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ABSTRACT

As part of IAEA's mandate to facilitate the transfer and exchange of information amongst Member States, the
Agency is currently coordinating an international R&D project, involving 12 developed and developing
countries, on Performance of Low and Intermediate Level Waste Packages under Disposal Conditions. This
paper will review the current status of the Coordinated Research Project (CRP) and summarize the key findings
of the work completed to date within the context of the CRP in the participating Member States.
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1. INTRODUCTION

An important component of the International Atomic Energy Agency's (IAEA) programme on radioactive waste
management is to facilitate the transfer and exchange of information and technologies amongst Member States.
This is particularly important when one considers that almost all Member States have some radioactive waste and
that many developing Member States are seeking information and guidance in different aspects of radioactive
waste management.

Within the framework of the Agency's regular programme, CRPs provide an effective mechanism for Member
States to participate in R&D projects of current interest. A CRP is developed and implemented when a subject of
mutual interest to a number of Member States is identified for performing research, and sharing results and
experience. The research is conducted at laboratories or institutes within each participating country, and the
results of the research are reported periodically at Research Co-ordination Meetings (RCMs) organised by the
Agency and attended by investigators participating in the CRP. Generally, a CRP can involve up to 15 Member
States, both developed and developing, and last for a period of 5 years. The final product of a CRP is an Agency
technical document that summarizes the research projects of the various participating countries, progress made
during the course of the CRP, and major findings of the CRP.

Several CRPs have been implemented that deal with different aspects of radioactive waste management. In
particular, the development and demonstration of approaches and technologies that provide long term safety is a
key issue in implementing the disposal of radioactive waste in the various Member States. This requires a good
understanding of the underlying scientific and technical processes, as well as the availability of reliable
information and data that are amenable to modelling and extrapolation, to allow prediction of the performance of
a disposal system over a period of time.

Two CRPs, completed recently, have dealt with issues relating to the performance of engineered barriers in near
surface disposal facilities [1] and extrapolation of laboratory data to time periods relevant to the isolation of long
lived radionuclides [2]. This paper deals specifically with a CRP on "Long Term Behaviour of Low and
Intermediate Level Waste (LILW) Packages under Disposal Conditions" and provides a review of the current
status of the CRP, including a discussion of work completed to date in the various projects of the participating
countries.
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2. DESCRIPTION AND FUNCTION OF LILW PACKAGE

A LILW package represents a man-made component of the repository, consisting essentially of a waste form and
container. Solidification or immobilization and packaging of wastes are normally carried out to enhance the
safety of the disposal system. In most cases, packaging is required to provide safety during transportation of the
waste to the disposal site and during its emplacement in the disposal facility. With regard to the functional
requirements during the post-closure phase, the key function of the waste package is to provide both physical and
chemical containment of the waste contaminants. In fact, the waste package serves as the first barrier in a series
of barriers that contribute to radionuclide isolation from the biosphere. Specifically, in the context of repository
performance, waste packages serve one or several of the following functions:

• prevent or delay release of radionuclides and other contaminants

• prevent or delay contact of the percolating water with waste

• limit the rate of radionuclide and contaminant release

• provide mechanical support for other repository components

Generally, radioactive wastes suitable for disposal in near surface facilities are packaged LILW containing
predominantly short lived radionuclides and low concentrations of some long lived radionuclides [3]. The LILW
could be derived from a wide variety of sources, ranging from the use of radioisotopes in medicine, industry and
research to the operation and decommissioning of nuclear reactors for research and power generation. Because of
the highly variable nature of the different waste types and repository-specific conditions and other considerations,
the LILW packages can exhibit a large degree of variation in their design and composition, ranging from a simple
waste package, consisting of compacted waste in a carbon-steel container, to stabilized waste emplaced in a
concrete container.

Depending on the nature of the waste, different types of conditioning materials can be used to stabilize waste,
with cement being the most commonly-used material. Bitumen and polymers are some of the other materials that
have been considered to condition the various types of wastes. Some wastes are not stabilized, so the waste form
consists of originally contaminated material (paper, rubber, wood, carcasses, etc.) in a compacted or super-
compacted form. For waste containers, concrete and carbon steel are the commonly-used materials. Polymers and
high density polyethylene (HDPE) are some of the other materials being considered or currently in use in the
Member States for container fabrication. Examples of waste forms (and conditioning agents) and container
materials currently in use in the participating Member States are provided in Table 1.

3. WASTE PACKAGE PERFORMANCE

Waste package performance refers to the combined performance of the waste form and waste container. The key
features of waste package performance are durability and radionuclide containment. From a safety assessment
point of view, waste package determines the source term for the repository, i.e. the radionuclide flux leaving the
disposal units. Releases of radionuclides from a disposal unit are a result of a number of physical and chemical
processes occurring primarily in the presence of water. Water is the primary medium for mobilizing
radionuclides from the disposal units. Generally, infitrating water initiates container degradation and leaching of
waste form, giving rise to releases of radionuclides from the disposal facility. Microbially-mediated or corrosion-
induced gases, such as I4CH4,14CO2,

3H2, H2, etc., can also be expected to develop as a result of waste form and
container degradation in the presence of water.

Both the behaviour and performance of a waste package will depend on the nature of the waste package and
repository site-specific conditions [4]. Because of the variations in the types of wastes, waste forms, containers
(Table 1), site-specific conditions and the complex chemical, physical, and microbiological processes and
interactions that are taking place in the disposal units, LILW packages can be expected to exhibit a large degree
of variability in their behaviour and performance.



Cement-based backfill materials placed around waste containers for structural stability may also be engineered to
condition the near field vault environment, thereby providing the appropriate geochemical constraints that limit
the dissolved concentrations, and hence release, of several safety-relevant radionuclides (I4C, actinides, etc.) to
low levels. Given the availability of relevant geochemical codes and associated thermodynamic databases, this
type of a system, geochemically conditioned using appropriate engineered barriers, can be modelled to establish
the radionuclide source term which, in turn, is needed to assess repository performance. Another potentially
important process likely to control radionuclide concentrations in the near field is sorption from the solution on
to the sorbents, such as cementitious materials. This is particularly important for radionuclides that exhibit high
solubilities.

TABLE 1. WASTE PACKAGE COMPONENTS BEING CONSIDERED IN THE PARTICIPATING
MEMBER STATES OF THE CRP

Country

Argentina
Canada

Czech Republic

Egypt

Finland
India

Korea

Norway

Romania
Russian Federation

Spain

USA

Waste
Conditioning

Materials

Cement
Cement

None

Cement

Bitumen
Cement
Polymers
Bitumen
Cement
Paraffin

Cement

Cement
Cement
Bitumen
Glass and glass-
composites
Metals
Cement

Cement
Bitumen
Polymers
Glass

Container

Steel
Carbon-steel
Stainless steel
HDPE HIC

Carbon-steel
Concrete

Carbon-steel
Concrete
Stainless steel
Carbon-steel
Stainless steel
Concrete

Carbon-steel with concrete
lining
Carbon-steel
Carbon-steel
Stainless steel

Concrete

Carbon-steel
Stainless steel
HDPE

Waste Type

Operational waste from NPP

Spent ion-exchange
resin/sludge from NPP
Institutional waste

Ion-exchange resin from NPP
Operational waste from NPP
and fuel cycle facility

Operational waste from NPP
(unconditioned spent ion-
exchange resin, compacted dry
active waste)
Institutional waste and fuel
cycle facility waste
Institutional waste
Operational waste from NPP
and institutional waste

Operational waste from NPP
and non-NPP waste

The waste form in itself provides, to some degree, waste containment. The physico-chemical properties of the
waste form, including the nature of the contaminant, and environmental conditions, will determine the nature and
extent of radionuclide release. Once the container degrades, releases of radionuclides are determined primarily by
the waste form. Depending on the type of waste form in question, radionuclide release mechanisms can vary
significantly. For example, cementitious waste forms exhibit diffusion-controlled release for many radionuclides
although, for some radionuclides in a cementitious environment, the release mechanism is solubility-limiting. In
the case of activated metals in reactor decommissioning waste, the release is controlled primarily by the corrosion
rate of the metal matrix, assuming the activation products are distributed uniformly in the matrix. In contrast,
simple surface contamination on metal or other surfaces will be released instantaneously by dissolution.



In addition to contributing to waste containment, waste form stability is also important for the overall integrity of
the waste package. For example, waste form, together with the container, must have sufficient mechanical
strength to withstand the load due to stacking of containers and backfilling [5]. Loss of waste package integrity
can, in turn, contribute to instability of the disposal vault and cover. Impact resistance and compressive strength
are important properties that are normally tested to ensure waste forms possess sufficient physical strength to
maintain structural integrity under anticipated repository conditions.

Waste containers can contribute to overall waste package performance and, repository as well, by delaying the
release of radionuclides, thereby allowing the short lived radionuclides to decay to insignificant levels. Because
the waste container is important with respect to providing physical containment of short lived radionuclides,
estimation of container lifetime is necessary to establish how much credit should be assigned to the waste
package, relative to the other barriers of the disposal system, for radionuclide containment. Container
performance and its lifetime is a function of the container material and design, degradation mechanism and rate,
environmental conditions and groundwater chemistry.

For metallic containers, the corrosion performance is an important indicator of container integrity and lifetime.
Therefore, it is important to establish the underlying corrosion mechanisms that contribute to container failure for
the various container materials. Corrosion-induced gas generation is another important consideration in
repository safety assessment. For concrete containers, degradation of concrete has to be considered to estimate
container life. Polymer container materials (HDPE, etc), on the other hand, are not susceptible to corrosion.

4. CURRENT STATUS OF THE CRP

Given the interest in this particular area in many Member States, this CRP was launched by the Agency in 1997.
The main purpose of the CRP was to promote R&D activities relevant to waste package performance, exchange
and discuss information available on the topic in the various participating countries, and to review the research
completed during the course of the CRP. Twelve Member States, representing Argentina, Canada, Czech
Republic, Egypt, Finland, India, Korea, Norway, Rumania, Russian Federation, Spain and USA are currently
participating in the CRP, co-ordinated by the Agency. The topics of the various research projects of the
participating Member States are given in Table 2.

To date, two RCMs have been convened: the first one in Moscow, Russia in 1997 and the second one in
Cordoba, Spain in 1999. The third and final RCM of the CRP is scheduled to be held in Prague, Czech Republic,
in June, 2001. Given that the disposal programmes of the various participating countries are in varying stages of
maturity and development, the Moscow RCM, in particular, provided a good opportunity to the participants not
only to learn about each other's R&D activities, but also to develop a comprehensive understanding of waste
package behaviour and performance and an appreciation of the key issues that are important in the performance
of LILW packages. By 1999, significant progress had been made in the various research projects of the
participating countries. The Cordoba RCM afforded an opportunity to review the progress made in the various
research projects in the context of the objectives of the CRP. At the upcoming Prague RCM in June 2001, it is
planned to summarize the results of the research projects and to identify common links in the various
investigations that could serve as a basis for consolidating and integrating the CRP. The final product of the CRP
will be an Agency TECDOC on the topic, scheduled to be published in 2002.

5. CRP PARTICIPANTS' RESEARCH PROJECTS

The various research projects of the CRP deal with different aspects of LILW package component testing and
performance assessment. Specific areas of research include testing and evaluation of waste forms (cementitious,
bituminous, polymeric, metallic, glass- and paraffin-based), containers (carbon-steel, stainless steel, concrete,
high-density polyethylene) and, in some cases, whole waste packages. A range of processes has been selected to
assess waste package performance. Some of these include leaching, diffusion, waste-form swelling, durability,
gas generation, source-term behaviour, and canister corrosion. A variety of test methods and approaches are
being employed to assess waste package performance. These include testing in the laboratory and field, retrieval
of old waste packages for evaluation, and predictive modelling. In some projects, experiments are designed to
generate mechanistic data that will allow extrapolation and prediction of waste package behaviour and
performance over time. Some examples of specific country research projects are given below.



TABLE 2. TOPICS OF RESEARCH CONTRACTS/AGREEMENTS OF PARTICIPATING COUNTRIES IN
THECRP

Title

Long term behaviour of waste package in repository
conditions
Waste form performance and gas generation under disposal
conditions
Long term behaviour of polyethylene high integrity
containers under repository conditions
Long term behaviour of low and intermediate level waste
packages under repository conditions
Behaviour of bituminized ion-exchangers under repository
conditions
Performance assessment of radioactive waste packages for
disposal in near surface disposal facilities
A study on the compliance of waste packages generated at
nuclear power plants in Korea
Release of radionuclides from nuclear waste barrels in a 27
year old low and intermediate level waste near surface
repository
Durability of cemented waste under simulated conditions
Long term tests of low and intermediate level waste
packages under experimental and field repository conditions
Behaviour of concrete container (CE-2a type) in disposal
conditions
Long term behaviour of low and intermediate level waste
packages under repository conditions

Country

Argentina

Canada

Czech Republic

Egypt

Finland

India

Korea

Norway

Romania
Russian Federation

Spain

USA

Argentina

Within the context of the CRP objectives to assess the behaviour of LILW packages under repository conditions,
the Argentina project is focusing on studies relating to waste form performance in terms of 137Cs, 60Co, and 3H
releases, microbially-mediated gas generation from stabilized waste, and corrosion-induced degradation of
carbon-steel and concrete containers. Tests to evaluate clay-based backfill are also underway. Results obtained to
date indicate that the clay used as backfill has a high retention factor for l37Cs. Tests on carbon-steel container
indicate a corrosion rate of 0.1 mm/yr. Tests on the various waste package components are continuing. Data
obtained to date does not allow meaningful extrapolation to be made to predict waste package performance over
time.

Canada

Several broad areas of research that impinge on issues relating to the long-term performance of LILW packages
under anticipated disposal conditions are being investigated as part of the Canadian project. Earlier work focused
on assessment of waste form performance, definition of vault chemical conditions in the presence of cementitious
materials, and establishment of source terms for safety-relevant radionuclides present in both reactor operational
and decommissioning waste. The potential for gas generation from both corrosion and microbial degradation of
waste package components was evaluated. Calculations were performed to estimate the type and magnitude of
gases likely to be generated under disposal conditions.

More recent studies are focusing specifically on the development of performance criteria for waste forms that
arise from the treatment of liquid LILW. A cementitious binder has been selected for solidification of the liquid
wastes. Both physical and chemical properties are being evaluated to assess the durability and leaching
requirements for waste forms.



Czech Republic

The Czech project is evaluating the performance of HDPE HIC for the disposal of spent ion exchange resins and
sludge derived from a nuclear power plant. Specifically, tests are being carried out to assess irradiation-induced
oxidation of the surface layer, following exposure to 60Co irradiation at doses ranging from 0.035 to 8.55 kGy/h.
Preliminary results indicate that irradiation dose rate has a significant effect on the oxidation stability of HDPE.

Finland

Evaluation of bituminized ion exchange waste forms is the focus of the Finnish project, with particular emphasis
on the water uptake and swelling processes. In addition, cementitious engineered barrier materials are being
studied to assess their retardation properties for 137Cs and 90Sr, both representing major radionuclide constituents
of the bituminized waste.

India

The Indian project is addressing several areas of R&D relating to LILW package performance under actual
disposal conditions: (a) full-scale field testing of waste forms and waste packages; (b) stabilization of heat-
generating spent sealed sources and evaluation of the solid product; (c) service life of reinforced concrete, based
on degraded concrete samples from disposal facilities; and (d) retention of 239Pu and 241Am in vermiculite- and
bentonite-based backfill materials.

Korea

In the Korean project, studies are underway to demonstrate compliance of waste packages with the waste
acceptance criteria established by the national regulatory body. Various types of waste packages, including
carbon-steel drums, high integrity containers, and concrete-lined drums, are currently in use at the Korean NPPs.
In addition, paraffin based waste forms are being generated at the NPPs. Most of the work completed to date has
focused on potential gas generation in the waste packages. The principal gas-generating mechanisms being
considered include: metal corrosion, microbial activity in organic materials, and radiolysis in paraffin-based
waste forms. Leaching studies on both simulated and actual paraffin- and cement-based waste forms are also
underway.

Romania

In the Romanian project, experiments are underway to assess the durability of cement-based waste forms
prepared with admixtures of bentonite and volcanic tuff. The effect of the presence of various complexing agents
on the mechanical strength of the waste form is also being studied. Tests are underway to evaluate the effect of
mineral additives on waste form permeability.

Russia

The Russian project involves field testing of pilot- and full-scale waste packages subjected to repository
conditions for a period of up to 12 years. The waste packages consist of cemented, bituminized and vitrified
waste forms placed in carbon-steel containers. The field testing is focusing on evaluation of the leaching
behaviour of the waste forms and corrosion degradation of steel containers. The experimental results, based on
12 years of field testing, have been used to develop a model that represents the leaching behaviour of the waste
forms studied. The model can be used to extrapolate long term waste form behaviour in order to predict
radionuclide releases over repository time-scales.

The Spanish project involves an assessment of the long term behaviour of concrete containers, with particular
emphasis on methodologies to estimate container lifetime. For this purpose, concrete containers, instrumented
with a series of sensors, are being studied under repository conditions, and monitored over time. The main
parameters being monitored to assess concrete durability include temperature, deformation, electrical resistivity,
corrosion potential, corrosion rate, and availability of oxygen at the reinforcement.



USA

The US project is dealing with waste package performance as it relates to safety assessment of LILW disposal, in
particular, waste package component performance models and data requirements. Models for container failure
and radionuclide releases from waste forms are being developed and assessed in the context of defining data
requirements for waste package performance and repository safety assessment.

6. CONCLUSIONS

The various country research projects of the CRP are generating new information that is contributing directly, not
only to their national programmes, but also to a better understanding of the behaviour and performance of LILW
package components and packages under disposal conditions. An important aspect of waste package testing and
performance assessment that emerged from the two RCMs is the recognition by all participants that, for the
purposes of predicting the future behaviour of waste packages, on a time scale of 300 to 500 years, a good
understanding of the underlying processes controlling the performance of the various package components is
needed. Work is continuing towards completion of the CRP report, scheduled to be published as an IAEA
technical document in 2002.
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