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The basic purpose of radioactive waste disposal is to protect the natural environment from unacceptable exposure to radiation. This 
goal is achieved by constructing artificial barriers, as well as by utilizing natural ones. Natural barriers comprise primarily the geological 
setting and conditions of the selected site. These conditions automatically influence a number of parameters of the artificial barriers. 
Geological exploration plays a key role in the siting of the disposal facility. The selection, characterization, and confirmation of the site 
require increasingly detailed geological data. The assessment of geological conditions plays an essential role in the decision-making 
process of site selection.

1. Introduction

There are two ways in which the fundamental objective 
of radioactive waste management — the protection of cur
rent and future generations from unacceptable exposure to 
radiation from wastes — can be achieved.

One way is dispersal (known as dilute and disperse, 
DD) ensuring that the wastes become so dilute in the envi
ronment that they do not present any unacceptable risk to 
people at any time by any pathway.

The second option is known as containment (or con
centrate and confine, CC) generally using a combination 
of man-made and natural barriers to achieve effective isola
tion of the waste till their radioactivity has decayed to lev
els that no longer pose any unacceptable risk.

Containm ent of radioactive waste means that they 
always remain a potential hazard at one place since their 
concentration is only slowly reduced by decay. It would 
clearly be better to design a disposal system which allowed 
for their mobilization and transport by natural processes, 
resulting in their dilution in a widely dispersed form at 
concentration levels which present no unacceptable hazard.

The attractions of dilute and disperse concept are 
counterbalanced by some very difficult problems. If we are 
to allow the dispersal to take place, then we must be able 
to model it with a high degree of confidence to ensure that 
any eventual releases of radioactivity are acceptable. This 
involves the understanding of a very wide range of process
es which can take place during the mobilization and trans
port of waste.

At present there is an increasingly widespread move 
towards adopting both concepts in any single waste dispos
al system. The system which is usually envisaged is that 
short-lived radionuclides are contained until sufficient of 
half-lives have passed, so that their concentration in the 
waste is extremely low. Since containment of very much 
longer-lived radionuclides for any equivalent number of 
half-lives is impossible to demonstrate, the system is also 
designed to allow for their eventual slow mobilization and

dispersal. The definition of how long the initial contain
ment period should last depends very much on the waste 
type and the predicted behavior of the environment cho
sen for disposal. For example, short-lived wastes might be 
disposed of in shallow-land burial sites where total contain
ment may be required for around 300 years. After this the 
total concentration of both short- and long-lived radionu
clides in these low level wastes would be very low and 
almost any degree of dispersal could be acceptable.

Immediate dispersal can only be used for limited 
amounts and low concentrations of radionuclides if the 
safety standards are to be met.

Delayed dispersal and subsequent extreme dilution 
were used for sea dumping of solid low level waste. 
However, the practice was discontinued in 1983 (London 
Dumping Convention).

Concentration and confinement of radioactive waste is 
the only concept currently under consideration in the 
development of repositories for their disposal.

Repositories for radioactive waste can broadly be cate
gorized into two groups: near-surface disposal facilities and 
disposal facilities located at greater depth.

Near-surface disposal of radioactive waste means the 
emplacement of certain categories of radioactive waste in 
a facility at or on the land surface, or in excavations or cav
erns a few tens of meters below the land surface. 
Radioactive waste suitable for near-surface disposal gener
ally contains short-lived (half-life shorter then 30 years) 
radionuclides although limited quantities of long-lived 
radionuclides may also be disposed of in near-surface dis
posal facilities.

A variety of near-surface disposal options may be 
implemented to meet, equally well, the safety requirements. 
Depending on the concentrations, half-life and quantities 
of radionuclides contained in the waste, near-surface dis
posal has varied from simple burial in earthen trenches a 
few meters deep to placement of specially conditioned 
wastes in engineered structures of reinforced concrete.

In some cases, rock caverns have been constructed a



few tens of meters below the Earth’s surface for disposal of 
these kinds of radioactive waste.

A waste disposal facility can also be located under
ground -  usually more then several hundred meters below 
the surface — in a stable geological formation to provide 
long-term isolation of radionuclides from the biosphere. 
This technique is termed geological disposal. It is generally 
recognized that for highly radioactive and/or long-lived 
waste the preferred concept is geological disposal. In this 
case the concept o f safety does not rely on continuing 
institutional controls after closure of a repository, such as 
maintenance, monitoring, and surveillance, thus minimiz
ing the burden upon future generations.

Burial of wastes in a suitable geological formation 
removes them from man’s environment and puts them out 
of reach of major disruptive processes, both natural and 
man-made.

The wastes are put in an environment where all natural 
processes which can affect their behavior are slow. The deep
er the burial, generally speaking, the slower and less pro
nounced are these processes, and one can effectively match 
their rates to the required isolation period of the wastes.

Thus it is obvious that long-lived wastes will generally 
require deep geological disposal, but shorter-lived waste 
can be disposed at shallower depth. The choice of disposal 
depth may be influenced by political considerations as well.

The repository design is fundamentally intended to 
ensure adequate long-term isolation of the waste and thus 
comprises a system of natural and engineered barriers to pre
vent or control the release of the waste back to the biosphere.

The barriers are designed to counteract or minimize 
the natural processes which could lead to release of the 
waste, and in some cases also to minimize the effect of 
inadvertent human intrusion into the disposal zone.

The idea of having a series of barriers against natural 
processes has been called the “multibarrier concept”, in 
which each barrier is nested in the previous one. It has 
been argued that each barrier by itself should be capable of 
ensuring adequate isolation, in other words that each barri
er should be made redundant by the others. However, it is 
now widely accepted that for long-lived wastes it would be 
impractical to ensure this function for each barrier, and 
there is no objective technique for specifying the requisite 
number of barriers in a system of multiple redundancy.

One recent development towards partial redundancy is 
the suggestion that waste packages can be designed such 
that the concentrations of radionuclides which can be 
leached into water in contact with them under any reason
ably geological disposal conditions are below accepted lim
its for drinking water. This effectively decouples waste 
package behavior from the geological barrier and means 
that the packages can be produced in advance of the selec
tion of specific disposal sites, since they would always be 
compatible with any properly chosen repository location. 
So far this approach has been considered only for cement- 
based intermediate level waste forms.

The first barrier is the waste form itself, which immobi
lizes the waste radionuclides in a solid matrix which is eas
ily manageable prior to disposal and relatively stable under 
disposal conditions, and thus provides an immediate barri
er which limits the rate of release. The waste will generally 
be sealed into a metallic or concrete container. This con
tainer, perhaps enhanced by the addition of a second 
metallic or ceramic “overpack”, will constitute the second 
of the barriers. When the containers are emplaced in the

rock it may be necessary to fill the annulus of the emplace
ment hole with some form of backfill both to ensure that 
the waste block is in thermal and mechanical continuity 
with the rock, and to minimize water movement around 
the container. This backfill can be designed to perform 
many physical and chemical functions to help contain the 
waste. It is generally called the buffer, and is the third of 
the barriers.

The final barrier, and the most im portant in many 
respects, is the host rock and geological environment in 
which the repository is constructed. This isolates the waste 
from the surface and controls water movement and geo
chemistry on both large and small scales. The first three 
barriers are within the engineers control, and can be tai
lored to suit a particular concept or geological environ
ment. Containers can be made as thick as required or 
designed to meet specific handling requirements. Waste 
forms can be selected at will, and buffers can be of any 
material, or combination of materials. The waste matrix, 
container and buffer are termed the “engineered barriers".

The geological barrier is, of course, outside the engi
neers’ control and can only be modified to a limited 
extent, such as by local rock grouting. The principal con
trol on the rock barrier is exercised when the site is select
ed, which is the reason why so much basic geological 
research is required to ensure an adequate understanding 
of the properties of rock types and environments consid
ered potentially suitable for disposal purposes.

2. The importance of geology in waste disposal

Final repositories for radioactive wastes depend for 
their long-term performance on a variety of safety barriers.

The engineered barriers and geological barriers can 
contribute in varying proportions to provide adequate safe
ty. A well-designed system achieves large safety reserves by 
utilizing all the barriers. Without a geological barrier, safe
ty can be guaranteed by introducing long-term institutional 
controls (French monitoring period of 300 years for low 
level wastes).

It is also important to note that the barrier’s life times 
are crucial and that, for the very long decay times associat
ed with high level waste (HLW) and certain intermediate 
level waste (ILW) the geological barrier is that for which 
most data and observations are available for relevant time 
scales. This does not mean that geological data of exces
sive exactness or detail are needed. At shorter times, say, 
up to hundreds of years, the geological medium mainly 
provides a suitable environment for ensuring adequate per
formance of the engineered barriers (e.g. erosion protec
tion, limited water flows). Accordingly, it is only necessary 
to characterize the geology to the extent that directly 
affects the predicted performance.

Geological information is required as input for the dis
posal planning. The civil engineers design and construct 
the repository, while the performance assessor analyses 
the behavior over time. The engineers’ task is to specify 
which geological, rock-mechanical and hydrogeological 
data he requires.

The remaining contributions of geology to repository 
projects are of direct relevance for safety. The safety-rele
vant processes or corresponding geological input for their 
characterization can be listed as follows:
— physical protection of the engineerëd repository sys-



tem against natural and man-made influences, such as 
erosion, tectonic movements etc:,

— limiting radionuclide release from the near field 
(groundwater flows, hydrochemistry etc.)',

— retention of nuclides close to the repository in the rock 
volume which can be characterized from-within the 
repository (fracture zone, geochemistry, hydrochem
istry, etc.)',

— retention of nuclides in the geological media further 
from the repository, in the region which must be char
acterized from the surface;

— dilution in aquifers (regional groundwater flows, 
hydraulic system in the aquifers, etc.).
From this list it is apparent that any repository imple

mentation plan must include a proper concept for geologi
cal investigations, and that hydrogeological characteriza
tion forms the most im portant component. During the 
development of repository planning, increasing emphasis 
has been devoted to determining the hydrogeological con
ditions at potential sites. The importance of hydrogeology 
is that all aspects of the disposal system performance 
depend upon water flows. Intensive efforts in hydrogeolo
gy have also been necessary because of the choice of low- 
permeability media as potential host rock. Much theoreti
cal and practical effort has been devoted to characterizing 
the fine-scale flow systems which so critically determine 
the transport properties of radionuclides dissolved in 
ground water.

In deciding upon the geological data requirements, 
direct use has been made of iterative hydrogeological mod
eling based upon a structural geology model which is 
revised in the light of results from the field.

The geological and hydrogeological models for a par
ticular host rock in a specific siting region require a num
ber of inputs. For all of these the actual conditions must be 
known as well as the potential changes caused by reposito
ry construction and operation. Direct measurements at the 
specific site are performed for key parameters, although 
sufficient data density, accuracy and degree of representa
tion generally remains a problem.

Key parameters can also be derived from calculations 
based on raw data (for example derivation of hydraulic 
conductivity from pressure histories). Here the main prob
lems are the validation of the conceptual and calculation 
model involved. Finally, some data will always depend on 
the use of expert opinion to evaluate results which leave 
room for interpretation. Although methodologies have 
been developed to elicit such opinions, convincing techni
cal personnel, safety authorities and public of their accept
ability is never easy.

When characterizing a particular potential repository 
site, many features are of importance, and it is possible 
that one of them may be found during the investigations to 
be unfavorable and that the site can no longer be recom
mended for hosting a repository. It is important to recog
nize this situation as early as possible if it occurs. 
Accordingly, it is important to formulate initial rejection 
criteria early and to continually review these.

Unfortunately the application of the multibarrier phi
losophy of a site tends to make obvious, single rejection 
criteria unlikely. This emphasizes the role of repeated, inte
grated performance assessments which are aimed at re
evaluating the contributions of geology to final overall 
safety and at quantifying the acceptable levels of key para
meters.

If a site should prove unsuitable at any point, alterna
tives should be available. Therefore it is also important to 
formulate a global strategy for determining the number of 
sites to be studied.

3. Site selection, investigation and evaluation strategies

Uncertainties in the results of the performance assess
ments mirror uncertainties in their input data. Input uncer
tainties will always be inherent in the geological data 
because extrapolation is required in space and time.

Usually a phased site investigation strategy is devel
oped. In a first phase which involves limited field work, 
key questions are addressed in order to estimate the effort 
required for characterization at each further stage and to 
assess the resulting residual uncertainties on ultimate site 
suitability. The second phase, intended to localize a facili
ty, allows more reliable safety analysis and demonstrates 
site suitability fairly conclusively, and involves more inten
sive exploration. The third phase comprising complete 
characterization is time-consuming and expensive. All pre
ceding work should be aimed at reducing the residual risk 
of failure at this stage. It is recognized, however, that a 
finite probability of site rejection based on geological find
ings in the last phase will always remain.

A siting program which begins with a broad approach 
and successively narrows in on the basis of well-document
ed scientific investigations does have very positive; aspects. 
The staff involved gain wide experience and scientific 
knowledge which is invaluable in explaining the choices 
ultimately made.

The efforts involved in examining the strengths and 
weakness of a range of technical options increase the 
degree of confidence so that studies of the finally selected 
concept will be as complete as possible.

The timely production of proper documentation on the 
process is crucial in this respect. Of course, it is sometimes 
difficult to document decisions based partly on human 
judgment, which can always give rise to controversy.

One of the main problems which arises when applying 
a very diversified approach is obvious. The high level of 
technical effort required, together with the intensive work 
needed to ensure a full-public awareness places large 
strains on the available financial resources.

The most potentially harmful effect of a diversified 
approach, however, is that the impression can be given 
that a best or safest option is being sought. Options should 
be sought which are not obviously technically inferior to 
other available concept choices.

However the selection procedure is necessarily incom
plete, in that not all conceivable options can be studied, 
and it involves such a high degree of human judgment that 
no complete proof that a best option has been chosen will 
ever be possible.

4. Siting of a disposal facility

The purpose of siting is to locate a site which, along 
with a proper design and engineered barriers, will provide 
radiological protection to comply with requirements estab
lished by national regulatory bodies.

Siting of radioactive waste disposal facilities is an 
important step in developing a waste disposal system that



will best suit the needs for dealing with waste from a 
national nuclear program and, at the same time, satisfy all 
safety, technical and environmental requirements set out 
in various national and international guidelines. When 
properly implemented, an underground disposal system is 
expected to provide the required isolation of radioactive 
waste from the environment over long time periods with
out relying on future generations to maintain the integrity 
of the disposal system. It is also expected to ensure the 
long-term radiological protection of humans and the envi
ronment in accordance with current internationally agreed 
radiation protection principles (radiological safety).

A suitable disposal site may be identified either by nar
rowing the field of candidates from a number of sites or by 
objectively evaluating one or more designated potential 
sites. For either method it is not essential to locate the best 
possible site, but to provide an overall disposal system of 
natural and engineered barriers which can be convincingly 
shown to comply with safety and environmental protection 
requirements. The approach to assessing the level of safety 
is similar regardless of the method of identifying the site 
for the repository.

It is generally recognized that there are several mecha
nisms by which radionuclides may become accessible 
either directly or indirectly to humans through various 
exposure pathways. A geological repository relies on both 
geological and engineered barriers to provide adequate 
protection from release by gradual processes which are 
expected to occur and by low-probability events which may 
affect the repository: Since the time periods involved it is 
not reasonable to rely on active monitoring', surveillance or 
other active institutional controls or remedial actions to 
ensure the long-term safety of a geological repository.

The basic objective of the siting process is to select a 
suitable site for disposal and to demonstrate that this site, 
in conjunction with the repository design and waste pack
age, has properties which provide adequate isolation of 
radionuclides from the accessible environment for the 
desired periods of time. Site features should provide a nat
ural barrier that assists in keeping the radiological impact 
to humans and the environment within acceptable levels as 
established by the regulatory body. It is generally recog
nized that the suitability of a site does not depend on geo
logical characteristics alone and that engineering measures 
also contribute to overall safety. In order to keep potential 
releases within acceptable limits, the disposal system 
should be developed such that the design and engineering 
of the repository are compatible with the characteristics of 
the site and the surrounding geological media.

Consideration should be given to the choice of an ade
quate approach or its possible variation in the course of 
general planning at the start of the siting process. If there 
are no pre-existing constraints, it may be possible to follow 
a systematic process of narrowing in from large regions to 
specific sites and to characterization and confirmation of 
these sites. It is also possible that specific possibilities for 
siting may exist at the outset. Specific sites may be desig
nated for consideration by a local or national authority. 
Alternatively, only sites within public ownership might be 
considered. Existing nuclear sites or land adjoining exist
ing nuclear facilities may be identified as worthy of special 
consideration because of the potential benefits of such 
shared location, particularly in relation to reducing waste 
transportation requirements. Additionally, it might be pos
sible to solicit volunteer sites from communities or land

owners. For any method or for a combination of methods 
the objective is not to locate the “best” site, but to provide a 
disposal system which can be convincingly shown to com
ply with established safety and environmental requirements.

Considering the long-term performance requirements 
for any repository concept, the first step in siting has usu
ally been to screen large areas of a country for either suit
able types of host rock of sufficient size or for generally 
suitable hydrogeological environments characterized by 
the presence of selected rock formations, in particular, 
structural and topographic settings.

At this stage of the sitting process, before much specif
ic geological information is available, owing to the variety 
of formations and environments which may need to be 
considered, repository design and performance assess
ment are at very preliminary and conceptual levels. 
Nevertheless, these types of study can give preliminary 
indications of comparative operational safety, feasibility, 
costs and, of course, long-term radiological safety. This 
information may allow some options to be eliminated or 
discarded. This coarse level of study can also help to 
demonstrate that no options offering obvious advantages 
have been overlooked.

The next phase in siting might be to look within the 
areas defined by the selected geological environments, for 
sites which are apparently suitable from a variety of techni
cal and non-technical viewpoints. Not the least important 
of these is usually the availability and accessibility of the 
site. What defines these two factors will very much depend 
on national and regional approaches to land ownership. 
The availability of sites which are suitable for example, 
with respect to size, access, terrain, lack of valuable natur
al resources (minerals, hydrocarbons, geothermal energy, 
etc.) population density, potential impact on the natural 
environment, and the ability to characterize the geological 
environment, may limit the search very rapidly to a few, or 
a few tens of possible locations. In general preference is 
given to a site in more homogeneous geological environ
ments because it is.easier to model the processes occurring 
at such a site. f

Once a manageable number of sites have been identi
fied for consideration, a mechanism needs to be identified 
to reduce this number to allow for the selection of a few 
preferred sites or one site. This mechanism will be very 
dependent on the resources which can be committed, but 
in general, it has been deemed sensible practice to go as 
far as possible on the basis of available information which 
does not require major investigations of any of the candi
date sites. The amounts and quality of geological and envi
ronmental data available may vary from site to site, and 
the implications of any consequent uncertainties need to 
be considered carefully in the process of comparison.

Some countries (e.g. the United States of America and 
the United Kingdom) have used the techniques of multi
attribute decision analysis to address the complexity and 
large number of factors that must be considered in the 
selection process. This approach assigns various weights to 
an “attribute” (factor) for comparing one attribute against 
another. The inputs to this, and similar types of analysis, 
include expert opinion and preliminary performance 
assessments which can quantify many different attributes 
falling within general areas, such as long-term radiological 
safety, operational safety, feasibility and ease of construc
tion and operation, the transport of wastes to the site, non- 
radiological environmental impacts, and costs.



An ideal site would be one in which the attribute would 
be relatively insensitive to wide variations in the compara
tive weightings of these areas. A feature of this approach is 
to allow for expected uncertainties such as in the results of 
future performance assessments to be incorporated, and 
their effects on siting to be assessed.

The approach described above allows the identification 
of a small number of potentially suitable sites. In some 
cases, a number of iterations of the process may be neces
sary to select favorable sites. In the USA and the UK, a 
reasonable amount of effort has been spent on this stage of 
the analysis. The process has enhanced an overall under
standing of the nature and properties of sites at the broad
est level and has not allowed any particular aspect to be 
overemphasized.

The final stage in siting involves the detailed and com
prehensive investigation and characterization of one or 
more of the sites which now have been identified. There 
has been considerable discussion on the number of sites to 
be investigated before selection of the preferred site. There 
is no “correct” answer as to how many sites and to which 
level of detail they should be investigated. The number of 
sites to be investigated must be weighed against the 
resources that would be needed to be put into a more 
extensive program of site investigations, and the political 
and public acceptability of any such determination is a 
decision that will vary from country to country.

Having described this approach, it should be repeated 
that a number of other, equally suitable approaches exist. 
For example, it might be strategically appropriate to begin 
the site selection process by assessing what may be consid
ered potentially acceptable sites before embarking on a 
wider siting exercise. A clear case would be the assessment 
and characterization of sites where waste is already stored 
or generated. A repository at such a site may eliminate the 
need for transporting wastes and may also minimize the 
environmental impact of repository construction by locat
ing it at an existing industrial complex. Between these two 
approaches, there exists a broad spectrum of other possi
ble approaches to siting. The important factor in all cases 
is to ensure that the final selection of a site is guided by the 
results of a thorough assessment of long-term repository 
performance, and a detailed characterization of one or 
more sites.

5. Siting

According to the International Atomic Energy Agency 
(IAEA) in the siting process for a radioactive a waste dis
posal facility, four stages may be recognized:
a) conceptual and planning stage,
b )  area survey stage,
c) site characterization stage,
d )  site confirmation stage.

The transition from one stage to the next may be some
what arbitrary because of the overlap of siting activities, 
and further phases of work within each stage may be con
sidered. In each of these stages a set of procedures is 
implemented with the aim of selecting suitable areas or 
sites. The amount and precision of the data generally 
increases as the overall siting process progresses towards 
its goal of confirming a preferred site.

The process will involve integration of site investigative 
work from a number of disciplines. These include many

branches of natural and earth sciences, engineering, safety 
analysis, health physics and social sciences. The overall sit
ing process encompasses theoretical, laboratory and field 
activities carried out in a generally stepwise fashion but 
with significant interaction between individual steps. The 
process should start with and identify the need for a dis
posal facility and conclude with the selection of a site (or 
sites) which can be shown to meet all safety and other 
requirements by detailed studies.

5.1. Conceptual and. planning stage

During the conceptual and planning stage potentially 
im portant siting factors are identified, potential host 
rock(s) and possible siting area(s) are identified, and 
investigation objectives and investigation programs are 
defined. In the area survey stage, a broad region is exam
ined to identify one or more potential sites for further 
investigations. These sites are studied during the site char
acterization stage to identify the preferred site(s) for con
firmation. Finally, during the site confirmation stage, the 
preferred site(s) should be characterized through detailed 
subsurface studies to determine acceptability from the 
safety point of view.

At each stage of the siting process, societal, ecological 
and legislative issues should be evaluated and addressed 
according to national policies. At relevant stages of the 
process, the regulatory body should be kept informed of, 
and involved in decisions.

5.2. Area survey stage

The purpose of an area survey stage is to identify areas 
which may contain suitable sites, after the relevant siting 
factors and criteria that were identified in the previous 
stage have been considered. This may be accomplished by 
the stepwise screening of a region of interest, which results 
in the selection of suitable small areas. If some small areas 
have already been designated as possible locations, studies 
can be conducted at this stage to gather the necessary 
regional-scale information.

The area survey stage generally involves two phases:
a) regional mapping phase to identify areas with potential

ly suitable sites,
b) screening to select potential sites for further evaluation.

A typical stepwise screening approach starts with 
defining the region of interest. This may, for example, be 
the whole territory of a country, a region defined by natur
al or political boundaries, or lands adjacent to major waste 
producers in a country. The choice of siting factors used 
for the regional mapping phase should be based on the 
type of intended disposal facility, the ability to apply sim
ple guidelines, and the ready availability of the necessary 
data. Any specific regulatory requirement should also be 
considered. This analysis will rely mostly on available 
information (e.g. geological data from previous explo
rations, historical seismicity data). In practice, the region
al mapping should continue by considering large regions 
that contain land having favorable geological, hydrogeolog
ical and geographical features. Within such land, subse
quent activities should focus on successively smaller and 
increasingly more suitable areas.

In the next phase, potential sites are identified within 
the suitable areas. The screening of potential sites may 
involve some factors not considered in the regional map-



ping phase. Some potential sites may be identified at an 
early stage, on the basis of those characteristics for which 
sufficient information can be readily obtained. In the 
regional analysis and the subsequent screening of potential 
sites, many national laws and regulations need to be con
sidered (e.g. im portant groundwater resources, national 
parks, historical monuments). These are as a rule, clearly 
defined and therefore no specific regulatory decisions are 
necessary.

5.3. Site characterization stage

The information to be acquired during site characteri
zation depends on the needs of the repository design 
process and the performance assessment needed for 
licensing. The extent of the remaining investigations will 
depend on the stage of site investigation reached at the 
time of site selection. As suggested in the preceding 
process, it is preferable if the site selection decision may 
largely be made on the basis of pre-existing data. In such 
cases, extensive site characterization investigations remain 
to be done. In other cases, the investigations may be at a 
very detailed level at the time of site selection, including 
underground exploratory excavations, so that only very 
specific questions remain to be answered, such as confirm
ing the hydrogeological conditions and geological 
sequence beneath the site.

Regardless of the approach taken for site selection, full 
characterization of at least one site will be essential. The 
division of site investigation into phases will allow for a 
progressive understanding of the geological environment. 
In this way, the data can be periodically evaluated to deter
mine if the site remains suitable (as a possible repository) 
for continued investigations. The iterative evaluation by 
performance assessment is also important for modifying 
or redesigning the site investigation to best meet the needs 
of site characterization. In general, studies will run parallel 
to design and iterative performance assessments. As site 
investigations progress, they will move from surface-based 
testing and remote sensing to in situ testing in exploratory 
excavations (trenches, shafts or galleries). When sufficient 
information is available, the repository design will fully 
incorporate the data on the geological and hydrogeological 
conditions of the site.

The site characterization stage involves the study and 
investigation of one or several potential sites to demon
strate that they are acceptable in a number of respects, and 
in particular from the safety point of view. The informa
tion needed to develop a preliminary site-related design 
should be obtained at this stage.

The site characterization stage requires site specific 
information to establish the characteristics and the ranges 
of parameters of a site with respect to the location of the 
intended disposal facility. This will require site reconnais
sance and investigations to obtain evidence on actual geo
logical, hydrogeological and environmental conditions on 
the site. This involves on-site surface and subsurface geo
logical investigations supplemented by laboratory work. 
Other data relevant to site characterization, such as trans
port access, demography and social considerations, should 
also be gathered. The result of this stage is the identifica
tion of one or more preferred sites for further study.

To identify a site for further study, a preliminary safety 
assessment should indicate that the site is potentially suit

able for a repository. The preliminary safety assessment 
should include the results of the site characterization.

If several preferred sites are under consideration, a rea
sonable comparative evaluation may be made between 
sites on the basis of their ability to meet all safety require
ments and of their acceptability for construction of the dis
posal facility.

At the conclusion of this site characterization stage, 
the preferred sites are identified. A report on the entire 
process is prepared, with documentation of all data and 
analytical work including the preliminary safety assess
ment. It is expected that the final site selection will also 
involve judgments based on socio-economic, environmen
tal and political considerations. It is also expected that the 
regulatory body will review the results and decide whether 
the preferred site(s) is (are) likely to be suitable for con
struction of a repository and whether the planned site confir
mation studies are likely to result in a license application.

5.4. Site confirmation stage

The purpose of the site confirmation stage is to con
duct detailed site investigations at the preferred site(s) to:
— support or confirm the selection of a preferred site(s);
— provide additional site-specific information required

for detailed design, safety analysis, environmental
impact assessment and for licensing.
The site confirmation stage consists of detailed studies 

and investigation of the preferred site(s) prior to the start 
of full-scale construction of the repository. Details of the 
site(s) and its (their) surroundings are defined through the 
use of additional field, laboratory and subsurface studies. 
These studies should allow radionuclide transport model
ing based on site-specific data. The results of this work are 
used to establish detailed engineering characteristics of the 
site and to evaluate costs.

An environmental assessment as specified by appropri
ate national authorities should be prepared at this stage. 
Depending on relevant national laws, the environmental 
assessment may be very broad and include an evaluation 
of the effects and other local or regional impacts of locat
ing the disposal facility at the site.

Careful comparisons with all relevant criteria are made 
to confirm that the disposal system will perform as 
required. Upon confirmation of the suitability of the site, a 
proposal is submitted to the regulatory authorities with 
sufficient information to permit decisions to be made as 
regards approval for construction of the facility. This pro
posal will include a safety assessment based on the results 
obtained from the investigation, characterization and con
firmation activities. Site confirmation studies are reviewed 
by the regulatory body, and after reviewing all the.informa
tion, a decision on site suitability is made. If all necessary 
requirements are met, approval (license, construction 
authorization, or other form of permission) to begin con
struction of the repository may be issued.

Even when siting of the repository has been completed, 
site confirmation may continue during design, construc
tion operation, shutdown, sealing and surveillance of the 
facility, as the activities may provide additional specific 
information that will allow upgrading of the previous safe
ty studies. These may include larger scale studies than 
were initiated during site characterization and are contin
ued throughout later stages of the repository life.


