
International 
Nuclear 
Fuel 
Cycle 
Evaluation 

'ftVolPl FCE 

INFCE/DEP./W6.7/8 

TRANSPORTATION OF RADIOACTIVE WASTES 
FROM NUCLEAR FUEL CYCLES 



INFCE/DEP/MG.7/8 

TRANSPORTATION OF RADIOACTIVE HASTES 
FROM NUCLEAR FUEL CYCLES 

September 1979 

Prepared for 
Working Group 7 of the 

International Nuclear Fuel Cycle Evaluation 
by the U.S. Delegation 



INFCE/DEP/WG.7/8 

TRANSPORTATION OF RADIOACTIVE WASTES 
FROM NUCLEAR FUEL CYCLES 

Abstract 

This paper discusses current and foreseen radioactive 
waste transportation systems as they apply to the INFCE 
Working Group 7 study. The types of wastes considered 
Include spent fuel, which 1s treated as a waste In once-
through fuel cycles; high-, medium-, and low-level waste; 
and gaseous waste. Regulatory classification of waste 
quantities and containers applicable to these classifi
cations are discussed. 

Radioactive wastes are presently being transported 
In a safe and satisfactory manner. None of the INFCE 
candidate fuel cycles pose any extraordinary problems to 
future radioactive waste transportation and such trans
portation will not constitute a decisive factor In the 
choice of a preferred fuel cycle. 
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TRANSPORTATION OF RADIOACTIVE WASTES 
FROM NUCLEAR FUEL CYCLES 

1. INTRODUCTION 

The primary aim of radioactive waste transportation 
is the safe transport of waste materials from their point 
of origin to a disposal s i te . This paper discusses cur
rent and foreseen transportation systems as they apply 
to the INFCC Working Group 7 study.[1] 

Several assumptions have been made by the INFCE 
Working Group 7 re la t ive to waste transportation: 

All radioactive wastes to be transported w i l l 
be disposed of In a geologic repository. 

All fuel cycle operations w i l l be at least 500 
km from a repository. 

* Seven candidate fuel cycles w i l l be considered. 

Gaseous fission products released from spent fuel 
during reprocessing w i l l be collected and dis
posed of in the same manner as other radio
active wastes. 

* At the end of their assumed l i fe t ime a l l fuel 
cycle f a c i l i t i e s w i l l be decommissioned and a l l 
resultant decommissioning wastes w i l l be placed 
1n a geologic repository. 

Packaging and shipping procedures wi l l be con
sistent with existing IAEA Safety Series No. 6 
regulations. 

The seven candidate fuel cycles considered in the 
INFCE program are the following: 

Light Water Reactor (LWR) Once-Through 
Light Water Reactor with Uranium-Plutonium 
Recycle 
Fast Breeder Reactor (FBR)wlth Plutonium 
Recycle 
Heavy Water Reactor (HWR) Once-Through 
Heavy Water Reactor with Uranium-Plutonium 
Recycle 
Heavy Water Reactor with Uranium-Thorium 
Recycle 
High Temperature Reactor (HTR) with Uranium-
Thorium Recycle 
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An elaboration of these fuel cycles and the INFCE 
Working Group 7 assumptions can be found in reference 
[1]. It has been assumed that decommissioning wastes 
will be transported in the same manner as wastes arising 
during the lifetime of the various fuel cycle operations. 
These decommissioning wastes should impose no unusual 
shipping requirements on the waste transportation systems. 

In conjunction wit!; the descriptions of various 
shipping systems in this paper, apparent "preferred" 
practices will be presented. These discussions should 
not be construed as an endorsement of such practices but 
rather as reflecting logical choices resulting from the 
restrictions of the program assumptions. Differences be
tween systems described in this report and actual practices 
may result from changes in public acceptance of transpor
tation risks, improved transportation technology, or other 
parameters that cannot be accurately defined at present. 
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2. OVERVIEW OF RADIOACTIVE WASTE TRANSPORTATION 

2.1 Classif icat ion of Wastes 

The nature and quantity of radioactive wastes gener
ated by a given f a c i l i t y depend to some extent on specific 
detai ls of the fuel cycle In operation. Each fuel cycle 
does, however, Involve most or a l l of the following generic 
forms of radioactive waste: 

* Spent fuel 
High-level waste 

* Medium-level waste 
Low-level waste 

* Gaseous waste 

Quantities of wastes produced In each of these categories 
by the INFCE candldate *tel cycles are presented in Chap
ter 2 of reference [1]. 

2.1.1 Spent Fuel 

Spent fuel Is considered a waste 1n all once-
through fuel cycles. A physical description of spent fuel 
and discussion of the packaglngs available for Its ship
ment are found 1n Chapter 2 of reference [2]. Spent fuel 
generally produces high gamma ray and neutron radiation 
levels and generates significant amounts of heat. Both 
of these factors affect spent fuel transportation. 

2.1.2 High-level Waste 

High-level waste Is generated during the reprocess
ing of spent fuel. Its most Important constituents are 
fission products and unreclaimed actlnldes. The produc
tion, characteristics, and solidification of high-level 
waste are discussed In references[1] and [3]. Reprocess
ing will generate varying amounts of fission products and 
heavy metal s, depending upon the fuel cycle 1n operation. 

2.1.3 Medium-Level Waste 

Medium-level waste arises from various processes 
in reactors, reprocessing plants, and fuel fabrication 
plants. It may conslst of concentrated or processed wastes 
from several sources, Including water or air filters, 
resins and sludges from various fuel cycle operations, 
and cladding wastes from reprocessing plants. High gamma 
radiation levels from these wastes require them to be 
shielded during transport. 
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2.1.4 Low-Level Waste 

Vi r tual ly every f a c i l i t y that handles radioactive 
material generates some amount of low-level waste. Failed 
and obsolete equipment, protective clothing, and other 
contaminated trash a l l come under the category of low-level 
waste. Low levels of penetrating radiation are character
i s t i c of this waste, and shielding is not required during 
transportation. Wide variations in the amount of low-level 
waste generated can be expected, depending on the fuel 
cycle in operation. 

2.1.5 Gaseous Waste 

During reprocessing, it is assumed that 85Kr will 
be collected and placed in high pressure cylinders for 
storage. Shipment of these cylinders will require ex
ternal shielding. According to INFCE assumptions, these 
shipments will be made just prior to closing the geologic 
repository. This is in contrast to the shipment of other 
radioactive waste which occurs throughout the lifetime 
of the fuel cycle facilities and repository. 

2.2 Regulatory Classification of Wastes 

The basic regulatory guide controlling radioactive 
waste shipments is the IAEA Safety Series No. 6.[4] Within 
the framework of this document, several shipping categories 
applicable to radioactive waste are defined. Each of these 
categories has been established, by international commit
tee, to provide reasonable levels of protection for the 
general public, and for transport workers, from potential 
hazards associated with shipment of radioactive material. 

2.2.1 Low Specific Activity 

A significant fraction of radioactive wastes quali
fies as low specific activity material; e.g., depleted 
uranium from enrichment plants, contaminated equipment, 
and miscellaneous trash. Conditions restricting the use 
of this category apply both to the amount of radioactivity 
per gram of material shipped and, for surface contamina
tion, the activity per unit area of surface. Low specific 
activity material must be packaged in strong industrial 
packaging. Minimum dimensions and maximum surface dose 
rate limits are specifled for these packaglngs. Consider
ation 1s being given by the IAEA to establishing testing 
requirements for low specific activity shipping containers. 
Some IAEA member countries are contemplating requiring 
use of Type A packaglngs (see Section 2.2.3) for all low 
specific activity shipments, thus effectively eliminating 
the low specific activity category. 



5 

2.2.2 Low-Level Solids 

Consolidated waste with uniformly distributed 
a c t i v i t y , or objects contaminated with non-dispersible 
ac t iv i ty below specifled leve ls , qualify as low-level 
solids. Like low specific act iv i ty mater ia l , low-level 
solids may be transported in strong industrial packag-
ings. Specific conditions outlined in IAEA Safety Series 
6 are used to determine whether a material sat isf ies the 
low-level solids de f in i t ion . As with low specific ac
t i v i t y materials, the low-level solids category is under 
reconsideration by the IAEA and some member countries 
may require use of Type A packagings for shipping such 
mater ia l . L i t t l e radioactive waste Is expected to qual
i fy as low-level solid mater ia l . 

2.2.3 Type A Quantities 

Any radionuclide can be transported as a Type A 
quantity provided certain restr ict ions are met. Each 
radionuclide has been assigned "special form" and "normal 
form" ac t iv i ty l imi ts which define Type A quantit ies for 
that nuclide. Special form material w i l l not readily 
disperse into the environment should the contents escape 
the package. A series of tests must be performed on a 
material before I t can be considered to be special form. 
These tests are designed to demonstrate the non-dispersible 
nature of the mater ia l . Normal form material Is anything 
that is not special form. The Type A ac t iv i ty l imi ts 
specified for special form material are designed to l i m i t 
the external radiation dose to individuals In case of loss 
of package In tegr i ty . Normal formType A ac t iv i ty l imi ts 
are designed to res t r ic t the internal dose to Individuals 
under the same circumstances. 

All Type A quantit ies must be shipped In Type A or 
better packaglngs. Type A packagings must withstand effects 
of any acceleration, v ibrat ion, or vibration resonance 
that may result from normal transportation with no deter
ioration 1nthe in tegr i ty of the packaging. This also ap
plies to any shielding or valvlng that 1s considered a 
part of the packaging. 

Nearly a l l low-level and medium-level waste can 
be transported 1n Type A packaglngs. Shielding wi l l be 
necessary for medium-level waste 1n order to comply with 
surface dose-rate l imi ta t ions. 

2.2.4 Type B Quantities 

Any quantity of a radionuclide In excess of its 
Type A 11 mlt Is considered a Type B quantity. Type B 
quantities can only be transported in Type B packaglngs. 
Type B packaglngs must satisfy all restrictions that apply 
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to Type A packagings. In addition, a Type B packaging 
must survive environments that demonstrate its ability 
to withstand transportation accident conditions. The 
survivability of a packaging is shown by determining, 
by calculation or experiment, the post-environment con
tent leakage rate from the packaging. Two sets of allow
able leakage rates are specified. These correspond to 
unilateral or multilateral packaging approval. Packagings 
with unilateral approval need be approved only by the 
country of origin before being accepted by any member-
country competent authority. These are referred to as 
Type B(U) packagings. They must satisfy a more restric
tive post-environment leakage rate than multilateral pack-
gings, referred to as Type B(M). The latter packagings 
require separate approval by each of the countries through 
which they are transported. 

In addition to the different post-environment leak 
rate requirements of Type B(U) and B(M) packagings, the 
two types have slightly different surface temperature and 
operating pressure restrlctions. These differences impact 
the design of Type B packagings by requiring the consid
eration of heat removal and pressure relief In packaging 
designs. As with other radioactive material shipping 
packagings, the surface dose rates are generally restricted 
to 200 mrem/hr. In some cases this dose rate restriction 
mandates the use of extensive radiation shielding. 

2.2.5 Special Arrangement 

In the event a shipment of radioactive waste can
not comply with any of the above categories, the shipment 
may still be made under special arrangment with the com
petent authority of the country concerned. Any deficien
cies in packaging design must be compensated for by the 
special arrangements. Multilateral approval must be ob
tained before crossing national boundaries, and advance 
warning of the shipment must be given. 

2.3 Classification of Containers 

Containers for transporting radioactive waste must 
be specialized to some extent in order to be economically 
attractive. This 1s especially true of Type B packagings. 
To be consistent with the waste forms described 1n Section 
2.1, the following container descriptions are classified 
by the waste they are designed to carry. 

2.3.1 Spent Fuel/High-Level Waste Shipping Casks 

Spent fuel and high-level waste are both charac
terized by high radiation levels and significant heat 
generation rates. In order to comply with the Type B 
packaging regulations, these casks must allow for the 
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renoval of heat fron the In ter ior of the cask and nust 
shield the gamma-ray and neutron radiation enitted by 
the payload. A spent fuel or high-level waste shipping 
cask nay be designed for truck or r a i l carriage. The 
payload capacities of nost existing spent-fuel shipping 
casks are given in reference [ 2 ] . 

2 .3 .1 .1 Current Practices in Spent-Fuel 
Shipping Cask Design 

Although spent-fuel shipping casks are typical ly 
designed to transport fuel from a part icular fuel cycle, 
they have several factors in connon. To date, a l l such 
casks can be c lassi f ied as either nu l t i layer or single-
layer construction. 

Multilayered casks are nornally made of forged 
steel withan internal or intervening layer of high atonic 
nunber mater ia l . The forged steel provides the required 
Type B packaging structural strength. The high atomic 
number mater ia l , usually lead or depleted uranium, provides 
the required gamma-ray shielding. For a given payload, 
a multilayered cask can be made smaller and l ighter than 
a single-layered cask. The material interfaces introduce 
heat transfer problems and are subject to d i f fe rent ia l 
thermal expansion during temperature cycling. Some mul t i -
layered cask designs eliminate these thermal problems by 
suspending the ga^ma-ray shield material within the pay-
load cavity. 

Single-layered casks can be made from forged steel 
or cast i ron . In either case the steel or iron provides 
both structural strength and gamma-ray shielding. To ac
complish the required shielding, the casks need to be 
larger and heavier than multilayered casks with the same 
payload. This 1s offset by the fact that single-layered 
casks are less expensive and easier to analyze and f a b r i 
cate than multilayered casks. Ease of theoretical analysis 
f a c i l i t a t e s design and licensing procedures. F ina l ly , 
single-layered casks eliminate material Interfaces within 
the structure. 

In addition to being classif ied according to struc
tural differences, spent-fuel casks can be classif ied by 
the coolant used in containment. Although the INFCE 
assumption that a l l spent fuel Is cooled for 10 years 
prior to shipment essentially eliminates the need to con
sider special coolants inside the cask containment, a 
discussion of such coolants 1s Included for completeness. 

Spent fuel may be shipped either wet or dry. The 
wet option refers to the use of a l iquid heat transfer 
medium (usually water) Inside the payload cavity. Wet 
shipments require the use of pressure-relief valves to 
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restrict pressure buildup 1f normal heat transfer processes 
are Interrupted. Dry shipment refers to the presence 
of air, helium, or other gas in the cavity. In air-filled 
casks a high thermal conductivity material, such as copper 
or aluminum, may be used as a basket inside the cavity. 
Fuel assemblies are inserted into holes in these baskets 
and a portion the heat is transferred by conduction to 
the basket exterior. Some casks accommodate either wet 
or dry shipping, depending on the user's particular appli
cation. In some systems active cooling of the cask struc
ture is provided jy circulating a coolant through channels 
in the cask structure outside of the containment cavity. 
Fins on the exterior of the cask are used to enhance heat 
rejection to the environment. 

A final means of categorizing spent-fuel shipping 
casks is according to the type of neutron shielding used. 
Neutron shields can be liquid or solid and are normally 
located external to the main structural components. Liquid 
neutron shields consist of water contained in an annular 
cavity surrounding the cask structure. Boron is fre
quently added to the water to suppress secondary gamma 
production, and an organic material Is used to prevent 
freezing. The shield 1s vented to the atmosphere via 
a pressure-relief valve should normal heat transffer pro
cesses be interrupted. In some designs, fins extend into 
the waver to enhance neat flow across the shield. 

Solid neutron shields are made from resins or or
ganic polymers and are also located external to the struc
tural layer of the spent-fuel cask. Use of these materials 
eliminates t^e need for verifying the level, antifreeze, 
and boron content of a liquid shield. Also, corrosion 
problems are eliminated. Solid shields entail a greater 
Initial expense than liquid shields, however, and special 
provisions must be made to enhance heat flow across the 
shield. The latter typically Involves the Incorporation 
of metallic fins that pass through the neutron shield 
layer. 

Spent fuel from U/Th-fueled HTRs contains very 
small amounts of trans-piutonlc isotopes and Is therefore 
a weak neutron source. Also, In these reactors neutron 
moderation 1s provided by graphite. The graphite consti
tutes the structural part of the fuel elements and 1s 
shipped 1n spent-fuel casks along with the fuel pellets. 
The combination of low neutron emission rates and Integral 
neturon moderator eliminates the need for additional neu
tron shielding for such spent fuel. 
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2.3.1 .2 Spent-Fuel/High-Level Waste Shipping 
Cask Technology Development 

The technology for designing and fabricating 
licensable containers for transporting spent fuel In 
LWR and HWR once-through, and HTR U/Th-recycle fuel 
cycles exists at the present time. Spent fuel from 
these reactors has been shipped In a routine manner 
for many years. Use of U/Th recycling 1n HWRs wi l l 
not Introduce signif icant perturbations Into spent fuel 
shipping from these reactors. 

Use of Pu recycling w i l l introduce factors that 
may result In the need for a fundamental modification 
In spent-fuel shipping cask design. The presence of 
Pu 1n fresh fuel results in a signficantly larger pop
ulation of trans-plutonic actlnides In the spent fuel 
than for cycles In which Pu Is not i n i t i a l l y present. 
The neutron source in spent fuel Is largely determined 
by this trans-plutonic actinide Inventory. Thus spent 
fuel and high-level waste from mixed oxide (MOX)-
fueled reactors cannot be carried e f f i c ien t ly in casks 
designed for U-fueled systems. The design of new 
spent-fuel containers, ta i lored forMOX systems, w i l l 
involve an adaptation of technology in the areas of 
neutron shielding and cask fabricat ion. 

High-level waste has not as yet been shipped 
commercially. No high-level waste shipping cask de
sign has been submitted for licensing although several 
conceptual designs ex is t . These designs are based on 
structural concepts similar to those of existing spent-
fuel shipping containers, and may incorporate either 
l iquid or solid neutron sh.elds. Consideration has 
also been given to use of non-volatile neutron shield
ing. The technology for fabricating such shielding 
does not yet ex ist , but 1s being developed. Thus 
design and fabrication of a high-level waste shipping 
container to support Pu-recycle LWR or HWR fuel cycles 
represent a re lat ive ly straightforward adaptation 
of technology. 

The technological requirements for an FBR high-
level waste czsk are similar to those for LWR or HWR 
U/Pu cycles. FBR spent f u e l , on the other hand, i n 
troduces the problem of a greatly Increased heat source 
per unit volume of core, and heat flux through the 
fuel clad, compared with water- or gas-cooled reactors. 
Analysis of shipping requirements for FBR spent fuel 
Is outside the scope of this paper. 
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2.3.2 Medium-Level Waste Shipping Containers 

According to the INFCE Working Group 7 assumptions 
[ 1 ] , medium-level waste is placed in 2 0 0 - l i t e r drums at 
the f a c i l i t y in which i t is generated. These drums may 
satisfy Type A packaging requirements. The waste may be 
fixed in concrete or other material to reduce the surface 
dose rates and/or to slow migration of radionuclides in 
the repository. For economic reasons the preferred means 
of transporting medium-levei waste at present is by road 
vehicle. Future developments, such as f u l l scale com
mercial reprocessing, may make use of railroads desi rable 
for some shipments. Drums of medium-level waste wi l l 
require external shielding during transport. The INFCE 
Working Group 7 assumption Is that such drums w i l l be 
Individually shielded with 20-cm-thick concrete shields. 
However, several methods of shielding are currently being 
used: 

2.3.2.1 Shielding by Reusable Overpack 

In this concept the shielding required to reduce 
the dose rate external to drums of ^ediurn-level waste to 
acceptable levels Is incorporated in a structure, called 
an overpack, into which one or more drums are placed for 
transport. Such overpacks may be strong Indus t r i a l , Type 
A, or Type B packagings and may have capacities from 1 
to 40 or more drums. Shielding by overpack is the pre
ferred shipping mode for medium-level waste at present in 
the United States. 

The INFCE assumption regarding cladhul ls and as
sociated fission-product and actinide r e , due is that such 
waste wi l l be immobilized In HWR-type canisters and shipped 
in a spent-fuel cask. In general, clad waste maybe con
sidered to be a special category of medium-level waste. 
Conceptual designs of clad-waste shipping casks, or over-
packs, ex ist . In these designs the waste 1s placed in 
special canisters instead of drums. Such specialized 
shipping systems may prove to be economically desirable 
in some applications. 

2 .3.2.2 Shielding by Disposable Overpack 

In this concept the drums containing medium-level 
waste are placed In Individual overpacks that are disposed 
of 1n a repository along with the waste. The overpack 
may be made of concrete or cast Iron and may use l iners 
of lead or other material for gamma-ray shielding. I f 
the shielded drums are loaded Into an overpack for ship
ping, as might be the case for Type B quant i t ies, the 
payload capacity of the overpack wi l l be reduced by the 
volume of the shields. Use of such disposable overpacks 
offers the possible advantage of reducing personnel 
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radiation exposure during loading and unloading of the 
transport vehicle and In the operation of the disposal 
f a c i l i t y . They also serve as an additional barr ier to 
radioisotope migration In the repository. Use of dispos
able overpactcs for medium-level waste shipping 1s common 
In Europe. 

The technology for transporting medium-level waste 
has existed for many years. Since the characteristics of 
such waste wi l l not change with the type of fuel cycle, 
s igni f icant changes in the technology for shipping this 
waste are not foreseen. 

2.3.3 Low-Level Waste Shipping Containers 

As in the case of medium-level waste, i t 1s assumed 
that low-level waste Is sealed in 200 - l i t e r drums at the 
f a c i l i t y of or ig in . Depending upon i t s composition, low-
level waste may be transported as Type A, Type B, or 
low specific act iv i ty material . Current economic prefer
ence Is for low-level waste to be transported by road 
vehicle. Should future developments i n i t i a t e a move to 
r*11 transport, i t is unlikely that the basic low-level 
waste transport systems w i l l change s igni f icant ly although 
tota l shipment size and weight should Increase. 

Low-level waste has been transported and disposed 
of in various ways for many years. For low specif ic ac
t i v i t y waste and Type A quantities shipped 1n approved 
drums, no overpack is required. In shipments of this 
type the drums are usually stacked one or two levels deep 
on a f la t -bed truck, depending on their mass. No unusual 
tiedown techniques are used. For Type B quantities of 
low-level waste, or for Type A quantities not sealed in 
approved drums, an overpack of the proper type Is used. 
The capacity of the overpacks in common use ranges from 
one to approximately 40 drums. 

The type and quantity of low-level waste generated 
does not depend to any great extent on the fuel cycle 
generating the waste. Current technology is adequate to 
handle low-level waste shipping requirements for any of 
the INFCE fuel cycles. 

2.3.4 Gas Flask Shipping Containers 

The INFCE assumption 1s that 85Kr will be placed 
in high pressure cylinders and stored at reprocessing 
plants for some period of time. Ultimately these cylin
ders w i n be sent to geologic disposal, whlchwlll require 
development of appropriate shipping systems unless the 
reprocessing plant and the repository are colocated. No 
shipment of fission gas cylinders has yet occurred. Con
ceptual designs for gas flask shipping containers exist. 
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If shipping of such Material Is required, a cask can be 
designed and fabricated using current technology. The 
quantity and characteristics of the fission gases will 
not vary greatly among the candidate fuel cycles. 
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3. OPERATIONAL ASPECTS OF HASTE SHIPPING SYSTEMS 

Radioactive wastes have been shipped throughout the 
world for many years. Shipping experience and hardware 
exist to support current reactors and fuel-handling facil
ities and It Is reasonable to assume that shipping systems 
will continue to be Improved to service future fuel cycles 
in a safe and economical manner. Certain systems aspects 
of radioactive-waste shipping, as discussed below, enter 
into the consideration of how best to move a given type 
and quantity of waste along a given route. 

3.1 Interfaces 

All shipping systems must interface with loading 
and unloading facilities. In the past, little advance 
planning has been given to waste shipping systems, one 
reason being that such shipping constitutes a small frac
tion of the cost of building and operating any type of 
fuel cycle facility. The interfacing of the transporta
tion system with a facility impacts the turnaround time 
of equipment, the personnel radiation exposure during 
equipment handling, and the man-hours that must be devoted 
to moving a given quantity of material into or out of 
a plant. 

3.1.1 Spent-Fuel and High-Level Waste 
Shipping Interfaces 

In most cases spent fuel is shipped in a horizon
tal or near-horizontal position. The shipping cask is 
therefore usually raised to a vertical position for load
ing and unloading. Equipment necessary for raising a 
cask to the vertical position Includes a yoke to match 
the cask lifting trunions or other fixtures, and a crane 
of adequate capacity. Some facilities are restricted to 
truck casks by crane capacity and/or absence of a rail 
siding to service the facility. In some cases cranes 
are not able to move laterally, requiring careful align
ment of the cask trailer under the crane when a truck 
cask Is used. Before or after being removed from Its 
trailer or railcar, the cask Is cleaned and checked for 
external radioactive contamination and leaking seals. A 
means for actively cooling the cask structure to facili
tate hands-on maintenance or for cooling the payload while 
the cask Is vertical may be attached. 

After being removed from Its transport vehicle, 
the cask 1s moved to a service point, where the cover 
Is removed. Many facilities are restricted to the use 
of small casks by the space available In the corridor 
or cask servicing areas. In present practice the cask 
1s then submerged 1n a water pool (for water-moderated 
reactors), attached to a hot cell, or otherwise made ready 
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to receive or unload i t s payload. Dry loading and unload
ing of water-moderated reactor spent fuel is possible, 
especially for the long-cooled fuel assumed by INFCE, 
and would reduce the problem of external contamination 
of shipping casks. After i t s payload is loaded or unloaded, 
the cask is sent through the reverse procedure and f i n a l 
ly replaced on i t s t r a i l e r or ra i l ca r . 

I r radiated elements that are known to be leaking 
f ission products through ruptures in the fuel cladding 
may be sealed in canisters to avoid spreading contamina
t ion . Special provisions for transporting canistered f u e l , 
such as insertion of a di f ferent basket into the cask 
cavi ty , may be required. Storage and insta l la t ion of 
such a basket is done elsewhere than at the shipping or 
receiving f a c i l i t y and thus a special request is required 
when shipment of canistered spent fuel is desired. 

The vehicle carrying a spent-fuel or high-level 
waste cask is usually custom designed, with pivot points 
for raising and lowering the cask and special tiedowns 
for restraining the cask during shipment. The vehicle 
may also contain shock mitigation systems, or Impact 11m-
i t e r s , that are attached to the cask during shipping. A 
solid or wire mesh cover may serve as a sun shield or 
personnel barr ier and pumps may be used for active cooling 
of the cask structure during shipping. Al ternat ive ly , 
the cask yokes and tiedowns maybe mounted on a skid that 
can be placed on a standard t r a i l e r or ra i lcar . 

Important interface areas of concern to designers 
of shipping systems include provi sion of redundant l i f t i n g 
trunions, ease of seal maintenance and replacement, com-
patab i l i ty of cask coolant with equipment available at 
the f a c i l i t i e s to be serviced, ease of decontamination 
of cask exter ior , and size and weight restr ict ions In 
user f a c i l i t i e s . 

Although di f ferent in appearance, gas flask ship
ping containers w i l l be handled In much the same way as 
spent-fuel and high-level waste casks. 

3.1.2 Medium-Level Waste Interfaces 

Medium-level waste Interface problems are gener
a l ly related to maintaining the required shielding during 
handling. The loading and unloading of reusable shielded 
overpacks normally Involves remote handling of the waste 
drums. Although such remote handling 1s not as extensive 
as that required for spent fuel and high-level waste, I t 
does r e s t r i c t the shipping options available to each fuel 
cycle f a c i l i t y * Disposable overpacks wi l l reduce the 
number of remote handling operations required but these 
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overpacks must be compatible with repository operations, 
part icular ly regarding their Increased weight and size 
compared with a bare drum. 

3.1.3 Low-Level Waste Interfaces 

Low-le.2l waste transport has the simplest of the 
radioactive-waste shipping Interfaces. Handling of these 
packages Is typical ly done with f o r k l i f t trucks. The 
drums are placed on pal lets to f a c i l i t a t e the procedure. 
Common fre ight handling practices in use today w i l l l i ke ly 
be satisfactory for a l l future low-level waste loading 
and unloading. 

3.2 Modal Considerations 

The principal land transport modes for waste mater
ials from the nuclear fuel cycles are truck and rail. 
Ocean transport of snent fuel is also common. In special 
cases, shipments by barge, or intermodal shipments (trans
fer from truck to rail, truck to barge, etc.), can be 
made. At present air shipment of radioactive material 
is used only for small quantities. The use of Ughte--
than-air ships has been proposed for future transporta
tion of some radioactive materials. Pipeline shipments 
for short distances have also been considered. 

The majority of radioactive material shipments are 
presently carried on trucks. These vehicles provide a 
flexible and economic mode for the transport of a wide 
variety of materials. Truck shipments, however, are lim
ited to certain maximum payload sizes and weights. Ship
ments exceeding these weight limits must be made 1n 
accordance with overweight permits. On the other hand, 
gross weights of 100 tonnes or more, and package sizes 
much larger than those permitted on trucks, can be accommo
dated In rail shipments. In many cases, Improved payload 
to container weight ratios can be achieved because of this 
increase in size and weight of the shipping containers, 
with resultant cost reduction. 

Choice of shipping mode for waste from future nuc
lear fuel cycle operations will be made on the bases of 
safety, cost, availability of equipment, turnaround time, 
and possibly other factors. The physical properties of 
some fuel cycle materials can Impose constraints on the 
design of shipping containers and therefore on the choice 
of transport modes. However, waste transportation systems 
are likely to retain the flexibility of choosing the mode 
desired for each particular application regardless of the 
type of fuel cycle used. 
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3.3 Safety of Radioactive Waste Transportation 

A large amount of research has been done to ensure 
the safety and Integrity of shipping containers used in 
the transportation of radioactive materials under both 
normal and accident conditions. Much of the recent work 
in this areas, as well as specific analyses of the safety 
of radioactive material transportation, is presented in 
reference[5]. All shipments of radioactive material must 
be made in compliance with applicable regulations. Trans
portation regulations establish container specifications 
and external radiation dose rate limits that are designed 
to insure the safety of the public and of transportation 
workers. 

Efforts to examine the safety record of radio
active material shipments are hampered by the frequent lack 
of complete data, inaccuracies in reports, inconsistent 
standards to which reports are made and consequences 
measured, and difficulty in assembling pertinent data. 
Awareness both of these problems and of the importance of 
such data has prompted many countries to institute stand
ard accident or incident reporting procedures and to charge 
specific organizations with analyzing these reports. In 
most countries the accumulation of data has not reached 
the point at which statistically significant trends can 
be identified. One exception is a study performed in the 
United States 1n 1976.[6] Although no shipping of high-
level waste occurred during the period covered by this 
stuay (1971-1975), about 300,000 packages containing 
radioactive materials from the nuclear power industry, 
or research supporting that Industry, were shipped per year. 

Over this period the U.S. Department of Transpor
tation received approximately 32,000 hazardous material 
incident reports. Only 144 of these reports involved 
radioactive materials of any sort. Of the 144 incident 
reports only 36 Involved suspected release of contents 
or production of external radiation levels above regula
tory limits. All but two of these Incidents in the 1971-
1975 time frame involved Type A packages for which the 
radiological hazard was relatively small. No serious 
consequences were reported. Both of the remaining two 
Incidents occurred because Industrial radiation sources 
had been improperly packaged prior to shipment. 

It Is clear that significant numbers of shipments 
of radioactive materials, many associated with the nuclear 
power Industry, have occurred. In the course of these 
shipments a number of accidents and Incidents have been 
reported. However, the consequences of the reported acci
dents Involving radioactive materials have not Included 
exposure of the general public, or of transportation 
workers, to significant radioactive contamination or to 
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excessive radiation doses. The integrity of several pack-
agings has been tested by highway accidents and by ex
tremely severe tests and has been found adequate to protect 
the public and transportation workers from exposure to 
the package contents. 

That transportation of radioactive materials has 
established an enviable safety record to date does not 
guarantee a continuance of that record. Nevertheless, 
solid evidence exists that the regulatory requirements 
for such transport are sufficient to provide reasonable 
confidence th*t accidents involving radioactive material 
shipping systems, designed and operated in compliance 
with such requirements, are extremely unlikely to entail 
serious radiological consequences. 
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4. SHIPPING SYSTEM EXAMPLES 

the figures presented in this section are intended 
to provide representative examples of the weste transpor
tat ion systems discussed ear l ier . The l i s t of examples 
provided is not exhaustive. Numerous examples of radio
active waste shipping systems are presented and discussed 
in reference [ 5 ] . 

Several current - generation s p e n t - f u e l shipping 
casks are shown in Figures 1-5. Mult i layer truck casks 
are I l lust ra ted in Figures 1 and 2. Figure 1 shows a legal 
weight truck cask forLWR spent fuel that allows the user 
the option of using a special basket insert to transport 
canlstered fuel elements (NL Industries, I n c . , NLI 1 /2) . 
The truck cask in Figure 2 offers a larger payload than 
that shown in Figure 1 , but requires an overweight permit 
(Transnucleaire S.A., TN 9) . A mult i layer r a i l cask is 
shown 1n Figure 3 (General Electr ic Co., I n c . , IF -300) . 
A single-layer intermodal ( t r u c k / r a i l ) cask forHTR spent 
fuel is I l lus t ra ted in Figure 4 (U.K. Central Energy Gen
erating Board, Magnox Cask). F ina l l y , a single-layer 
r a i l cask 1s shown in Figure 5 (Transnucleaire, S.A., TN 
12). 

A conceptual multi layer high-level waste r a i l cask 
is shown In Figure 6 (Batte l le Memorial I n s t i t u t e ) . 

Figures 7 (Gesel1schaft fuer Kernforschung) and 
8 (Protective Packaging, I n c . , Super Tiger) show reusable 
Type B overpacks for medium-level waste shipping. Figure 
9 shows disposable concrete shields for waste drums (Ge-
sel lschaft fuer Kernforschung). A shipping system for 
Type A quantities of waste is I l lus t ra ted In Figure 10 
(Chem-Nuclear Systems, Inc . , CNS 6-101). F ina l l y , a con
ceptual gas flask shipping cask is shown In Figure 1'..[8] 
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Figure I, Multilayer Cask for Truck Transport 
of LWR Spent Fuel, Legal-Weight Design 
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Figure 2. Multilayer Cask for Truck Transport 
of LWR Spent Fuel, Overweight Design 
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Figure 3. Multilayer Cask for Rail Transport 
of LWR Spent Fuel 
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Figure 4. Single-Layer Cask for Intermodal Transport 
of HTR Spent Fuel 
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Figure 5. Single-Layer Cask for Rail Transport 
of LWR Spent Fuel 
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Figure 6. Conceptual Cask for Rail Transport 
of H1gh~Leve1 Waste 
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Figure 7, Reusable Type B Overpack, 
Single-Drum Capacity 
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Figure 8. Reusable Type B Overpack, 
42-Dru* Capacity 
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FIGURE 9. CONCRETE DISPOSABLE SHIELDS FOR MEDIUM 
LEVEL WASTE 



Figure 9 . Concrete Disposable Shields 
for Medium-Level Waste 
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Figure 10. Type A Overpack, 6-Drum Capacity 
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Figure 11. Conceptual Cask for Ran Transport 
of Gas Flasks 
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5. CONCLUSIONS 

Several conclusions regarding waste shipping for 
the INFCE candidate fuel cycles are possible on the basis 
of the information presented in this paper: 

* Differences between the INFCE candidate fuel 
cycles with regard to waste transportation 
practices will not constitute decisive factors 
in the choice of fuel cycle. 

Radioactive wastes are presently being trans
ported in a safe and satisfactory manner. 

* Many existing padcagings are specialized to 
particular fuel cycles and waste types, and 
it is reasonable to expect this practice to 
continue. 

No insurmountable problems are foreseen in the 
development of future radioactive waste trans
portation systems, and existing technology will 
satisfy most future transportation needs. 

None of the candidate fuel cycles pose any 
extraordinary problems to future radioactive 
waste transportation. 

Radioactive waste may be shipped by truck, rail, 
barge, or ship. All waste transportation systems are 
designed to satisfy particular regulatory requirements. 
Changes In these requirements can occur and can have a 
significant impact on the design characteristics and cost 
of such systems, perhaps causing one mode to become pref
erable to others in the future. 
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