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FOREWORD

Waste containers play a key role in ensuring safety in several stages of the 
radioactive waste management system, from storage of the raw waste through to its 
disposal in a conditioned form. The containers may be designed for relatively short 
or long lives, depending on the stage or stages of the waste management system in 
which they are involved. They are intended to play a significant role by restricting 
or preventing the release of radionuclides.

At present most countries have developed or are developing their own systems 
for waste management without any real endeavour to achieve any degree of interna
tional standardization. However, such standardization could be beneficial, particu
larly in the area of waste containers, where it would facilitate the use of common 
handling systems and would allow operating experience and performance data to be 
readily interchanged. The IAEA decided to prepare a special report on the basis of 
the best experience in Member States on waste containers. This report aims to review 
the main requirements for waste containers and to provide advice on the design, 
fabrication, qualification tests and handling of the different types of containers used 
in the management of low and intermediate level solid radioactive wastes.

The report was drafted by the Secretariat and two consultants: D. Alexandre 
(France) and L. Fellingham (United Kingdom). The draft report was reviewed and 
revised by twelve experts from eight Member States during the Advisory Group 
Meeting held in Vienna from 26 to 30 November 1990. The revised report was final
ized by the same consultants and one additional consultant, W. Hauser (Germany).

The IAEA wishes to express its thanks to all those who took part in the prepara
tion of this report. The officer responsible for the report at the IAEA was 
A.F. Tsarenko from the Waste Management Section of the Division of Nuclear Fuel 
Cycle and Waste Management.
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1. INTRODUCTION

1. BACKGROUND

Low and intermediate level radioactive wastes are generated at all stages in the 
nuclear fuel cycle and also from the medical, industrial and research applications of 
radiation. These wastes can potentially present risks to health and the environment 
if they are not managed adequately. Their effective management will require the 
wastes to be safely stored, transported and ultimately disposed of.

The waste container, which may be defined as any vessel, drum or box, made 
from metals, concrete, polymers or composite materials, in which the waste form 
is placed for interim storage, for transport and/or for final disposal, is an integral 
part of the whole package for the management of low and intermediate level wastes. 
It has key roles to play in several stages of the waste management process, starting 
from the storage of raw wastes and ending with the disposal of conditioned wastes. 
This report provides an overview of the various roles that a container may play and 
the factors that are important in each of these roles.

1.2. OBJECTIVES

This report has two main objectives. The first is to review the main require
ments for the design of waste containers. The second is to provide advice on the 
design, fabrication and handling of different types of containers used in the manage
ment of low and intermediate level radioactive solid wastes. Recommendations for 
design and testing are given, based on the extensive experience available worldwide 
in waste management. This report is not intended to have any regulatory status or 
objectives.

1.3. WASTE ARISINGS

The radioactive wastes from different waste management activities can be clas
sified into a number of categories, depending on the levels of external radiation and 
heat that they emit, their radionuclide contents or the lifetimes or radiotoxicities of 
those radionuclides. The IAEA has classified the wastes quantitatively into five 
categories for the purposes of disposal [1], These are:

(a) High level, long lived wastes, which emit significant amounts of heat;
(b) Intermediate level, long lived wastes;
(c) Low level, long lived wastes;
(d) Intermediate level, short lived wastes;
(e) Low level, short lived wastes.
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Many countries have developed their own classification systems, which may differ 
in various ways from this basic one according to the specific criteria for waste treat
ment, conditioning or disposal that are used.

This report is concerned with containers for the types of waste in categories
(b) to (e). It excludes any consideration of containers for wastes in the first category
(a), which is predominantly associated with the vitrified products of the first cycle 
raffinates from the reprocessing of spent fuel and the spent fuel itself, if it is to be 
directly disposed of.

Low level wastes arise from all areas of the nuclear industry, including 
research, uranium enrichment and fuel fabrication, reactor operations and fuel 
reprocessing, and also from medical and industrial applications. They include 
wastes, such as paper, gloves, protective clothing, plastics, short lived radiation 
sources, and redundant laboratory equipment. Low level, short lived wastes (cate
gory (e)) are likely to be disposed of in shallow land repositories or in other appropri
ate facilities. The low level, long lived wastes (category (c)) may also be disposed 
of in such facilities, provided that, with the consent of the national regulatory 
authorities, suitable barriers are included in their design and construction. Other
wise, such wastes will be disposed of in deep geological formations.

The intermediate level wastes arise predominantly from the nuclear industry 
and, in particular, from reactor operations and reprocessing [2]. They may also 
include a few specific wastes from medical and industrial applications, such as spent 
radiotherapy sources and gamma and neutron radiography equipment. The inter
mediate level wastes from the nuclear industry will include:

(a) Fuel element cladding and associated hardware;
(b) Insoluble dissolver residues;
(c) Sludges from liquid effluent treatment;
(d) Ion exchangers;
(e) Evaporator concentrates;
(f) Spent filters from both liquid and gaseous waste cleanup;
(g) Plutonium contaminated material;
(h) Incinerator ash;
(i) Miscellaneous redundant, active plant components.

Many low level solid wastes may be packaged in the appropriate waste con-
tainers without requiring a matrix for immobilization. For intermediate level wastes 
a matrix will be required to improve both the mechanical properties of the waste 
package and its ability to contain the radionuclides. Matrices which are being used 
for these wastes, include different cements, bitumens, polymers, and combinations 
of these, ceramics and low melting point metal alloys.

The long lived, intermediate level, wastes (category (b)) are likely to be 
disposed of in deep geological formations. For the short lived category the option
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of shallow land disposal exists, subject to repository specific constraints on 
individual radionuclides, activity levels, surface dose rates and other factors.

Decommissioning wastes will arise within categories (b) to (e). For the dis
posal of many of these the same types of waste containers will be used as for other 
low and intermediate level wastes. However, for others, such as very large plant 
items, e.g. reactor heat exchangers, marine reactor pressure vessels or lightly con
taminated structural materials, such as concrete, graphite and structural steelwork, 
either no container or special large containers may be used. The choice of whether 
standard waste containers or special containers unique to decommissioning should 
be used will depend on several factors. These include cost considerations, e.g. the 
increased need for size reduction equipment, radiation doses incurred in reducing the 
size and volume of decommissioning wastes to fit into the standard containers, 
increased volumes of secondary wastes. In this report, special containers and con
tainment arrangements associated with decommissioning wastes are not specifically 
covered. However, the principles associated with the design and selection of con
tainers for decommissioning wastes will be the same as for the other wastes.

1.4. DEFINITIONS

Considerable variations in the meanings of certain terms occur from country 
to country. Throughout this report the definitions used are based on the IAEA Radio
active Waste Management Glossary [3]. These terms are:

(a) The waste form  is the physical and chemical form of the waste material (e.g. 
raw solid wastes, wastes immobilized in cement or bitumen and compacted 
pellets immobilized by grouting), without its packaging.

(b) The waste package is the waste form plus any container or sum of containers 
that are required for handling, transport, treatment, conditioning, storage or 
disposal.

2. ROLE OF THE CONTAINER 
IN WASTE MANAGEMENT

2.1. WASTE CONDITIONING

Waste containers may be designed for relatively short or long lives, depending 
on whether they are intended to have a significant role in disposal by restricting or 
preventing the release of radionuclides. In the first case the container can be classi
fied as non-durable and may have a life of a few tens of years, typically up to
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50 years, depending upon the availability of a repository. It would have a prime role 
in the storage of the waste prior to disposal, but would play no role as a barrier to 
radionuclide release in the safety assessment of a repository. This arrangement could 
be used for short lived radionuclides disposed of in a shallow land disposal facility 
or long lived radionuclides disposed of in a deep geological repository.

The second case is where the container does have a key role to play in prevent
ing the release of radionuclides with half-lives of up to 30 years, until they have 
decayed to negligible levels. These radionuclides include 137Cs and 90Sr, which are 
relatively soluble in the groundwater and may not sorb effectively onto many geo
logical materials. This approach is particularly important for shallow land disposal, 
but may also be a useful component in the multibarrier concept for restricting radio
nuclide release in deep geological repositories [4].

The first function of the container is to provide a fixed volume into which the 
waste, either raw or encapsulated in a matrix, can be fed during the conditioning 
process. With raw wastes the container will act as a part of the sealed volume, which 
prevents the spread of activity as the wastes progress through the conditioning 
process.

During the waste treatment stages the container can act as a processing vessel. 
Examples of this are where the container is used as a drum centrifuge bowl [5] or 
as a filter housing [6] during the dewatering of sludges and ion exchange resins. 
Other examples are where the container is used for the compaction of solid wastes. 
In these cases bags of waste are placed in 200 L or other suitable containers and are 
compressed using forces of up to 100 t [7].

During the immobilization step the container can act as a mixing vessel or as 
a mould into which the externally mixed, encapsulated waste is cast [8, 9]. An 
example of a case in which the container functions as a mixing vessel would be where 
the wastes and encapsulant are actively mixed together in the final container. This 
could occur either with the use of an external stirrer or where a stirrer is actually 
built into the container. An example of the latter type of container is shown in Fig. 1. 
These types of processes are commonly used for encapsulating homogeneous wastes, 
such as sludges, concentrates, beads or granular ion exchangers and incinerator 
ashes [10]. For this application the design of the container will need to accommodate 
the mixing stage requirements of waste and encapsulant feeding. It will need both 
fixing points to secure it and mechanical strength to withstand the mixer torque and 
temperature rises associated with any mixing or the setting matrix exotherm. For this 
role the design of the container with its stirrer will need to accommodate the require
ment to mix all of the wastes in the container volume effectively. A mobile unit for 
the encapsulation of homogeneous wastes is illustrated in Fig. 2. Even for hetero
geneous wastes the container may also play a key role as a processing vessel when, 
for example, the wastes are first infilled by vibrogrouting and then the matrix is 
allowed to cure and finally be capped. For this function there will also be constraints 
on the container design, e.g. to ensure that the vibrational energy supplied is effec-
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Splash plate

FIG. 1. Winfrith 500 L waste container —  split view showing sludge drum section (left) and 
solid waste drum section (right).

tively transmitted throughout the container volume and is not dissipated unnecessar
ily by flexing of the container walls and base.

The container can also be used as a processing vessel for several different 
processes such as:

(a) The conditioning of spent ion exchange resins or concentrates in high integrity 
containers, by dewatering and drying without further solidification. In this case 
the container acts as the first barrier against the release of activity from the 
package [11].

(b) The electroslagging of incineration ashes [12].

It is sometimes necessary to provide an internal structure for the container, 
such as a basket to contain raw heterogeneous wastes, or specific supports for wastes 
of large size. These prevent direct contact between the wastes and the walls or the 
bottom of the container, and guarantee a sufficient thickness of the matrix material 
around the waste during infilling [13].
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wastes in position.

For the same reason, and to prevent the floatation of low density wastes during 
the operation of infilling, it is often necessary to provide a specific primary lid, 
which allows the penetration of the matrix material but maintains the wastes in posi
tion. An example of such a system is shown in Fig. 3.

The waste conditioning step is the one where the container is most likely to 
become contaminated on the outside. If this occurs, the choice of the material for 
the container walls and the nature of the surface finish will be important in determin
ing the ease and extent of decontamination.

If the container is to play a key role in the waste conditioning processes, its 
design and characteristics must not only meet the requirements of the waste 
producers. They will also need to satisfy the national nuclear regulatory authorities 
with responsibility for the safe operation of nuclear facilities.

2.2. INTERIM STORAGE

Another role of the container is for interim storage. This could last from a few 
years to about 50 years. Estimates of this time may be based, on the one hand, on
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FIG. 4. Remote handling o f  bituminized waste packages fo r  interim storage in the La Hague 
UP3 reprocessing plant in France.
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FIG. 5. Positioning o f  containers in the interim storage facility at the Karlsruhe Nuclear 
Research Centre in Gerrftany.

a consideration of the date of availability of most of repositories and, on the other 
hand, on the duration of the operation of the repository site, ordinarily limited to 
about 50 years. In storage the handling features of the containers will be important 
as, for example, they will have to be manoeuvred by crane and stacker truck. Exam
ples of different types of container handling arrangements are given in Figs 4 and
5. Mechanical properties, such as the tensile and compressive strengths, will also be 
important. For example, when the container is being moved it may have to carry at 
least the load of its contents and potentially more when it is being lifted. In addition, 
the compressive strength will be important as the containers may be stacked several
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high, either on their ends or sides. Another property required for storage is impact 
resistance, as the containers will probably be handled in the storage area without 
shielding and it is possible that the containers will be dropped. This requirement may 
be more severe than for transport as containers can potentially be dropped from the 
full height of any stacks, which may greatly exceed the height of the drop test and 
the specifications applied in the transport regulations.

Low level waste packages could be placed outdoors during interim storage. In 
this case the containers should have a corrosion resistance appropriate to the site, 
and the degradation of the container should not cause problems for later disposal. 
This condition applies equally during the early stages of operation of shallow land 
burial sites before the structure is covered.

Some containers are used as intermediate vessels before final conditioning. An 
example of this is where heterogeneous wastes are placed in 100 or 200 L drums 
and then compacted or supercompacted. The compressed drum helps to combine the 
wastes during compaction and also restricts the expansion of the pellet after compac
tion. These pellets are then usually placed inside a larger container. The remaining 
voids in the larger container may then be infilled with a cement grout.

During interim storage the possibility must be considered of pressurization of 
the container as a result of gas or vapour release due to chemical reactions or heating. 
Gas could be generated by corrosion reactions or by degradation of the waste form 
and by chemical, microbiological or radiolytic reactions. Vapours could be gener
ated by heat release from the chemical reactions occurring within the waste form. 
In this case the container must be either constructed with sufficient strength to with
stand the pressure buildup or be fitted with some venting arrangement that will allow 
the pressure to be relieved without the release of any active particulate material.

Fire is a potential hazard during interim storage, in particular if the waste con
tainers are filled with unconditioned, combustible or potentially combustible wastes, 
or if the wastes are encapsulated in matrices that can potentially burn under severe 
conditions. In such circumstances, the container may be required to retain its 
integrity under potential fire conditions to avoid oxygen ingress to the wastes and 
the dispersion of activity. These requirements for fire resistance may be considerably 
more severe than those for transportation. This is because of both the close proximity 
of many other containers filled with wastes, which represent a much larger poten
tially flammable mass, and the need to prevent the spread of the fire. In addition, 
during transport the container may be enclosed within an additional transport con
tainer and this may afford some fire protection.

2.3. TRANSPORT

During transport the waste container is regarded as an integral part of the over
all waste package. For transport in public areas full details of the requirements are
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given in the IAEA Transport Regulations [14]. These regulations are not always 
applicable on the storage or repository site, where facility specific regulations may 
apply. Information about the intent and implications of the technical requirements of 
the IAEA Transport Regulations and about the methods and technology that may be 
used to fulfil them are available [15, 16]. The magnitude of the contribution that the 
container has to make to the package will clearly vary, depending on the nature of 
the wastes within it. It will also depend on whether any supplementary packaging 
is to be used. For example, with intermediate level wastes, it may not be possible 
for the container and waste form alone to comply with all the transport requirements 
(e.g. radiation levels), and hence additional shielding may be required. The use of 
a special transport container or flask, reusable shielding or a fixed overpack may 
then be necessary. In designing a waste container, account should be taken of the 
different modes of transport (road, rail, water and air). The most important proper
ties required for transport are those related to safety and radiological protection, 
ideally the maintenance of integrity in potential accident situations. Thus the package 
must meet standards on resistance to being dropped, being penetrated, being 
immersed in water, being leached, leaking and catching fire. The transport regula
tions also include the maximum acceptable levels of radiation and external surface 
contamination. There are also requirements associated with handling, lifting and 
stacking.

2.4. DISPOSAL

The philosophy of disposal is, as far as is reasonably achievable, to contain the 
radioactive materials rather than to disperse them. Further, it is to be arranged that 
the radioactivity will decay to negligible proportions before reaching the biosphere. 
A system is to be developed, comprising the waste form, the container, the backfill 
and the repository structure, acting as a series of successive barriers. These consti
tute the ‘near field’ of the repository. The near field restricts the extent to which 
radionuclides can enter the surrounding geology (the far field) and hence reach the 
biosphere and mankind [17]. This approach, which provides a redundancy of bar
riers, is consistent with the ALARA (as low as reasonably achievable) principle [14] 
and helps to offer reassurance to the general public. It also decouples the waste pack
age design from the parameters of the repository site.

At some stage after arrival at the disposal facility, any reusable transport con
tainers, shielding and similar materials may be removed and the waste package can 
then be handled. The handling requirements of the overall container will then be 
similar to those needed for interim storage. However, whether the values of the key 
properties required are the same will depend on the requirements of the waste dis
poser and the national regulatory authorities. The handling arrangements at the dis
posal facility may be different from those at the interim stores, e.g. the use of roller
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conveyors, trolley systems, fork-lift trucks and hover pallets rather than overhead 
cranes. These differences can require both additional lifting features and different 
mechanical properties, depending on where the loads are now borne by the 
container.

Once the waste package is emplaced in its final disposal position the charac
teristics required of the container will depend on the role assigned to it in the post
closure radiological safety system at the repository. There are essentially two 
possible roles for the container. In the first, no requirements are placed on the con
tainer to confine the radionuclides and prevent access to the groundwater. This situa
tion can occur with certain low level wastes disposed of in shallow land facilities or 
even some intermediate level wastes disposed of in deep geological repositories 
[18, 19]. The acceptability of this safety case is strongly dependent on the radionu
clides in the wastes and the design of the repository, including any additional barriers 
built into it. Such barriers could include placing the waste packages in concrete lined 
vaults, then infilling the voids with a cement grout as at the de la Manche and de 
l ’Aube shallow land repositories in France [19].

The alternative situation is where the container plays an important role in the 
repository safety system by acting as one main barrier and participating in another, 
as in the multibarrier approach to safety. In this case the container has an important 
role to play in minimizing the release of radionuclides into the groundwater by:

(i) Maintenance of containment until the short lived radionuclides have decayed 
to very low levels. This is particularly important for radionuclides such as 
137Cs and 90Sr, which have half-lives of the order of 30 years and are readily 
soluble. The waste container, being manufactured of suitable materials and 
according to suitable standards, can be the key component of this system by 
retaining its integrity for periods of 300 to 500 years (about 10 half-lives). This 
role is especially important for some shallow land repositories and can also 
provide additional assurance in deep geological repositories.

(ii) Control of the solubility of long lived radionuclides by maintaining reducing 
conditions and a high value of pH in the repository by means of cementitious 
waste matrix and backfilling materials.

Metallic containers play an important role in this stage by consuming oxygen through 
corrosion reactions and helping to create strongly reducing conditions. The products 
of the corrosion of the containers can further restrict radionuclide migration by 
providing surface sites on to which some radionuclides can strongly sorb.
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3. CONTAINER DESIGN REQUIREMENTS

3.1. INFLUENCE OF WASTE FORM

The form in which the wastes are present in the container will have a signifi
cant effect on the properties of the overall package and can strongly influence the 
values of the properties required of the container to meet a given waste package 
specification.

When the waste package acts as one of the near field containment barriers in 
a repository, all steps should be taken to ensure that the containment is as effective 
as possible. This may be achieved by converting the wastes into a monolithic form 
that reduces the potential for the migration or dispersion of radioactive species. This 
will normally be achieved by immobilizing the raw wastes in a matrix [20]. The 
resulting enhancement of bulk mechanical properties is important for storage, 
handling, transport and disposal. The strength of the waste form must’ be sufficient 
to meet the other requirements of this specification, e.g. the impact strength and 
stackability. The occurrence of loose particulate material must be minimized as far 
as possible, to reduce the availability of radionuclides for release. All reasonable 
measures should be taken to exclude free liquids.

Voidage can occur in the form of microvoidage, ullage or holes and spaces 
either within the conditioned waste block or between the container wall and the waste 
block. The acceptable level of macrovoidage within a container is that normally 
found in cementitious materials of normal density.

It is desirable that there should be no macro voids within a container. However, 
it is recognized that it will be impractical to achieve zero voidage and that some 
limited voidage will be acceptable. The extent of allowable voidage will depend on 
the design of the container and on the type of the contents. It will be the responsibility 
of the waste producer to demonstrate that any voidage within a container has been 
minimized and does not prejudice the other requirements of the waste package and 
container specifications.

If any of these types of voidage are likely to be present within the container 
then this will have implications for the container design. There may, for example, 
be a need for increased mechanical strength or corrosion resistance, which will have 
to be accommodated.

Voidage inside the waste container, whether it is within the waste form or 
between the waste form and the container wall, can result in a number of disadvan
tages. These include:

(a) Void spaces will make the overall package weaker and so more susceptible to 
damage in the event of mechanical impact. This is particularly significant 
where the voids are near a key external region, which could be the point of 
impact.
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(b) Voids, particularly if they cover the full cross-section of the container, will 
greatly reduce the axial strength of the package. Some candidate repository 
designs involve stacking containers. The containers will require extra strength 
so that they can bear the loads without the support of the waste form.

(c) Void spaces can result in locally enhanced corrosion of the container material, 
in particular where the material is stressed and local condensation can occur.

(d) Ullages will lead to voidage in the repository and this could lead to enhanced 
water migration.

(e) Hydrogen produced by, for example, radiolysis, thermal degradation, corro
sion or biodegradation, may form a flammable mixture in any voids.

(f) Void spaces, such as those adjacent to a gas vent, may result in an increase 
in the migration of liquid borne radioactivity.

(g) Hydrostatic pressure may be significant within the repository once it becomes 
saturated by groundwater. It may be sufficient to cause deformation of the 
drums .around any ullage spaces that have not been provided with vents, or 
where vents prevent the passage of water or have become blocked.

3.2. HANDLING REQUIREMENTS

3.2.1. Shape

Traditionally, cylindrical containers have been the most widely used type of 
container in the nuclear waste industry. In most countries the 200 L drum has been 
almost the standard container for low level wastes. An example is shown in Fig. 6. 
With rising costs for transport, storage and disposal, and because the costs are 
closely related to volume, there is increasing interest in optimizing the utilization of 
volume. The use of large boxes with capacities of a few cubic metres is becoming 
common for handling large volumes of operational and decommissioning low level 
wastes (LLW). Examples of such boxes are shown in Fig. 7 [8].

Studies have also been undertaken to develop containers with square cross- 
sections and other geometries to replace the cylindrical steel drum containers. 
Examples of one such drum, which has been proposed for wastes to be received by 
the WIPP (Waste Isolation Pilot Plant) facility in the United States of America, are 
shown in Fig. 8 [21]. Comparative studies of square and round cross-section drums 
have demonstrated a significant ( «  20%) overall cost saving in favour of the former, 
with the higher capital cost of the square drum being more than offset by the savings 
derived from the more efficient packing of the containers and hence of more effective 
volume utilization. Other container cross-sections have been considered, such as 
hexagons, and studies of the design and shielding characteristics of these have been 
reported [22],
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FIG. 6. Standard cylindrical 200 and 400 L steel drums with removable lids.

A limited range of different container shapes may be identified as being accept
able. This allows sufficient flexibility to suit the various waste conditioning 
processes that will be used, whilst maintaining a degree of standardization.

Standardization of design is beneficial in ensuring that common handling and 
transport systems can be employed. It is an advantage, in particular at the repository, 
if the drums can be handled in any sequence and hence that the different designs are 
compatible. For example, any internal stiffening grooves and external ‘rolling’ rings 
of adjacent containers should not interlock in such a way as to prevent the containers 
from being lifted vertically. For this reason acceptable positions for these grooves 
and rings should be specified. Other locations, shapes or numbers of grooves or rings 
may be possible, but these should be minimized and agreed with the waste disposer.
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FIG. 7. The type o f  fibre reinforced concrete box used in France.

It is also important to select the correct container base profile. For drums, one 
example is to have a raised ring formed into the base on which the drum sits as shown 
in Fig. 9. This facilitates easy and stable stacking. In addition, contact area is 
reduced and the interface corrosion may be minimized. If this ring is located too 
close to the centre of the drum base it can introduce high stresses into the support 
on which the drum sits, i.e. the base plate of any transport stillage. In addition, if 
the width of the ring is too small, increased wear of the drum base contact area will 
be experienced because of fretting caused by vibration during transport. An alterna
tive is to use skids on the base of the drum, which also facilitate its movement in 
the conditioning plant. Containers with flat bases can also be used, but interface cor
rosion effects have then to be considered.
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FIG. 8. Examples o f  square section steel drums (284 L) with fully removable lids (United 
States type).

3.2.2. Dimensions

Waste containers may be transported alone or within a standard, but limited, 
range of transport packages. On receipt at the repository the containers may be 
removed from the transport package and, if necessary, repackaged into larger con
tainers prior to disposal. It is essential, therefore, that the containers fit within a max
imum size envelope that both is compatible with any transport package system and 
allows optimum utilization of the repository volume. This requirement may therefore 
fix the maximum dimensions of the container. Transport will subject containers to 
vibration, acceleration and deceleration. It is essential that the normal conditions of 
transport do not prejudice the containment integrity of either the package or the con
tainers, and that damage is minimized under accident conditions. This can be 
achieved by restricting the freedom of movement of the container within the trans
port package. Dimensional tolerance bands will therefore need to be specified that 
take this into account, as well as provide reasonable manufacturing tolerances. The 
overall dimensions specified should include any vents, filters or other protrusions on 
the container.
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FIG. 9. Improved steel drum with screwed-on lid and raised rings on the shell (German type).

3.2.3. Lifting arrangements

As the containers will be handled at the repository, it is essential that, regard
less of their overall shape, they have lifting features compatible with the machinery 
being used there. The overall shape of the lifting features should be specified and 
must be sufficiently strong to withstand the acceleration forces encountered during 
handling. An example of the handling features commonly in use for containers is 
shown in Fig. 10.

If the container is to be lifted in the repository or store, the lifting features must 
be designed to withstand the weight of the container multiplied by an impact factor 
[23]. This is an allowance for inertia and shock loading effects, and often the term 
‘snatch factor’ is used with the same meaning. Each waste producer must carefully 
consider the local site requirements, but as a minimum these will need to be compati
ble with the specification of the waste disposer.
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FIG. 10. Steel container with standard edge fittings fo r  handling (German box Type IV).

3.2.4. Gross package weight

Transport packages are being developed to accommodate varying numbers of 
waste containers. There will be a gross weight restriction on such packages in respect 
of road, rail and sea transport and handling at the repository. This, in turn, will place 
a band of acceptable weights on individual waste containers.

3.2.5. Filling arrangements

Different types of filling arrangements will be used according to whether the 
container is filled with a homogeneous waste in a matrix or with a heterogeneous 
waste encapsulated within an infilling material, such as a cement grout. Openings 
will need to be provided in the upper part of the container to allow easy introduction 
of the wastes or of the waste forms without risk of there being an overflow or of 
any external contamination. The level of filling or infilling must be easily determined 
by bulk measurements, by weighing or by level detection.
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FIG. 11. In-drum cementation o f  low and intermediate level waste concentrates with external 
stirrer in the Karlsruhe Nuclear Research Centre (Germany).

The homogeneity of the product introduced into the container is to be ensured 
by mixing for homogeneous waste forms and by the use of fluid grouts, with or 
without vibration, for heterogeneous waste forms. If mixing is used, it can be 
achieved by using an independent, external mixer, the contents of which are then 
poured or delivered into the container, and an external stirrer lowered into the drum 
as shown in Fig. 11 or a stirrer built into the container [24], In this last case, the 
mixing device would be incorporated into the waste form [25-27], An example of 
this type of container is shown in Fig. 1.
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It is difficult to fill a container completely with a waste form, as swelling, or 
more usually contraction, occurs on curing. Often after a delay to allow for setting, 
extra material has to be added to make an inactive ‘cap’. Materials commonly used 
for capping are cement, sand or the appropriate pure matrix.

Before disposal the container must be sealed. The choice of sealing process 
will vary according to the nature of the container material and should avoid introduc
ing any weaknesses into the package. Examples of sealing processes include welding 
and the use of bolted flanges and lids with various types of clasp for metal containers, 
cement capping for concrete containers and gluing with resins for polymer 
containers.

If a joining material, such as a gasket or ‘O’ ring, is used in the seal then its 
durability will need to be considered under the conditions it will encounter. These 
will include irradiation, and temperature, chemical and microbial degradation.

3.2.6. Stackability

Packages may have to be stacked at the site of the waste producer, at an interim 
store or at the repository. The particular arrangements at each of these sites will have 
implications for the container design.

A minimum vertical stacking or load bearing capability must therefore be 
specified for the storage of the containers. It will need to be recognized that spacers 
may have to be positioned between stacked containers to minimize interface corro
sion problems, to allow stable stacking and to prevent blocking of container filters.

Care should be taken to ensure that the design of spacer does not impose unduly 
concentrated loads on the containers, which might cause damage or permanent defor
mation when they are stacked. For design purposes it may be assumed that containers 
of similar design are stacked, or alternatively that a flat spacer is placed between the 
containers.

It is possible that containers will be stacked horizontally in the repository. If 
so, waste producers may need to make specific design provision for horizontal 
stacking.

3.2.7. Impact resistance

The normal activities during waste conditioning, transport and handling at the 
site of the waste producer and at the repository can subject the containers to vibra
tions and shocks. Accidents could subject the containers to conditions that may cause 
greater damage, e.g. drops or collisions.

The container is the principal containment barrier preventing accidental release 
of activity during the phases of waste conditioning, interim storage, handling and 
transport. It is essential that the container retain the ability to satisfy the requirements 
of each phase after it has survived all the preceding phases. It is therefore necessary
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for the containers, in combination with the transport and handling systems, to be 
sufficiently robust to withstand, without unacceptable damage, the situations that 
may occur during normal handling and transport. It is considered that a suitable 
demonstration of the ability of a type ‘A’ package to satisfy normal conditions of 
handling and transport is for it to withstand a standard drop test, which varies with 
package weight, as specified in the IAEA Transport Regulations [14].

The intention of this requirement is to ensure that the radioactive contents of 
the container cannot escape in sufficient quantities to create a radiological or con
tamination hazard. The interpretation of ‘retaining its radioactive contents’ will, in 
practice, reflect this intention. For example, if a drop caused a transient release 
through a vent of low concentrations of tritium vapour present in an ullage space, 
then this would not be regarded as a failure to meet the requirement.

Accident situations can occur, as a result, for example, of dropped loads or 
collisions during handling at the site of the waste producer or at the repository. The 
particular designs of these facilities and their handling systems will determine the 
potential drop heights, probabilities and consequences. There are also regulations 
that define accident situations and the consequences that need to be considered. In 
particular, the IAEA Transport Regulations define the performance criteria under 
specific accident situations, e.g. impacts and fires during transportation.

Waste producers can demonstrate compliance by the performance of tests or 
through reasoned argument. As an example, comparison with previous drop tests 
may indicate the degree of container deformation to be expected and hence that 
matrix breakup into releasable particulates would be such that the limit, as defined 
in the IAEA Transport Regulations [14], is not approached.

The strength of the matrix is an important parameter in determining the impact 
resistance of the package as a whole and, therefore, in determining the duty required 
of the container. A matrix that is either very weak or very strong could result in an 
inadequate impact performance. Assessment work, for example that performed in 
the United Kingdom [28], has demonstrated that static compressive strengths for 
cement matrices in the range of 4 to 20 N/mm2 will be satisfactory, provided that 
the container design details and material properties are appropriate. This strength 
relates particularly to homogeneous waste forms, but is also relevant to the grout 
used to encapsulate heterogeneous wastes.

Increasing the wall thickness of a container will usually increase its impact 
strength, in particular for impacts on targets that are not flat and smooth, e.g. a 
punch. The exception is when the increase in wall thickness causes the ‘battering 
ram’ effect to predominate. In general, problems are likely to occur where stiff, 
unyielding features occur alongside soft yielding features. There is then the possibil
ity of rupture by ‘punching’ and shear strain concentration. This effect is more prob
able when the contents are relatively strong [29].

If the waste form moves relative to the container, the ‘battering ram’ effect 
occurs and the contents load the lid directly in the manner of a battering ram. This
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can occur both with and without an ullage space being present. In general, for this 
effect to occur the container needs to have a relatively rigid, thick wall, as well as 
a smooth internal bore. Under these circumstances the forces on the lid can be very 
large in a top edge impact and may be sufficient to cause lid separation. A means 
of keying the waste form to the container, e.g. by the use of stiffening grooves or 
‘rolling’ rings, is generally beneficial. For thin walled containers (e.g. thicknesses 
of 1-3 mm) the ‘battering ram’ effect should not be significant.

The welds positioned at or near the top or bottom edges of the container are 
those most likely to fail on impact. These welds, particularly those at the base of the 
container, should be located as far as possible from the edges of the container. The 
scope for meeting this requirement is greater at the container base than at the top, 
where the container lid flange may be welded on. At the base any welds should be 
a minimum of 60 mm from the edge of the container. Designs that involve sudden 
and large changes in the wall thickness should be avoided as this can also lead to 
stress concentrations. Similarly, notches and other stress raisers should be avoided, 
as these features can enhance brittle, rather than ductile, material behaviour, particu
larly at high rates of strain. All butt welds should also be of the full penetration type 
and fillet welds should be continuous and as strong as the parent material.

Ductile behaviour of the material is highly desirable during deformation. This, 
therefore, needs to be considered at the container material selection stage and when 
determining any requirement for stress relief following manufacture. In general, 
stainless steel performs better than mild steel in this respect [29]. Account also needs 
to be taken of any reduction in container impact performance as a result of corrosion, 
either internal or external, of the container material. Special consideration should be 
given to heterogeneous waste forms, e.g. encapsulated hard wastes, because of the 
potential for waste items to penetrate the container wall under impact conditions. If 
any of the waste has sharp edges then piercing of the container walls should be 
guarded against when loading the wastes into the container.

Attention should also be given to the container closure or lid. Failure of this 
can lead to a major breach and loss of contents. The benefits for impact resistance 
of attaching a welded lid are clearly established [30].

Under certain circumstances internal features, such as paddles, tubes, supports 
or internal secondary features of the lid, can cause a container to rupture during an 
impact. To reduce this potential, these features should be kept as far away as possible 
from the side walls of the container. Features near or attached to the side walls 
should preferably be rounded rather than sharp, so as to avoid high local stress con
centrations. They should also not create severe localized reductions in ductility that 
could prejudice their impact performance. Paddles should be made as weak as pos
sible longitudinally, commensurate with having adequate strength to fulfil their func
tion as a stirrer.
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3.2.8. Gas buildup and venting systems

A number of different mechanisms exist that could give rise to an increase in 
gas pressure within a container, when it is hermetically sealed. Under normal condi
tions of storage, transport and disposal, gases may be released from the waste form 
as a result of radiolysis, corrosion and chemical or biological degradation. Where 
significant self-heating is present this may accelerate these processes, as well as caus
ing a gas pressure rise due to expansion in unvented containers. Under accident con
ditions package temperatures may become high enough to initiate steam generation, 
with consequent enhanced activity release from the waste form. Under these circum
stances containers may need to be provided with a filtered venting system designed 
to relieve any pressure generated, while constraining the activity release to within 
acceptable levels.

The activity release from waste forms under fire conditions also needs to be 
considered and is currently being investigated [31]. This work should provide waste 
producers with guidance on the fire conditions to be considered and their likely 
consequences.

In the design of venting systems, account should be taken of the requirements 
for the maintenance of the integrity of the container during storage, handling, trans
port and emplacement at the repository. The possibility also needs to be considered 
that any filtering medium in the vent may become ineffective over extended periods 
of time because of corrosion or degradation. To allow for this, the venting path from 
the container should be designed to be as small as possible.

3.3. RADIATION PROTECTION REQUIREMENTS

3.3.1. Surface contamination

In order for acceptable levels of contamination not to be exceeded in storage 
and repository waste package handling areas and on transport equipment, it is essen
tial that the external, non-fixed contamination levels for accepted packages do not 
exceed 4 Bq/cm2 for beta, gamma and low toxicity alpha emitters, and 0.4 Bq/cm2 
for all other alpha emitters [14]. Control samples should be taken by dry swabbing 
on a definite surface of at least 300 cm2. However, the fact should be taken into 
account that if all packages have contamination levels close to these limits then 
routine handling and transport of packages could lead to a gradual buildup of con
tamination to unacceptable levels. It is therefore desirable that waste packages 
remain as free of contamination as is reasonably practicable. Care is necessary in 
the measurement of surface contamination, and only well defined and proven tech
niques should be employed.
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FIG. 12. A disposable concrete overpack used to provide additional shielding fo r  200 L steel 
drums (German Type I  container with 200 mm thickness shielding o f normal or heavy 
concrete).

The nature of the surface material and its finish can have a very significant 
influence on both its ease of contamination and decontamination. In general, the 
harder and more highly polished the surface, the less likely it is to become contami
nated and the more readily the contamination may be removed [32].

3.3.2. Surface dose rate

The role of shielding is to provide the same degree of protection against radia
tion irrespective of the amount of the activity contained. This applies in every case 
during handling and transport in respect of both workers and the general population 
[15].

When the waste container cannot provide sufficient shielding to meet these 
requirements, then an overpack can be used. This could be reusable or permanent 
and left as part of the package in the repository as shown in Fig. 12.
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The IAEA Transport Regulations, for example, specify the maximum accept
able dose rate limits at different distances from the waste package [14]. However, 
the ALARA principle should be applied to minimize these dose rates.

3.4. CONTAINER DURABILITY

3.4.1. General requirements

The container is required to perform a role as the primary containment barrier 
during waste conditioning, storage, handling, transport and possibly disposal. The 
correct selection of container materials and sealing arrangements is essential for 
satisfactory performance in this role. This not only relates to impact properties, but 
also to degradation whatever the materials used and their long term properties. The 
degradation properties are of principal concern during storage and in some cases at 
disposal. Provision for a storage period before transport and disposal should be made 
in the design because it is essential that the quality of the container and the extent 
of degradation at the end of the storage period are such that the properties needed 
to satisfy the handling, transport and disposal safety are not prejudiced.

The performance of the container will be affected by the environment within 
the storage facilities. Factors to be considered include the temperature and humidity 
in the store, the risk of flooding and the radiation fields.

In certain respects the storage environment can be more severe than the dis
posal one. Considerable temperature variations can be experienced in stores without 
temperature and humidity control, particularly in regions of either hot or cold cli
mates. Corrosive atmospheres can also be experienced at coastal sites or areas of 
high industrial and atmospheric pollution. No subsequent handling of the package is 
normally planned after disposal except perhaps for a limited period; for example, 
retrievability may be allowed for 50 years. Stored containers need to have sufficient 
integrity to permit safe transport and handling up to and including emplacement in 
the repository.

During the normal conditions of handling and transport the container is 
required to restrict releases from the package to acceptable levels. Separate provision 
should be made for containers that have been subjected to damage ftom misuse or 
accidents. What constitutes an ‘acceptable level’ of release will depend upon the rele
vant safety considerations for transport, handling, interim storage and disposal. 
However, for guidance it may be assumed that if the release from a single package 
in normal conditions is less than the values defined in the IAEA Transport Regula
tions [14] then this will probably be acceptable.

26



3.4.2. Repository design requirements

For some repository designs, the container will not constitute one of the bar
riers for containing the radionuclides as required in the repository operational proce
dures and post-closure safety design. This will be the case either when the wastes 
have a very low level of activity (short lived radionuclides) or when the containment 
of the radionuclides is ensured by not only the waste matrix but also the engineered 
barriers of the repository.

The durability requirements for the containers would hence be reduced only 
to those necessary for handling. The mechanical properties of the container should, 
however, be consistent with the backfill and repository design.

For some other repository designs the container constitutes one of the barriers 
for the containment of the radionuclides. In these designs the container is required 
to continue to provide containment for a minimum period after emplacement.

The potential benefits of longer container life would be enhanced through post
closure safety factors. These would be achieved by improved containment of the 
soluble radionuclides until their radioactivity had been further reduced by decay.

An initial assessment of the extent of the benefits that might be obtained by 
improved durability and integrity of containment may be made by calculating the 
corresponding reduction in the radiotoxicity of the repository pore water. The rela
tive magnitude of this reduction may be estimated by comparison with the radiotoxic
ity of the solution of long lived radionuclides (those with a half-life greater than 30 
years, but including their shorter lived daughter products) which would result from 
the establishment of equilibrium between the repository pore water and wastes with 
a composition that was the average of that of the intermediate level wastes (ILW) 
in the repository as a whole.

3.4.3. Container materials and closure

In selecting the materials used in the container and the details of the container 
design, consideration should be given to the extent and acceptability of both internal 
and external corrosion throughout the storage and disposal periods. A material that 
is resistant to corrosion or degradation should be chosen or suitable allowance for 
degradation or corrosion should be made. The degradation performance of con
tainers is a complex subject and the extent of degradation will vary for each combina
tion of waste container design, waste form and backfill [33].

Waste producers will need to consider the external, and in particular the inter
nal, performance of the waste containers so as to determine the necessary container 
material and thickness required. For an initial period the temperature of the waste 
could be above the final equilibrium value of the repository. This should be taken 
into account for experimental and assessment purposes.
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The operational phase of the repository may also have to be taken into account. 
The container will need to be able to withstand the backfilling process, which may 
involve the high pressure emplacement of grout or of the crushed repository host 
rock, whilst still fulfilling its containment role [34],

As well as the material properties of the containers it is necessary to give care
ful consideration to how best to seal them, i.e. the closure or ‘lidding’ method. There 
are a number of conflicting requirements regarding the necessity and extent to which 
sealing of the container is required. The major requirements are for the:

(i) Containment of gaseous and particulate radioactivity;
(ii) Prevention of groundwater ingress and leachant egress;
(iii) Avoidance of an elevated internal pressure due to gas generation or thermal 

effects;
(iv) Avoidance of explosive gas mixtures in void spaces;
(v) Containment of short lived activity when emplaced in the repository.

Each combination of conditioned waste form and container design will need 
to be considered to determine the importance of the above requirements and hence 
the overall degree of sealing that will be required.

3.4.4. Degradation of metal containers

The corrosion performance can be affected by the particular container design
or by the details of the manufacturing process. Some of these are indicated below:

(a) Crevices can lead to crevice corrosion [35], Crevices can be formed between 
the container components, between the waste form and the container wall, or 
between the containers when stacked, and in the container lid area.

(b) Surface finish and degree of cleanliness can affect the corrosion performance; 
for example the higher the degree of polish on a surface the less susceptible 
it is to corrosion.

(c) Corrosion can be enhanced by interaction between dissimilar materials or other 
aggressive components that may be present in the container or in the waste 
matrix and the container. Particular consideration should be given to the possi
bility of other metals coming into contact with the container.

(d) Drum manufacturing procedures will reduce the material thickness and hence 
the allowance for corrosion in particular areas. Manufacturing techniques, 
such as welding and cold working, can affect the corrosion performance.

(e) Internal voidage, ullage or gaps between the waste matrix and the container 
wall can enhance corrosion, for example by allowing condensation to form or 
permitting access to oxygen [36],
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(f) A high pH environment is considered to be beneficial in some geologies for 
reducing corrosion. A waste conditioning matrix that does not produce high 
pH conditions could enhance corrosion [37, 38].

(g) A high chloride content in the wastes can lead to conditions that cause acceler
ated corrosion. Stress corrosion (mainly for temperatures above 60°C) and pit
ting corrosion can be enhanced in stainless steel by the presence of chlorides. 
Stress corrosion cracking due to chlorides is also possible in stainless steel at 
temperatures below 60 °C but the conditions under which it can occur are still 
being researched. The chloride content should therefore be kept to a minimum 
and careful consideration given to possible corrosion mechanisms if it exceeds 
100 ppm. Consideration should be given to the generation of chloride ions due, 
for example, to the radiolysis of chlorine-containing plastics.

3.4.5. Degradation of concrete containers

For concrete containers the degradation of the concrete has to be considered. 
In order to confer good mechanical properties, e.g. to the compressive and ten

sile strengths, it is necessary to reinforce the concrete. This can be achieved in differ
ent ways. These include the use of conventional carbon steel rebars or by different 
kinds of recently developed fibres [39] (steel fibres, amorphous metal fibres, 
asbestos or polymer fibres).

To determine the durability of such concretes it is necessary to study the 
resistance of each of the components, i.e. of the concrete itself and of the carbon 
steel rebars or fibres. These studies have to take into account the precise concrete 
formulation, i.e. the physical and chemical properties of each of the cement compo
nent aggregates, sand, additives, reinforcing material, the thickness of the walls of 
the container and the leaching conditions in the repository.

A variety of different environmental conditions, e.g. high and low pH values, 
exposure to sulphates, chlorides, carbon dioxide and carbonates, should be consid
ered in order to evaluate the strength of each component and, above all, the rate of 
degradation of the reinforced concrete.

In the case of conventional concrete with carbon steel rebars the durability of 
the material depends on the integrity of the outer layer of concrete that protects the 
carbon steel rebars. These rebars are corrodable, and in the presence of water and 
oxygen corrosion occurs that leads to spalling of the concrete covering. Major corro
sion and loss of reinforcement strength can then rapidly result.

In the case of concretes reinforced with fibres, particularly of the uncorrodable 
amorphous metal types, the corrosion resistance is much improved. An example of 
one such fibre reinforced container is shown in Fig. 13. Studies in France have dem
onstrated that a wall thickness of about 5 to 10 cm can give a lifetime of approxi
mately 300 years. This period is consistent with that specified by Andra for shallow 
land repositories in France.
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FIG. 13. Long durable fibre reinforced concrete container used in France.

3.5. WASTE PACKAGE IDENTIFICATION

Each container should have a label that uniquely identifies it and allows it to 
be correctly recognized and recorded during waste conditioning, storage, handling, 
transport and disposal. The durability of the label should be assured at least until the 
emplacement of the waste package in the repository. All technical data and quality 
assurance records will carry a reference to this unique identifier.

In view of their radioactivity, many containers will have to be handled 
remotely. To allow common handling and reading systems, it is desirable for all con
tainers to have identifiers of similar form in similar locations. These identifiers
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FIG. 14. Identification label on containers used at the Centre de la Manche shallow land dis
posal facility in France.

should be remotely readable by man or machine and must be visible without major 
manipulation of the container.

Since some ten million individual packages might be disposed of in a single 
repository [23], any identification system should have significant capacity, and be 
sufficiently flexible and logical to allow easy allocation of blocks of identifiers to 
different waste producers.

One method of labelling is to use a laser to etch characters of up to 10 mm 
in height on the container rim, side or top. An example of this is shown in Fig. 14.

The use of bar codes may ease the management operations and traceability of 
the wastes though they are not usually chosen as a ‘permanent’ means of identifica
tion for the container. A bar code is an optically recognizable series of bars and 
spaces, with unique combinations of wide and narrow bars and spaces making up the 
numbers 0-9, the letters of the alphabet and some other characters. A combination 
of letters and numbers is represented simply by a string of these unique bar code 
symbols. The bar code reader reads the code optically and converts it to a normal
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ASCH stream for the computer. Bar codes are used in the La Hague reprocessing 
plant in France for the identification of waste packages.

The identification, temporary or permanent, should not compromise the con
tainment. In-house markings and additional labels may be applied by the waste 
producers if required for their own purposes.

4. MATERIALS FOR CONTAINERS

A number of different types of material have been used for the fabrication of 
waste containers. These include:

— Carbon steel,
— Stainless steel,
— Polymers,
— Polymer impregnated concrete,
— Asbestos cement,
— Reinforced concrete,
— Cast steel,
— Modular cast iron/spheroidal graphite cast iron.

Factors that need to be considered in selecting the container material are:

(a) Container durability
(i) Mechanical properties (tensile and compressive strengths, abrasion 

resistance, ductility),
(ii) Corrosion resistance (external or internal coatings or lining 

requirements);
(b) Compatibility with the wastes or with the waste form

(i) During the process of waste conditioning if the container is used as a 
process vessel,

(ii) During the storage period,
(iii) After closure of the repository;

(c) Environmental conditions
(i) During interim storage,

(ii) During final disposal;
(d) Weight and volume limitations;
(e) Shielding role;
(f) Transport requirements (including fires and drop tests);
(g) Thermal properties (conductivity, specific heat, coefficient of linear expan

sion, specific emissivity);
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(h) Radiation stability;
(i) Ease o f  manufacture;
(j) Cost considerations and optimization.

The advantages and disadvantages of some of the materials listed above are 
summarized in Table I.

4.1. CARBON STEEL

Carbon steel is widely used as a material of construction for containers of 
radioactive wastes. In many cases these take the form of 200 and 400 L drums in 
comparatively light gauge metal, usually of welded or folded shell construction. Ring 
bands or ring flanges may be added to provide additional mechanical strength. 
Larger steel boxes with capacities of up to 104 L or more are also used as con
tainers. Typically, these containers might be fabricated from low carbon, hot rolled 
steel sheets [21, 36].

Carbon steel is readily attacked by many of the materials that may be present 
either in the wastes or in the repository environment. Consequently, it is not suitable 
for those applications where the container is expected to play a role as a barrier in 
the safety assessment of the repository. Indeed, carbon steel is an active corroding 
material and some additional protection may be required during the interim storage 
phase. To provide this protection, coatings, such as epoxy resin, zinc phosphate, zinc 
chromate, enamel glaze, silicone resin, bitumen and coal tar, may be applied to 
either or both of the inner and outer surfaces [36]. In some cases a loose plastic liner 
may be used [40]. Care should be taken to ensure that adequate allowance is made 
for possible corrosion; in particular for the lifting points of the container.

When it is desirable to increase the radiation shielding, the mechanical strength 
and the long term stability of waste packages, carbon steel drums lined with concrete 
may be used [41].

4.2. STAINLESS STEEL

Stainless steels offer many attractive properties. Compared with carbon steel 
they are more resistant to corrosion and do not need any protective coating. The tech
nology of their fabrication is well established and vessels of high structural strength 
can be manufactured from comparatively thin gauge metal. They are not, however, 
free from corrosion problems, particularly in the presence of chloride or sulphate 
ions. Austenitic stainless steels are the most resistant and type 316L avoids the com
mon problems of increased corrosion in the area of weld seams. Even so, allowance 
must be made in the design for pitting corrosion if the container is required to have
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TABLE I. ADVANTAGES AND DISADVANTAGES OF DIFFERENT 
CONTAINER MATERIALS

Material type Advantages Disadvantages

Enviralloy or 
Ferralium alloy 225

Fibreglass

Polyethylene

Polymer encapsulated 
carbon steel

Stainless steel

Resistant to corrosion 
Rigid structure maintains 
shape even when 
pressurized
Can be made in various 
sizes and with various 
closure options

Resistant to corrosion 
Rigid structure maintains 
shape even when 
pressurized 
Family of sizes 
Costs estimated to be com
parable with or less than 
those of polyethylene

Relatively inexpensive 
Lightweight 
Widely available 
Extensively in use in USA 
Resistant to corrosion 
A decade of operational 
experience

Resistant to corrosion 
Rigid package 
Lightweight
Easily adaptable to many
sizes

Rigid structure maintains 
shape even when 
pressurized

Expensive (however, cost 
may be compensated by other 
factors)

Too early in the review 
process to determine the dis
advantages of this material

Non-rigid structure 
Long term structural integrity 
in burial trench is an out
standing issue because of 
stuctural creep and increased 
brittleness from gamma 
radiation
Limited disposal depths (e.g. 
no greater than 9 m without 
structurally stable overpack) 
Requires ultraviolet protection 
during outdoor storage

Too early in the review 
process to determine the dis
advantages of this material

Expensive
Difficult to fabricate because 
of the wall thickness required 
to provide adequate corrosion 
protection (high cost may be 
compensated by other factors)
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TABLE I. (cont.)

•  Subject to stress corrosion
cracking and pitting

Steel fibre reinforced •  Rigid structure maintains •  Heavy container
polymer impregnated shape even when •  Damage (e.g. cracking of
concrete pressurized cement) may be difficult to

detect visually
•  Relatively inexpensive

a life of several hundred years [42], Consideration also needs to be given to the 
potential for the generation of hydrogen in the vicinity of the container walls, as this 
may lead to diffusion of the gas into the metal with consequent embrittlement.

4.3. CAST IRON

A range of containers, known as MOSAIK, Mobiles System fur Activierte 
Kemeinbauten, has been developed in Germany [43]. They are made of cast modular 
iron, which is a cast iron containing graphite in a spheroidal form. These containers 
have wall thicknesses of from several centimetres up to 25 cm. Some types can be 
provided with an additional inner lead liner. They are typically used for highly radi
ating, cobalt-containing wastes (e.g. from the operation and decommissioning of 
nuclear power plants). These high integrity containers offer the following 
advantages:

(a) Excellent radiation shielding properties;
(b) High mechanical stability;
(c) Long life even under repository conditions (good stability against corrosion) 

[37];
(d) Container material made of melted, weakly radioactive metal scrap from 

nuclear installations [44] (recycling of slightly contaminated/activated steels).

4.4. PLASTICS AND PLASTIC COMPOSITES

In general, plastic materials have an excellent resistance to corrosion. High 
density polyethylene is resistant to radiation up to 106 Gy. However, the dose rate, 
as well as the total dose delivered to the container, can be important in determining 
the nature, magnitude and rate of any changes in properties, such as, for example, 
embrittlement, and this should be taken into account [45].
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High density polyethylene can be regarded as acceptable for the disposal of 
short lived, low level wastes, but it is a viscoelastic material, subject to the time 
dependent effects of stress and deformation, for which only limited stress rupture 
data are available. It is considered that the required wall thickness to provide an 
acceptable safety margin in the case of a high integrity container with an intended 
life of 300 years or more in a shallow land burial would be unacceptably high.

Various composite designs have been proposed that take advantage of the 
desirable properties of polyethylene whilst at the same time providing greater 
mechanical strength. One of these has an inner lining of polyethylene bonded to an 
outer casing of fibreglass reinforced plastic [46], and is claimed to be an order of 
magnitude stronger than polyethylene on its own. Although exposure to 106 Gy 
decreased the bond strength between the components of the composite by 17 %, there 
was little significant effect on the overall structural integrity.

A second hybrid design involves the use of a 316L stainless steel outer shell 
within which a seamless plastic lining is produced by a rotary moulding technique 
using linear, low density polyethylene. Although both polyethylene and stainless 
steel are adversely affected by a small number of chemicals, those that attack one 
do not affect the other [45].

4.5. CONCRETE AND REINFORCED CONCRETE

Concrete containers have the advantage of good resistance to radiation and cor
rosion, although they are heavy relative to the waste they contain. Whilst they are 
somewhat permeable to groundwater, any liquid reaching the wastes will be at such 
a highly alkaline pH that the longer lived radionuclides, in particular the actinides, 
will be in the form of species with very low solubilities, and their release will be 
very slow. Concrete containers are more susceptible to mechanical damage than 
metallic ones and may need either metal liners or metal reinforcing bars. These, in 
turn, will be subject to corrosion in the long term; one solution developed in France 
to overcome this problem is to use non-corrodable, amorphous metallic fibres in 
place of conventional steel reinforcements.

An alternative high integrity container with high mechanical strength has been 
developed in Japan using special steel fibre reinforced, polymer impregnated con
crete [47].

5. COST CONSIDERATIONS

Within the bounds of having an acceptably safe waste management system, the 
container and the overall costs should be minimized. In particular, the storage, trans
port and disposal requirements for the waste package and container should be evalu
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ated as soon as practicable, so that cost effective containers and handling systems 
can be used. Where possible, the use of existing standardized containers should be 
considered, since this is likely to reduce the container and handling costs, and may 
minimize the requirement for container qualification testing.

In some cases, special containers will need to be developed for low and inter
mediate level radioactive wastes. Where special containers are required, a limited 
number of standardized designs should be used, since this offers the following 
advantages:

(a) It allows for industry-standard handling and transport systems,
(b) It minimizes the design and qualification studies needed,
(c) It provides economies of scale.

Some containers will provide shielding to meet radiation protection require
ments (see Section 3.3). For others the use of reusable shielded overpacks (casks, 
flasks) may significantly reduce the waste management costs and should therefore 
be explored. One option also being considered to reduce costs is to fabricate shielded 
containers by recycling slightly radioactive waste material (e.g. iron or lead) [44].

The mass and particularly the total volume of the containers to be handled in 
transportation, storage and disposal can be very significant. The costs associated 
with the construction and operation of storage and disposal facilities, as well as trans
portation, are usually directly related to the total volume handled. Package mass-to- 
volume ratios should, therefore, be optimized to minimize the overall waste manage
ment costs.

Estimates of the relative costs of transport, conditioning, storage and disposal 
of reactor wastes as a function of the total volumes to be handled have been made 
[48],

6. QUALITY ASSURANCE AND CONTROL

Quality assurance (QA) programmes should be established for the design, 
manufacture, testing, documentation, use, maintenance and inspection of containers 
and packages. They should be based on the IAEA Safety Series 50-C-QA [49] and 
cover the uses of containers in conditioning, transport, storage and disposal.

The QA programme should take account of the complexity of the container and 
its components. It should also take account of the degree of hazard associated with 
the contents by means of a system of measures graded in relation to their safety sig
nificance. Materials, components and processes to which QA programmes apply 
should be identified and appropriate methods or levels of control and verification 
should be assigned, consistent with the required level of safety.

The programmes should ensure that the activities that affect quality are carried 
out following written procedures, instructions and drawings. They should include
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appropriate acceptance criteria to ensure that the important activities are accom
plished satisfactorily.

The QA programme may include the following elements:

— Organization,
— Document control,
— Design control,
— Procurement control,
— Material control, ,
— Process control,
— Inspection control,
— Controls of use and care of packages,
— Non-conformity control,
— Corrective actions,
— Records,
— Staffing and training,
— Audits.

More details may be found in Appendices IV and V of IAEA Safety Series 
No. 37 [16], which are based on IAEA Safety Series 50-C-QA [49].

7. QUALIFICATION TESTS

To provide assurance that the waste packages and containers meet the design 
requirements for all of their roles, qualification tests should be performed. Qualifica
tion tests for containers include tests on:

(a) The materials of fabrication;
(b) The container, or part of the container;
(c) The waste package, which includes the container and the waste form.

The tests are usually related to:

(1) The physical and mechanical properties,
(2) The chemical reactions,
(3) The radiation effects,
(4) The temperature and thermal effects,
(5) The biological effects.

The tests applied to the raw materials used in manufacturing the container are 
generally the common tests used in civil engineering, mechanical engineering and 
metallurgy (e.g. tensile strength, flexibility, porosity).
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The qualification tests on the container and waste package must be developed 
to test the specific design requirements, such as containment or durability. These 
tests must be designed to be reproducible, and they must consider the potential waste 
forms and the range of environmental conditions expected during handling, storage, 
transport and disposal. Accident scenarios, as well as manufacturing and material 
defects, must also be considered. Examples of qualification tests for waste packages 
and containers are described below, with details of some specific examples being 
given in the appendices.

7.1. COMPRESSIVE STRENGTH

Compressive strength is required of the container not only for storage and dis
posal, but also for handling and transportation. Measurements are made on:

(a) Materials representative of the components,
(b) The complete package,
(c) Scale models of the package.

Standard test procedures have been defined and are being used in many coun
tries. At the Centre de la Manche shallow land disposal facility in France waste con
tainers standing on a rigid platform must be able to withstand a vertical pressure of 
at least 35 N/cm2 averaged over the top surface without deforming significantly 
(<3% ). The requirements for stacking packages are described in the IAEA Trans
port Regulations [14].

If the container is intended to provide a containment barrier in a geological 
repository, then more severe compressive strength requirements may be expected. 
The hydrostatic pressure and ambient temperature to be experienced will depend on 
the repository depth. Additional pressures may also be imposed on the container 
owing to factors such as backfill swelling, and this must be taken into account.

7.2. RESISTANCE TO MECHANICAL IMPACT

The resistance to mechanical impact is important in potential accident condi
tions. It may be measured by means of standard tests applied to the container or 
package.

Examples of mechanical tests for packages may be found in the IAEA Trans
port Regulations [14-16]. These include:

(a) A free drop of the package from a defined height onto an unyielding surface. 
The height used will depend on the radioactivity content, the required type of 
packaging and the mass of the package.
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(b) A free drop of the package from a defined height onto a bar rigidly mounted 
perpendicularly on an unyielding surface.

(c) A dynamic crush test.

These tests are intended to demonstrate the ability of the package to withstand 
normal and accident conditions during transport. The regulations also specify the 
maximum allowable levels of radioactivity released after the tests.

Similar types of drop tests may be specified to simulate the accident conditions 
in storage and disposal facilities. These tests will vary with the design of the facility, 
the accident scenarios postulated and the consequences of these that are assessed.

7.3. CONTAINMENT

It is essential that the waste package contain the radioactivity during the hand
ling, storage and transport phases. In addition, the package containment may be one 
of the barriers preventing the release of radioactivity from the repository to the 
biosphere. Both the waste form and the container may contribute to the containment 
role. Containment tests for packages have been defined for transport [14]. For 
storage and disposal, additional containment tests may be required. If the waste form 
provides the containment, leaching tests should be performed directly on the waste 
form. If the container provides the containment, then tests must be performed on it 
or its materials to determine the containment characteristics.

Tests for containment may be performed on packages by placing a representa
tive waste form with a known radionuclide inventory in a vessel and immersing it 
in water. The water may be representative of the repository groundwater or it may 
be a ‘standard’. The water is sampled and analysed over the duration of the test, 
which may last one year or longer. The test provides data on the containment charac
teristics of the waste package for the radionuclides in the waste form.

7.4. RADIATION RESISTANCE

Radiation can affect the container and/or the waste form, and qualification tests 
may be required for certain containers or waste forms. The effects of irradiation are 
likely to be most severe for containers, coatings, liners or seals made from polymers, 
less so for concrete containers and least for metal containers. The major radiation 
effects may include the following:

(a) Physical and dimensional changes;
(b) Cracking and spallation at high dose rates;
(c) Gas evolution, e.g. H2, 0 2, CH4 and other low molecular weight hydrocar

bons, CO, C 02, SOz and HC1 may occur as a result of the radiolysis depend
ing on the waste form and the matrix material as well as the dose rate.
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At present there are few data or tests directly available on the radiation 
resistance of container materials [50]. However, there are extensive data available 
from their use as waste forms. This is relevant and may be used to provide guidance 
in materials selection. Other guidance on the radiation resistance of plastic materials 
is available from their use as surface coatings in active facilities [51] and as electrical 
insulators in high radiation fields [52,53]. Tests are available for this latter 
application.

Plastics and other organics are particularly susceptible to radiation damage, 
potentially resulting in a loss of mechanical strength or integrity, e.g. cracks, swell
ing and release of gas. Integrated doses must be determined for the time period rele
vant for the container integrity and, if appropriate, qualification tests must be 
performed. ,

7.5. CORROSION TESTS ON METALLIC CONTAINER MATERIALS

To provide containment of the package during interim storage, subsequent 
transportation and the initial operational phase of the repository, the container must 
retain its integrity for a number of decades. It may be beneficial for the whole system 
if the container constitutes one barrier for some years after the closure of the reposi
tory. To achieve this the container will need a finite corrosion resistance, which has 
to be determined experimentally.

Any experimental programme on container corrosion will need to consider a 
number of factors. The most important will be:

(a) Corrosive media. The conditions for storage and disposal, including the chemi
cal composition of any solution in contact with the container, the temperature 
and the humidity, must be simulated in order to obtain data on the corrosion 
of the outside of the container. Additionally, information about the corrosion 
of the inside of the container will require simulation using typical waste forms 
in contact with the container.

(b) Canister material and constructional details. In any experiments the represen
tative container materials, including any coatings and constructional details, 
e.g. welds, crevices and roundings, must be used. This can be done by using 
special samples that simulate such details or by doing experiments on the whole 
container. Possible damage to the container during handling, e.g. scratches in 
the coatings, should be considered.

(c) Exposure time. The immersion of samples in the test solution for different 
periods of time (e.g. 3, 6, 12 months or longer) will provide data on the time 
dependence of the corrosion effects. Extrapolation of the data to longer periods 
is only possible within certain boundary conditions.
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(d) Methods o f examination. Standard methods are available for the examination 
of test samples and the determination of the nature of the corrosion processes. 
These methods include:

(i) Gravimetric determination of mass loss,
(ii) Detection of surface profiles,

(iii) Metallographic micrography,
(iv) Scanning electron microscopy.

(e) Types o f  corrosion. For metallic container materials the potential types of cor
rosion include uniform corrosion, pitting attack, crevice corrosion, stress cor
rosion cracking and selective corrosion. Tests should be performed to 
determine the type of corrosion [35-37]. As an example, a detailed description 
of the corrosion experiments which have been performed in Germany is given 
in Appendix II.

7.6. THERMAL CYCLING RESISTANCE

Resistance to climatic variations is particularly important if packages are to be 
stored in uncontrolled environments, including outdoors. Thermal cycling tests pro
vide an indication of the performance of packages under these conditions.

Such tests are performed to verify that the waste package integrity will be 
maintained under various climatic conditions. The tests can be performed for durable 
or non-durable containers, containing homogeneous or heterogeneous wastes and 
including any matrix material. These tests can be carried out on real waste packages 
sampled from a production run, or packages made with simulated waste. They can 
be applied to samples representative of either the whole or specific parts of the pack
age if the waste package is too large to be tested as a whole. During the test, the 
waste package is subjected to a series of thermal cycles. Measurements can then be 
made on the tested package and compared with a reference package. For durable 
containers particular attention must be paid to sampling at the interfaces between the 
wastes and the container and between the wastes and the capping material.

An example of such a test which has been developed in France is presented 
in Appendix HI.

7.7. PERMEABILITY OF CONTAINER MATERIALS TO GASES

Data on gaseous emissions from packages are often required for safety assess
ments of waste disposal and for radiological protection considerations during 
operations.
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Measurements have been made of the permeability of container materials, par
ticularly to 3H, in order to estimate the total fraction of any release that can occur 
through the container walls.

8. CONCLUSIONS AND RECOMMENDATIONS

Containers play an important role in waste management systems and as a con
sequence their design should satisfy those requirements related to:

(a) The nature of the wastes or waste forms to be contained;
(b) The duties assigned to the container (e.g. lifetime, shielding, degree of con

tainment, handling);
(c) The characteristics of the conditioning, storage and final disposal facility with 

any associated handling and transport arrangements.

One of the main considerations for container design is whether the container 
has a role to play as a containment barrier in the repository. This may require the 
container to maintain its integrity for a period of between 300 and 500 years. 
However, even if the container has no such role, its design must take account of its 
containment function during the interim storage period. This period can last in some 
countries for up to 50 years.

At present most countries have or are developing their own systems for waste 
management without any endeavour to achieve any degree of international standardi
zation. However, even within national systems there are benefits to be gained from 
standardization in terms of economy of scale and improved levels of safety. This 
standardization is particularly desirable in terms of using a limited number of sizes 
and designs of waste containers.

For countries that are just starting to develop nuclear power programmes, or 
to use radioactive materials for industrial, research or medical uses, or even for 
existing radioactive waste producers, there are considerable benefits to be obtained 
from drawing on the experience of existing, qualified waste container systems and, 
if necessary, adapting these to their local needs. This will avoid the invariably high 
cost in time and other resources of developing new containers and obtaining regula
tory approval for their use. In this context moves towards international standardiza
tion of containers would be beneficial.

The first attempts have been made in this direction with the quite widespread 
adoption for low level waste of 200 L cylindrical drums and for larger packages of 
the International Organization for Standardization (ISO) freight container. However, 
this standardization has primarily taken account of transport requirements, and has 
not considered the specific requirements related, for instance, to disposal in geologi
cal repositories.
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Further pressure in the direction of international standardization of intermedi
ate level waste containers will come about through the commercial reprocessing of 
spent fuel from power reactors. Some countries are or will be sending their spent 
fuel to foreign facilities for reprocessing, e.g. to the Compagnie generale des 
matieres nucleaires (Cogema) in France and British Nuclear Fuels pic (BNFL) in the 
United Kingdom. The containers to be used for conditioning the reprocessing wastes 
should satisfy the requirements of both the waste producer (the reprocessor), the 
waste receiving organizations and their respective national standards.

The acceptance by regulatory bodies of each type of waste container and over
all package with its conditioned waste form will depend on their satisfactory perfor
mance in qualification tests. The field of qualification tests would also benefit from 
some degree of international standardization. Some of the tests are not specific to 
the nuclear industry and are related to the more general testing of industrial 
materials, e.g. tests of mechanical properties. Others have been or must be adapted 
or developed for the specific purpose of waste package property assessments.

The ISO has standardized a number of tests related to the transport of radio
active materials and has developed a standard leaching test [54]. There is considera
ble scope for further work in this field, taking into account the quality requirements 
associated with the storage or final disposal of the waste packages and the different 
duties assigned to the container.
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Appendix I 

EXAMPLES OF CONTAINERS

TABLE II. SUMMARY OF STANDARD CONTAINERS USED IN FRANCE

Volume
(m3)

Diameter
(mm)

Height
(mm)

Length
(mm)

Width
(mm)

Thickness
(mm)

Metallic containers 0.225 595-620 881-917

0 . 2 0 0 580-617 775-819

0 . 1 0 0 444-468 644-689

0.060 376 617

0.050 376 488

Metallic boxes 5 — 1700 1700 1700 4

1 0 — 1700 3400 1700 4

2.5 — 850 1700 1700 4

2.5 — 850 3400 850 4

Concrete boxes 4.2 — 1260 2 1 1 0 1560 150/200

Concrete shells 2 1400 1300 150

2 1400 1300 300

2 1400 1300 400
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TABLE in . SUMMARY OF NIREX STANDARD WASTE CONTAINERS USED IN THE UNITED KINGDOM

Application Description2 Application Max. external dimensions*1 
(m)

Low level wastes

200 L drum 

6 m 3 LLW box

12 m3 LLW drum

500 L box

3 m 3 ILW box

12 m 3 Concrete box

Operational wastes

Operational and 
decommissioning wastes

Operational and 
decommissioning wastes

Normal container for 
most operational ILWs

Wastes unsuitable 
for 500 L drums

Large items of 
decommissioning wastes

0.61 o.d. x 0.863

2.0 x  2.4 x  2.2

4.0 x  2.4 x 2.2

0.8 o.d. X 1.2

1.72 x  1.72 x 1.2

4.0 x  2.4 x  2.2

Drums and boxes will be manufactured in steel apart from the 12 m3 concrete box. b The dimensions are provisional.



TABLE IV. SUMMARY OF THE SHIELDED STEEL CONTAINERS USED BY 
SVENSK KARNBRANSLEHANTERING AB IN SWEDEN

Type
Wall thickness 

(mm)
Capacity concrete, 

moulds/drums
Maximum dose rate of wastes 

(mSv/h)

ATB 16K 70 16/96 5-6
ATB 12K 130 12/48 60-70
ATB 4K 2 0 0 4/16 500
ATB 3T 80 3 tanks 7-8

TABLE V. SUMMARY OF STANDARDIZED PACKAGES FOR DISPOSAL IN
TH E G ERM AN KONRAD REPOSITORY [55]

External dimensions
Gross volume 

(m3)
Mass of waste 

package (t)i n o . Designation
Length/diameter

(mm)
Width
(mm)

Height
(mm)

Concrete packaginga
1 Type I 1600 — 1370b 1 . 2 = 3-4
2 Type II 1060 — 1510° 1.4 =  3-4

3 Type in 1400 — 2 0 0 0 3.1 =10-13

Cast material packaging a

4 Type I 900 — 1150 0.7 = 3-6
5 Type II 1060 — 1500d 1.3 (1.2) = 7-12

6  Type III 1 0 0 0 — 1240 1 . 0 = 3-6

Boxese
7 Type I 1600 1700 1450f 3.8 < 2 0 . 0 0

8  Type II 1600 1700 1700 4.6 < 2 0 . 0 0

9 Type HI 3000 1700 1700 8.7 < 2 0 . 0 0

10 Type IV 3000 1700 1450f 7.4 < 2 0 . 0 0

11 Type V 3200 2 0 0 0 1700 10.9 < 2 0 . 0 0

12 Type VI 1600 2 0 0 0 1700 5.4 < 2 0 . 0 0

a Supplied on pallet.
b Height: 1370 nun + lug 90 mm =  1460 mm.
c Height: 1510 mm + lug 90 mm =  1600 mm.
d Height: 1370 mm, KfK type (KfK, Kemforschungszentrum Karlsruhe GmbH).
e Materials are, for example, steel plate, cast iron and reinforced concrete.
f Stacking height, 1400 mm.
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Metal drum

Concrete mould

FIG. 15. Waste package types to be disposed o f  in the SFR repository at Forsmark, Sweden.
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FIG. 16. German Type II modular cast iron cask.
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Appendix II

CORROSION ASSESSMENTS OF METALLIC CONTAINERS

In view of the licensing situation in Germany for the projected repositories in 
the Konrad mine and at Gorleben, long periods of interim storage above ground are 
probable. The integrity of waste packages must be guaranteed for this period of 
perhaps 20 years following transport and during the later operational phase of the 
repository when the containers will be placed in ventilated storage galleries. To meet 
these requirements the container has to be resistant to corrosion during this phase 
in order to avoid the formation of any holes or leaks. Special attention, therefore, 
has to be paid to the container corrosion behaviour, particularly if metals are used.

At the Kernforschungszentrum Karlsruhe GmbH investigations have been 
made of the corrosion behaviour of various potential metallic container 
materials [35-37]. The corrosion behaviour of the packaging materials has been 
examined in respect of both internal (waste forms) and external (interim storage/ 
disposal environments) corrosion. The investigations have involved specimens of 
cast iron and carbon steel sheet, including some with various organic coatings, as 
well as tests on complete containers. The samples were immersed in different 
corrosion media for periods of at least 3 months and at most 12 years.

Under certain boundary conditions these time dependent investigations have 
enabled container lifetimes to be estimated by extrapolation. Furthermore, they have 
served as a basis for selecting painting systems for the container materials and have 
also led to improved container designs.

The qualification programe for corrosion resistance, the experimental set-up 
and the resulting conclusions from these investigations on normal steel and cast iron 
specimens are described briefly below.

II.l. EXPERIMENTAL SET-UP

The tests were performed using steel specimens that consisted of the same low 
carbon steel (USt 1203, DIN (Deutsches Institut fur Normung) material No. 1.0330) 
as used in the steel drums and in the type IV steel container. A typical composition 
of the material is: C, <0.1; Si, trace; Mn, 0.2-0.45; P, <0.035; S, <0.035; N, 
<0.035 wt%, base Fe. Before applying any coating the surfaces of the specimens 
were cleaned by shot blasting with very fine steel balls. In the tests the design fea
tures of the containers, e.g. roundings, screwed connections, gaps, welded seams, 
as well as any damage due to handling (cracks, scratches in the paint coating) were 
taken into account.
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The following types of steel sheet specimens were selected:

(a) Uncoated samples of size 1.5 mm X  100 mm X  200 mm;
(b) Uncoated samples of size 1.5 mm x  100 mm x  200 mm with a bend and 

welded seam;
(c) Uncoated sandwich samples, consisting of two 1.5 mm x  50 mm X  100 mm 

plates, which were screwed together — between the painted plates a zinc wire 
was inserted;

(d) Painted samples of size 1.5 mm X  100 mm X  200 mm. These were painted 
on both sides and then had a scratch defined by DIN 53 167 applied to one side.

TABLE VI. TEST CONDITIONS FOR THE SIMULATION3 OF INTERNAL 
CORROSION BY WASTE FORMS [36]

Waste form
Test conditions

Temperature
(°C)

Corrosive medium

Cemented waste form 
(OPCb 35F, W/C* = 0.4)

22, 50 Aqueous solution of OPC 35F, 
pH =12, oxygen content = 6  mg/L

Cemented waste form 
(OPC 35F, W/C =  0.4) 
heat producing wastes

90 As above

Cemented waste form 
(OPC 35F, W/C =  0.4)

22, 50 As above, but 30 wt% NaN03, 
pH =11

Ion exchange resins, 
Lewatit S100/M500, 
LiOH/H3BOj loaded, 
waste content 50 wt%

22, 50 Inactive waste simulant

Evaporator concentrate from PWR; 
water content —70 wt%

22, 50 Inactive waste simulant

a Simulated evaporator concentrate:
B, 60 000 mg/g; C l" , 800 mg/L; P 043',  7 g/L; S042‘, 19.5 g/L; 
NO3 , 300 mg/L; SiOf", 240 mg/L;
N a+, 50 g/L; Fe2+, 1.8 g/L; Ca2+, 1.0 g/L; Mn7+, 500 mg/L; 
Mg2+, 700 mg/L; NH4+, 10 g/L. 

b OPC, ordinary Portland cement.
* W/C, ratio of waste to cement.
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TABLE VH. TEST CONDITIONS FOR SIMULATION OF EXTERNAL 
CORROSION UNDER EXPECTED STORAGE CONDITIONS [36]

Storage conditions
Test conditions

Temperature
(°C)

Corrosion medium

Interim storage 
(roof covered air space)

Average = 9 In situ test at KfK site, 
relative humidity about 80%

Disposal in a salt dome

Ventilated gallery 30 In situ test at about 775 m level of 1 
Asse salt mine, samples covered 
with crushed rock salt, relative 
humidity about 30%

Quinary salt brine 50, 90 Saturated salt brine2, pH = 5 , 
oxygen content about 3 mg/L

Disposal in Konrad

Ventilated gallery 2 0 In situ test at about 1250 m level of 
Konrad mine, samples in contact 
with crushed iron ore, relative 
humidity about 35%

Non-ventilated gallery 42 As above, but relative humidity 
about 80%

Deep groundwater from Konrad 
mine

50, 90 Deep groundwater1*, oxygen content 
about 5 mg/L, pH ® 6

a Composition of quinary salt brine (type Q): C l', 270.2 g/L; SO4 ", 23.7 g/L; N a+, 
7.6 g/L; K + , 24.3 g/L; Mg2+, 87 g/L. 

b Main components of deep groundwater from the Konrad mine: C l', 130 g/L; SO4 ", 
0.73 g/L; N a+, 64.5 g/L; Ca2+, 13.5 g/L; Mg2+, 2.38 g/L.

The same system was used for painting the small samples as was applied to 
the full size steel drums and containers. Three layers of epoxy resin paint were 
applied to give a total thickness of about 150 fim. This coating system was selected 
in 1981 and it was based on a short term test programme, which was followed by 
long term corrosion tests.
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Cast iron cask material (type GGG 40, DIN material No. 0.7040), was also 
used in the tests. This type of cast iron contains graphite in a spheroidal form to 
improve its mechanical stability. The main components of the material are: C, 3.47; 
Si, 1.98; Mn, 0.18; P, 0.013; Mg, 0.04 wt%; base Fe. From this material, corrosion 
samples were cut out with dimensions of 10 mm X  20 mm X  40 mm. The surfaces 
were then mechanically cleaned.

Three samples of each type of material were used with each corrosion medium 
and for each test duration. The samples were exposed for 3, 6 and 12 months using 
test conditions that simulated internal and external canister corrosion.

Table VI gives an overview of the waste types simulated and the corresponding 
test conditions. For the internal corrosion studies the samples were stored in aqueous 
solutions of Ordinary Portland Cement (OPC) to simulate cemented waste forms. 
Additionally, samples of cast iron were stored in contact with ion exchange resins 
and evaporator concentrates to simulate those wastes that were placed directly in the 
casks and that were dehydrated by special techniques to water contents of 10 to 
15 wt%. For all these tests closed glass containers were used.

Nearly all of the tests for external corrosion were made under in situ condi
tions. Table VII summarizes the conditions for interim storage above ground, the 
disposal conditions in a salt dome and in the abandoned iron mine at Konrad. For 
the disposal cases a distinction was made between disposal of the canister in galleries 
and contact of the canisters with saline waters as postulated in accident scenarios. 
The samples were immersed at different temperatures as specified by the interim 
storage and disposal concepts.

After the immersion period, the samples were removed from the corrosion 
media and were evaluated by applying standard methods for uncoated and painted 
speciments. For the uncoated samples, the following types of corrosion were deter
mined quantitatively: uniform corrosion, pitting attack, shallow pit formation, 
crevice corrosion and local attack at the heat affected regions of the welds. Measure
ments were made by gravimetry and by recording micrographs, scanning electron 
micrographs and surface profiles. The painted samples served for the determination 
of the subsurface corrosion and the local attack in the region of a scratch. Further
more, the degradation (loss of brightness, blistering) of the paint coating was 
evaluated to obtain information about the resistance of the coating to corrosion.

n.2. CONCLUDING RESULTS

For steel sheet covered with the improved 150 fim thickness of epoxy resin 
paint, the experiments have demonstrated that no corrosion attack occurs if the coat
ing is undamaged. There is a requirement for a coating process effective at providing 
a homogeneous coating of paint to both the inside and outside of the container during 
manufacture. In this case the test results showed that the container would resist
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corrosion for more than the 20 years of interim storage, transport to a repository and 
several years of disposal even under the humid conditions that are experienced in the 
closed Konrad galleries.

In the case of damaged internal coatings, the carbon steel material is exposed. 
However, contact with the cemented waste form causes passivation of the carbon 
steel surface and no corrosion occurs. If the inner coating is damaged in the moist 
zone, which is normally in the upper region of the container above the cemented 
wastes, pitting attack occurs. In these experiments the penetration rates reached 
values of about 1 mm/a. This demonstrates that the inner sides of the container, 
particularly in the top region, have to be painted carefully and that damage must be 
avoided. Only when the containers are completely filled with cemented wastes will 
no corrosion occur.

In the case of the cast iron casks, the ion exchange resins with a water content 
of about 50 wt% resulted in corrosion rates of 0.1 mm/a on the inside if the coating 
was damaged.

Pitting and uniform corrosion of the steel containers occur if the paint coatings 
on the inside are damaged by handling. Uniform corrosion prevails on uncoated 
carbon steel and is significantly below 0.05 mm/a under conditions of interim storage 
and disposal in a salt repository, including contact with crushed rock-salt or salt 
brines. This was confirmed by experiments on cast iron, which also demonstrated 
the same behaviour for storage in the open, ventilated Konrad galleries. The greatest 
corrosion effect occurred after disposal of a paint damaged packaging in a closed, 
humid Konrad gallery at a depth of 1250 m below ground level. Corrosion rates of 
up to 0.7 mm/a were measured with cast iron. Under these conditions the type IV 
steel container, which is constructed from 3 mm steel sheet, will rust through in less 
than 10 years. With cast iron casks with 210 mm thick walls lifetimes of about 300 to 
400 years can be expected. Compared with these corrosive conditions, which occur 
before complete contact with salt brines takes place, the corrosion of both materials 
in salt brines is of minor importance.

These experiments have shown that carbon steel containers will have to be 
completely coated with improved epoxy resin paint. Scratches in the paint due to 
handling are only acceptable on the outside of the containers. For cast iron casks the 
quality of the paintwork is less important. The experiments showed that the highest 
corrosion resistance will occur during interim storage above ground and during the 
operational phase of a repository in a salt dome or the abandoned iron ore mine at 
Konrad. Then the cast iron and even the carbon steel sheet containers completely 
fulfil the requirements imposed on them in respect of their corrosion behaviour. In 
the Konrad safety assessments no account is taken of the containment properties of 
the container after closure of the storage galleries. After closure, any requirements 
for container corrosion resistance are of minor importance, because the convergence 
of the surrounding rock will probably damage the steel sheet containers 
mechanically.
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Appendix III

SPECIFICATION OF A TEST FOR THERMAL CYCLING RESISTANCE
IN FRANCE [56]

A climatic chamber is used for this test. Its operating characteristics are:

— Temperature excursion range, -3 0  to +50°C;
— Rate of temperature increase or decrease, 10°C/h;
— Temperature regulation, ±1°C.

There is a water sprinkler in the climatic chamber so that the samples may be 
soaked before freezing. The temperature and moisture content are recorded 
automatically in the chamber.

The test procedure involves:

(a) Pre-test examination:
(i) Identification of package,

(ii) Measurement of weight and dimensions,
(iii) Preliminary visual observation and photography.

(b) The test:
(i) Initial conditions — temperature, 5 ±  1°C; relative humidity, 100%.

(ii) Two series of freezing/thawing cycles giving a temperature effect are 
implemented five times each for a total of ten cycles, with each cycle 
being preceded by water sprinkling:
— sprinkling, 5°C during 2 h;
— temperature decrease, 5°C to -2 0  ±  3°C at a rate of 10°/h;
— freezing hold, maintain at —20 ±  3°C for 24 h;
— thawing, -2 0 °C  to +5 ±  1°C at a rate of 10°/h;
— sprinkling, 5°C maintained for 2 h;
— temperature increase, 5°C to 40 ± 3°C at a rate of 10°/h;
— temperature hold, 40 ±  3°C for 24 h;
— temperature decrease, 40°C to 5 ±  1°C at a rate of 10°/h.

(c) Post-test examination:
(i) Mass and dimensional measurements,

(ii) Visual observations and photography,
(iii) Apparent density measured for samples,
(iv) Mechanical property measurements for polymers and concrete.
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Appendix IV

A QUALIFICATION PROCEDURE FOR FIBRE 
REINFORCED CONCRETE CONTAINERS IN FRANCE [56]

In this Appendix the basis of the design and the technical options for the 
shallow land disposal of short lived wastes are described. The safety of the disposal 
system is based on the containment of the radionuclides by means of a multibarrier 
system. Three main types of barriers are considered:

(a) The package, i.e. the physical and chemical forms of the conditioned waste and 
its container;

(b) The engineered barriers of the repository;
(c) The natural geology of the chosen site.

The repository life can be divided into three successive periods:

(1) The operational phase, which may last for several decades;
(2) The institutional control period, which may last for a few centuries. This is the 

period after closure of the repository when some regulatory control will be 
exercised over the repository. For a shallow land repository this period could 
last until the bulk of the significant radioactivity has decayed. The maximum 
duration of this period will be 300 years.

(3) Return of the site to unrestricted use.

On this basis, the safety cases for the shallow land repositories do not place 
a specific role on the container, but always take into account the barriers as defined 
above.

For the operational phase and institutional control periods the design of the 
respository is based on the reliability of the first two barriers, i.e. the packages and 
the engineered barriers of the respository. The ability to return the site to unrestricted 
use is based on restricting the amounts of long lived radionuclides that can be 
admitted with the wastes into the repository and on the effectiveness of the geological 
barrier.

The safety assessments of shallow land repositories in France have confirmed 
the function of these barriers during the operational and institutional control phases. 
The most serious incident that has to be taken into account is the simultaneous failure 
of the impermeable capping and of the groundwater collection system. This accident 
would give the maximum radioactivity release from the packages per unit of time. 
This is one of the reasons why each package has to be designed with good contain
ment qualities. This also ensures the minimum release of radioactivy into the ground
water during the normal life of the repository. If the containers do not comply with 
this containment requirement, then some additional features have to be built into the
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TABLE VIII. QUALIFICATION SCHEME FOR A HIGH PERFORMANCE CONTAINER (FIBRE REINFORCED CONCRETE 
CONTAINERS), FRENCH APPROACH [56]

To be qualified as ‘high performance’: lifetime should be up to 300 years 
The assessment of the container functions should relate to both the mechanical strength and confinement

Function 1

Mechanical strength for 300 years

Guarantee of compatibility between 
the constituents of fibre concrete;

— Selection of cement, agregates, fibre
— Formulation

Technical tests on materials, e.g. 
compressive and tensile strength, 
shrinkage and weight loss

Minimal thickness for satisfaction of 
mechanical requirements, EM

Guarantee of mechanical properties, E, 
E, =  EM + EX

Degradation phenomena

Assessment of degradation 
scenarios under disposal conditions

External aggressions

External thickness 
to be degraded in 
300 years, EX

Possible loss of physical and 
chemical properties (ageing)

Safety factor, F

Function 2

Confinement for 300 years

Porosity, permeability and Cs diffusion 
tests

Minimal thickness in order to satisfy 
the confinement requirements, EC

Guarantee of containment properties, E2 
Ea =  EC + F

Minimal thickness of the container, E, E =  E, +  E2 
Supply specifications and approval of fabrication process 
Application of a quality assurance programme

High performance qualification



TABLE IX. MAIN PROPERTIES OF FIBRE 
REINFORCED CONCRETE [56]

Compressive strength 

Tensile strength 

Shrinkage 

Weight loss

Permeability to nitrogen

Water containing 3H 
(effective diffusion factor)

>1  MPa

> 4 .5  MPa

<0.33 mm/m 

<35 kg/m3 

< 5  x  10‘18 m2 

< 1 .5  x 10'3 cm2/d

Effective diffusion factor for caesium <  10~3 cm2/d

TABLE X. FIBRE CONCRETE CONTAINER PROPERTIES [56] 
(cylindrical container o f  height 1.2 m and diameter 0.84 m)

Drop test
Drop from 1.20 m height: no microcracks observed (detection by sound measurement) 

Keying strength (upper shell/wrapping concrete joint)
No visible or measurable faults have been detected following application of a 1000 kN load 
to the upper face of the container

Resistance to crushing
Application of a load over the container central axis 
Microcracking was found after the application of 800 kN

repository to allow for their disposal. This will inevitably increase the cost of the 
repository.

The approach for such a demonstration is shown in Table VIII. It is based on 
there being two main requirements for the containers. These are:

— Mechanical strength,
— Containment.

To meet these requirements a minimum thickness of fibre reinforced concrete 
is required. It has been demonstrated that a thickness of about 5 to 10 cm is sufficient 
to assure a lifetime of 300 years. The main properties of fibre reinforced concrete 
are summarized in Table IX and the properties of containers constructed of fibre 
reinforced concrete are given in Table X.
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