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Geologic mapping plays an important role in the different periods of site exploration for radioactive waste disposal. In the initial 
period the geological characterization and classification of certain formations in the entire country was worked out. A survey of techni
cal literature indicated that loess hills overlying Upper Pannonian (Upper Miocene) formations were potentially suitable for near-sur
face disposal, while Upper and Lower Pannonian clayey formations, and Mecsek granite were suitable for underground disposal. 
Geologic research on the selected objects and edited profiles was carried out to help hydrogeological modeling. Taking these results 
into account the locations for deep boreholes which helped characterize the objects and the hydrogeological investigations were deter
mined. The boreholes were investigated in detail. In the next phase of research detailed geological mapping of the selected areas was 
carried out. The research for the radioactive waste disposal facility supplied new data about the geological structure of the country.

1. Introduction

The characteristics, structure, reactions and the alter
ation of geological formations due to external factors plays 
an essential role in weighing the consequences of human 
intervention. Especially significant interventions are those 
whose effects are perceptible to society for a long time. 
These factors are insignificant in geological terms. 
However they affect geological environment and remain 
for millions of years. At the same time geological factors 
also influence the degree of perception of the effects men
tioned above.

The problem of radioactive waste disposal is recent. 
The development of the nuclear industry also has a short 
past, and in the beginning the dangers caused by the waste 
were neglected during the planning of disposal. As envi
ronmental protection and the problems of radioactivity 
became clear, it became apparent that waste, its disposal, 
and isolation from the environment and the dangers to 
society cannot be handled as an internal, national prob
lem. The International Atomic Energy Agency employs 
teams of experts to examine the methods of handling and 
disposal of the waste-producing countries and works out 
suggestions for methods and procedures to be followed 
during the planning and execution of waste disposal.

It has been established that no repository can be found 
without artificial protection which would be suitable for 
waste disposal. This means that during the planning of 
such sites one must count with partly natural, and partly 
artificial protection, and that the complex system of these 
types of protection provides the lowest risk for society.

The design and construction of artificial protection is 
an engineering task, the execution of which needs proper 
information about the parameters of the possible natural 
protection. It must be remembered that engineering works 
can have an adverse effect on the natural structure hosting 
the repository, in other words the geological formations.

Four geological formations are considered as suitable 
for disposing radioactive waste: salt rocks, crystalline 
rocks, volcanic tuffs and clays. Though such types of for
mations occur in Hungary, complex demands of waste dis
posal cannot be met without detailed examination of these 
occurrences. To determine the degree of natural protection 
it is essential to examine the geological formations and col
lect, interpret and evaluate all data relevant to a complete 
evaluation of suitability.

2. Geologic maps in certain periods of the research

In view of the above, geological maps of different 
scales were used and edited during the site exploration for 
waste disposal, keeping the principle of progressivity in 
sight. However geological mapping is not limited to mak
ing and editing maps of different scales. An essential work 
of collecting, interpreting and evaluating geological 
(including drilling) data was carried out. Drilling data 
were needed partly to make the maps more precise, partly 
to create an exact view of subsurface geological condi
tions, in order to characterize the geological objects in 
terms of their suitability as near-surface or underground 
disposal sites. During the mapping, geological profiles 
were constructed using surface and subsurface data and 
the results of geophysical modeling, which helped to make 
the geological model more precise and the hydrogeological 
modeling possible (S t ic k e l  et al. 1997).

2.1. Introduction period

In 1993, during the initial phase of the project an 
overview of the distribution of geological formations 
occurring on and under the surface was compiled. The 
report included the basic geological and engineering geo
logical characteristics of these formations which assist the



determination of their features from a radioactive waste 
disposal point of view. By evaluating the geological and 
engineering geological data the formations according to 
waste disposal criteria were categorized, and the most 
important characteristics of those layer groups and geolog
ical formations were also defined that required additional 
research for the disposal o f low and intermediate level 
radioactive waste ( C hucán el al. 1993).

The basis for finishing this job was supplied by the 
1:500,000 scale map of Hungary (F O l o p ' 1984), which is 
the newest summary surface geological map of the coun
try. It should be mentioned though, that this was only of 
limited use, for the following reasons:

Firstly, during the editing the pre-Quaternary units 
were emphasized. Therefore the editors (as usual in the 
technical literature) displayed such formations on the sur
face while in reality they could be found under Quaternary 
deposits of significant thickness. Formerly ( C hucán et al. 
1993) attention was drawn to the fact that the regional 
depiction of certain formations is the result of the com
bined delineation of surface and near-surface distribution, 
and does not mean automatically an area indication. In the 
description of the formations attempts to indicate the 
thickness of cover were made.

Secondly, new information was not included on parts 
of the map compared to former versions, because during 
the 60’s and 70’s a new survey was carried out mainly in 
the mountains and on the Great Hungarian Plain. It meant 
a limitation because the preciseness of knowledge of Qua
ternary deposits gained a special importance during the 
research, while these formations were considered less 
important during the former, raw-material focused geologi
cal mapping, and so less attention was paid to their precise 
depiction and classification.

On the map ( F ü l ö p  1984) 127 geological formations 
were distinguished. The survey of technical literature was 
concentrated on summarizing the engineering geological 
characteristics and general geological features of these for
mations. On this basis those factors were chosen which are 
considered most im portant concerning the suitability of 
these formations for waste disposal. None of these differ
ent features is deciding by itself, although negative effects 
of some of them cannot be counteracted by artificial inter
vention. During the analysis the following factors were 
examined: homogeneity, distribution, fragmentation, abili
ty to karst formation, capacity, surface pollution-sensitivi
ty, and earthquake resistance. As exact weightings for com
paring the effects of these factors cannot be found, all fea
tures were treated in the same way at the evaluation. Three 
groups during the examination of geological and engineer
ing geological parameters were distinguished: the first 
group consisted of formations which were held suitable for 
waste disposal in respect of the given parameters, the sec
ond group consisted of less suitable formations, and the 
third group contained unsuitable formations. The groups 
got 2, 1 and 0 values and the formations were classified 
and ranged according to the total points of characteristics.

The distribution of the 127 formations by total points 
was the following: none of the formations reached 14 
points, 1 (Boda Siltstone) reached 13 points, 3 (Mány, 
Törökbálint, Szécsény, Pétervására, Eger Formation, 
Nadap and Recsk Andesite, Velence Granite) reached 12 
points, 9 (Mecsek and M átra Andesite; Tard, Kiscell, 
Bersek, Lábatlan, Mecsekjános, Szarvaskő, Karolinavölgy, 
Mészhegy, Jakabhegy, Korpád and Cserd Formation,

Mórágy G ranite) reached 11 points, 19 reached 10, 30 
reached 9, 35 reached 8, 15 reached 7, 7 reached 6, 6 
reached 5 and two formations reached 4 points. As a final 
result of this examination it was established that forma
tions getting a minimum of 11 points according to the geo
logical and engineering geological criteria given above 
have to be investigated further.

2.2. Research of technical literature

The test system accepted in 1994 made it necessary to 
carry out the examination and evaluation of regional geo
logical formations according to new values. At the same 
time the established disqualifying conditions of a non-geo- 
logical nature significantly changed both the dimensions 
of the area of investigation, and the criteria to be evaluat
ed. The majority of the formations marked as potential 
during the evaluation in 1993 were now rejected, while 
hydrogeological features of some layer groups increased in 
importance. As a result of the national-scale screening car
ried out during that year (the geological base of which was 
also supplied by the map of Hungary, 1:500,000 scale), the 
research was centered now in Transdanubia, in Mezőföld 
and the hilly area to the south (B a l l a  1997).

More detailed data were needed in this relatively small 
area to examine certain geological formations. To deter
mine the real shape, place and distribution of objects 
which occurred more densely in this area, the former 
results of research were corrected on a map of 1:100,000. 
However the larger part of the area has not yet been cov
ered by detailed geological mapping, except the specific 
mapping in low areas of the country done in the beginning 
of the 50’s. So the data from this older survey had to be 
included in the evaluation.

In the beginning of the sixties the editing of a map 
series of the country on a 1:200,000 scale was started 
using the results of this mapping. A redrafting of the maps 
was made with the co-operation of famous experts (in our 
region M ih á ly  E r d ély i and A n d r á s  R ó n a i) on a 
1:100,000 scale and then with further refining the 
1:200,000 scale series was finished. The redrafted maps 
were completed with geological information gained since 
that time. A part of this includes the results of our 
research into seismic safety of the Paks nuclear power 
plant, while in the southern part of the research area, in 
the region of the Mecsek crystalline basement, the other 
part was composed partly of results concerning the explo
ration of radioactive waste disposal in the area of Ófalu, 
and finally, partly by new maps edited in the framework of 
the Geological Institute of Hungary’s mapping activity in 
Somogy and Baranya counties. After combining the 
source material the formations were grouped according to 
features needed to make the outline of objects more exact, 
and a simplified geological map was created which depict
ed the earlier fixed outlines on a bigger, more precise 
scale.

The forming of the test system resulted in an important 
change for the formations involved in the research. During 
the examination by formations in 1993 (when only empha
sized features were examined) the thick and wide-spread 
loess got only 9 points, therefore did not take part in the 
preliminary ranking. On the other hand, with the introduc
tion of the test system the hills consisting of loess overly
ing Upper Pannonian (Upper Miocene) formations 
became potential areas from a hydrogeological point of



view (T óth 1993). Therefore in this phase of the research 
the evaluation of loess areas received much attention.

For underground disposal mainly clayey formations of 
the Upper and to a lesser extent the Lower Pannonian, and 
the granite of the Mecsek crystalline basement seemed a 
potentially suitable formation group (considering the 300 
m research depth). A different geological mapping 
approach was required for the near-surface granite and 
another for the subsurface clayey formations which can 
only be analyzed by studying borehole sequences.

In the case of the granite area the map of overlying bed 
thickness was edited taking the existing, mainly drilling, 
data into account. With the help of this map the area can 
be determined where the overlying bed of the granite does 
not exceed the 300 m research depth, and this area is the 
potential granite object.

In the case of Tertiary clayey formations the demand 
was to separate clayey strata with a minimum thickness of 
30 m, and consider these as potential objects. To carry this 
out, the sequences of the approximately 6800 boreholes in 
the area were examined, and those strata in them were 
chosen that met these criteria. Some uncertainty existed as 
to over what distance the strata cut in the boreholes can be 
followed, and cross correlated, and so some strata were 
correlated on the basis of some principal considerations. 
The sequences cut in certain boreholes were regarded 
valid in a circle of 2.5 km radius. Knowing the geological 
structure, the dip of the Pannonian formations was 
assumed nowhere to exceeds 2-3°. Thus, equal altitudes 
a.s.l. were considered valid to correlate strata. The clay 
strata cut in the boreholes were investigated and those 
objects whose circles intersect in the same sea-level-related 
position were considered the same. Thus from original 269 
strata, 192 potential subsurface objects were identified: 
The final result was born out by the wide range application 
of GIS methods (T urczi et al. 1997).

2.3. Reconnaissance of indicated objects

The geological reconnaissance was carried out on the 
chosen objects (Balla 1997) in the following phase of the 
research, taking different aspects into account, as a result 
of which the maps of the regions on 1:25,000 scale was 
finished.

Since it was decided that the predominantly granite 
area can be considered suitable for underground disposal, 
field surveying and a correction of earlier maps had to be 
carried out in the wider surroundings of Bátaapáti and 
Mórágy. In this mostly forest-covered area traditional 
methods of mapping were applied, and partly petrologic, 
partly structural observations were recorded in the expo
sures. The aim of the field survey and reconnaissance was 
to gain more data about the surface spreading of granite by 
recording its outcrops exactly, to get a view of what kind of 
formations cover the granite in the area and to what degree 
the formation is weathered and tectonized. As a result of 
the reconnaissance a newer map version of a 95 km2 area 
has been finished on 1:25,000 scale, which depicts the sur
face of the basement and includes the surface observations.

Among the suitable areas for near-surface disposal 
reconnaissance was carried out after the public discussion 
first in the surroundings of Diósberény and Németkér, 
then in the region of Udvari. The three areas to be mapped 
are more or less similar in their geological structures. All 
of them are covered by Quaternary formations settling on

significantly thick Upper Pannonian deposits, and the 
Upper Pannonian formations do not come to the surface, 
or only in minor exposures. This means that as altitude dif
ferences are significant (at some places they exceed 100 
m), Quaternary formations of great thickness had to be 
mapped.

This deposit group has to be examined using a different 
approach to classic geological mapping methods. Beside a 
traditional field survey the evaluation of aerial photos and 
morphological analysis play an important role, because the 
size and number of exposures are unsuitable for a detailed 
evaluation of the distribution of every formation in the 
field. At the same time the mapping of flat and hilly areas 
carried out by the Geological Institute of Hungary created 
a proper basis for solving the geological problems of such 
areas. Thus in all three areas significant new results were 
obtained in the recognition and correction of the bound
aries of the formations separated on the 1:100,000 scale 
geological map, and formations not known in this area so 
far were recognized. However, despite all the results of sur
veying carried out in the area they are not sufficiently 
detailed for geological mapping at this scale. To achieve 
that numerous boreholes should be deepened, and new 
geophysical models and laboratory investigations would be 
needed. As there was no opportunity to carry out such 
research, the work can be considered just a reconnaissance 
and correction of earlier mapping results. The demand for 
real geological mapping would be met in the later phase of 
the work in the surroundings of the chosen potential dis
posal sites.

As a result of the reconnaissance a surface geological 
map was finished of an area of some 265 km2, with a more 
detailed subdivision of Quaternary deposits. A new result is 
that the Pleistocene fluvial sand were found and mapped in 
a greater area to the west of Diósberény, and numerous, 
previously unmapped geological formations were recorded.

The edited maps and the new knowledge supplied the 
basis for editing geological profiles, which partly serve the 
understanding of the geological model, and partly supply 
the geological basis for hydrogeological modeling. During 
the editing of profiles in the granite area the type and 
thickness of the unconsolidated deposits covering the 
granite were emphasized, as data about the internal struc
ture of granite indicated that granite is strongly fractured, 
but there was no information about the size, nature of the 
fractures, if they are open or closed type, combining or 
thinning with depth. One of the most significant forma
tions in the granite area, which is essential from a hydrogeo
logical viewpoint, is the granitic gravel and crumbled gran
ite that occurs under deposits of loess and have variable 
thickness. Special attention was paid to the delineation of 
the position of this formation in the cross-section.

In the areas examined for near-surface disposal suitabil
ity, despite similar geological structure, different problems 
during the profile editing had to be solved. The most sim
ple is the geological structure of the Németkér region, 
where only the thickness of Quaternary deposits and the 
depth of Pannonian formations under the surface 
remained uncertain after the reconnaissance.

At the same time a significant problem in the Diós
berény region was that in the neighborhood of the poten
tial object sánd occurrences were found which could not 
with certainty be predicted to occur under the loess group 
covering the surface. To decide this question geoelectric 
survey was carried out, and its results were used in profile



editing. In the region of Udvari there were no traces of this 
sand (K o l o sz á r  and M a rsi 1997), so there this problem 
was not met.

For profile editing data from earlier water exploration 
boreholes were used in addition to personal observations 
in all three areas. These data are quite inhomogeneous, 
though the sequences evaluated together with well-log pro
files were used successfully ( M ü l l e r  et al. 1997). In all 
three areas a question has arisen which is still unanswered, 
yet plays an important role in the reconstruction of real 
geological situations such as in the precise recognition of 
hydrogeological conditions and in profile editing. This 
question is how the paleosols in the loess are traceable.

Clearly certain paleosol horizons run parallel to each 
other but on the basis of some of their features doubts can 
be expressed that it is possible to determine the spatial 
position of a paleosol horizon at the current exposure 
level. The sequences of water searching boreholes are not 
able to solve this problem, as almost all of them were 
drilled in valleys, so they have not cut the significantly 
thick loess group. The paleosols found in the outcrops can
not be correlated with each other without detailed exami
nation. If the circumstances of development of these for
mations are considered it even cannot be supposed that 
they could be horizontally settled, as the development of 
paleosol units was significantly influenced by paleomor- 
phic conditions. Beside, certain paleosols could redeposit 
after their formation, and in the exposures the determina
tion of the original or redeposited position is uncertain.

The solution of this problem — beside the scientific 
importance of the topic — is an essential question, because 
the position of paleosol horizons, which have different 
aquifer features to loess, can affect to the movement of 
underground water. They can create obstacles for the 
water stream downwards, they can divert vertical water 
streaming on the side, and in some places impede further 
streaming thus causing the formation of groundwater lens
es. Any new research will have to be carried out at a later 
phase of the project.

2.4. Settlement and description o f boreholes

Geological reconnaissance was carried out in four 
areas. In three sites (Üveghuta, Diósberény and Udvari) 
research was going on with the deepening and description 
of boreholes (K óka i 1997, K o l o sz á r  1997, M arsi 1997) 
settled in order to clarify the basic geological features and 
internal structure of the objects. The locations of the bore
holes (mainly in Üveghuta and in Diósberény) were deter
mined using the results of former geological reconnais
sance and taking hydrogeological considerations into 
account. With the help of local experience and material 
knowledge gained during mapping the material of each 
borehole was investigated in detail and the results will be 
used for further detailed geological surveying in the area.

2.5. Siting

In the near future probably further research will be 
started in one of the areas examined so far, to determine if 
there is a suitable site for disposal of radioactive waste. 
Geologic mapping has an important task in this section 
too. In accordance with international regulations, detailed 
geological mapping has to be carried out in the region of 
the planned facility to get to know the geological structure,

the stratigraphic, structural and paleogeological condi
tions and to give help to clarify the engineering geological, 
soil-mechanical and hydrogeological conditions in the area 
and with the development of a geological model. For such 
detailed work simple field research is not adequate any
more. Everything from the evaluation of aerial photos 
through the interpretation of results of geophysical mea
surements to laboratory analyses as well as the examina
tion of exposures and Outcrops will be used. Moreover, 
numerous exploratory and mapping boreholes are planned 
to be deepened in the area. Obviously the choice of ap
plied methods depends on whether the granite area or the 
hilly area consisting of young Quaternary deposits will be 
the target of research.

The fact that the area is covered by forests makes the 
evaluation of aerial photos more difficult in the granite 
area (Üveghuta) even if they are taken in a leafless period. 
At the same time we try to use them for separating and 
tracing rock deformations, tectonic lines, magmatic and 
metamorphic facies. In this area the significance of map
ping boreholes is smaller, because considering that they 
are not bedded formations, the rock types cut in the bore
hole cannot be correlated with traditional profile editing 
methods. Boreholes can be used during the mapping for 
separation of Q uaternary deposits and crumbled, fresh 
granite in the area, but for that there exist less expensive 
surface geophysical methods.

In the areas covered by thick Quaternary deposits 
(Udvari) spreading of Quaternary formations of different 
facies can be delineated by the evaluation of aerial photos, 
yet in the case of photos with low vegetation cover there is 
a chance to map the surface outcrops of paleosol horizons, 
and with color photos even to clarify their spatial relations. 
In this area well-settled and in detail studied boreholes are 
very essential, while in the grain domain of loess, physical 
parameters of original, erosional, redeposited and soiled 
loess are not different enough from each other to be sepa
rated with geophysical measurements. It is important in 
both areas that the laboratory analyses of the materials of 
exposures and boreholes are needed for the precise charac
terization of the formations.

By the end of these examinations, which means the 
end of the field survey, data of sufficient quantity will be 
available to edit the detailed geological map needed for the 
characterization of the area and for the geological profiles 
which are closely connected with the map.

3. The role of radioactive waste disposal research 
in geological mapping

The finished and expected research were evaluated so 
to determine what kind of role geological mapping played 
in the different periods of research. It must be admitted 
that these studies were really important as far as the geo
logical understanding of the country is concerned, in 
terms of both the applied methods and the results 
obtained, and they had some benefits for the people who 
took part in the project.

Even at the beginning of the research, the problem of 
ranking formations according to different viewpoints was 
faced, which had to be solved with basic statistic evalua
tion even if involving a geological approach. The methods 
applied during the national screening required the com
plex evaluation of numerous, poorly comparable factors.



In the case of the 1:100,000 scale screening, during the 
searching and delineation of potential objects for under
ground disposal the delineation of spreading of clayey 
rocks had to be approached in a very different way from 
the traditional profile editing. This was the section where 
GIS was first used GIS ( T u r c zi et al. 1997) which became 
more and more important during the research procedure.

During the reconnaissance, research included areas 
which had not been mapped in detail until now, so data 
gained from those areas will be built into the national geo
logical mapping database. The boreholes deepened in the 
chosen areas supplied numerous interesting, new data 
about this lesser known area of the country. The geological 
mapping of the potential disposal site will result in a map 
of the area which would never be surveyed in the near or 
distant future.

Moreover, the finished maps and profiles, in other 
words the results of the research, will be included in the 
GIS database ( T u r c z i et al. 1997) in a systematized,

reconstructable way, which makes the control of proce
dure and results possible. Also the results can be used for 
solving other geological problems.

Tangible results of the research are the computer-print
ed geological maps and profiles built in the GIS database. 
Less tangible, but similarly significant results were 
reached in the recognition of Quaternary formations in 
Tolna Hills, in the clarification of overlying bed relations 
in the Mecsek crystalline basement, in the joint applica
tion of geophysical, sedimentological, hydrogeological, 
and geochemical methods, and in the introduction and 
application of modern procedures and methods. These 
investigations disprove the stereotype idea, that the results 
of geological research are applied too slowly, because it 
takes a long time to introduce them into practice. Since 
the beginning of the research only three years have passed, 
and not a great deal of time will be needed to apply the 
results in practice.
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