
Introduction

In international practice with respect to radioactive
waste disposal, the term “geological suitability” is un-
known. Suitability in general is known and this is deter-
mined by safety assessment. 

”Geological suitability” was introduced in the Decree
62/1997 (26. XI.) IKIM of the Ministry of Industry, Trade
and Tourism: “Geological and mining criteria for siting and
designing nuclear facilities and facilities for radioactive
waste disposal”. This term made it possible for the
Hungarian Geological Survey to pass judgement on the geo-
logical exploration related to radioactive waste disposal and
its results not only from a purely scientific point of view but
also from a viewpoint which is directly connected with the
radioactive waste disposal. 

In harmony with the regulatory formulation, geological

suitability is “a positive qualification of geological parame-
ters which are definitive for the safety conditions of the facili-
ty”, and geological parameters are “mineralogic-petro-
graphic, geochemical, geomechanical, geophysical, tecton-
ic, stratigraphic, hydrogeological, radiometric, historic pa-
rameters which control the designed repository and activity”. 

Creation of the Decree was prescribed in the Law CXVI.
of 1996 “on the atomic energy” (Atomic Law). This Law
also prescribed the creation of a number of other orders, but
that of them, which would have the most direct relation to the
topic in question, only appeared in 2003. This was the Mi-
nisterial Decree 47/2003. (8. VIII.) ESZCSM of the
Ministry of Health, Social and Family Affairs, named “on
specific questions of the temporal storing and final disposal
of radioactive waste as well as on the radiation-health ques-
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Abstract

In international practice “general suitability” only is known for a repository for radiaoactive waste and its determination depends on a
process of safety assessment. “Geological suitability” was introduced in the terms of the official Hungarian regulations. Its practical role is to
give relevant criteria to the geological authority so that a judgement can be made on the results of the geological exploration performed before the
construction of a repository for radioactive waste.

Here, the existing legal criteria are listed and their fulfilment is demonstrated. On the basis of the analysis of site-selection and the static and
dynamic site-characterisation criteria, it was concluded that all of them have been fulfilled. Consequently, it can be stated that the Bátaapáti
(Üveghuta) Site is suitable for its intended purpose. 

In harmony with the detailed nature of the exploration performed, the Site occupies 0.87 km2, and its vertical extension is 80 m. At the same
time, the expected values for the repository are 0.07 km2 and its vertical extension is 10-30 m, respectively. It can be concluded from these figures
that further exploration is needed for the selection of a rock volume for the repository. 

Further exploration is planned mainly with underground methods from an incline (doubled for technical reasons) and a horizontal tunnel on
the 0 m above sea level (maximum 270 m below the ground surface) horizon. Boreholes and various investigations are designed from the shaft
and tunnel. The trace of the incline can be fixed only in its first section; the other sections can be located after additional drilling and geophysical
surveying from the ground surface. 



tions of the radioactive materials which occur in nature and
are enriched due to industrial activity”. As is evident, when
the IKIM (Ministry of Industry, Trade and Tourism) Decree
appeared, there was no legal regulation based on the Atomic
Law either on the suitability in general, or on the safety as-
sessment which defines it.

Probably this forced the IKIM Decree to arrange ques-
tions which concern interactions between the geological en-
vironment on one hand, and radioactive waste and a reposi-
tory for it on the other — which are all over the world issues
for safety assessment, not for geological exploration —
among the tasks for geological exploration. This led to a sit-
uation in which the interactions between the geological en-
vironment and waste + repository had to be evaluated with
almost no data on the repository, and geologists were forced
to answer questions which are beyond their competence. 

The IKIM Decree has been under revision and correc-
tion for a long time. Geologists can only hope that the new
regulation will be in harmony with the ESZCSM (Ministry
of Helath, Social and Family Affairs) Decree, and they will
be relieved of all the tasks that are related to safety assess-
ment. On the basis of this hope, below, only those aspects of
geological suitability are discussed which are indeed geo-
logical and can be evaluated independently from the reposi-
tory concept and waste package. Taking into account the ab-
sence of a new regulation, all these aspects are discussed in
terms of the IKIM Decree. Information, which forms the
basis for this discussion, is the result partly of earlier investi-
gations (BALLA 1997, 2000), and partly from studies in this
volume (BALLA et al. 2004; HORVÁTH et al. 2004; KIRÁLY,
KOROKNAI 2004; KOVÁCS-PÁLFFY, FÖLDVÁRI 2004; MAROS et
al. 2004; MARSI et al. 2004; ROTÁR-SZALKAI et al. 2004a;
SCHENK et al. 2004).

Geological criteria for site selection

Peat and anhydrite, as well as evaporite stocks do not
occur in wide surroundings of the Site. The country rock is

insoluble. Rocks capable of karstification do not occur in the
Site environment either on the ground surface, or below it. In
the 10 km vicinity of the Site existing drinking-water re-

sources with areas holding reserve supplies are marked by
22 wells in 13 active public waterworks, but the IKIM
Decree only prescribes a study of them, and gives no infor-
mation about how to use the data obtained. In the 10 km
vicinity of the Site no potential drink-water resources are
known. Existing or potential sites for producing mineral,

medicinal and thermal water do not occur in the Site envi-
ronment. Recorded mineral deposits do not occur in the first
10 km from the Site, but there are three potential mineral de-

posits (the closest is 4 km away): all three are coal deposits.
IKIM Decree only prescribes a study of them, and gives no
information about how to use the data obtained. Natural

cavities (i.e. open fissures in rocks, caves of karstic or other

origin) do not occur and cannot be expected in the geologi-
cal environment of the future repository.

The situation in which there are artificial cavities and fa-

cilities (abandoned or active mines, cellars, unfilled bore-

holes etc.) can be outlined as follows. In the 10 km vicinity of
the Site seven recorded concessions (clay, sand, granite) and
three exploration areas occur, all of them several km from
the Site contours. The cellars are mostly within the settle-
ments and thus ab ovo could not be taken into account. Some
cellars occur beyond the settlements, but exclusively at the
foot of steep valley slopes, where construction of a reposito-
ry is completely excluded. Of the boreholes drilled in the
frame of the Site exploration Üh–1 and Üh–24 were back-
filled; all the others are open and serve as monitoring wells.
Of the former wells only two fall within the Site contour;
both of them were backfilled by the drilling company Me-
csekérc. There are no other artificial cavities in the sur-
roundings of the Site. 

Consequently, the selection of the Bátaapáti (Üveghuta)
Site fulfilled the legal criteria. 

Geological criteria for 
site characterisation

The fulfilment of the geological criteria formulated in
the IKIM Decree for site characterisation is discussed
below, with classification into static and dynamic criteria. 

Static criteria

Those criteria are regarded as static which aim at the
characterisation of present-day site conditions. Those of
them which are valid for near-surface disposal but were erro-
neously prescribed for the underground disposal were aban-
doned.

The spatial extension of the host rock is sufficient, since
the rock body of the whole of the Mórágy Granite Formation
forms the host rock. The size of the latter on the ground sur-
face and just below is 18×7 km, and its vertical thickness is a
minimum of 2-3 km from the geophysical data. 

Concerning the homogeneity of the geological condi-

tions of the host rock the IKIM Decree only gives a prescrip-
tion, but does not give any instructions about which parame-
ters and what level of homogeneity are needed. In fact, ho-
mogeneity may cover anything: distribution of fracture
zones, single fractures or open fissures, as well as distribu-
tion of hydraulic conductivity or of groundwater heads etc.
From the point of view of the geological suitability the final
resultant of all these parameters is the flow pattern. Hy-
draulic conductivity varies between 10–6 and 10–12 m/s, as
known from hydrodynamic testing (BALLA, MOLNÁR 2004).
Consequently, the environment is highly inhomogeneous
locally, however, the natural flow pattern in big rock vol-
umes is rather homogeneous. This is due to the finite size —
around metres and dozens of metres — of conductive frac-
tures. In a big rock volume the resulting conductivity of
these fractures and the accompanying regional groundwa-
ter-head gradient controls the velocity of the water flow. The
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same conclusion can be made from simple practical consid-
erations as well. From the point of view of exploitable water
resources, granites are uniformly bad aquifers; the water in
them is insufficient even for the local water supply. Conse-
quently, given that consideration, granites can also be classi-
fied as homogeneous. 

The distinguishable nature of the geological environ-

ment and of the host rock — i.e. the geological barrier — is
confirmed by the results of the exploration, and is outlined in
numerous contributions in this volume (BALLA et al. 2004;
HORVÁTH et al. 2004; KIRÁLY, KOROKNAI 2004, KOVÁCS-
PÁLFFY, FÖLDVÁRI 2004; MAROS et al. 2004; MARSI et al.
2004; ROTÁR-SZALKAI et al. 2004a; SCHENK et al. 2004). The
possibility of modelling the geological environment and

host rock is best confirmed by the existing and successful
hydrogeological models (BALLA et al. 2004).

Concerning the application of the criterion thermal con-

ductivity of the host rock to low- and intermediate-level ra-
dioactive waste disposal, the IKIM Decree is controversial.
One of its paragraphs prescribes application, the other does
not. According to the 47/2003. ESZCSM Decree which reg-
ulates final disposal of radioactive waste “low- and interme-
diate-level waste is that radioactive waste from which the
heat generation is negligible” during the disposal (and stor-
age). As a consequence, the thermal conductivity of the host
rock is of no significance in the case of the Bátaapáti (Üveg-
huta) repository.

Concerning the low in situ temperatures, the IKIM
Decree also contains controversial specifications. The max-
imum temperatures in the boreholes of both the Site and its
surroundings was 24.9 °C. Even if the temperature was not
completely balanced when measured, it is obvious that the
temperature in the repository and its surroundings will be
low. 

The geological barrier above the host rock is defined in
the IKIM Decree as “an extensive geological barrier with
low hydraulic conductivity, which can retard or deviate the
water flow directed towards the repository”. In the case of
the Bátaapáti (Üveghuta) Site the lateral flow close to the
groundwater table “deviates the flow directed towards the
repository”, i.e. it plays the role of the geological barrier pre-
scribed. Its existence is best confirmed by hydrogeological
modelling (BALLA et al. 2004). The groundwater table is
usually located in the upper part of weathered granite, where
the hydraulic conductivity is at least two orders of magni-
tude higher than in the fresh granite which is situated deeper.
With the infiltration and with the lowering-downwards of
the hydraulic conductivity, the flow system could only be
modelled with an assumption that 95% of the infiltrated
water moves laterally, towards the neighbouring valleys
(discharge areas); the remaining 5% moves down towards
the repository. 

Horizontal and vertical hydraulic conductivity was
studied by hydrodynamic testing (BALLA, MOLNÁR 2004).
On the basis of 330 packer tests, the test-interval transmis-
sivity displays a lognormal distribution with a mean of
3.6×10–8 m2/s. The lengths of the test intervals are around

10 m, hence the mean hydraulic conductivity of the gran-
ites is about 3×10–9 m/s, which is an insignificant value.
Experience from the hydrogeological modelling shows
that the hydraulic conductivity does not differ in horizon-
tal and vertical directions, so that anisotropy cannot be re-
vealed. 

A downward-directed hydraulic gradient in the host

rock can be confirmed or rejected by comparison of ground-
water heads. The initial head levels in the boreholes of the
Site and its surroundings were studied by hydrodynamic
testing (BALLA, MOLNÁR 2004) and by observation of a mul-
tipacker monitoring system over a number of years (ROTÁR-
SZALKAI et al. 2004b). Head profiles were constructed for
the boreholes and by means of 3D interpolation between the
data the spatial distribution of the heads was computed.
Some damming-isolating as well as conductive structures in
the borehole sections generate local deviations, but the
heads in general decrease downwards, so the downward-di-
rected hydraulic gradient was confirmed. 

The natural fracturing was studied in detail (MAROS et
al. 2004). Variable interpretation was based on 46,796 frac-
tures measured in boreholes, 6614 in trenches, and 1651 in
outcrops. In both boreholes and outcrops, fracturing was
studied quantitatively and statistically. On the basis of the
level of the fracturing and the orientation of the fractures, the
Site and its surroundings were subdivided into blocks. 885
fractures bear displacement traces and this made it possible
to analyse the stress fields. Fissure infillings, their spatial
distribution, their succession and mineral types were studied
in detail. Judging from the large volume of data, the study
level of the natural fracturing can be regarded as acceptable. 

Hydraulic conductivity was calculated from tramsmis-
sivity determined in 330 packer tests of the boreholes
(BALLA, MOLNÁR 2004). The mean hydraulic conductivity
for the 10 m intervals is about 3×10–9 m/s, which is an in-
significant value.

Retarding and diluting effects of the hydrogeological

system in relation to the arrival of radioactive isotopes to the

ground surface was studied by transport modelling (BALLA

et al. 2004). In the hydrogeological system water movement
is slow and the flow paths are long. The transport modelling
performed demonstrated that water particles starting from
the repository, even in the worst case, would not reach the
ground surface before 800 years. In the given groundwater-
head conditions in the repository area (with 1% porosity),
the flow velocity can be estimated at 0.1 m/year. Thus the re-
tarding effect obviously exists. 

Water, which flows from the fresh granite into the weath-
ered zone below the valleys, only gives a little of the water
balance of the weathered zone: 3.3–4.3% according to hy-
drogeological calculations and a maximum of 5-6% accord-
ing to hydrogeochemical evaluation. Thus the dilution is ac-
ceptable as well. 

The retarding, delaying and binding effect of the geolog-
ical barrier on arrival of radioactive isotopes to the ground
surface orignates, in essence, from the retarding and diluting
effect of the hydrogeological system (see above). It is com-
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posed of the peculiarities of the geological environment dis-
cussed below. 

Those mineralogical-petrographical and geochemical

parameters of the geological environment, which promote

precipitation or sorption of radioactive elements, impede

the generation of particles, colloids, and organic and inor-

ganic complexes, which increase the mobility of radioactive

isotopes, can be characterised as follows. The sorption of ra-
dioactive isotopes were studied by direct investigation on
minerals and rocks of the geological environment (HORVÁTH

et al. 2004). Sorption parameters of the host rock of the
Bátaapáti (Üveghuta) Site appeared to be acceptable. The
precipitation of radioactive isotopes is essentially one of the
relevant processes of the sorption. Thus the qualification of
the sorption given above contains the qualification of the
precipitation as well. In water which filtrates through the
granite, stable natural colloids are not expected (see below).
“Generation of organic and inorganic complexes, which in-
crease mobility of radioactive isotopes”, is impossible in the
granites of the Bátaapáti (Üveghuta) Site. Therefore, the
prescribed parameters of the Bátaapáti (Üveghuta) Site are
acceptable. 

The sorption and ion exchange capacity of the geologi-

cal environment can be outlined as follows. The sorption ca-
pacity for some of the radioactive isotopes appeared to be
quite acceptable. In most of the fissures there are clay miner-
als, and thus for those isotopes the sorption capacity of the
rock mass is acceptable as well. It is known, on the other
hand, that the binding of I, 14C and Tc cannot be taken into
account, and that isotope 86Sr is usually not inclined to be
bound. Ion exchange is one of the relevant processes of the
sorption and so the ion exchange capacity of the geological
environment is in essence as good as the sorption capacity. 

Natural colloids and organic matter in the geological

barrier can be outlined as follows. 11 samples were studied
for natural colloids. Small values of the concentration of
floating matter show that stable colloids, which could trans-
port pollutants on their surface, cannot be expected in the
real system; most of the colloids appeared due to the drilling
and sampling activity. Organic matter ab ovo cannot be ex-
pected in the granite of the Bátaapáti (Üveghuta) Site, and it
can only appear in ground water. Geological conditions do
not allow ground water to contain a significant quantity of
natural organic matter. Infiltration areas are composed of
loess which originated in oxidative conditions. The organic
matter of the palaeosols which originated from loess is oxy-
dised soon after burial, and the rest of the organic matter is
insoluble in water and bacteria cannot use it extensively. 

In the old water the sulphate concentration is low; in 6
samples hydrogen sulphide was observed (0.05–0.48 mg/l,
expressed in sulphides). This phenomenon is explainable in
terms of sulphate reduction due to bacterial activity. Thus,
even in deep-situated old water, the quantity of organic matter
is sufficient for bacteria. The role of the latter is, however, in-
significant, and does not influence the geological suitability. 

Concerning the occurrence of natural gases the following
can be stated. During the exploration it was ascertained that

there are no conditions for both the generation and storage of
free gases in the granite of the Bátaapáti (Üveghuta) Site. 

Dynamic criteria

Those criteria are regarded as dynamic which need pre-
diction with regard to future changes. 

Criteria, such as (i) effects from the climatic changes on

the ground surface, (ii) geomorphic stability as well as (iii)
effects from the erosion and (iv) from the hydrographic

changes in a six hundred year perspective, are connected
with each other and can be predicted by the projection of past
events and processes into the future. The valley system in the
Site surroundings — at least, from the beginning of the loess
accumulation, i.e. since a minimum of 800,000 years — dis-
plays approximately its present pattern. With time the val-
leys have cut deeper, the topography has become more dis-
membered, but the total cut usually did not exceed 50 m. The
six hundred years of the prediction are three orders of mag-
nitude shorter than the process outlined. During the 800,000
years, processes of valley cutting and filling — primarily
due to climatic effects — periodically changed. The summa-
ry duration of the opposite half-periods was approximately
equal, so the cutting of the valleys took a minimum of
400,000 years. As a consequence, the topographical change
during 600 years can, on average, be measured in cms. All
these processes cannot influence the repository which is
planned at least 100 m below the deepest valley bottom (a
minimum of 100 m above sea level). 

The seismological or seismic stability in a six hundred

year perspective, as well as the effect of seismic events on the

mechanical stability of the engineering and geological bar-

riers, were evaluated as follows. The earthquake hazard was
analysed on the basis of a new catalogue for a 300-400 km
radius around the Site. It was stated that in the granite massif
hosting the repository at a 250 m depth, during the 600 years
prescribed by the Decree a maximum of 0.1 g peak ground
acceleration can be expected. This is a usual criterion for ra-
dioactive waste disposal facilities (SCHENK et al. 2004). 

Concerning the volcanic stability in a six hundred year

perspective, as well as the effect of volcanic events on the

mechanical stability of the engineering and geological bar-

riers, the following remarks can be made. The volcanic sta-
bility of the Site is characterised by the fact that in the wide
surroundings practically no volcanism occurred in the Ce-
nozoic and Quaternary. The closest occurrence of young
volcanic rocks is known 18 km SSE of the Site, at the
Village of Bár. In the outcrop and the borehole present
there, young basalts occur with a K/Ar age of 2.17 million of
years. The closest occurrence of even younger volcanic ac-
tivity is situated in the East Carpathians, 450-500 km from
the Site. As a consequence, it seems improbable that a new
volcanoe will erupt close to the village of Bátaapáti. Given
this, it can be said that the volcanic stability of the Site is
quite acceptable.

This also means that the effect of volcanic events will be
negligible in the next six hundred years — i.e. volcanic
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events will not affect the mechanical stability of the engi-
neering and geological barriers of the Site. 

The criterion referring to normal faults, folds, reverse

faults prescribes the study of these features. In the metamor-
phosed magmatic rocks of the Mórágy Granite Formation
there are no folds, and thus they are not discussed here.
Besides the normal and reverse faults strike-slip faults occur
as well; all of them are discussed below. The study of the
faults was very detailed (MAROS et al. 2004). Fracture zones
penetrated by boreholes were summarised, and on the basis
of striae the sense of displacements was supposed. The striae
made it possible to statistically study displacements not re-
lated to fracture zones and to distinguish several stress
fields. Displacements were also studied in outcrops and
trenches. On the one hand, they were considered statistical-
ly, resulting in stress-field analysis. On the other hand, the
fracture zones were classified on the basis of the direction of
relative displacements. As seen, the study level of the faults
is acceptable. 

The tectonic stability in a six hundred year perspective,

as well as the effect of tectonic events on the mechanical sta-

bility of the engineering and geological barriers, were eval-
uated as follows. Structural research evaluated plastic and
rigid tectonic events as well as their effect (MAROS et al.
2004). The position of the rock mass hosting the future
repository within the Earth’s crust does not make possible
the conditions for the plastic deformation. Therefore, stabili-
ty from this viewpoint is sure. In connection with these crite-
ria the stability of the fracture zone and micro-fracturing
pattern will be discussed below. 

The stability of the fracture zone pattern is connected
with the seismic stability (see above) and with the potential-
ly active (capable) faults (see below). Since the seismic sta-
bility is acceptable and displacements on the potentially ac-
tive faults cannot be established for the last 100,000 years,
the stability of the fracture zones in a six hundred year per-
spective is acceptable as well.

The stability of the micro-fracturing pattern can also be
evaluated from the knowledge on the earthquakes and active
faults. Since they were regarded as stable, their effect on the
micro-fracturing can also be classified as acceptable. This
does not mean that earthquakes in the next 600 years cannot
produce new fractures or rejuvenate existing ones, but it is of
very low probability that they can change the pattern of the
micro-fracturing. 

Another approach to the fracture stability consists of the
following. There are not too many data on the age of the fis-
sure infillings, but they display — with no exception —
Mesozoic ages, the youngest of them being Late Cretaceous.
As a consequence, tectonic stability for the next 600 years
can be regarded as acceptable. At the same time, this also
means that the effect from the tectonic events in a six hun-
dred year perspective is negligible. Consequently, tectonic
events do not affect the mechanical stability of the engineer-
ing and geological barriers. 

The criterion referring to displacement on the ground

surface within the last hundred thousand years and poten-

tially active faults belongs to that minority in the Decree
which gives figures. Principally, all the faults are potentially
active since they can be rejuvenated in a corresponding
stress field. At the Bátaapáti (Üveghuta) Site fractures and
fracture zones run towards the base of the thick Quaternary
sedimentary sequence. Accumulation of this sequence start-
ed at least 800,000 years ago. All the fractures which do not
cross the base of the Qutaernary sediments have been inac-
tive for at least 800,000 years — i.e. they cannot be classified
as potentially active. The simplest criterion of the potential
activity is that the fracture or fracture zone within the rocks
of the Mórágy Granite Formation cuts at least the lowermost
layer of the Quaternary sequence. 

In the close vicinity of the Site, two trenches exposed
Upper Pleistocene slope sediments of 0–2 m thickness and
these run along their total 1500 m length. In them, even a
small fault or joint was not recorded despite the very careful
mapping (GYALOG et al. 2003). However, they should have
been clearly visible in the sediments in the top of the hard
granite. 

In one of the seismic profiles measured at the Site in
2002 a 150 m wide vertical strip break of reflections inter-
rupted the soft sediment pattern. This generated suspicion
about the occurrence of a tectonic displacement within the
last 100,000 years (PRÓNAY et al. 2004). In order to clarify
the situation, the Eötvös Loránd Geophysical Institute per-
formed measurements of greater density along a 500 m sec-
tion of the same profile (VÉRTESY et al. 2003). The break of
the reflections in the profile was narrowed to a 30 m strip.
Cone penetration testing along the same profile revealed
that the stratification of the loess is continuous, and the con-
trast between the layers is analogous within the break of re-
flections and sections beyond the break. This means, that the
break of reflections does not have a geological origin and
thus no young displacement within the break can be estab-
lished. 

As a consequence, displacement which is younger than
100,000 years can be excluded at the Site.

The criterion mineralogic-petrographic and geochemi-

cal stability in a six hundred year perspective was evaluated
as follows. Mineralogic-petrographic and geochemical com-
position as well as the geomechanical properties of the
metamorphosed igneous rocks of the Mórágy Granite
Formation were affected first of all by hydrothermal alter-
ations and weathering processes during their more than 300
million years lifetime. 

The hydrothermal effect took place mainly within, and
in the vicinity of the fractures and fracture zones. The repos-
itory most probably will be sited in a rock mass with no sig-
nificant fracture zones and with a low number of fractures.
Therefore, hydrothermal alteration of the fractures and frac-
ture zones will be insignificant in the repository area. The
hydrothermal alteration of the rocks in the vicinity of the
fractures and fracture zones has ab ovo been weak. Since hy-
drothermal alteration occurred over millions of years it is
very unlikely that there will be significant changes within
the next 600 years.
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The effect of weathering is observable on the upper
boundary of the rock mass and within the weathering zone
below this boundary. The repository will be constructed
deeper, in fresh rocks where weathering effects will be com-
pletely absent. The vertical distance between the repository
and the bottom of the weathering zone (100 m) everywhere
exceeds its total thickness (50-60 m). The generation of the
weathering zone was already in progress at the beginning of
the loess accumulation, i.e. 800,000 years ago. In other
words, its recent thickness arose for a minimum of this time
interval. As a consequence, no significant changes are to be
expected within the next 600 years. 

As seen, the mineralogic-petrographic and the geochem-
ical stability of the repository and its surroundings is quite
acceptable. 

The criterion hydrogeologic stability and potential hy-

drogeological changes for various reasons in a six hundred

year perspective was evaluated as follows. Water which in-
filtrates through the loess sequences feeds ground water in
the upper part of the weathered granite. Most of the ground
water moves laterally along the slopes, towards the valleys.
During the calibration of the hydrogeological model and the
modelling itself, it was revealed that oscillation in the vol-
ume of infiltrating water is compensated by a corresponding
oscillation in the volume of water which moves towards the
valleys. As a consequence, the volume of water which fil-
trates down towards the depths is practically constant, even
if the other parameters show wide variations. In other words,
in the geological environment (of the repository) which cov-
ers horizons below the weathering zone hydrogeological
conditions are very stable. Thus, changes in the flow pattern
sue to natural causes are highly unlikely. 

It was shown that among the parameters — such as
changes in tectonics, uplifting, erosion, ground surface to-
pography and climate, as well as seismic and volcanic ac-
tivity — there is not one which could be significant in a six
hundred year perspective. All the possible changes which
have a high certainty fall into that category, within which
the equalisation effect reflected in hydrogeological stabili-
ty is valid. 

Summary on the suitability

From the exploration performed and the analysis pre-
sented above it can be concluded that all the criteria formu-
lated in the IKIM Decree are fulfilled, and thus it can be stat-
ed that the Site is geologically suitable. 

Concept of further exploration

The final conclusion from the 2002–2003 exploration
from the ground surface was that the Bátaapáti (Üveghuta)
Site is geologically suitable for the final disposal of low- and
intermediate-level radioactive waste. However, further ex-
ploration is needed for the selection of a rock volume for the

repository. From geological conditions it follows that in this
exploration the main focus will be upon underground meth-
ods. 

The goals of the underground exploration can be out-
lined as follows:

— delineation of a rock volume for hosting the repository;
— exploration of that rock volume to create a basis for a

decision on the siting of the facility if results are advanta-
geous, and continuing the exploration if they are disadvanta-
geous;

— supplying data for the safety assessment (i.e. to the
extent which is possible after activities performed for reach-
ing the first two goals). 

There is no doubt that the repository area will be ap-
proached by inclines from a previously selected point. 

Within the generally suitable rock mass of the Site sec-
tions of Boreholes Üh–3, Üh–22, Üh–2, Üh–23, Üh–27 and
Üh–37 around 0 m above sea level can be taken into account
when selecting the repository area. On the horizon 0 m
above sea level, data from borehole couples Üh–3 and
Üh–22, Üh–2 and Üh–23 and Üh–27 and Üh–37 can be unit-
ed into three prospective objects: Southern, Central and
Northern, respectively (Figure 1). 

Available data are insufficient to select one of the three
objects. From a rock-mechanical point of view, the
Northern Object seems to be best, and it can be reached by
the shortest way. This is significant economically. On the
other hand, from a hydrogeological point of view the weak
downward-directed hydrodynamic gradient, relative high
influxes in Boreholes Üh–27 and Üh–37, as well as the
sharply evident hydrodynamic connection between these
boreholes and geochemical zoning indicate an increasing
infiltration velocity. It is not clear whether these disadvan-
tageous (although not resulting in unsuitability) hydrogeo-
logical properties are connected with a steep zone close to
Boreholes Üh–27 and Üh–37 or are characteristic for a hor-
izontally extended area. The key question for designing the
underground exploration is the future of the Northern
Object.

The tunnels for the underground exploration from the
viewpoint of both technical conditions and tasks, have to be
subdivided into two sections. One of them will be driven in
any case (from the design viewpoint), direction and length
of the other will depend on exploration results. The section
which has to be driven in any case can be identified in a tech-
nical sense with the incline (across Boreholes Üh–39 and
Üh–40 in Figure 1); the section depending on the explo-
ration results is imagined as a horizontal tunnel. In accor-
dance with this, the section which has to be driven in any
case (in the design sense) has to be directed to a point from
which it will be worthwhile and possible to drive the hori-
zontal tunnel to any of the three objects. 

The spatial distribution of the three objects is close to lin-
ear. As a consequence, the final point of the incline can be
located 40 m east of the Borehole Üh–27. From geological
and hydrogeological considerations this point is located at 0
m above sea level. The horizontal distance between the start-
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ing and ending points is 1645 m. Consequently, the inclina-
tion is around 9.6% (5.5°) which seems to be acceptable
from a technical point of view. The corresponding spatial
distance is 1653 m. 

By the time the incline reaches its endpoint it should
have been decided where to direct the horizontal tunnel.
Since the Central and Southern Objects fall almost on a line,
the most important question is what to select: those or the
Northern Object. The strip across Boreholes Üh–27 and
Üh–37 is problematic from a hydrogeological point of view.
Therefore, for the decision about whether to explore the
Northern Object or not further data are needed. From the
tunnels, a maximum of 150-200 m can be reached by
drilling. Therefore, it seems more reliable to drill boreholes
from the ground surface in order to prepare this decision. For
obtaining information needed for delineating prospective
rock masses, i.e. for directing tunnels, 3 new boreholes from
the ground surface are planned (Figure 1) synchronously
with the underground exploration. 

On the basis of data from the boreholes drilled from
the ground surface it can be decided whether to direct the
tunnel towards the Northern Object (and if so, more pre-
cisely where to), or towards the Central Object. It could
occur that on the basis of new borehole data the last sec-
tion of the incline will also be deviated towards the
Northern Object. 

Chambers will be driven after the incline has reached
1300 m. Exploration of the environment by means of bore-
hole fans will be performed from the chambers. This should
provide more precise knowledge on the spatial position and
parameters of the petrographical boundaries, the fracture
zones, and the specific hydrogeological zones which were
observed in the incline. This drilling activity has to be con-
tinued from the chambers of the horizontal tunnel as well; it
will be the most important tool for selecting and delineating
prospective rock masses. However, this tool can only be
used when the prospective rock masses are approached at
50-100 m. 

A number of questions related to the site environment re-
mained open and although these do not influence the suit-
ability of the Site, solving them should increase the reliabili-
ty of the safety assessment. Therefore, synchronously with
the underground exploration, all the investigations and stud-
ies which are necessary for a better understanding of the
geology and hydrogeology of the site environment will be
carried out. 
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Figure 1. Sketch of the boreholes which indicate where the repository
could be located

1 — contour of the Bátaapáti (Üveghuta) Site, 2 — borehole drilled in
2002–2003, 3 — borehole drilled prior to 2002, 4 — deep borehole planned in
2004–2007, 5 — contour of the monzonitic body on the horizont 0 m asl, 6 —
boreholes indicating the Northern Object, 7 — boreholes indicating the 

Southern Object, 8 — boreholes indicating the Middle Object

1. ábra. A tároló kialakítására alkalmas objektumokat jelző fúrások
térképe

1. —  a Bátaapáti (Üveghutai)-telephely körvonala, 2. — 2002–2003 folyamán
mélyített fúrás, 3. — 2002 előtt mélyített fúrás, 4. — 2004–2007-re tervezett mély-
fúrások, 5. — a monzonittest körvonala a 0 m Bf szinten, 6. —  az Északi ob-
jektumot jelző fúrás, 7.—  a Déli objektumot jelző fúrás, 8. — a Középső 

objektumot jelző fúrás
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