around 
the elements and with water surrounding the cask even though the elements may be 
sh i pped dry. 

2. The spacing between fuel elements is that which would give maximum reactivit)' or the 
design must assure that the spacing will assure less thon maximum reactivity; in such 
cases, the fuel elements must be supported within the cask so that the fuel elements 
cannot be rearranged in a configuration more reactive than that for which the carrier 
is designed. 

3. The presence of normal structural material., such as fuel element cladding and cask 
components, is ignored as nuclear poisons. Poisons, however., can intentionally.be 
built into the carrier, or poisons in the fuel elements may be considered provided 
there is assurance that the poison cannot change its position relotive to the fuel 
elements;. for example, by mechanical shock during normal shipment or credible 
occident. 

4. I n any single cask the moss of fuel shipped sholl no11 exceed 75% of that necessary 
to be criticol with credit for the intentionally built in poisons. If geometry is 
controlling, each controlling dimension sholl incorporote a 10010 safety factor and in 
addition on allowance for uncertainties in experiment or calculation. 

Determination of criticality sholl be bosed on the following assumptions where 
opplicable. 
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1. Fuel shall be considered as unirrodiated fuel if reactivity decreases with burnup~ 

2. The fuel shall be considered as irradiated fuel if reactivity increases with burnup 
at the condition of- maximum reactivity. 

3. The fuel shall be considered as melted fuel in most reactive array unless it has been 
demonstrated conclusively that melt-down of the fuel element is impossible. 

4. If reactivity increases with loss of coolon;, this shall be assumed the condition of 
maximum reactivity. 

5. The fuel shall be considered as wet fuel if reactivity is greatest with water or 
anti freeze present. 

Surface Decontami nati on 

Carrners are designed to permit surface decontamination with the minimum amount of 
effort involved. For this purpose the majority of the carriers are built from materia" 
such aill stainless steel on which strong reagents such as acids may be used for decomamination 
without damage to the equipment. The carriers are normally designed to minimize pockets 
or cavities where radioactive materials and contamination could collect and prevent-
effective decontamination. The carrier components are normally all welded construction 
and the lead shielding material is completely encased to avoid the possibility of ra<lio-
active materials entering between the shel' and shielding where decontamil1ltion would be 
impOSSible •. Some carriers have been designed with stainless steel components on the 
interior surfaces of the carrier only where contamination was most likely and the external 
parts were constructed of standard carbon or alloy steels and painted. 

Heat Tran$fer 

Many of the fuels discharged from the various power reactors require cooling In 
transH. Many cooling methods have been consid;red; the following are examples: 

1. Forced atr circulation around and/or through the casks. 

2. An external radiator, similar in principle to the automobile radiator, with a primary 
cask of water falling through the radiator either by natural convection or forced 
circulation. 

Under pending AEC regulations, these two methods would be unacceptable since 
primary gas or liquid coolant coming in contact with the fuel elements shall not 
be circulated outside of the cask. 

.. 
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3. An external radiator connected to the core inside the cask to permit or provide 
a secondary circulation system separate from the primary cask water. Agai n both 
natural or forced convection circulation can be considered. 

4. Mechanical refrigeration. 

5q Partial or complete immersion of the cask in a tank of watero 

6, Bolling the water in the cask with replacement as necessary. 

This method would also be unacceptable to AEC since the highest liquid temperature 
inside the cask in the vicinity of the fuel elements is restrIcted to at least 20°F below 
the boiling point of the liquid. 

7. Use of a high boiling liquid in the cask to achieve a greater temperature difference. 

8. Pressure operation of the cask with a higher internal temperature. The pending AEC 
regulations prohibit the use of a cooling system operating above atmospheric pressure. 

9. Extended outside surface of the cask with a natural convection of air. The internal 
coolant would be at atmospheric pressure with temperature somewhat below the 
boiling point. 

Normally the fuel elements to be shipped off-site should be allowed to undergo 
radioactive decay for a sufficient period of time to ensure that when the casks are looded, 
the maximum temperature of fuel elements and built in poisons will remain at least 180°F 
below their respective melting points. This determination shall be made assuming a dry air­
fill ed cask, 

Carrier Handling Transportation 

The carrier handling methods and transportation are important factors in the design. 
Irradiated fuel transportation from the reactor to the reprocessing plant and return of 
recovered materials back to the reactor, as in a conventional fuel cycle, presents no 
great problems when done all on the same site where distances are relatively short and the 
fuel materia Is do not leave the plant area. This no longer holds once shipments outside 
the plant area are involved. The facilities at both the reactor site and the processing 
plant must have cranes of sufficient capacity to handle the weight of the cask contemplated. 
A cask must be provided with proper and adequate lifting devices or trunions and lifting 
attachments to assure safe handling. Shipment may be made by roilroad, motor transport, 
barge, or even air. However, for casks with gross weight above 40 tons, rail shipment or 
barge are the only practical methods of transportation for any appreciable distance. 
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Coolant 

When coolant\\i are usedg 'he de;;;tgn mijJ~t have adequate provisions for retaining the 
cool~~to since the 103$ of c:=>o}ant could re~u!~ in damage Oil' rupture of the cladding ma"terial 
permJttJ~g the release of f.s;;;:o~, product acHvity. If the coolant container cannot be made as 

0111 ali-welded one-p~ee:;e con:\;~J"'1J"d~OIf":9 Hght g<l$keted 10ilnf:S wall have to be made. 

I nstlFumentatiOI11 

The amount of in$trumentat!oll1 ;requflred on the ca~k wHi vary widely depending on 
the complexity of the de:sign. In the simple$t ca$eu no Instrumentation may be required; 
other ca$e~; thermocoupleso prefSf!,;u:re gagesp level probes ond other devices may be necessary. 

NormaHyp the maJorHy of the CarlJ!elf5 Oire constwc+ed almost entirely from austenitic 
$tain!e~$ $teel$o Ali welds $hould be spedfUed to be of ASME Code quality and performed 
by qua!Wed we!delffli. FiJn penetll'at20n welds are used either for strength on the corners 
of the ccmtainer or for heat tiransfer purpose~ when fim; are attached to outside shell. Welds 
are normally examined for soundnes$ pdor to lead m!fing by dye penetrant methods. Where 
heat dissipation is important; the lead 5hie!ding ns u$l\JIolly spedfied to be bonded to all 
surfaces contacted by the internal or ex vema I heat transfer media. 

Safety and Econom i C$ 

Long distance $hJpmell1t$ by common cardelfs over pubUcly used rights-of-way introduce 
the two very con~[derab!e plFoblems of safety and economics. RadioacHve fuel elements 
and Hquid lFad!oacHve wa$~eil) may be $h!pped vea public tran$portaHon media only 
when done un a properly delllGgned C:O!1taHner. RecognfiHon of the hazard that would 
result from nmpropelf handling of the $hapment dU5Bng trans8tu or as a result of an accident 
during h'an$~~Q made I~ nece~ary tha~ radioa(;tCve mateiruah; be inch.ided in the hazardous 
matercal$ category subJect to the ru;e~ and regUilatCons which apply in shipment of these 
mateda!$ via publC~ med~a. An AEC handbook2 summarizes useful information pertaining 
to federal regU'lations covedng rad~oadive maternal transportation. 

When radfioadive ma~edals are transpolfted across $tate Inne5u they become subject 
to the reg!!Jlations of 'he Interstate Commerce Comml$'$Hon. Par~s 71 through 78 of Title 49, 
Code of Federal Regu!aHon[;;p govern tran$portaHon of explosnve$ and other dangerous articles 
including radioactive subl$fance$. A lI:ding of subJect titles for parts 71 through 78 of the 
above regulations are given below~ 
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General information and Regulations 
Commodity List of ~xplosives and Other Dangerous Articles Containing the 

Shipping Name or Description of All Articles Subject to Parts 71-78 
Regulations Applying to Shippers 
Regulations Applying Particularly to Carriers by Rail Freight 
Regulations Applying to Carriers by Rail Express 
Regulations Applying to Carriers in Baggage Service 
Regulations Applying to Shipments Made by Way of Common, Contract, 

or Private Carriers by Public Highway 
Shipping Container Specifications 

The ICC regulations classify radioactive materials as Class D poisons {Class A poisons 
are extremely dangerous, such as poison gas; Class B are less dangerous, such as Aniline 
oil, methyl bromide, etc.}. Sections 73.391, 73.392, 73.393, and 73.394 of the ICC 
regulations for dangerous materials contain the rules to be observed by shippers of radio­
activs materials. These rules permit gamma radiation of not over 200 milliroentgen$ per 
hour or equivalent on any readily accessible surface of the container and 10 milliroent­
gens gamma per hour 03 meter5.r away. I n the case of railway cars, this latter is generolly 
interpreted as 10 mr/hr on any outside car surface. The regulations also specify the kinds 
of labels required on shipments of radioactive materials, precautions needed to prevent 
mishap during transit, and procedures to be followed in case of emergency. 

These regulations are also published by transportation groups directly involved. 
One of these is the Association of American Railroads' Bureau:for the Safe Transportation 
of Explosi\f9s and Other Dangerous Articles (universally called Bureau of Explosives) which 
published Agent H. A. CampbelPs Tariff, No. 10.3 The Tariff Bureau of the American 
Trucking Association, Inc., published the Motor Carriers Explosives and Dangerous Articles 
Tariff No. 9.4 

Water transportation comes under Coast Guard jurisdiction as contained in Port 146, 
Title 46 of the Code of Federal Regulations. A Coast Guard publication, CG, 1875 sets 
forth the regulations for shipment of dangerous articles within its sphere of responsibility. 

Regulation of air transportation of radioactive materials comes under the jurisdiction 
of the Civi I Aeronautics Board. 

Economics play an important part in the design of fuel carriers. Weight and distanctNlre 
the most important factors affecting the economics of irradiated nuclear fuel transportation, 
since shipping costs are based on these two factors. 

As is very well known, gamma shielding is mass dependent, i.e., attenuation of gamma 
radiation requires very nearly the same weight regardless of the material used. Furthermore, 
the ratio of shielding weight used per unit weight of fuel has varied from 54: 1 in the case 
of production reactors to 1470: 1 in the case of the MTR. Hence, in the latter case, the 
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carrier for transporting 14:28 kg of unburned, irradiated fuel weighed 22,000 Ib or a 
ratio of 1470: 1. Admittedly, this is perhaps a special case since the distance from the 
reactor to the chemical plant was small and the carrier was conservatively designed to 
handle elements with very short cooling times. It clearly emphasizes the outstanding 
basic fact, though, that the very large part of a shipment of irradiated fuel is shielding 
weight. To make matters worse, the empty carrier has to be returned to the reactor for 
the next shipment. 

Some relief from this state of affairs may be gained by permitting the fuel elements 
to cool as long as possible. The length of cooling time permitt~d is limited by the 
optimizing shipping weight with inventory costs since, while it Is true that each additional 
day's cooling will allow a reduced shielding weight, the interest cost on inventory 
increases with each passing day. 

Figure 1 illustrates the weight savings that are possible when the cooling tim~ for the 
indicated fuel is extended from 15 days to 75 days. In the example shown, one-third of 
the carrier weight or 4 tons, is saved by the increased cooling time resulting in an 8-ton 
carrier instead of the 12 tons originally required. 

Transportation charge rates change from time to time, and it is necessary to obtain 
current rates at the time of shipment. Generally, the greater number of elements shipped 
per cask, the lower the cost of the cask per element shipped. Also, the fewer number of 
casks that are ship~d per core loading results in a reduced shipping cost. These savings, 
however, must be balanced against other design factors, for example, the handling fa<:ilittes 
available at the reactor and processi ng sites and upon the method of transportation which 
is to be used, to determine whether or not a large cask is practical. 

To Illustrate th, costs involved in transporting irradiated fuel elements, let us assume 
a situation similar to the Yankee Atomic Electric Company at Rowe, Massachusetts 
shipping fuel to Hanford for processing.6 Assuming a cooling time of 120 days or mare, 
that the weight of the shipping cask is 60,000 Ibs and the weight of the uranium in each 
shipping cask is 2,000 Ibs and further assuming that 4 casks are required, but they are 
used for fuel from One reactor for a total time of only three months each year meal'lS 
that the reactor operator may do well to rent casks rather than to buy them. If one 
assumes the insurance during shipment as 2% of the value of the special nuclear material 
from the fuel elements, the following costs may be listed: 

Transportation Charges 

Freight, Massachusetts to Hanford 
Freight, Massachusetts to Hanford 

(return of empty casks) 
Cask Rental 
Courier Charge 
Insurance 

Total 

$/kg U 

2.80 

1.40 
1.30 
0.$0 
4.00 

10.00 
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The factors that contribute most to the uncertainties in these transportation costs are 
the amount of insurance, the choice of cask size 'Cnd weight, cooling time prior toshipm~nt 
and effect of negotiations on carrier rates. 
Tucson Carrier 

I will de~cribe several carriers which I believe will be of interest to you, First of 
the carriers Is one which has been in continuous use since 195J. (Fig. 2). The carrier was 
designed originally to transport irradiated natural uranium slugs lfrolTl Hanford to ORNl for 
the isolation and purification of the fission product 50-140. The carrier hos " capacity of 
74 a-in. or 149 4-in. natural uranium slugs 1-5!8-in. outside diameter. The sh::e was 
dictated by the processing requirement as well as the economics since the weight of the 
shielding per cubic foot of usable volume decreases as the size of the carrier Is increased. 
The Tuc$on carrier was designed to transfer the heat from the slugs to the external surface 
of the shipping container by thermal drculation of water •. The shipping container (Fig- 3) 
is a thin-walled tank in which the carrier proper is shipped. External fins on the shipping 
container &~sipate the heat to the ambient air by free convection. The annular space 
between the carrier and the tank (Fig. 4) serves as a cooling jacket. Woter channels at 
the top and the bottom of the slug cavity communicate with the annular space between the 
carrier proper and the tank establish a thermal syphon circuit. Water channels are formed 
by spaeen between the carrier body and bottom cover and between the carrier bedy (md top 
plugs. 

The three parts of the carrier properi the body! the bottom cover, and the top plug, can 
be readily disassembled and all surfaces exposed to the circulating water made accessible for 
decontamination if necessary. . DeposHion of~adioocttve materials in ~cir~ to reach places: : 
ha$ been avoided by designing with rounded surfac~s in p!"efer~nce to sharp corners or cracks. 

The slUgs are herc! in sate posHton by four cages which are stacked insidf' the carrier 
body. The cages are essentially pans with perforated bottoms through which the water passes 
and are spaced in a triangular pitch so that each slug is positioned in Place qver a corres­
ponding ho!eo The $Iugs are spaced and held in an upright position by means of vertical 
pins welded to the cage bottom 0 The bottom cage has a threaded socket at- its center to 
receive the threaded end of a lifting rod passed through the upper three cages permitting 
simultaneous removal of all of the four cages or removal of one at a time by means of a 
fixed bail on each cage. \ 

The carrier is loaded under 20 feet of water. The slugs are inserted in the cages 
with long-handled tongs. The cages are then stacked in the carrier cavity and the top 
plug is secured in place. The carrier is removed from the wateru rinsed with q hose, and 
lowered into the shipping tank which is filled with water. The shipping tank is closed with 
a gasketed head to avoid spilling of cooling water which might be contaminat.d if one of 
the slug jackets should be ruptured. 
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The thin tank was designed to dl$$ipate Hve kilowatts of heat !.Ot _: an ambient 
temperature of 32@C. The temperature of the top of the slug chamber reaches 97°Co The 
calculated temperCl~ure at the bottom af the slug chamber for 5 kw heat dissipation is 
approximcrrery 92@C. Some boiling of the water surrounding the slugs in the cavity 
occurs iniHath19 the thermal flow of cooting water. 

Skid$ are provided on the shipping tank to facilitate handling and to avoid a con­
centrated we~ght whkh might compUc:ate frenght car loading. The entire assembly is built 
exclu$ively of type 18-8 stainless steel to fadlitate decontaminaHono The carrier is designed 
to provide a minimum of 9 in, of lead shielding. The loaded carrier and the thin tank plus 
the shielding water weigh a total of 6 tons. 

Thorex Slug Charger 

The Thorex Charger WO$ de~igned for !ntllaplant tran~;fer$ of cylindrical, aluminum-sheathed 
slugs of thorium Trom the ~torage canal to the Thollex Pilot Plant dis$Olve.r. The charger has 
six inches of lead radiation $hielding and i:\, constwcted pdndpally of stainless steel. 

An intere$tcng feature of the device is a revolving cylindrical magazine having 40 
vertical tubes (FIg, 5). It b designed to be rotated by a crank about its vertical axis 
so as to position each vertical tube !n turn/? at 9@ intervals", over a radially elongated 
aperture in the bottom of He magazine cavity. Oi rectly below the aperture and aligned 
with the dissolver slug chute b a lead $hutrer rotaHng wUhan and forming a part of the 
carrier shielding. (Fig. 6). in the open posiHon a' fr IUSltwm-shaped hole permits passage 
of the slugs out of the magazine into the dfissolver chute; the c;.lQs~d position permits safe 
transportation of a loaded car::'!er. 

The disc is rotated by mean~ of a removable ll'adial lever which operate5 in 0". slot 
provided in the carder wall. Once the leveif' ha~ been in~rted and u~ed to rotdte the disc 
to the open position", g collar fixed on ~he lever pifevenb h$ withdrawal agai n until the disc 
has been returned ~o the dosed pOiiWon, thereby providing a vh~~ble mean~ for checking 
that it is safe to move the carrler. 

The charger wa£ normally loaded wHh 120 6-6n. long 1-5/8-in. dia slugs, 3 to a 
tube, in a canal under 9 feet of water cover. Following placement of the slugs in the 
magazines, the canier ns dosed .. hoisted out of the water, and taken to the pilot plant 
where it is pla~ed on a specially designed pedestal which aS$ures correct alignment of 
the charger with the sl\.lg chute. 

MTR Charger 

The MTR charger (Ffig. n wa$ deiiligned and built to tlfan$port spent MTR plate and 
frame fuel element$ from ~he :doTOge canal and unload them !nto. the ICPP di~solver.· Four 
cropped MTR assemblie$ can be accommodated in the 1 0=1 no by 10-in. by 50-in. internal 
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cavity when the IIMTR partHioner" is in place; or, by using the IIAdapter portion for NP 
slugsll,f slug-type elements can be handled instead. Cropping the Fuel elements removes 
non-Fuel-bearing adapters from each end of the Fuel element thereby producing savings 
by ~hortening the length of shielded cavity necessary. Even so, this charger weighs eight 
tons because of the need for a lO-in. thickness of lead to provide shielding_ The lead was 
encased in stainless steel which was the principal material of construction used throughout 
the charger to facilitate decontamination when and if necessary. 

Transportation of the charger between the storoge canal and the ICPP, a relatively 
short distance, was by a high chassis straddle carrier (Fig, 8) specially adapted to engage 
the extension rails on the charger. 

A lO-ton overhead crane engages trunnions attached to the carrierls sides for lowering 
it into a canal where it is loaded under a 20-ft water cover. Roils attached to the tcp 
plug engage a rack attached to the canal sides 10-12 ft under water and hoid the plug 
as the charger body continues to descent away from the plug to the 20-·ft leveL The ch'::Ifger 
body is then moved horizontally to expose the opening for loading, Manually .operotedl 

long-handled tongs are used to load the charger. 

After receiving fuel elements, the carrier is horizontally moved back to where it is 
again under the top plug, then is hoisted ve!itica lIy, engaging the top plug on the way up. 

The f·op plug rail;, are removable and the plug is provided with a lifting bail for 
permitting remova! with a crane hook if operation by this method should be more desirable. 

The $hoddle carrier transports the charger to the 5-ft thick concrete roof of the dissolver 
cell whe!ie it is positioned over the dWssolver chute. The threaded rods of the charger drawer 
are engaged by a $lpecially designed motorized unit shown and as the rods are turned, the 
drawer slowly moves out, permittnng the fuel elements to drop into the dissolver. 

Production Plant Carrying Casks 

Relatively large quantities of fuel elements are routinely handled in a plutonium 
production plant. Distances that irradiated fuel must be transported in such plants are 
relatlvely short and usually all within a controlled area. Fuel handling methods and carrying 
casks $pecially sufted to these conditions have evolved. 

Hanford Slug Carrier 

At Hanford slug casks are carried in water-filled vats mounted on a railroad flatcar. 
Tubes penetrating the sides of the cask into the slug cavity provide a water passage for 
thermal convection cooling of the slugs. The slugs are contained in a removable, perForated 
stainless steel bucket that fits tn the slug cavity. The cavity has the approximate dimensions 
of 26-1/2 in. by 22-1/2 in. x 18 in. and 15 enclosed by shielding walls having 12-1/2-in. 
thick lead slabs encased in steel. An empty cask weighs around 22 tons. 
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FIG. 8. Gerlinger straddle carrier brings an 8 ton cask into 
multicurie cell facility of Chemical Processing Plant. 

Figure 8 
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Cask loading is accomplished under 20 ft of water in the slug loading canal. The 
cask is lowered into the water while supported from a twin, hook bridge crane. Extensions 
on the top plug allow it to be retained on fixed beams 11 ft under water, this depth 
providing adequate shielding for irradiated fuel. The cask body continues its descent to 
the 20 ft level where it Is moved horizontally to expose the opening for foading. Slugs 
stored in stannles$ steel buckets are now transferred into the carrier and the carrier hoisted 
out of the canal. From there the cask is pdsitioned in the vat on the railway flatcar for 
transportation to the reprocesSing plant. On arrivat at the reprocessing plant, remote 
methods are used to remove the slug bucket from the carrier and empty it into a dissolver 
funnel. 

SRP Slug Carder 

At Savannah River the procedure for handling irradiated fuel slugs is similar to that 
deseribed for Hanford with one important exception. Instead of immersing the filled cask 
in a vat of water for transportation to the reprocessing area, the cask is designed with 
'external ffln:1l and uses water at atmospheric pressure as an internal coolant to transfer the 
heat from the $Iugs to the cask wall. An assembly drawing of this carrier is shown in 
Fig. 9. Figure 10 is a photograph of the cask fastened in a rallroad car for shipment. 

SRP 70-Ton Shipping Cask 

An externally-finnedll water-f!lled ca~k with an .memo' cevity 15--ft ~by-2--1l2- f.wide 
by 2-l/2 feet deeP, em:f--wefghi-ng-abr:rut 7Gt-ons was constructed for off-plant shipment of 
fuel elementso.ond an, assembly drawing us shown in Fig. 11. The cavity was subdivided by 
separator plates fabricated with 40=mil-thick cadmium sheets enclosed and supported by liB-in. 
thick stainless steel sheets. The compartments were necessary to meet criticality needs; 
cadmium wa'$, incorporated into the $eporator plates because of its high cross section for 
thermal neutrons. FlUrng.. the ¥Oicf .spoce in-the~'C:avit-y with 'yjater provides a heat transfer 
medium between the elements and the ca$k walls. 

For ease in handling, the fuel assemblies are first placed in magazines and the magazines 
are in tum placed in Hle compartments.formed by-the&epgtCJ.tor plates.. The magazines are 
weldments of minimum weight" designed to expose the maximum element surface for cooling. 

, 

Many alternate methods for cask cooling were considered, including immersion in a 
tank of water described earlier. Greater inherent safety in case of an accident and over­
turning of the railroad car and its carrying cask was the reason why the externally-finned 
tank was chosen over other designs. 

Figure 12 shows the cask in place on a railroad car. 
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Figure 10 

UNCLASSIFIED 
PHOTO 48759 



i 

EXHIBIT C-1 

PLAN 

" J 

ELeVATION 

23 

UNCLASSIFIED 
ORNL ... LR-DWG 44384 

PIPE MAI<K:'P ¥, IS C()NN{CTC() Ta CHECK 
\$,I,.\I[ AT X" PIP( 1<44RK[() V, 15 CONNECTCP 
7(J CHfCk vAL ye AT '1/, 

~f.¥FwtSI(}IJ TANK VENT 

A 

(NEcK 'ALV; 
(/)Vl'R 

SECTION A-A 

70·TON SHIPPING CASK NOMENCLATURE AND MAJOR DIMENSIONS 

Figure 11 



-24-

Carriers for Radioactive Liquids 

Transportation of liquid radaoactive materials requires the carrier to be a tank, preferably 
spherical, since this configuration provides the minimum surface area for a given volume and 
hence is important in shielding. Figure 13 shows a carrier for the transcontinental transpor­
tation of aqueous wastes from a fuel reprocessing plant to an isotope separation plant where 
the aqueous waste served as a raw material supply. The 250-ga lion carrier shown has a 
48-in. dia inner vessel of austenitic stainless steel with walls that 3/8-in. thick. The normal 
working volume is 210 gallons (Fig. 14). Five and one-half inches of lead surrounds the 
inner container which in turn is enclosed by a steel shell, 13/16-in. thick, with a stainless 
steel cladding on the outside surfaces. The empty weight of this carrier is 28,200 Ibs; filled 
with first cycle aqueous waste from solvent extraction fuel processes described earlier,' the 
weight is increased to over 30,000 Ibs. 

Two pipe connections to the inner tank provide for filling, emptying, and venting the 
vessel. Filling the vessel is accomplished by first evacuating the tank via the short leg, then 
allowing the vessel to fill via the long leg to the 210 gallon level as indicated by the 
conductivity probe. Probes also indicate the 125 and 200-gallon levels. By evacuating 
the vessel at the start and not running the vacuum pump once filling has started, the risk 
of overflow is eliminated.· Emptying is accomplished by providing air pressure on the short 
leg with liquid flowing out via the long leg. Each leg is fitted with a teflon-lined plug­
cock and a quick opening coupling which automatically seals against pressure from within 
the tank when couplings are dliiconnected. Figure 15 is a view of the cylindrical cupola 
atop the carrier and the disconnects and valves contained therein. The cupola walls are 
of 2-in.-thick lead for radiation shielding. Protection against leaks is provided by the 
corrugated stainless steel gasket used with the cupola hatch cover. If for any reason 
radioactive liquid should escape the inner vessel by means of the connecting lines, the leak 
proof cupola provides a factor of safety for containment of the hazardous radioactive liquid. 

HRT -CPP Waste Carrier 

An example.Qf~a Inquid fuel carrier is that of the HRT -CPP Waste Carrier (Fig. 16). 
The carrier was designed to remove fuel from the expended fuel from the Homogeneous 
Reactor Test (HRT) at ORNL. The vessel is about 20 in. dia and 30 in. long and has a 
capacity of 30 gal; 9-in. thick lead shielding is used on the top and Sfdes and a minimum 
of 5-ln. on the bottom. The radiation at the surface of the carrier is about 80 mr/hr. 
Additional shielding is provided for the valves and nozzles on the top of the carrier by 
removable cap that is placed over these fittings whenever the carrier is out of the loading 
pit. The total weight of the carrier is 9.3 tons. 

Figure 17 shows the carrier in position in the loading pit showing how the waste 
product is pumped into the vessel by opening valves with a lorg-handled tool under water. 
Three nozzles are installed on the carrier. One is used for filling the carrier, one for 
venting and the third for emptying the carrier. All three are flanged. 
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Hydrogen is evolved into wa$te solution increasing the pressure of the carrier 
by about .06 psi per hOUf. This fate is not deemed high enough to Justify the use of a 
recombining mechanism on the carrier since the time in transit is not expected to exceed 
a few hours. The heat evolved from the waste solution is about 500 Btu/hI' which will 
raise the solution by about 2@F per hour if no heat is lost in the surroundings, Temperature 
rise is negligible and no provision os made for cooling the carrier in transit. If all the 
uranium remains in solution, the 20-25 gal charge to the carrier wi II not contain C/ critical 
moss, no mechanism is known by which uranium would precipitate from a 4 molar sulfuric 
acid solution and the likelihood of $uch precipitation is considered so remote that a 
criti ca Ily safe carder was not designed. The card er is designed for 500 psia pressure, the 
operating pressure is 17' psia and the" operating temperature is 129°F. 

SRE Carrier 

The fuel from the Sodium Reactor Experiment (SRE) of Atomics International at Canoga 
Park, California, is scheduled to be processed at ORNl during the early part of 1960. An 
existin-9 carrier was modified at ORNl for the transportation of this fuel. This CQrrier is 
shown1n Fig. 18. The carrier was o!r!ginally designed for charging and unloading a large 
engineering in-pile loop experiment in the ORR reactor. The carrier was designed with a 
view towards adapting it to other use$. The original design required lead shielding thicknesses 
of from 6 to 8 inches and was designed for minimum shielding owing to the crone restrictions 
at the ORR. A spedal trailer was required to handle the carrier within the ORR Bui Iding. 

The original carder had an in$ide diameter of 27-1/2 in. by 108-6 in. length. The 
shielding requirements for the SRE requfired a lead thickness of 8 in. over the entire length 
of the carrier. The carrier was modified by inserting a liner with 2 in. of additional lead 
in the central secHon of the carmer. A rotaHng fuel rack was designed for installation 
within the shield containing space for ten SRE elements. A cross section of the carrier 
is shown in Fig. 19. Each floe I element is $hipped in a gasketed fue I storage can supplied 
by Atomics I ~1temational. This can is ~uHable foil" handling and shipping ruptured or 
damaged fuel elements. The can is contained in a sleeve mounted in the rotating rack. 
Each sleeve is separated by bora I sheets for reasons of criticality. A cutaway illustration 
of the carrier is shown in Fig. 20. Owing to the low burnup in the SRE, no external cooling 
is requ ired. 

The carrier was designed for railroad shipment in a gondola type rai I car. The carrier 
is secured to the car by special linkages mounting on the trunions and the shipping rack 
(Fig. 21). It is further secured against longitudinal motion by I beams placed transversely 
on the car against both ends of the calJ'll'ier. In addition, hold-down chains are provided 
to prevent the carrier from being dislodged from the rack in the event of a severe rail 
accident. 

The original design contemplated horizontal loading and unloading of the carrier. 
However, owing to the facilities at Atomics International, vertical loading of the cask was 
necessoH)'. Additional trunions were added to the carrier to permit this operation. A 
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smaller charger carrier is used to load the fuel into the SRE carrier when it is placed in a 
vertical posHion. This carder is different from others described later in that the loadnng 
and unloading of the carder is done in air external to a hot cell. Supplementary shadow 
shielding is used during loading and unloadung operaHons. 

The AEC is currently Investigating the costs of rail freight versus truck shipment for 
the SRE carrier. The tn;cking companies are interested in the business, of handling 
fuel shipments and already have submitted an attractive proposal. Motor freight has several 
advantages over the rail freight shipment in that the carrier can be delivered directly to the 
proc~ssing facility as well as to the reactor site without the necessity of addfitional transfer 
ope~tions as would be necessary in raB! shipments. The chance of damage to the fuel enroute 
is also lessened due to the slower speeds imposed on motor freight shipments. A maximum speed 
of 35 miles per hour will be enforeed owing to various state regulations for handling shipments 
of this weight. Spedal permits have allieady been approved. The severity of an occident may 
be greater in motor freight shipments oWIng to the possibility of an acddenr occv,m"tng in a 
more popu lated area. 

Universal Carriers 

Reactor operators have already contacted industry to determine their !ntere:st In supplybg 
the :casks for shipment of the reactor fuels. A number of companies in this cOl.mhy are interested 
in performing the service and have submHted proposals to reactor operators. These companies 
are looking at the problem from a standpoint of developing a l.!JI1lllVeriliOi carrier suitable for CIJ 

variety of fuel elements. If this goal can be reachedu considerable savings will be effected 
for the nuclear fuel cycle. It is interesH~g to note even on thus basis the cost of transportation 
amounts to applioximately 6% of the total fuel cycle CO$ts based on irradiation leve-As of 
2000 mwd/t; with a higher radiatuon level up to as high as 14,000 mwd/tu h'ansportation 
might be reduced to as low as 3%. 

, To mu~ti!"ate concepts typical of the thinking of several interested companies., the 
follow!ng information has been taken from a paper7 presented at the Fuel TransportaHon 
Committee Meetingu December 2-30 1958. Figure 22 shows an over-ali view of a UIn£ versa I 
shippnng cask wath a cutaway showing the vorUOlDS components. This particular configulration 
was designed to handle 16 Dresden StatZon fuel elements. The cask desflgn was mode 
sectional to allow a void height variation from three feet to thirteen feet in one-foot 
increments. ,,- The cask consists of a $tcliln!ess steel shell with lead ~hieldilng and containing 
cooling coUs. The colis in this design are to be connected wHh a Freon type refl'ogeliaHon 
system located on a special car. Figure 23 shows a view of another cask s!ze. The center 
sect~on of the unit is made in 1, 2, and 3-ft sizes. Thermocouple:s are located on the !!1Side 
and outside surfaces of the cask to monitor cask temperature during shipment. Figure 24 
shows a typical pressudzed liner fuel element separator. The lid 8S sealed with a cantilevered •. 

, ' 
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