
Aims of the safety assessment

The repository planned at Bátaapáti (Üveghuta) is intend-
ed to take low- and intermediate-level radioactive waste mate-
rials resulting from the nuclear power plant at Paks. Disposal
of such materials is regarded internationally as a task requir-
ing special care in order to ensure the safety of the population
and the environment in the vicinity of the repository.  In
Hungary there are a number of regulations relating to facili-
ties such as repositories for radioactive wastes, and these have
the general objective of ensuring that the facilities are safe.

The principal relevant regulation is the Law CXVI. of
1996 on Atomic Energy. The Decree 62/1997 (XI.26.) IKIM
of the Ministry of Industry, Trade and Tourism on the Geo-
logical and Mining Requirements for the Siting and Plan-
ning of Nuclear Facilities and Radioactive Waste Disposal
Facility defines the geological suitability of a repository site
as a confinement for radioactive materials. The newest regu-
lation is the Decree 47/2003 (VIII. 8.) ESZCSM of the

Ministry of Health, Social and Family Affairs which covers
storage and final disposal of radioactive waste. This decree
defines the maximum dose received by a person exposed to
materials derived from the repository. [Exposure: The con-
tact of being subject to contamination to an interface (sur-
face of the skin, respiratory passages, alimentary canals,
etc.) of a living organism (humans, or other component of
the ecosystem) and the contaminant assimilates (GONDI et
al. 2004).] Further in this decree both the procedure to be
used for safety assessment and the content of the safety re-
port are defined. 

These Hungarian regulations are based on international
practice and guidance as collected and published by the
IAEA (International Atomic Energy Agency), ICRP
(International Commission on Radiological Protection) and
OECD/NEA (Organisation for Economic Cooperation and
Development, Nuclear Energy Agency). Amongst these
guidelines are the definitions of safety assessment provided
by IAEA (1999a), which include the following:
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Abstract

The repository planned at Bátaapáti (Üveghuta) is intended to take low- and intermediate-level radioactive waste materials resulting from the
nuclear power plant at Paks. The objective of safety assessment is to provide reasonable assurance that the repository will meet the requirements
for the safety of the population and the environment.

Part of the safety assessment procedure includes description of the repository system and assessment of the features, effects and processes
(FEPs) which may influence its performance. On this basis conceptual models are developed and also scenarios describing potential modifica-
tions and evolutions of the repository system are presented.

For the purposes of assessing whether the repository is safe projections are made of its behaviour over time. This involves converting conceptu-
al models and scenarios into calculation models of the release, transport and uptake of radionuclides. Two possible approaches are introduced
here which are especially relevant when considering the uncertainties inherent in many of the factors of relevance to safety assessment.
Information is provided on the application of the probabilistic approach to the proposed repository at Bátaapáti, together with some introductory
remarks on application of the fuzzy approach.



Safety assessment is an iterative procedure for evaluat-
ing the performance of a disposal system and its potential
impact on human health and the environment (IAEA
2003a). Its aim is to provide reasonable assurance that the
disposal system will provide a sufficient level of safety
and meet the relevant requirements for the protection of
human health and the environment (see for example IAEA
1999b).

The aims of the safety assessment being carried out for
the Bátaapáti (Üveghuta) repository are fully compatible
with these IAEA definitions. Through the assessment
work the behaviour of the repository within its geological
surroundings is being quantified and evaluated. An impor-
tant part of the evaluation is to show that the numerical cri-
teria provided in the Hungarian regulations are not exceed-
ed, for example the maximum radioactive dose. With the
understanding gained, in the iterative manner described by
IAEA (2003b), guidance can be provided on how the sys-
tem might be improved by modifying significant features,
to further increase the level of assurance that the perform-
ance will be satisfactory. This assessment of the sensitivity
and of the robustness of the complete disposal system is
also an aim of the safety assessment process (IAEA
2003b).

Safety assessment procedure

Safety assessment procedures vary to some extent from
project to project, in accordance with the specific features of
the disposal system and the boundary conditions provided
by the legislative framework. In order to facilitate the devel-
opment of stakeholder confidence in the results safety as-
sessments should be transparent and the origins of data and
assumptions should be traceable.

In a general description of common features IAEA
(1999b) notes that a safety assessment consists of: 

— an estimate of system performance for all the situa-
tions selected that potentially impact on human health and
the environment;

— an evaluation of the level of confidence in the esti-
mated performance; and

— an overall assessment of compliance with relevant
safety requirements.

All performance assessments comprise a similar set of
activities, even if there is a difference in the terminology ap-
plied in different programmes.

The safety assessment procedure described here for the
Bátaapáti (Üveghuta) repository is summarised in Figure 1.

Assessment context

In the case of the Bátaapáti (Üveghuta) repository the
primary assessment context is provided by the Hungarian
regulations which were discussed briefly in the previous
section. Additional assessment criteria and safety indicators
are derived from international practice and experience.

System description

An understanding and evaluation of the system perform-
ance can only be made on the basis of a description of the
physical features of the repository and its surroundings. This
description includes the waste materials themselves, the
containers and other features which provide engineered bar-
riers to the release of radionuclides, the paths by which ra-
dionuclides may migrate to enter the biosphere and the bio-
sphere itself, in which organisms absorb and are affected by
the released radioactivity.

FEPs and scenarios

A FEP is a feature, event, process or other factor that may
be necessary to consider in a repository safety assessment.
This includes physical features, events and processes that
could directly or indirectly influence the release and transport
of radionuclides from the repository or subsequent radiation
exposures to humans, plus other factors, e.g. regulatory re-
quirements or modelling issues, which constrain or focus the
analysis (IAEA 2001). There are lists of FEPs produced by in-
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Figure 1. The safety assessment procedure (after IAEA 2002)
1. ábra. A biztonsági értékelés menete (az IAEA 2002 nyomán)

1 — értékelési környezet, 2 — rendszerleírás, 3 — FEP-ek és forgatókönyvek, 
4 — koncepcionális és matematikai modellek, 5 — futtatások és elemzések, 
6 — értékelési követelményekkel való összevetés, 7 — eredmények értelmezése,
8 — felülvizsgálat és módosítások, 9 — elfogadás, 10 — megfelelő?, 11 — lehetséges 

a rendszerkomponenseket módosítani?, 12 — elvetés



ternational working groups, such as that in (OECD/NEA
2000), and these include many which may be screened out as
being irrelevant for a specific location or type of repository.
Some of the relevant FEPs will be determined by features of
the waste and repository system, and some by external factors
such as climate. An example is the climatic influence on the
rate of water flow through the repository zone.

The FEPs may be used in considering the ways in which
the disposal system may evolve over the long time period
until the radioactive content of the waste has been reduced to
safe levels through decay of the radionuclides. 

Scenario is a postulated or assumed set of conditions
and/or events. They are most commonly used in analysis or
assessment to represent possible future conditions and/or
events to be modelled, such as possible accidents at a nu-
clear facility, or the possible future evolution of a repository
and its surroundings (IAEA 2003a). It is frequently possible
to develop a set of scenarios which describe different types
of evolution, each of which leads to release of radionuclides
from the repository. 

Conceptual 
and computational models

On the basis of the description of the disposal system and
the FEPs and scenarios a model or models must be set up
which describe the way in which the disposal system func-
tions. Such a model will include the degradation of engi-
neered barriers allowing the radionuclides to be exposed and
then released, and the transport mechanisms which control
the rate at which the released materials can migrate through
the geological environment to the biosphere.

To make the desired quantitative assessment of the dis-
posal system’s performance these models must then be im-
plemented as computational models and these must be pop-
ulated with appropriate parameter values.

It is important that the models used are both verified and
validated. The term “verification” is used to describe the
ability of a numerical model to approximate a mathematical
model (e.g. comparison of analytical and numerical solu-
tions of a mathematical model to ensure that the equations
are solved as intended). The term “validation” is used to de-
scribe the ability of a mathematical model to describe the
physical system (e.g. the appropriateness of Darcy’s law to
describe groundwater flow in a porous or fractured media)
and the ability of a conceptual model to reproduce the ob-
served conditions (ANDREWS et al. 1985).

Analyses and evaluation

The calculation results, which may be in terms of the time
history of the dose received by some specific receptor organ-
isms, are then analysed and evaluated. The values will gener-
ally be compared with the legally defined criteria, but may
also be analysed in terms of sensitivity and uncertainty in
order to determine the significant features of the system be-
haviour, such as by determining which parts of the system are

providing the principal confinement of the radionuclides
(this is required to evaluate the robustness of the disposal sys-
tem). These analyses and evaluations may be used to provide
guidance and input for iterations to improve the security of
the system or to otherwise optimise the repository design.

Uncertainty and sensitivity analysis is required specifi-
cally in the analysis and evaluation stage, but the acknowl-
edgement and treatment of uncertainties are important com-
ponents of scenario development, conceptual model devel-
opment and parameter value definition. It is the way in
which uncertainties are treated in these stages and that is the
key difference between the different types of approach – de-
terministic, probabilistic and fuzzy – which are discussed in
more detail below. 

Modelling approach

A deep geological repository had been modelled. The
deep geological repository is a facility for disposal of ra-
dioactive waste located underground (usually several hun-
dred metres or more below the surface) in a geological for-
mation to provide long-term isolation of radionuclides from
the biosphere. In all types of safety assessment concerned
with the post-closure performance of a deep geological
repository there are common features. This results, in part,
from the normal physical features of a modern repository, in
which the waste is confined within engineered barriers, and
these are situated within a host rock through which radionu-
clides must migrate in order to arrive in the accessible envi-
ronment. These three zones are often referred to as the near-
field, the far-field or geosphere, and the biosphere (see
Figure 2).

In the case of a deep geological repository the basic ob-
jective is to ensure that radioactive doses only occur through
release and migration from the repository (i.e. from the near-
field) to the receptors (in the biosphere). Intrusion of recep-
tors into the waste is also considered, but the principal rea-
son for choosing a deep disposal system is to reduce the like-
lihood and the consequences of this kind of scenario.

It should be noted that there are no typical fixed bound-
aries between the zones in a model. The near-field, for exam-
ple, may include both man-made elements – the engineered
barriers – and part of the host rock – particularly the EDZ
(Excavation Disturbed Zone – the part of the host rock af-
fected by the process of constructing the repository). Never-
theless, the zones are useful in considering the sequence of
processes which may result in a radioactive dose to a recep-
tor. The zones can be visualised as a set of concentric circles,
with radionuclide migration occurring from the centre out-
wards (see Figure 3).

An important factor, which applies in all the zones of the
model, is time. The relatively long time period (some hun-
dred thousand or even million years) to be considered in a
safety assessment is demanded by to the nature of radioac-
tive decay and the formation of daughter nuclides (e.g. the
half life of 36Cl is 301,000 years). In order to protect the ex-
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posed environment from effects from the waste a disposal sys-
tem is designed to delay and/or retard the sequences of
processes which may result in the occurrence of a radioactive
dose. It should be noted that while the occurrence and rate
some relevant processes can be influenced by engineering

measures, such as the selection of a corrosion resistant pack-
aging material, natural processes and events, such as erosion,
cannot generally be influenced but they must still be account-
ed for. The primary results of an assessment of a disposal sys-
tem are therefore expressed as projected radioactive doses as a
function of time after closure of the repository.

Within the near-field the processes and events which are
always considered are those related to the exposure of the
radioactive materials and to their release in a form in which
they can migrate away from the repository. Important factors
here are often expressed in terms of the lifetime of packages,
and both this and other processes are dependent on the geo-
chemical conditions within the near-field.

The host rock and other geological units are expected to
contribute to the safety of disposal in three main ways:

— by providing physical isolation of the wastes from the
near-surface environment and the potentially disruptive pro-
cesses that occur there;

— by maintaining a geochemical, hydrogeological and
geomechanical environment favourable to the preservation
and performance of the engineered barriers;

— by acting as a natural barrier restricting the access of
water to the wastes and the migration of released radionu-
clides.

Most of these contributions are typically considered in
the near-field part of an assessment, with the barrier to mi-
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Figure 2. Potential pathways for radionuclides from a deep geological repository
2. ábra. A mélygeológiai tárolóból kikerülő radioaktív izotópok lehetséges árampályái

1 — csapadék, 2 — üde gránitba beszivárgó talajvíz, 3 — mállott gránitban szivárgó talajvíz, 4 — rosszul tömedékelt vágat (vagy EDZ), 5 — gázképződés, 6 — gyors
árampályák a tektonikus zónában, 7 — tároló, 8 — „tervezett" árampályák a gránit repedésrendszerében 

Figure 3. Zones of a disposal system
3. ábra. Az elhelyezési rendszer zónái

1 — tároló (a kondicionált hulladékot is beleértve), 2 — földtani gátak, 3 — po-
tenciális hatásviselők, 4 — közeli környezet, 5 — távoli környezet, 6 — bioszféra 



gration of released radionuclides, in the final point, account-
ed for in the geosphere part of the model. In all safety assess-
ments the geosphere is considered in terms of its influence
on the travel time (which is necessary for released radionu-
clides to migrate from the repository to the biosphere).

In the final part of all assessment models – the biosphere
– the concentration of radionuclides in accessible environ-
mental media is calculated. This is clearly dependent on the
delivery rate from the geosphere, but also on other factors
such as the dilution resulting from mixing with unaffected
media, such as ground water which has not interacted with
the repository. In most assessment models a further calcula-
tion stage is carried out, to convert the environmental ra-
dionuclide concentrations into the radioactive dose received
by specific types of receptors. This is always required when
the assessment criteria are expressed in terms of a maximum
allowable radioactive dose. Conversion of radionuclide con-
centrations to doses of radioactivity is always based on as-
sumptions concerning the lifestyle of the receptors under
consideration, and especially their patterns of consumption
of foodstuffs and of water.

Alternative approaches

For the safety assessment of the Bátaapáti (Üveghuta)
repository there are several alternative approaches which are
being used in parallel, but based on agreed common data.
Two possible approaches are introduced here which are espe-
cially relevant when considering the uncertainties inherent in
many of the factors of relevance to safety assessment. These
approaches are considered to be useful in the context of
building confidence in the results of the safety assessment.

Probabilistic safety assessment

A particularly difficult aspect of the safety assessment of
a disposal system results from the combination of system
complexity with the uncertainty associated with many of the
FEPs which influence the behaviour of the repository far
into the future. The sources of this uncertainty, as identified
in BÁRDOSSY, FODOR (2004) are:

— natural variability, and 
— human factors, such as errors and incomplete knowl-

edge.
It must be emphasised that uncertainty from both these

sources generally exists not only in relation to the values of pa-
rameters involved in modelling a specific process. It is often
also uncertain whether a specific process will occur at all.

The disposal system, and even a model created to simu-
late its behaviour, is frequently complex. This makes it diffi-
cult to decide a priori how much influence a specific factor
will have, and, in some cases, even to decide the likely direc-
tion of the influence. Higher precipitation might increase
flow through the repository, increasing radionuclide trans-
port, but the same precipitation increase could potentially
also result in an overe-compensating increase in dilution in

the biosphere. For this reason, probabilistic modelling,
which includes the full ranges of the possible parameter val-
ues, is more likely to provide a good description of the range
of the system behaviour.

With respect to the uncertain occurrence of potentially
significant events and processes there is a similar issue.
Scenarios are sometimes defined which describe the per-
formance of the repository, but with an assumption about
the occurrence of some specific event, such as the climatic
modification mentioned above. A model of such a discrete
scenario cannot provide a good description of the full
range of the behaviour of the disposal system. In proba-
bilistic modelling, the various factors related to the occur-
rence or the description of the effects of the “scenario”
event or events can be included in the model, thus automat-
ically providing an integrated description of the system
performance. 

Another benefit of the adoption of the probabilistic ap-
proach is that it enables safety assessment modelling to be
commenced at an early stage in the project life, at a point
when many factors are still to be investigated and are corre-
spondingly very uncertain. The procedure, known as top-
down modelling, relies on making and using assessments of
the effects of collections of factors, in contrast to making de-
tailed calculations of the individual processes. The top-
down process assumes that modelling will proceed in
stages, with the factors found to be significant subjected to
increasingly detailed treatment in each stage, as sufficient
data become available.

An example is the treatment of the geosphere. 
As illustrated in Figure 2 there is a variety of potential

pathways for the transport of the released radionuclides into
the biosphere. Some of these depend on the elements of the
disposal system, such as the access tunnels, which do not
even exist in the early stages of the repository programme.
Others depend on properties of the rock mass and its hetero-
geneity, both of which are likely to be only poorly known,
especially in the early stages. A reasonable basis for model-
ling at this stage could be to apply flows and travel times
based on any hydrogeological information which is avail-
able for the site area and on assessments of possible parame-
ter ranges derived from other projects and literature. In the
case of Bátaapáti (Üveghuta) porous medium flow model-
ling was carried out on a regional scale at an early stage in
the project, and this provided a basis for combining this kind
of information.

It can reasonably be expected that the top-down model-
ling will show that the influence of the geosphere on the re-
sults is large, in terms both of the distribution of the released
radionuclides between the various pathways and of the travel
times which may be expected for each pathway type. For the
crystalline host rock at Bátaapáti (Üveghuta), Figure 4
shows a typical realisation of the fracture system. The flow
velocity distribution and the transport of radionuclides is
likely to be strongly affected by properties of these fractures
including their frequency, aperture and connectivity (see
Figure 5).
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Subsequent modelling stages used for the groundwater
transport in the top-down process could be first a simplified
fracture-based flow model, based on the observed distribu-
tions of transmissivity. At a more detailed level, the safety
assessment modelling could be based on calculated flows
within networks of intersecting fractures, with the geometry

and other properties simulated on the basis of additional in-
formation on the in situ hydraulic connectivity. Fractures are
present in a wide spectrum of sizes from microcracks small-
er than a millimetre through to faults of kilometre extent.
The principal conceptual issue is the representation of the
fractures. There are four approaches to modelling ground-
water flow in fractured rocks (GOLDSWORTHY, JEFFERIES

1996):
— as an equivalent porous medium,
— as a stochastic continuum,
— as a dual-porosity system,
— as a discrete fracture network.

Although the output from an early stage top-down model
can be expected to cover a wide range it should already indi-
cate whether a disposal system as planned can be expected to
satisfy the performance criteria. Further, the model can be
used to investigate the significance of the various system
components, and this information can be used in the plan-
ning of the subsequent investigation programmes.

The general procedure adopted in a probabilistic safety
assessment is to describe the input parameters for the model
with appropriate probability distributions, i.e. as stochastic
variables. Each input distribution must fully represent the
uncertainty in the specific parameter, in order to ensure that
the real performance of the disposal system is included with-
in the range of the output from the model. Some typical
types of input distribution are shown in Figure 6. 

When only the upper and lower limits of the values which
a parameter may take can be defined, then use of a uniform
distribution is appropriate. A triangular distribution could be
used if there is justification for assuming a most likely value
between those limits, and so on, depending on the information
which is available. In the case of a key parameter for radionu-

clide transport in the ground water in the crystalline rock at
Bátaapáti (Üveghuta), the transmissivity, there is now a sub-
stantial quantity of information derived from packer testing.
A probability distribution of packer test results for the area in-
vestigated in Bátaapáti is shown in Figure 7. 

It is clear that this could be reasonably described by a log
normal distribution (BENEDEK et al. 2003). Within the investi-
gated area regions have been identified in which the observed
probability distributions of transmissivity differ. These differ-

MARTIN GOLDSWORTHY et al.508

Figure 4. Simulated sparse fracture system at Bátaapáti (Üveghuta)
4. ábra. Ritkított repedésrendszer egyik realizációja Bátaapátiban

Figure 5. Fracture-dominated flow pattern
5. ábra. A repedésekre jellemző áramlási pályák

Figure 6. Monte Carlo simulation procedure
P = probability

6. ábra. Monte Carlo-szimuláció
Parameter = paraméter, Value = érték, P = valószínűség, 1 — számos realizá-
ció, 2 — eredmény f(x,y,z), 3 — eredmények eloszlása, 4 — eredmény értéke



ences will be used in the performance assessment of a reposi-
tory located in each one of these three regions.

To carry out the probabilistic modelling Monte Carlo
simulation is used to investigate the behaviour of the dispos-
al system. In this process a large number of separate realisa-

tions are made of the modelled system and the results of all
the realisations are then combined. For each realisation the
actual values used for the parameters defined as stochastic
variables are selected on a random basis from the input prob-
ability distributions. The output from each realisation then
represents the system behaviour for that particular random
selection of the inputs, and these outputs for a set of simula-
tions can be combined in the form of the probability distri-
bution of the system behaviour. This procedure is illustrated
in Figure 6. Confidence limits can also be calculated for the
probability distribution.

To carry out a sensitivity analysis for a particular param-
eter it is only necessary to collect the parameter input values,
as selected for each realisation, and to compute a Spearmann
correlation coefficient between these and the corresponding
set of model outputs. It can sometimes assist the analyst in
developing his understanding of the system behaviour to
plot the values of input parameter against model output for
each realisation. A typical scatter plot resulting from this
procedure is shown in Figure 8.

The uncertainty in the model output is expressed directly
in the probability distribution of the results. This uncertainty
can be important if the output includes both acceptable and
unacceptable values, in the context of the appraisal criteria.

It may be appropriate to consider the influence on this output
uncertainty of the uncertainty in the significant input pa-
rameters. In a subsequent stage of investigation it may be
possible to reduce the uncertainty in the value of a specific
parameter even if the mean value is unchanged.
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Figure 7. Distribution of packer test results from Bátaapáti
7. ábra. A bátaapáti pakkeres kútvizsgálatok eredményeinek eloszlása

1 — gyakoriság, 2 — transzmisszivitás [m2/s], 3 — tapasztalati, 4 — log-normálra illesztve

Figure 8. Scatter plot on the connection between transmissivity and
travel time

8. ábra. Az elérési idő és a transzmisszivitás kapcsolata
1 — elérési idő (év), 2 — transzmisszivitás (m2/s)

empirical (3)
fitted log-normal (4)

(1
)

(2)



In comparison with alternative approaches for safety as-
sessment the probabilistic approach has a number of advan-
tages. These can be summarised as follows:

— A disposal system can be assessed in an integrated
way, without separation into distinct scenario analyses.

— An analysis can be made at an early stage in the reposi-
tory project, before many important parameters can be quanti-
fied on the basis of site or material specific investigations.

— Early stage analysis, and the identification of signifi-
cant parameter sets, can be used to establish priorities for
subsequent investigations.

— The uncertainty of the disposal system behaviour is
indicated directly in terms of the probability distribution of
the calculated outputs. 

Fuzzy (possibilistic) safety assessment

Safety assessments for radioactive waste repositories were
carried out so far by deterministic and probabilistic methods.
(Deterministic safety assessments involve the use of fixed val-
ues of parameters in the calculation models. Typically, ex-
pected value (best estimate) and worst case results are present-
ed. Sensitivity analyses are made using additional calcula-
tions with changes of specific parameters.) For theoretical
reasons, the deterministic method is unable to quantify the un-
certainty related to the safety assessment, while fuzzy set the-
ory is suitable for the treatment of non-stochastic (subjective)
uncertainties (ROBINSON, COOPER 1995; BÁRDOSSY, FODOR

2001a, b, 2004). Uncertainties appear first on the level of
input data and they propagate all along the evaluation process.
Traditional approaches apply crisp input data that is real num-
bers, as if these were the true values. On the contrary, an im-
precise data (uncertain number) is a variable which may po-
tentially assume any value within a possible range (because
its exact value is not known). Even though there is uncertainty
about the exact value, there are some values that are consid-
ered more possible (plausible) than others (Figure 9). This
preference is used to quantify the imprecision with which data
are known. Defining imprecise input parameters as fuzzy
numbers, usual arithmetic operations can be extended to
make calculations with such imprecise numbers.

Fuzzy numbers, defined as having an interval of confi-
dence and levels of presumption, provide an effective means
by which input parameters can be represented and interpret-
ed. In general, a range of real numbers might be used to rep-
resent a parameter approximately, in the style of interval
analysis. It is represented imprecision by a range and a mem-
bership function defined on this range (normalised between
zero and one) to describe the possibility of using particular
values. In this way, parameters whose values are not known
precisely can be presented, and the expert’s experience and
judgement can be incorporated into the evaluation.

After calculating the result of an expression using
fuzzy input as described above, the output variable will
also be in the form of a membership function, with an out-
put interval encompassing all possible output values and
with a membership function ranging between zero and
one.

As far as is known, the first such safety assessment was
made by FODOR, BÁRDOSSY (2002) for the Püspökszilágy
repository in Hungary. The results from this are in good
agreement with another, recently finished probabilistic safe-
ty assessment of the repository. The payoff is the sound and
mathematically correct quantification of the estimation un-
certainties. A further advantage of the method is its simplic-
ity and transparency. Another safety assessment of this type
was carried out in 2003 for the potential repository site for
low- and intermediate-lewel waste at Bátaapáti (FODOR

2003). The method can be applied to any type of geological
barrier and any type of waste.

Conclusions

In this paper the background to making a post-closure
safety assessment of a repository for radioactive waste and
the overall procedure used are presented, together with two
specific approaches for carrying out the necessary model-
ling and calculations. These two approaches are the proba-
bilistic method using Monte Carlo simulation and the so
far less frequently employed fuzzy (possibilistic) method.
Both these approaches consider directly the uncertainties
inherent in many of the factors which can influence the
long-term safety, and the assessment itself. The results
from these approaches, and especially the sensitivity
analyses, may be employed in identifying useful additional
investigations and opportunities for optimising the design
of the repository.
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Figure 9. Membership function
9. ábra. Tagsági függvény

1 — a lehetőség foka
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