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A great number of near-surface or underground repositories have been implemented or being developed in several countries to dis
pose of low- and intermediate-level radioactive waste (L/ILW). Despite considerable progress has been made, acceptance of repository 
siting has remained a difficult area for most programmes. Site selection is an important issue for underground disposal facilities in par
ticular, because the characteristics of the site may contribute crucially to long-term safety. In the last decade significant progress has been 
made towards the improvement of the safety assessment techniques and the site characterisation methodology as well as the integration 
of planning and safety assessment. Besides the conceptual and technical issues, importance of confidence building and societal dialogue 
has been grown. As the planning, technical development and associated research, siting, construction and eventual licensing of a dis
posal facility is expected to take place over a long period of time, it is important to pursue a flexible, step-wise, incremental development 
approach. The Hungarian concept and the results of the site selection made so far can be evaluated based on the international experi
ences. The lessons learned in underground disposal are summarised briefly. The review focuses not only on developments of technical 
and regulatory aspects but also on political, and public perception aspects.

1. Introduction

The concept of removing radioactive waste from the 
human environment by placing it either near-surface or 
underground repositories was proposed over 40 years ago. 
Since then the concept has developed further. Details vary 
from country to country, and also according to the type of 
waste. The disposal concept, in general, involves treating the 
waste in order to achieve a suitable chemical and physical 
form, packaging it inside man-made engineered barriers 
emplaced above- or below-ground, and sealing the facility 
with appropriate covering materials (NEA/OECD 1999a).

Confidence in the feasibility of safe disposal has been 
built up by development of repository concepts in many 
countries, the demonstration of the safety these concepts 
through the application of rigorous safety assessment methods, 
the development of technologies necessary for implemen
tation and independent review of these assessments. The 
progress which has been made in the scientific and technical 
aspects of waste emplacement means the necessary techno
logy for disposal of all sorts of radioactive waste is available 
today. Underground facilities for the disposal of waste with 
lower radioactive content have been commissioned in several 
countries.

There is no unique strategy for the siting of a repository 
for low- and intermediate-level waste. Many countries have 
initially identified a large number of potential areas, on the

basis of further site characterisations and other considera
tions, gradually narrowed this list of potential sites. Many 
utilities have looked for “volunteer” communities for identi
fication of a short list of potential areas.

The choice of the basic concept for disposal of L/ILW 
have predominantly been used on national geological end 
environmental condition and on experiences from other 
countries. Nevertheless, there has been re-evaluation of the 
selected concepts. Due to the more stringent regulatory 
requirements adapted for shallow land disposal in some 
countries, the newest concepts provide much better isola
tion by means of engineered barriers than those introduced 
a few decades ago.

It is obvious that no repository should ever be licensed 
unless the disposal concept is sound, the technical and 
engineering work is of high quality, and the characteristics 
of the chosen site are appropriate for providing long-term 
protection of man and the environment. A robust repository 
system offering a high level of safety based on a properly- 
chosen and well-understood site by passive set of safety 
barriers must be the aim of every implementer.

The number of sceptics is relatively small in the broad
er technical community, whereas there is a wide consensus 
on the safety and benefit of disposal within the technical 
community of waste management experts. Some people, 
however, do not believe that safe final disposal of radioac
tive waste is feasible without permanent surveillance and



maintenance of the repository. This opinion appears to be a 
matter of faith, thus no rational arguments would convince 
them. The sound basis of underground disposal should, 
however, periodically be reminded in public in order to avoid 
too many people to get mislead by the wrong views.

The lessons learned and problems identified in under
ground disposal of L/ILW are summarised briefly. The 
review focuses not only on developments of technical, 
implementational, and regulatory aspects but also on so- 
called external developments, e.g. political, and public per
ception aspects, which influence the progress of disposal 
projects.

Firstly, the selection of the concept is described, fol
lowed by the process of repository development and safety 
considerations. Importance of confidence building and 
societal dialogue discussed next. Achievements in the area 
of underground disposal are then underlined. Finally, the 
Hungarian approach is presented.

2. Choice of concept

A number of waste management concepts have been 
implemented or being developed to deal with short-lived 
and long-lived radioactive waste in a manner that protects 
human health and environment now and in the future with
out imposing undue burdens on future generations.

The main types of disposal concepts that have been 
implemented or that are currently being developed for 
radioactive waste are land-based including near-surface 
repositories, shallow burial in trenches, below-ground 
vaults or/and geological repositories. In the underground 
surroundings, as opposed to in the surface environment, 
conditions remain stable over the long periods need to allow 
the radioactivity to decay to a sufficiently low level. Geo
logic disposal has emerged as the method that is currently 
regarded as the most viable concept for the management of 
primarily long-lived radioactive waste. Long-term safety is 
based on a multi-barrier concept that includes components 
as stable waste form and packages, other engineered struc
tures and the natural barriers associated with the site. 
Together, these features provide for containment and isola
tion on the scale of many hundreds or thousands of years. 
Where the effectiveness of engineered structures in a dis
posal facility may eventually decrease, the loss of contain
ment of radionuclides is gradual, and this, coupled with 
radioactive decay as well as with dilution and dispersal at 
depth, reduces adverse impacts in the biosphere. Safety is 
assessed usually on the performance of the system as a 
whole, but the multi-barrier approach also means that any 
deficiency in a given barrier is compensated, at least to 
some extent, by the properties of the other barriers 
(NEA/OECD 1995).

Geologic disposal need not be limited to high-level 
radioactive waste. The safety cases for shallow disposal 
facilities and near-surface geological repositories are based 
on institutional controls and/or engineered barriers that

have a limited lifetime, on the order of several hundred 
years, during which the containment is “guaranteed” and 
during which the majority of the radionuclides in short
lived waste will decay. Beyond this period of containment, 
the material remaining is no longer controlled. Hence the 
amounts of long-lived radionuclides in L/ILW -  e.g. alpha 
emitters, l4C and l29I — that can disposed of safely in near
surface facilities are not essentially different from the 
amounts of long-lived radionuclides that can be released 
without restriction.

The depth of repository for underground disposal de
pends on the specific geological characteristics of a site, 
the engineered characteristics of the system, the nature of 
the waste and the regulatory requirements for long-term 
safety. Disposal facility locating at depth of a few 10 m 
called near-surface, while those built deeper termed geolog
ical repository. Near-surface repositories resemble geologi
cal repositories that their design includes a zone of undis
turbed rock or sediment that physically separates the emp
laced waste from the surface environment. Besides taking 
advantage of the possibly beneficial hydrogeological and 
geochemical properties of this natural barrier, such a de
sign greatly reduces the risk of inadvertent human intrusion.

Desirable geological features includes a mechanically 
stable formation in which to construct the repository, 
groundwater geochemistry that enhances the stability of 
the waste form and the engineered barriers, a low ground- 
water flux, and a long groundwater transport time from 
disposal depth to the surface. In addition to retarding the 
migration of radionuclides by sorption, matrix diffusion 
and dilution, the geosphere enhances long-term safety by 
protecting the system from surficial processes.

Flexibility of the disposal concept is also of great signi
ficance. Key concerns raised by the interested public groups 
are their perceived lack of involvement in the decision-making 
process as well as their belief that accepting the concept of 
final disposal means relinquishing immediately all control 
over the emplaced wastes. This is an unwarranted fear. 
Although underground disposal is conceived as a passively 
safe arrangement, with no requirement for long-term cont
rol, the concept does not preclude monitoring and mainte
nance of a repository by this and future generations. 
Society may choose to implement long-term institutional 
controls, including protection of the site and monitoring. 
These actions can certainly enhance confidence, one key 
objective of below-surface disposal, however, is to ensure 
that even if such controls were to fail, human health and 
the natural environment should still be protected.

Geologic disposal aimed at a final repository configura
tion offering maximum passive safety can also be imple
mented in a staged or flexible manner which postpones 
steps that are difficult to reverse. In some countries, the 
possibility of emplacing waste, but delaying the final back
filling or closure of the underground tunnels, has been con
sidered (e.g. in Switzerland). This creates and underground 
store from which wastes could be relatively easily retrieved, 
if necessary, but could also be easily closed if that decision



is reached. It is yet to be determined whether the retrieval 
requirement should also apply to different types of radioac
tive waste. However, it is highly questionable on rational 
grounds whether the characteristics of L/ILW (for major 
part consisting of radionuclides with relatively short half- 
lives, i.e. less than 30 y) would qualify it as a material for 
which the objectives for retrievability have any signifi
cance. Retrieval is judged to be an extremely unlikely sce
nario for L/ILW, however, and the implications of doing so 
would have to be weighed against the benefits at the time 
(Selling 1998).

3. Process of repository development

In describing the process of repository development, 
first the legal background is mentioned, followed by the 
step-wise, incremental development of a safety case, finally 
selection of the site and construction of the repository will 
be discussed.

3.1. Legal background

In most countries with a need for eventual disposal, 
regulatory guidelines are now in place that set out principles 
and specific requirements for either near-surface or under
ground disposal. In several countries, site-specific require
ments have also been set and/or more detailed guidance 
given on the manner in which the developer of a repository 
will be expected to demonstrate compliance. A process of 
regulator-developer exchange of views has been established 
in many countries, including review of the developer’s rese
arch activities and iterative safety assessments. In addition, 
experience of the compliance process has been gained 
through the licensing process for facilities for disposal of 
L/ILW, and through the review of safety studies in support 
of decision making at various stages of development of 
repositories.

An important basis is the establishment of stable 
national policy and legal frameworks which set out the 
intended path of decision making over the long time-scales 
associated with the development of disposal. The public 
consultation should also be built into the development of 
policy or the decision-making paths.

The debate on radioactive waste and other environmen
tal issues is becoming increasingly internationalised. 
Scientific and public debate will occur in international 
fora, and such debate has the capacity to affect national 
views. At the international level, the achievement of under
standing of key concepts of repository development among 
and between implementers, regulators and policy makers, 
has the potential to facilitate the enhancement, and wider 
communication, of the process of repository development 
(step-wise approach), and to identify, discuss and ratio
nalise national specifications and differences in regulatory, 
policy and implementation approaches. Interaction bet
ween implementers and regulators brings further benefits

in that the regulator understands the concepts and strategy 
by which the implementer intends to demonstrate that a 
proposal is acceptable, and the implementer is made fully 
aware of what is expected by the regulator in a proposal.

3.2. Incremental development

Development and licensing of a repository takes place 
in a number of iterative stages. In addition, a number of dif
ferent organisations and groups participate in decision 
making. The planning, technical development and associated 
research, siting, construction and eventual licensing of a 
disposal facility is expected to take place over a period of 
several years or even more than a decade. During this period 
there will be a step-wise, incremental development of a safety 
case for the repository as the design is refined, the under
standing of safety-relevant phenomena is developed, and 
data are accumulated. It is now increasingly recognised 
that the decision to commit resources to each stage of a 
repository development should be accompanied by an app
ropriate level of confidence in the safety case and, also, 
that the step-wise development of the disposal facility and 
its associated safety case provides an opportunity for a 
step-wise regulatory and societal review process. An open, 
step-wise, regulatory review process can give confidence 
that the developer’s proposals are subject to detailed tech
nical scrutiny on behalf of the public. At certain key miles
tones, more direct public consultation may be required. 
This may range from widespread consultation with national 
organisations on matters related to strategy, to intimate dis
cussion with directly affected communities and their rep
resentatives when considering developments at a spe
cific site, as well as parliamentary debate in order to judge 
progress to date and make specific forward-looking dec
isions.

It is accepted that the complexity of the tasks to be per
formed during the development of a repository mean that 
detailed planning of the entire development process at the 
outset of a project is not possible. Although discrete stages 
can be defined at the outset, detailed planning must pro
ceed iteratively, as information and experience are acqui
red. A number of interdependent decisions regarding siting 
and design, safety assessment, site characterisation and re
search and development activities, are taken throughout 
the planning, construction, operation, and finally, closure 
of the facility. This flexible approach allows planning to be 
responsive to the accumulation of increasing data in site 
characterisation, to the findings of safety assessment, and 
to the possibility of changes in the constraint within which 
a programme must operate (NEA/OECD 1999b).

In the course of the repository development regulators 
should not work in isolation. Frequent contacts, mostly 
pertaining to technical and scientific issues, with imple
menters are needed. The regulator has however to carefully 
preserve his independence '¡¡of view. For that reason he 
should be open to matters of concern of political authorities 
and of the general public (NEA/OECD 2000).



3.3. Site selection

Site selection is an important issue for underground dis
posal facilities in particular, because the characteristics of 
the site may contribute crucially to long-term safety. The 
siting of a disposal facility is generally a matter of great 
interest to society, thus a number of aspects must be con
sidered and reconciled in a siting process. For L/ILW dis
posal, the geological characteristics of a site are not neces
sarily the most determining factor and preference may be 
given to other suitability factors.

The following considerations apply when selecting a 
site for an underground repository for short-lived L/ILW:

— Selection of the site will be based on the result of geo
logical investigations and on other relevant aspects 
such as environmental impact, transport infrastruc
ture, regional planning, public acceptance etc.

— A site will only be selected when, from the point of 
view of safety, a sufficiently comprehensive database 
has been compiled and there is an adequate over
view of existing siting possibilities.

— The aim of the selection process is to identify a suit
able site, namely a site which fulfils the requirements 
imposed by the authorities and which offers suffi
cient reserves in terms of evaluation of safety.

— If, on the basis of preliminary geological investigations, 
several sites appear to be suitable in terms of safety, 
then selection of the site for more detailed investiga
tion and for construction of the repository will take 
into account additional criteria. These include pri
marily the potential for predicting the geological sit
uation at disposal depth using surface investigations, 
as well as various aspects of engineering.

In the early repository projects, few data were available 
from potential geologic disposal sites and environments, 
and data collection strategies and methods were less devel
oped. Today, extensive programmes involving detailed cha
racterisation with geophysics, numerous boreholes and 
even exploratory shafts and ramps have been carried out at 
sites in several countries, including Finland, Germany, 
Sweden, Switzerland. Valuable experience has also been 
gained in using the geological data to understand the ex
pected safety performance of the sites.

3.4. Construction of a repository

Regulatory control during construction of a repository 
aims to ensure that the facility is built according to design 
specifications and licence conditions and applicable regu
lations are observed. These may include mining rules con
cerning underground works. The construction phase may 
be divided into sub-phases so that a new phase cannot com
mence before the regulator has approved the detailed plans 
for some important structure or system to be implemented. 
During the construction of an underground repository, it is 
advisable to investigate that quality of host rock around the 
planned disposal area by performing an at-depth reconnais

sance programme as soon as the access tunnel or shaft has 
reached the planned disposal depth.

The actual geological and hydrological conditions will 
only be fully recognised with the construction of the under
ground cavities. Only at that time can predictive safety ass
essment be based upon proven characteristics. This means 
that the demonstration of safety based on only surface and 
borehole investigations is preliminary. The incomplete 
knowledge, however, must allow a reasonable assurance 
that the safety requirements will later be met. Relocation of 
the disposal rooms or holes should be considered if these 
investigations indicate unexpectedly poor rock quality.

Lately, development of the engineered barrier design 
has also taken place. Partly in response to the perceived dif
ficulty of adequately characterising certain geologic en
vironments, more attention has been paid in the past ten 
years to developing so-called robust engineered barrier sys
tems. These are systems which, by a combination of physi
cal barriers and chemical controls, can confidently be 
expected to provide a high level of long-term containment 
while making relatively few demands on the characteristics 
of the host rock. On the other hand, in some programmes 
where actual sites have been investigated, a high level of 
refinement has been applied to adapt the engineered barri
er design to actual site characteristics.

4. Safety considerations

With regard to the safety aspects, understanding of the 
repository system will be first discussed, followed by the 
evaluation of safety. Improvement of safety assessment 
techniques as well as integration of site characterisation, 
design and safety assessment will be shortly reviewed.

4.1. Understanding of the system

Although the individual components of the repository 
systems being considered differ, the systems are similar in 
concept. Before processing to analyses of the integrated 
repository system, it is imperative that one has an adequate 
understanding of the behaviour of the system components. 
Performance or safety assessments consider the following 
broad components of a typical repository design: the waste 
form itself, the engineered structures around the waste 
(these two commonly referred to as the ‘near-field’), the 
host rock in which the waste is emplaced and surrounding 
geological units (‘far-field’ or geosphere). These elements 
each have associated with them one or more safety functi
ons. The function of geological barrier, for example can be 
twofold. First a good geological environment will indeed 
function as a barrier to nuclide release and transport if it 
performs in the way expected. Much less is required of the 
geology, on the other hand, if its only function is to com
plement the engineered barrier functioning by providing a 
stable, protected environment for the engineered system 
over long times. Individual barriers can also have more



than one safety function. Thus the various elements of a 
repository have become increasingly to be viewed as com
plementary, rather than independent. This current view 
contrasts with the traditional description of repositories as 
a systems of multiple, independent barriers. It is thus im
portant that the elements are compatible, e.g. geochemical 
compatibility between backfill materials and the geological 
environment exists. Many national and international prog
rammes have sought, through performance assessment, to 
enhance their understanding of these safety functions and 
their relative importance.

4.2. Evaluation of safety

Many countries have adopted quantitative criteria for 
the performance of a radioactive waste repository. These 
criteria require the estimation of the risk or dose to organ
isms on the surface over many thousands of years. To 
demonstrate convincingly to the regulator and to the public 
that the proposed repository will, indeed, provide adequate 
safety a set of assessment models and of corresponding 
data are needed. The models must adequately represent all 
processes which could lead to releases from the repository 
and the data must be sufficiently representative of present 
and future conditions or, at least of pessimistic scenarios of 
present and future.

The models, however, cannot provide absolute proof of 
safety. Their reliability for any particular assessment is a 
matter of judgement, and will be a major topic of any re
view of a safety case in which they are employed. The valid
ity of the models employed cannot be demonstrated direct
ly through comparison of model results with observed sys
tem behaviour. Instead, indirect methods are used to estab
lish model reliability. In some cases, some of the uncertain
ty in the result is qualified through the use of probabilistic 
methods. However, the uncertainty cannot be completely 
quantified, and expert judgement is an important element 
in developing the models and in determining their reliabili
ty (Yim and Simson 2000).

An underground repository will be influenced by 
numerous processes and events. However, two scenarios 
are decisive for long-term safety, namely release and trans
port of radionuclides with deep ground water and exposure 
of the repository due to erosion. These two scenarios can 
be used to derive the following requirements for the 
geosphere surrounding a repository for L/ILW:

— The scenario where radionuclides are released with 
deep groundwater requires the geosphere to main
tain low release rates of nuclides into the biosphere. 
The geosphere must, therefore, ensure that:
— the flow of water through the fractures and fis

sures is small,
— the water flow times to the biosphere are long and
— nuclide migration is retarded via sorption and 

matrix diffusion.
— The scenario of exposure due to erosion requires the 

rock overburden overlying the repository to be suffi

ciently large that the majority of the nuclide invento
ry will have decayed before exposure.

There is a broad international consensus among practi
tioners of long-term repository performance that perfor
mance assessments models can provide sufficiently reliable 
information regarding long-term repository performance 
for use in licensing (D ormouth 1997).

4.3. Improvement of safety assessment techniques

The status of models and data available today has been 
reviewed at regular intervals over the past years. The mod
els are constructed taking into account of competing requi
rements for simplicity, realism, and conservatism.

Exposure scenarios are developed and analysed that 
encompasses the features, events, and processes that could 
lead to exposure. An essential prerequisite for the perform
ance of long-term safety assessment is the provision of a 
realistic and complete data base. The result of the safety 
assessment directly depend on type and amount of radioac
tive waste which is, according to the plans, to be disposed 
of in the repository. In terms of long-term safety, the inven
tory of long-lived radionuclides represents the main point 
of interest. It is often difficult to arrive at a detailed esti
mate of the expected radionuclide inventories which ex
tends beyond an operational phase of more than 40 years. 
Changes in waste processing and production influence the 
amount and type waste.

Improved mathematical models and advanced computing 
techniques have been applied that provide representations 
of the potential behaviour of geologic disposal systems and 
their components that are more realistic, and in which more 
confidence can be placed.

A fuller recognition has been achieved of the impor
tance and inevitability of different types of uncertainty {e.g. 
due to a lack of detailed knowledge or sparse data) and 
methods have been developed for handling these uncer
tainties. Thus, overall, there is more confidence that the 
results of assessments that employ such methods, models 
and data are a reliable basis for judging the acceptability of 
a repository site and design from the point of view of safety.

The most important focus in long-term performance 
assessment of the Konrad repository was the calculation of 
groundwater flow and transport times within the environ
ment of the repository. Two hydrogeological models were 
developed. The first one was concerned with fracture zones 
and overall increase in permeability within the geological 
formation. The second dealt with fracture zones according 
to locally increased levels of permeability. The use of 
diverse models confirmed the robustness of the most rele
vant conclusion of the safety assessment, which concerned 
the isolation potential of the site (Arens 1997).



4.4. Integration of site characterisation, design and safety 
assessment

The progress in data collection, scientific understand
ing and quantitative modelling has allowed advances to be 
made in the understanding of the performance of geologic 
disposal system components and their respective roles in 
different rock types and, also in different site-specific cir
cumstances. This progress, together with better integration 
and control of characterisation and design programmes 
focused on the requirements of safety assessment, has allo
wed better direction of these activities.

Few performance assessments set themselves the spe
cific aim of assisting in the process of site selection (exemp
tion is NAGRA assessments). On the other hand, the use 
of performance assessment for optimising the programme 
of site characterisation and for evaluating and improving 
repository layout is being pursued by several countries. The 
need for effective communication between those involved 
in performance assessment and those involved in site char
acterisation has been widely recognised and the close inte
gration of geologists, hydrogeologists, designers and per
formance assessment modellers is now specifically aimed 
at by most disposal programmes. Such interactions serves 
to focus characterisation on safety-relevant issues and avoids 
the selection of sites and designs for which the data neces
sary to demonstrate safety is likely to be unattainable. In 
many countries performance assessment personnel also 
participate in engineering design-evaluation work, although, 
in general, design selection is not seen to be as important 
as site evaluations in performance assessment studies. As 
projects approaches licensing phases, however, there is an 
increasing need for a rigorous demonstrations of the assu
med function of the engineered system.

5. Confidence building and societal dialogue

Despite considerable progress has been made regarding 
how to best communicate with local and wider communi
ties as exemplified by the cases of Finland, Sweden and the 
WIPP project, acceptance of repository siting has remained 
a difficult area for most programmes (NEA/OECD 1999c).

In recent years, waste management experts have be
come acutely aware that technical expertise and technical 
confidence in the disposal concept are insufficient, on 
their own, to justify to a wider audience geologic disposal 
as a waste management solution. Partly due to a sensitivity 
of the public on all matters connected to protection of the 
environment, to nuclear power and especially nuclear waste, 
and partly because of the unique nature and required 
longevity of the proposed disposal concept, the decisions 
whether, when and how to implement repository need a 
thorough public examination and greater public involve
ment in decision making. Confidence must be developed in 
a much wider audience if a decision to implement disposal 
is to be acceptable. Confidence in decision making for

repository developments is likely to require not only confi
dence in the technical safety case for a repository, as jud
ged by regulatory authorities, which is a prerequisite and 
has been the main concern of the waste management 
experts to date, but also confidence on the part of the 
wider technical community and of the public, in the ethical, 
economic and societal aspects of the appropriateness of 
geologic disposal; and public confidence that the organi
sational structure, legal frameworks and regulatory review 
process ¿provide a well-defined, logical and credible decision
making path.

The possibilities for a successful process can best be 
obtained by maintaining from the very beginning an open 
and interactive diffusion atmosphere which provides to the 
public real possibilities to obtain balanced and transparent 
information and to discuss about the various real or per
ceived impacts with the representatives of the implement
ing organisation and the local and country-level authorities 
and participate in the practical decision-making process 
(NEA/OECD 1999d).

While society and governments must decide whether 
and when to implement solutions, it is the responsibility of 
the waste management experts and institutions to ensure 
appropriate solutions are available.

The implementer must build a competent and committed 
team which is dedicated to fulfilling the goals set. Scientific 
integrity, technical competence, organisational flair, com
mercial understanding and ability to communicate at all 
levels — these are the qualities which every implementing 
body should strive to encourage in its ranks. Within this 
ranks, there should be present not only technical expertise 
from a range of disciplines, there should also be generalists 
with experience at co-ordinating interdisciplinary work and 
with the ability to focus specific project work onto the most 
relevant safety areas (McCombie 1997).

Ultimate responsibility for public and political affairs 
lies with society and government. However, waste manage
ment specialists must also be willing to engage in activities 
at the interfaces of technical, public and political affairs 
and to recognise that the ensuing exchanges must be two-way. 
That is, technical specialists must give information on prac
tical requirements, constraints and options, but also listen 
to, and attempt to satisfy, public and political concerns, 
which may include non-technical issues.

6. Progress in underground disposal

In Sweden, the Final Repository for Radioactive Opera
tional Waste (SFR) was constructed in crystalline meta- 
morphic rocks, at a depth of 60 m under the Baltic Sea 
near Forsmark. This facility has been operating since 1988. 
All the short-lived L/ILW from operation of the nuclear 
power plants is disposed of in SFR, along with radioactive 
waste from medical care, industry and research. The radio
activity in the waste decays with time, and after 500 years 
at the most the waste will be no more dangerous than the



natural background radioactivity in the host rock. The waste 
is surrounded by engineered and natural barriers, and the 
facility is surrounded by virtually stagnant ground water. 
As a result, the surrounding environment is not affected at 
all by the radioactive materials in SFR where are four rock 
vaults and a silo with room for different types of waste. Two 
parallel kilometre-long tunnels run from the surface down 
to the repository. One tunnel is used to carry the transport 
containers down to the repository. The other is used for 
personnel transport and can also be used in connection 
with a future expansion of SFR. Intermediate-level waste, 
mainly solidified filter resins from purification of the reactor 
water, is disposed in a concrete silo of 25 m diameter and 
50 m depth. This waste contains most of the radioactivity 
in SFR. The silo has been cast in a cylindrical rock chamber. 
The space between the silo and the rock is filled with ben
tonite clay, which seals against water flow. The waste is 
placed in vertical shafts in the silo which are subsequently 
backfilled with concrete. Waste with lower level of radioac
tivity, with lower requirements on barriers, is deposited in 
the 160-m-long rock vaults. The present capacity of the 
repository is 60,000 m3 of which about 25,000 m3 are filled 
with waste. Another 30,000 m3 of capacity will be created in 
a second design stage. Finally the decommissioning wastes 
are to be stored in a third stage with further 100,000 m3 of 
capacity.

In Finland, the utility TVO has been operating the VLJ 
repository for L/ILW since 1992 at Olkiluoto. LLW and 
ILW are separated and placed in concrete-lined silos exca
vated in crystalline bedrock at depth of 70 to 100 m below 
ground surface. The silo concept was preferred because the 
major fracture zones are steep tilted, hence the extension 
of the favourable host rock mass is larger in vertical as 
oppose to horizontal direction. The repository is designed 
to take 40 years’ worth of arisings, amounting to 40,000 
200-litre drums. After the conclusion of the operating 
phase, the tunnel and the shaft will be sealed. It will be not 
necessary to control the repository after sealing. The safety 
is ensured by surrounding the radioactive waste with multi
ple barriers. These barriers are the solid form of the wastes, 
steel drum, concrete container, reinforced concrete silo, 
filling material, shot-creting and the solid rock. Safety 
would not be endangered even if some of the barriers 
failed. In this case, the other barriers would be sufficient to 
guarantee safety. Repository design allows for extending 
the facility to take decommissioning wastes from the 
nuclear power plant.

The utility IVO constructed a comparable facility near 
the Loviisa plant site. The repository was opened in 1998. 
The host rock of the repository is Precambrian Rapakivi 
granite the age of which is some 1640 Ma. Geological 
investigations included 15 pcs of core-drilled boreholes 
down to 150-240 metres with appropriate geological, geo
physical, geochemical and rock-mechanical studies. The 
repository has been built in an intact rock mass between 
two fracture zones in a stagnant saline groundwater regime. 
The main basis for the design have been the amount of

wastes to be disposed and the geological and hydrogeologi
cal conditions of the site. Provisions have also been made 
for later enlargement of the repository for the disposal of 
decommissioning wastes of the power plant. The facility 
has been located at a level of -110 metres optimally with 
respect to both the geological structure and the groundwa- 
ter-flow conditions. The construction of the underground 
facility has been divided into three stages. In the first stage 
only one maintenance waste tunnel and the systems serv
ing the whole repository have been completed. In the sec
ond stage, around in the year of 2000, the installation of 
the other maintenance waste tunnel and the cavern for 
solidified waste will be carried out. In the third stage after 
2020 when closing the power plant, excavation of caverns 
for decommissioning wastes will take place.

In Norway, the Himdalen facility for the disposal of 
LILW started operation in 1999. It consists of four caverns 
under 50 metres of bedrock cover.

Germany has decided to dispose of all kinds of radioac
tive waste, including short-lived L/ILW, in deep geological 
formations. Low-level radioactive waste was disposed 
underground in the Asse salt mine, as a demonstration 
project, between 1967 and 1978, and a deep repository for 
short-lived L/ILW level waste has operated in a disused 
potash and salt mine (salt dome) at Morsleben between 
1981 and 1998. Both facilities are at a depth exceeding 500 
metres. Germany is also awaiting licensing approval to 
place non-heat-generating short-lived wastes in the Konrad 
repository, a disused iron ore mine at a depth of 1000 
metres.

In the USA, the necessary permits were granted in 
1999 to start disposal of waste from the US defence pro
grammes at Waste Isolation Pilot Plant (WIPP) in 
Carlsbad, New Mexico. The waste to be disposed of con
tains significant long-lived components. The waste is being 
placed in caverns excavated at a depth of 650 metres below 
ground in a bedded salt formation. The first shipment of 
waste was placed in the repository in March 1999. It is the 
first purpose-built deep geologic repository for long-lived 
wastes in the world.

Consequently, final disposal of radioactive wastes in 
underground caverns is already taking place and is direct 
proof of the feasibility of such projects.

In Switzerland, the intention is to dispose of short-lived 
wastes underground in horizontally accessed caverns. 
Because of the legal requirement for disposal and high pop
ulation density in Switzerland, which results in a lack of 
sufficiently large unpopulated areas, near-surface facilities 
which rely primarily on engineered barriers do not come 
into consideration. The repository is intended only for 
short-lived L/ILW. The content of long-lived nuclides must 
lie below an absolute safe boundary value which will be 
based on site-specific safety analyses. The underground 
repository must provide the necessary long-term safety 
without surveillance measures. Supervision measures are 
foreseen, and would operate as long as the access tunnel 
remains open. These control measures will allow a decision



to be made in the future as to whether to continue with 
monitoring or to backfill and seal the access tunnel. The 
proposed Wellenberg site was rejected in a public cantonal 
referendum. The option of resubmitting the proposal with 
modified design and implementation process is being con
sidered.

7. Hungarian approach

The planned new repository in Bátaapáti (Üveghuta) is 
designed for all radioactive waste of nuclear power plant 
origin other than the high-level and long-lived intermediate- 
level waste. The facility is envisaged to be located in a gran
ite formation in a hill side. The system of technical barriers 
comprises the waste solidification matrix (cement), the 
container in which the waste packages are emplaced, the 
backfilling concrete and the cavern liner (backfilling material). 
The long-term safety of the repository relies primarily on the 
technical barriers in combination with slow water movement 
in the granitic host rock. The large amounts of cement 
would ensure a long-lasting alkaline environment in the 
near-field of the disposal caverns. Under such chemical 
conditions, the retention of radionuclides is very strong, 
thus allowing for decay of short-lived nuclides within the 
repository. Long-lived radionuclides, which are present in 
the waste in limited amounts, will be released only at a very 
low rate. The main role of geosphere is to ensure a very low 
water flow through the repository in order for the technical 
barriers to function properly. The overburden also protects 
the repository against intrusions and other processes at 
ground surface.

As the appropriateness of the selected concept is con
cerned, the opinion laid down in the final report of the 
IAEA WATRP peer review on Üveghuta siting (WATRP 
2000) is as follows:

“It is accepted in a number of countries that adequate 
protection of public health and safety against the hazards 
associated with short-lived low- and intermediate-level 
wastes can be achieved with engineered facilities on the 
surface. Placing such waste in a well-engineered and well- 
chosen underground repository provides additional protec
tion from surface hazards, both man-made, e.g., security 
against aircraft accidents or sabotage, and natural, e.g., the 
avoidance of extreme weather conditions. In the case of 
Üveghuta, it will reduce infiltration by diversion of surface 
precipitation to the valley sides above the repository, which 
minimises groundwater contact with the waste and delays 
groundwater travel times from the repository to the bios
phere. Underground structures are also inherently less vul
nerable to seismic events. The team agrees with the Hun
garian approach to locate the repository below ground be
cause a well-engineered underground repository can pro
vide a greater measure of public protection and safety than 
a comparable surface facility”.

According to WATRP report the works done so far are 
at a high technical and scientific level. The conclusions 
arise from objective and rational reasoning. The criteria 
which have been applied for the selection of a site for the 
planned facility are comprehensive and consider the 
important factors for both environmental protection and 
long term safety. The choice of Üveghuta was based on a 
level of information which is typical for the present stage of 
the project. An open and effective communication pro
gramme have been established.

The reports in which these works are documented, how
ever, generally understandable only for experts. Since find
ings must be explained to a broader audience, a reporting 
must occur at lower levels of complexity.

Based on the existing information on the geological sit
uation at the site the team recommends that, for a rock 
mass of the type to be expected at Üveghuta, a “design as 
you go” approach be followed, adapting the design of the 
repository to the geological situation, as revealed during 
excavation. Clarification be made of the design concept 
and the kinds of engineered barriers to be included in the 
design. Greater flexibility is needed in repository design 
with emphasis on total system safety based on a combina
tion of engineered and natural barriers.

The safety assessments that were based on limited early 
geologic investigations should be updated. There is a need 
for an integrated safety assessment using the currently 
available site and conceptual design information, and 
including a broader spectrum of scenarios. This integrated 
safety assessment should form the basis for continued site 
characterisation.

Based on the experiences, most relevant conclusion is 
the need for gradual and systematic process of interaction 
between the regulators and implementers in order to build 
a common understanding of repository performance, inter
pret the regulatory criteria and achieved the necessary con
vergence at the early stages of licensing process.

The development time for an underground repository 
takes several years, if not more than a decade to complete. 
Because of this long timeframe, there will be an increased 
emphasis on quality assurance and documentation of deci
sions regarding the design of the repository and collection 
of data. Because many of the staff who collect data and 
make decisions may not be available at the time of licens
ing, there is a need to maintain an adequate quality assur
ance program as well as the means to document important 
decisions.

Owing to the relatively early stage in the long-lasting 
site investigation and realisation process, many questions 
remain open. These questions shall progressively be 
answered in the course of the subsequent stages. In spite of 
these still open questions, positive conclusions were drawn 
concerning the site suitability. From the available knowl
edge it is expected with the requested reasonable assurance 
that a safe repository can be built at Üveghuta site.
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