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The geological investigation aimed at defining the final disposal site of the reactor-generated L/IL waste resulted in the selection of 
a candidate site in vicinity of Üveghuta (village of Bátaapáti, Tolna Comitat, SW Hungary). The underground repository is thought to be 
located in granite of Lower Carboniferous age. In 1997-1999 six boreholes, 300-500 m deep, were drilled at the Üveghuta site. The geo
logical and geophysical investigation of these boreholes resulted in a precise definition of the site.

In accordance with the principles of international practice the Üveghuta site can be regarded as geologically suitable for the disposal of 
radioactive waste. This means that it is worthwhile performing a detailed exploration, which is a pre-requisite for the licensing of the 
facility. The suitability requirements of the Hungarian regulations which are much more prescriptive than the international ones are ful
filled by the Üveghuta site in a qualitative sense. The quantitative fulfilment of some of the requirements still awaits confirmation. The 
final confirmation or rejection of suitability is in both cases the objective of the safety assessment study. The preliminary safety assess
ment in 1999 did not give rise to any doubts concerning the suitability.

Perhaps the most important lesson from the exploration of the Üveghuta site is the ambiguity of the relationships between fault tec
tonics and hydrogeology. Due to argillaceous alteration and filling, the hydraulic conductivity of the major fracture zones is surprisingly 
low, 5.8* 10'9 m/s on average, which only exceeds by one order of magnitude the value for the background granite. The biggest influx 
came from a relatively insignificant fissure, whereas the usual influxes from thick fracture zones did not differ from those from small 
fractures.

Any future exploration of the Üveghuta site must answer questions concerning the exact boundaries in maps and sections of the 
granite block in which the repository should be located. Boreholes only can serve as the main tool for the future exploration while the 
groundwater-flow system is not yet studied in sufficient detail. The galleries which would form an alternative to boreholes would 
undoubtedly disturb both the hydrodynamic and hydrogeochemical situation, making it impossible to perform a hydrogeological evalua
tion of the site on which the safety assessment can be based.

1. Introduction

A National Project for the final disposal of reactor L/IL 
waste started in 1992. Geological exploration in this frame
work has been ongoing since 1993, and directed by the 
Geological institute of Hungary (MÂFI). After nation-wide 
and regional screening — taking into account the results of 
public opinion polls — field exploration was performed in 
three areas. It resulted in the selection of a candidate area 
in the vicinity of the locality Üveghuta, village of Bâtaapâti, 
Tolna Comitat (Figure 1) in 1996. This area was selected in 
the Final Document of the National Project (Burson- 
Marsteller... 1996) for underground (max. 300 m deep) dis
posal of waste in a Lower Carboniferous granite. This 
process was outlined in our previous volume (BArdossy

1997). Here the detailed exploration of the Üveghuta area 
will be outlined. Originally the geological exploration — 
with more than 40 subcontractors (Tables 1-2) — was per
formed in the framework of contracts between the Paks 
NPP and MÂFI. In July 1998, in the course of the enforc

ing the 1996 Act CXVI on nuclear energy, the role of the 
NPP in radioactive waste disposal and contracting was sur- 
planted by the newly organised Public Agency for Radioactive 
Waste Management (Puram). An Expert Board consisting 
of established scientists (Table 3) closely followed the 
exploration and systematically expressed their opinion on 
its results to Puram.

In agreement with the Final Document of the National 
Project (Burson-Marsteller... 1996) the exploration was 
planned in three phases. Site selection was the first of them, 
the suitability assessment of the site the second, and the 
integrated evaluation of the site and its surroundings the third. 
This could be followed by the licensing process. These three 
phases corresponded in their contents to the three phases 
of common international practice (site selection, site char
acterisation, site confirmation), the objective of the second 
being the declaration of the suitability of the site.

Ministerial Order 62/1997. (XL 26.) IKIM (geological 
and mining requirements for siting and designing nuclear 
and radioactive waste disposal facilities) does not recog-



Figure 1. Location of the Üveghuta research area (from Road Atlas of Hungary, with the contour of Figure 2) 

1. ábra. Az üveghutai kutatási terület helyzete (Magyarország autóatlaszából, a 2. ábra körvonalával)

nise these three phases and does not limit the number and 
contents of the phases. The only requirement concerning 
the phases consists in having separate technical specifica
tion and a final report for each phase, and having licences for 
both documents. The geological suitability requirements 
are formulated too prescriptive in comparison with those in 
international practice (WATRP 2000), and the declaration 
of the suitability is fixed at the end of the exploration.

The Order appeared when the second of the originally 
planned three phases was ongoing. Nevertheless, it did not 
contain any regulations concerning the works which were 
in progress. A lot of problems appeared when harmonising 
the contractual and legal specifications, which were only 
solved by early 2000. The solution was agreed with the rele
vant authority (Hungarian Geological Survey). It means 
that a separate technical specification will be made for the 
completion of Phase 2, performed in the framework of sev

eral contracts, and it will be licensed by the authority. 
Subsequently exploration will be carried out in accordance 
with this specification, and the final report will also be 
licensed by that authority. This exploration includes inte
grated interpretation of all the data obtained, as well as the 
performance of supplementary field works. The results will 
form the basis on which the decision for further explo
ration of the site and its contents will be made.

In reality, the geological exploration of the Üveghuta 
site, and even the integrated interpretation of the data 
obtained has not yet been finished. Nevertheless, we think 
that the publication of the results is necessary and timely. 
The scientific results of the site exploration are outlined in 
the papers of this volume. Below, an overview of the explo
ration as a whole is given. First, site selection, then site 
exploration, finally, the general results are outlined, and 
conclusions are formulated.



List of sub-contractors (without laboratories)
Table 1

Institute/company Topics
Phase Year

design production performance 1997 1998 1998

Geological Institute of Hungary MÁFI
geology, tectonics, hydrogeolo
gy, geochemistry, management X X + + +

Golder Associates (Hungary) Ltd. G A H
quality assurance, packer 
testing X X + + +

TunGeo Deposit Co. TunGeo fieldwork co-ordination X + + +

Rotaqua Ltd. Rotaqua deep and shallow drilling X X + + +

Geoprosper Exploration and Drilling Ltd. Geoprosper deep and shallow drilling X X + + +

Waterplan Trade and Service 
Deposit Company

Waterplan shallow drilling X . +

Mol Hungarian Oil and Gas Co. Exploration 
and Exploitation Engineering Bureau

Kummi biopolymer mud X X + +

Klaus and Partner 
Construction and Services Ltd.

Klaus road constructing 
to the boreholes

X + +

Golder Associates GmbH Celle G A G packer testing X X + + +

Golder Associates (Nottingham) G A U K packer testing X X + +

Geoinform
Geoinformation Well Services Ltd.

Geoinform packer testing X +

Aquifer Ltd. Aquifer pump testing X +

GWIS Environmental Protection 
and Water Quality Ltd.

GWIS tritium profiling in a shaft X X + +

Mining and Its Environment Engineering 
Bureau Ltd.

BKMI hydrodynamic modelling X X + + +

F&G Engineering Bureau Deposit Co. F&G core scanner hardware X X +

GISkard Information and Services Ltd. GISkard kardcore scanner software X X + + +

G+CHip+95 Deposit Co. G+CHip+95 drilling database + + +

Sci-Com Ltd. Sci-Com field service at drilling rigs X + + +
Mérce Deposit Co. Mérce field service at drilling rigs + +, +
Ötházhuta Deposit Co. Ötházhuta geological logging + +

Timó Deposit Co. Timó aerial photography and inter
pretation

+

Eötvös Loránd Geophysical Institute ELGI seismic, geoelectric, gravity 
and geomagnetic survey

X
'

X + + +

Elgoscar International Environmental 
Protection and Engineering Geophysics, 
Hungarian-American Ltd.

Elgoscar
geoelectric 
survey, penetration 
sounding

X X + +

GEOPARD Research, Development and 
Services Company for Geotechnique and 
Environmental Protection Ltd.

GEOPARD
seismic survey,
penetration
sounding

X X + +

Eötvös Loránd Geophysical Institute ELGI well logging and borehole 
televiewer survey

X X + +

Geo-Log Ltd. Geo-Log
well logging, borehole tele
viewer survey 
and heat-pulse flowmetry

X X + +

Geo-Faber Technical Enterprise Co. Geo-Faber radiometric survey X X +

Szabó-Kilényi, Éva Kilényi cluster analysis of well-log 
data

X +

Hungarian Academy of Sciences Institute for 
Geodesy and Geophysics

GGKI geodetic monitoring X X + + +

Calamites
Trade and Engineering Bureau

Calamites guarding the core storage X + ' +

Völgység Népe Agricultural Co-operative Völgység storing drilling cores X + + +
Körmendi, László Körmendi geodetic survey X + +



Co-operating laboratories
Table 2

Laboratory Analysis Year
rock water air 1997 1998 1998

Eötvös Loránd University, Mineralogical 
Faculty ELTE mineralogical composition + + +

Eötvös Loránd University,
Faculty for Petrography and Geochemistry ELTE petrographic composition + + +

Eötvös Loránd University,
Faculty for Petrography and Geochemistry ELTE homogenisation 

of fluid inclusions + + +

Kossuth Lajos University, 
Faculty for Isotope Applications ELTE ion-sorption capacity + +

Budapest Technical university, 
Faculty for Engineering Geology BME petrophysical parameters + +

Geological Institute o f Hungary MÁFI main components, 
roentgen, DTA

main components, 
trace elements

+ + +

Hungarian Academy of Sciences, 
Institute for Nuclear Research Atomki K/Ar age, “O, 13C, "C,

3,S
3H -2 3He, 13C, l4C, 
i5N, 34S

+ . + +

Scientific Centre for Water Resources Co. Vituki 3H + + +
Hungarian Academy of Sciences, 
Research Laboratory for Geochemistry GKL !H, "O + +

Eötvös Loránd University, 
Faculty for Nuclear Physics ELTE Rn + + +

Hungarian Institute for Environmental Health OKI F t B rt It AOC + +

Bálint Analyses Ltd. Bálint organic trace 
components

+ +

Middle-Transdanubian Inspectorate for 
Environmental Protection KDFK sulphate-reducing

bacteria
+ +

Foundation Cancer Risk in Low Radiation Doses RAD Rn + +

Members of the Expert Board Table 3

N a m e S c ie n tif ic  d eg ree P o s itio n O rg a n is a tio n

A lfö ld i, L ász ló d o c to r  o f  g eo lo g ica l s c ien ce re tir e d  g e n e ra l d ire c to r (S c ie n tif ic  C e n tre  fo r  W a te r  R e s o u rc e s )

B árdossy , G y ö rg y a c a d e m ic ia n re tir e d  c h ie f  g eo lo g is t (H u n g a r ia n  A lu m in iu m  T ru s t)

D e tre k ő i, Á kos a c a d e m ic ia n re c to r B u d a p e s t T e c h n ic a l a n d  E c o n o m ic a l  U n iv e rs ity

F aller, G u sz tá v d o c to r  o f  te c h n ic a l s c ien ce re tir e d  c h ie f  c o u n se llo r (M in is try  fo r  In d u s try )

K ovács, F e re n c a c a d e m ic ia n re c to r M isk o lc  U n iv e rs ity

M ü lle r, P á l c a n d id a te  o f  te c h n ic a l  s c ie n c e re tir e d  d ire c to r (E ö tv ö s  L o râ n d  G e o p h y s ic a l In s t i tu te  o f  H u n g a ry )

S ch w eitzer, F e re n c d o c to r  o f  g e o g ra p h ic a l s c ie n c e d ire c to r
H u n g a r ia n  A c a d e m y  o f  S c iences , 
G e o g ra p h ic a l R e s e a rc h  In s ti tu te

S zed erk én y i, T ib o r d o c to r  o f  g eo lo g ica l s c ien ce p ro fe s so r S zeg ed  U n iv e rs ity

S z ta n y ik  B ., L á sz ló c a n d id a te  o f  m e d ic a l s c ie n c e
re tir e d  g e n e ra l d ire c to r  
c h ie f  m e d ic a l o ff ice r

(H u n g a r ia n  F ré d é ric  Jo lio t-C u rie  R e s e a rc h  In s ti tu te  
fo r R a d ia tio n  M e d ic in e  a n d  R a d ia tio n  B io logy )

T ó th , J ó z s e f d o c to r  o f  g e o g ra p h ic a l s c ie n c e re c to r P é c s  U n iv e rs ity

2. Site selection

The first step of site selection was the contouring of the 
study area. This was done by the project task force so that 
the study area (Figure 2) would:

— completely fall within the administrative boundaries 
of the village of Bataapati;

— start in 500 m from inside the village boundary;
— end in 1000 m from outside the settlement boundary. 
The exclusion of a regional fracture zone with a 1000 m

protection zone was added on the basis of geological con
siderations.

In the preliminary concept (Calamites 1996) the reposi
tory was imagined to be a system of parallel galleries with
in one horizon. For the purpose of site delineation, the 
wrapping figure of the gallery system, a 300x600 m rect
angle was taken. There were two main options for the ex
ploration:

1. The whole area would remain acceptable after the 
exclusion is studied, and a 300x600 m rectangle 
would be chosen for further exploration

2. Preliminary hydrodynamic modelling would deter
mine which topographical situation was the most 
favoured for the site, and all the positions of the
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300x600 m rectangle satisfying this criteria are 
fixed, and the exploration then concentrated on the 
potential sites defined this way. The site selection in 
that case is the selection of the potentially most suit
ed site from those defined.

It was believed that the second choice required much 
less work and expense, hence, it was accepted. Preliminary 
hydrodynamic modelling determined that the most 
favourable conditions could be expected under big hills. 
Five hills large enough for a 300x600 m site (Figure 2) 
were found within the study area.

Geological and hydrogeological maps of the area had 
been drawn earlier (Chikân 1997, Balla et al. 1997). 
Synchronous with the site selection, a repeating and 
increase in density of the hydrogeological observation net
work was in progress. All these served as a firm basis for 
designing the site-selection studies and interpretation of 
their results. The field work started in March 1997.

In the whole of the massif, granite only appears in the 
valley and slope bottoms. On the hills granite is buried by 
Pliocene to Quaternary sediments up to 50-60 m thick. It 
was essential to know how thick the sedimentary overbur
den was and what its internal structure was. Granite was 
drilled in three of the five potential sites. Refraction seis
mic and geoelectric surveys were performed along the hill 
ridges in order to detect and trace the granite surface and 
sedimentary stratification. Correlation of borehole 
columns and geophysical profiles revealed that the granite 
surface is very even, and the sedimentary stratification is 
rather continuous. Based on these data a new map of the 

. granite topography has been constructed. It clearly displays 
steep valleys cut into a smooth surface. The groundwater 
table is located at depths of 50-70 m, mostly in weathered 
granite, whereas the whole of the sedimentary overburden 
usually falls within the three-phase, unsaturated zone.

In the groundwater-flow system the hilltops form 
recharge areas. The study of the whole of this system must 
be extended over the discharge zone, Le. to cover the val
leys as well. That is why valleys between and in the neigh
bourhood of the potential sites have been studied by shal
low boreholes and geophysical surveys. The latter included 
all the . methods used on the hilltops, together with addi
tional methods to detect zones of ascending water. 
Although these profiles displayed a certain heterogeneity, 
distinct zones of ascending water could not be distin
guished (Râner et al. 1997).

Altogether 24 shallow boreholes were drilled, three of 
them on hilltops, five of them on slopes, in a transitional 
position, and all the rest in valleys, at known or supposed 
discharge points. At four points a pair of boreholes were 
drilled, one to 50 m and the other to 14-20 m. Head differ
ences in them directly confirmed the upward direction of 
the groundwater-flow.

Data obtained from this study were used for construct
ing a hydrodynamic model. The groundwater-flow system 
of the study area was simulated by means of three-dimen
sional hydrodynamic modelling. Flow paths and arrival

times to the ground surface were determined separately for 
each of the five potential sites. Site numbers 4 and 5 
appeared to be the best of the five. Potential site no. 4 was 
recommended for further exploration, mainly based on its 
proximity to the centre of the regional flow system (i.e. to 
the top of the groundwater-table topography) which was 
regarded as an advantage when compared with site no. 5. 
Taking into account the modelling results, the site was 
shifted slightly and rotated to achieve a better position in 
the simulated flow system. The Expert Board approved this 
proposal, and the exploration of potential site no. 4 — since 
that time called the candidate site — started in August 1997.

3. Site exploration

Site exploration was performed in the framework of 
three independent contracts. The first of them — the same 
which described the site selection — formulated the objec
tive to drill four deep boreholes and to perform a signifi
cant amount of geophysical surveys in their surroundings. 
This was to fulfil the second of the three phases defined in 
the Final Document and to formulate conclusions on the 
site suitability. If this conclusion is positive, designing the 
third and final phase of the site exploration will take place.

The second and third contracts were the consequences 
of a PHARE tender. One of them was concluded between 
the winner of the tender, a Belgian-Finnish consortium 
(Belgatom-IVO, since 1999 called Belgatom-Fortum) and 
MÁFI. Within this project, the European Community sup
plied financial support for interference testing of the Üveg
huta boreholes, and technical support for the interpreta
tion of the site exploration data and results, as well as for 
outlining the objectives of further studies.

In the framework of the third contract (after a public 
purchase tender) between Puram, on the one hand, and a 
consortium comprising MÁFI and Golder Associates 
(Hungary), on the other, two new boreholes should be 
drilled, together with their geological, geophysical, hydro- 
dynamic and hydrogeochemical investigation, in order to 
provide Hungarian support to the PHARE Project.

The site exploration is outlined in two steps below: first
ly, the four boreholes and associated works (1997-1998) 
and secondly, the two new boreholes and the interference 
tests (1998-1999).

3.1. The 1997-1998 exploration

Four boreholes were thought sufficient to perform the 
first step of site exploration. From the very beginning it was 
clear that the suitability of the granite body for radioactive 
waste disposal mainly depends on two important proper
ties: the groundwater-flow system and the mechanical sta
bility, both of them being controlled by fractures and espe
cially by the fracture zones. That is why getting an unam
biguous picture of the inter-borehole and near-borehole vol
umes was regarded as an important task with a specific
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emphasis placed on detecting and locating fracture zones. 
The main role in this was given to cross-hole geophysical 
surveying.

It was believed this task could easiest be performed if the 
four boreholes were put on the apexes of a rhombus with 
the shortest diagonal equal to the sides (200 m, Figure 3). 
This created the possibility for cross-hole geophysical sur
veys along five lines (the 350 m length of the other diag
onal seemed to be too long in the light of previous esti
mates). The rhombus was located within the rectangle to 
be studied with the coincidence of the geometric centres 
and with the short diagonal of the rhombus parallel to the 
short side of the rectangle. The depth of the borehole on the 
northern apex of the rhombus (Üh-2) was taken as 500 m, 
that of the three other boreholes (Üh-3, Üh-4, Üh-5), as 
300 m. The cross-hole survey was designed by seismic 
absorption and velocity tomography. In addition, a down
hole reflection seismic survey was proposed.

Two sets of geophysical profiles were designed parallel 
with the rectangle sides, across the boreholes. Similar to 
the hilltop profiles in the site selection phase, refraction 
seismic and geoelectric surveys were designed for detecting 
and tracing the sedimentary stratification and granite sur
face. Moreover, refraction velocity tomography and reflec
tion seismic surveys were planned for investigation of the 
internal structure of the granite body. Utilising the position 
of the site on a hilltop, absorption seismic tomography was 
performed on the level around 205 m asl in the neighbour
ing valleys and slopes, in order to study the horizontal sec
tion of the site. The main purpose in applying various seis
mic methods was to obtain more convincing results by an 
integrated interpretation of the data.

However it was not clear how fruitful the cross-hole and 
down-hole, as well as the refraction tomography and reflec
tion profiling from the surface would be. At the same time 
their cost was very high. That is why all these surveys were 
designed in two steps, with one or two profiles in the first 
step providing the basis for a decision to continue or not 
continue the survey.

The reflector pattern in the profile produced from the 
surface — with some distortion — followed the surface 
topography. In a geological sense it is unimaginable that the 
internal structure of a deeply eroded Lower Carboniferous 
granite is able to influence the present-day topography 
through a 50-60 m thick sedimentary overburden. That is 
why it seems probable that the reflection pattern contains 
topographic effects not removed during the data process
ing. In other words the pattern does not reflect geological 
reality. The velocity distribution in the refraction tomo
graphy profile is also not independent of the surface topo
graphy. Moreover, it displays a horizontal stratification 
which is improbable in an old granite.

Lineaments appeared, due to filtering of the vertical 
and horizontal absorption seismic tomography sections 
(Szűcs et al. 2000), but these are in disharmony with the 
dominant steep dips of both fracture planes and zones of 
hydrodynamic connections, and coincide or follow ele

ments of the observation system geometry, so that their 
geological origin is questionable.

The cross-hole velocity tomography sections display a 
velocity distribution (Prónay et al. 2000) which is compat
ible with the distribution of rock-mechanical properties 
known from other sources, but no fracture zones could be 
outlined in these images. Planar structures which could be 
interpreted in terms of fracture zones were also not detect
ed by down-hole seismic reflection seismic surveys.

Hence it can be concluded that the vertical and hori
zontal seismic sections did not contribute to the knowledge 
of the geological structure of the site, since elements 
detected by various methods could not be correlated with 
each other. Practically all the seismic sections displayed 
elements which were obviously generated by the observa
tion or processing system, not by geological phenomena. A 
fundamental question had been formulated: how can the 
elements reflecting geological reality be selected and what 
are the criteria for this selection? Due to the lack of any 
convincing answer, a decision was taken not to continue 
the seismic survey.

As a consequence, the image of the site could only be 
produced from drilling data. Detailed geotechnical records, 
geological and geophysical logs of the boreholes, as well as 
scanned digital images of the core and acoustic televiewer 
images of the wall were made. Two-step hydrodynamic test
ing was performed, with scanning of the whole granite 
length in the first step, and long-duration testing of selected 
intervals in the second step.

The continuation of the exploratory works was pro
posed on the basis of the data obtained (Balla et al. 1998). 
The Expert Body supported this proposal.

3.2. The 1998-1999 exploration

A judgement on the suitability of the Üveghuta site can 
be based on two approaches, one of them being a hydro- 
geological, the other rock-mechanical. From the first 
approach the southern, from the second the northern part 
of the site seemed to be more suitable. The hydrogeological 
problem of the northern part consisted in the presence of a 
low-pressure fracture zone penetrated by Borehole Üh-2, 
its dip being steep and the strike, nearly E-W  (see in sec
tion 4.1.2.). It was thought that this problem is restricted to 
a narrow zone, thus, the rock-mechanical stability was pre
ferred, and the northern domain was chosen for further 
exploration.

From the 1997-1998 results it became clear that the 
200 m distance between the boreholes was too big to cor
relate, whether considering the geological columns or the 
hydrogeological properties. That is why the space between 
the boreholes was reduced, and one of the two new bore
holes (Üh-2) was located nearly in the centre of the north
ern half of the exploratory rhombus, whereas the other 
(Üh-23), was located north of the northern apex of the 
rhombus. Since Borehole Üh-2 was stopped at a depth of 
382 m instead of the planned 500 m depth, the new



Borehole Oh-22 was planned to 500 m. The depth of 
Borehole Üh-23 was planned to 300 m as was the case 
with the other boreholes.

The two new boreholes were logged and studied in the 
same way as the previous ones: geotechnical record, geo
logical and geophysical logs, scanned digital core images 
and acoustic televiewer wall images.

Interference testing covered all the six boreholes. First, 
the former four boreholes were cleaned, and heat-pulse 
flowmetry was performed in all six boreholes to locate in
fluxes more precisely. Two source were located in Borehole 
Üh-22, and responses were recorded in five observation 
sections per each of the five other boreholes. Additionally, 
two profiles were surveyed by the down-hole reflection seis
mic method.

On the basis of the interference testing and heat-pulse 
flowmetry, as well as the integrated interpretation of the 
hydrogeochemical data a comprehensive image of the 
Üveghuta site was developed. In other aspects the two new 
boreholes were only interpreted, and the results were com
pared with those from earlier boreholes at a very general 
level. It was shown that the new results confirm the posi
tive conclusion on site suitability, but it was clear that addi
tional exploration was still needed to achieve the level of 
knowledge required (Balla el al. 1999).

3.3. State of exploration

Four of the six boreholes on the site (Üh-5, Üh-22, 
Üh-2 and Üh-23) characterise an approximately S-N ori
entated, 461 m long section along the hill ridge. The section 
is open from both ends, so no possibility for contouring 
any rock mass for the repository exists. In a perpendicular 
direction, two of the boreholes (Üh-3 and Üh-4) are out 
of the section plane by about 100 m (Figure 3), which obvi
ously means they are insufficient for spatial characteristics.

The six boreholes are enough for a positive conclusion 
on the suitability of the site as a whole, but do not allow 
anyone to select and contour a distinct rock volume for the 
repository. 4

4. General image of the site

The legal requirements in geology for an underground 
repository of L/ILW can be divided into three groups: 
those for the site selection, those of site properties and the 
site behaviour during the next 600 years. The site selection 
criteria had been fulfilled during earlier investigations 
(Balla 1997). Most of them (e.g. keeping away from 
national parks, drinking water and mineral reserves) do not 
need any re-examination. Some of them however, (e.g. seis
mic hazard and young tectonism) must be evaluated again 
in connection with the predictable behaviour for the next 
600 years. A comprehensive overview of the last two topics 
is given below. Many details can be found in the papers of 
this volume.

4.1. Principal properties of the Üveghuta site

Factors related to the geological suitability of under
ground repositories of L/ILW can be divided into two 
groups: those related to the host rock, and those related to 
the groundwater-flow system. An overview of them, fol
lowed by an integrated evaluation of the principal proper
ties of the Üveghuta site is given below.

4.1.1. The host rock of the Üveghuta site

The legal requirements for the host rock are as follows: 
volume and homogeneity are sufficient, hydraulic conduc
tivity is low, the rock retains radioactive pollution occa
sionally emitted from the repository. Their fulfilment can 
be outlined as follows.

The spatial extension of the granite (approximately 
18x7 km at the surface) is obviously sufficient.

No legal definition for the homogeneity exists. There are 
no completely homogeneous rocks in nature, and most of 
them consist of different minerals, i.e. are a priori inhomo
geneous in a compositional sense, or contain joints and 
fractures, i.e. are inhomogeneous in a structural sense. As a 
consequence, this legal requirement will hang as the sword 
of Damocles above the scientists who can only hope that 
the relevant authority will use common sense when judging 
if this requirement has been met or not. It should be men
tioned that the homogeneity requirement in the inter
national practise -  and Hungarian, prior to the current Order* 
— concerns petrography. From this point of view the in
homogeneity of the Üveghuta granite is insignificant. 
The main and important part of its volume is composed 
of monzogranite or quartz monzonite, sometimes grano- 
diorite or quartz monzodiorite. There are no differences in 
rock-mechanical parameters related to these rock types, 
and this is the only practical aspect in which the petro
graphic homogeneity would be important.

Hydraulic conductivity was determined from in situ 
hydrodynamic tests. Transmissivity was meásured directly, 
while hydraulic conductivity was calculated by dividing it 
by the section length, usually 9-10 m. Both the measured 
and calculated figures characterise this section, not a nat
ural unit. Conductivity of granite is associated with frac
tures, thus, an important question is in how far the 
hydraulic conductivity is greater in fracture zones than in 
the granite between them. All the data were subdivided into 
two populations: sections with a significant proportion of 
fracture zones and sections with no fracture zones or with 
a negligible proportion of them (“background granite”). 
Both populations display a lognormal distribution (Figure 4). 
The mean of the fracture zones (5.5xl0-9 m/s) only is only 
higher by one order of magnitude than that of the back
ground granite (5 .8x l010), the standard deviations being 
similar (9.1 x and 6.4x respectively). It is clear that the 
Üveghuta granite -  independent of its fracturing -  is of suf
ficiently low hydraulic conductivity to serve as host rock 
for a repository for the disposal of L/ILW (critical remarks 
about the fracturing of the Üveghuta granite can be dis-
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Figure 4. Hydraulic conductivity distribution at the Üveghuta site 

4. ábra. A szivárgási tényezők eloszlása az üveghutai telephelyen

counted on the basis of real hydraulic conductivity values). 
Note that L/ILW repositories operating in Finland are 
located in granites with mean hydraulic conductivity of 
1.0x10" (Hastholmen, Anttila et al. 1999a) and 2.5x10 11 
m/s (Olkiluoto, Anttila et al. 1999b) which are only by 
one order of magnitude lower than in Üveghuta. On the 
other hand, the hydraulic conductivity of the fracture 
zones in Üveghuta granite is usually greater than that in 
Finland, nevertheless, it is very low since the fracture zones 
are usually filled with argillaceous minerals.

Radioactive pollution occasionally emitted from the 
repository will migrate in groundwater first of all along 
fractures. The argillaceous filling (mainly montmorillonite) 
of the fracture zones will immobilise the pollution at least 
partly, contributing to the suitability of the site.

4.1.2. Groundwater-flow system of the Üveghuta site

There are two concrete legal requirements for the 
groundwater-flow system. One of them requires the pres
ence of a geological barrier above the repository to deflect 
the downward-directed infiltration flow laterally, the other, 
a decrease of the freshwater heads on the repository level. 
A general requirement consists in retarding the migration 
of radioactive pollution towards the Earth’s surface, and 
dilution of its concentration.

The geological barrier laterally deflecting a downward- 
directed flow  undoubtedly exists. In the Üveghuta site the 
groundwater table is mostly located within the strongly 
weathered, disintegrated granite with obviously much high
er hydraulic conductivity than the underlying, less wea
thered granite. Due to its instability no hydrodynamic tests 
were performed in that zone. At the bottom of the weather
ing profile, below the groundwater table, secondary calcite 
and hematite are concentrated, probably resulting in a 
decrease of the hydraulic conductivity due to fissure infill
ing. This zone deflects the downward-directed flow, and 
the dominant part (90-95%) of the groundwater above this 
zone migrates laterally towards the neighbouring valleys, so 
that only a minor part of the infiltrating water can poten
tially penetrate toany depth.

Figure 5. Distribution of heads measured during packer testing of 
the boreholes at the Üveghuta site

5. ábra. A kútvizsgálat során mért vízszintek fúrásonkénti 
eloszlása az üveghutai telephelyen
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Figure 6. Distribution of vertical gradients calculated from the
heads measured during the packer tests at the Üveghuta site

6. ábra. A kútvizsgálat során mért vízszintekből számított 
függőleges gradiensek eloszlása az üveghutai telephelyen

The freshwater head decreasing around the repository can 
be illustrated by the distribution of heads and vertical gra
dients calculated from them, along the boreholes. The 
freshwater heads decrease downward in all the boreholes 
(Figure 5). 70% of vertical gradients point downward 
(Figure 6), 10% of them do not display any direction, and 
the rest 20% -  5 data -  point upwards. These five anom
alous data come from four boreholes (two of them, from 
Borehole Üh-2 which is anomalous in other aspects as 
well), and consequently, are connected with random 
processes which do not influence the picture as a whole.

Downward-directed flow was confirmed by comparison 
of the groundwater isotope composition before and after 
interference testing. The accompanying pumping out of
134.3 m3 water during 16.5 days resulted in a sharp change 
of water composition in Borehole Üh-22. The style of this 
change unambiguously shows that the water pumped out 
was substituted by water coming from above, not from the 
side (Balla et al. 2000).
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Figure 7. Distribution of water influxes from heat-pulse flowmetry 
in the Üveghuta boreholes

7. ábra. Az üveghutai fúrásokban hőimpulzusos módszerrel mért 
vízbeáramlások eloszlása

Figure 8. Water influxes in the Üveghuta boreholes at different 
depressions

8. ábra. Az üveghutai fúrásokban mért vízbeáramlások különböző 
leszívásoknál

The retarding of radioactive pollution and dilution of 
its concentration obviously takes place in a qualitative 
sense. The mean groundwater-flow velocity calculated from 
geochemical data is of about 0.1 m/yr, which definitely 
retards any migration. Flow intensity is an important factor 
of this retardation. No influx could be detected in steady 
conditions in any of the Üveghuta boreholes by means of 
high-resolution (0.01 l/min) heat-pulse flowmetry. The 
influx values produced at depressions usually >10 m are 
mainly very low (Figure 7). They increase with the depres
sion (Figure 8) but even at a depression of over 100 m did 
not reach 10 l/min.

Around 90-95% of the infiltrating water migrates along 
the groundwater table laterally, towards the neighbouring 
valleys (see above), and strongly dilutes any water, includ
ing that arriving from the repository.

The quantitative effect from the retarding and dilution 
can be estimated by hydrodynamic modelling. So far the 
migration and retarding of pure water was modelled, using

the tools available for porous media (there was no possibil
ity for introducing the more accurate case of fracture mod
elling in granite). All the data obtained show that the 
arrival time for pure water usually exceeds the 600 years 
which is the twentyfold half-life of the L17Cs isotope, typical 
for the L/ILW. The arrival times were only two-three times 
less that of the threshold in artificial, extremely un
favourable, probably non-existent natural conditions. No 
final modelling results are available yet (the exploration is 
in progress), but the preliminary data are promising.

Modelling of the fractures can be done in one of two 
ways, deterministic and stochastic. Geometric (location, 
position and thickness, extension along the dip and strike) 
and hydrogeological (hydraulic conductivity and storativi- 
ty, effective porosity) data must be given in either case, for 
concrete fractures in deterministic, and for fracture popula
tions in stochastic models.

At the present level of knowledge of the Üveghuta site a 
definite image exists only for those fractures whose thick
ness is comparable with the hole diameter (96 or less fre
quently 76.8 mm) or less. These data obviously can only be 
included into a stochastic model. The position (dip and 
strike) of the fracture zones with a thickness greatly exceed
ing the hole diameter cannot be defined either in core or in 
the wall televiewer images. Numerous attempts were made 
to define the position of the fracture zones on the basis of 
indirect data, e.g. from characteristics of accompanying 
smaller fractures (Maros and Palotás 2000; Z ilahi- 
Sebess et al. 2000). Unfortunately, the results obtained 
have not provided significant input to the modelling. So far 
only the location of two fracture zones can be regarded as 
certain, one of them at the bottom of Borehole Üh-3 and 
the other in the middle of boreholes Üh-4 and Üh-5. The 
vertical thickness in both cases is around 35-40 m.

The freshwater head in the fracture zone of Borehole 
Üh-2 is some 15-20 m less than would be expected from 
the other boreholes (Figure 5). Similar (low) heads were 
measured all over the higher section of the borehole. 
Taking into account the very low hydraulic conductivity of 
theses sections, one can suppose that the fracture zone 
crossed at the bottom is located close to the borehole, in 
other words, it is very steep. The position of the fracture 
maxima in borehole-televiewer images, and of the refrac
tors in down-hole reflection seismic profiles allows us to 
conclude that the fracture zone dips towards the north. 
The biggest head anomaly of the Üveghuta site can be relat
ed to this fracture zone and can be explained in terms of 
hydrodynamic connection towards a discharge point on the 
surface. This point should be located far from the site, 
since the bottom of the neighbouring valleys remains above 
the horizontal level corresponding to the heads observed in 
Borehole Üh-2 (186-193 m asl.) up to a distance several 
km. If the connection is straight, the fracture zone of 
Borehole Üh-2 strikes in a WSW-ENE direction.

The fracture zone of Boreholes Üh-4 and Üh-5 can only 
be characterised by its NE-SW strike along the line of the 
two boreholes.



Figure 9. Distribution of horizontal gradients calculated from the 
packer tests at the Üveghuta site

9. ábra. Kútvizsgálatokbó! számított vízszintes gradiensek 
eloszlása az üveghutai telephelyen
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Figure 10. NW-SE and W-E directed horizontal gradients 
calculated from packer tests at the Üveghuta site

10. ábra. Kútvizsgálatokból számított ÉNy-DK-i és Ny-K-i irányú 
vízszintes gradiensek az üveghutai telephelyen

Horizontal gradient -  Vízszintes gradiens (m/m)

Figure 11. NE-SE and N-S directed horizontal gradients 
calculated from packer tests at the Üveghuta site

11. ábra. Kútvizsgálatokból számított ÉK-DNy-i és É-D-i irányú 
vízszintes gradiensek az üveghutai telephelyen

Hydrodynamic data provide an additional possibility to 
outline the structure of the site. The horizontal gradients 
can be calculated from the single-hole tests. From their gen
eral distribution (Figure 9) the head anomaly of Borehole 
tfh-2 is clearly seen. The site can be characterised by the 
rest of the data. Arrangement of the four boreholes south 
of Borehole Üh-2 (Üh-22, Üh-3, Üh-4 and Üh-5) allows 
one to study the horizontal gradients in four directions. 
Statistical analysis revealed that the sense of the gradients 
is the same in NW-SE and W-E directions (Figure 10), 
and changing in NE-SW and N-S directions (Figure 11). 
The regional flow -  as derived from the surface and 
groundwater table topography maps — is directed from SSE 
towards the NNW. The flow pattern of the site is different, 
and can be explained in terms of a local structure which 
deflects the flow counter-clockwise.

A conductivity zone striking ESE-WNW and steeply 
dipping in a NNE direction was detected by the interference 
testing. Responses to the nine-day long signal from the lower 
source zone of Borehole Üh-22 were recorded in all the five 
observation zones of Borehole Üh-3, and in four of the five 
observation zones of Borehole Üh-4 (Figure 12), whereas no 
responses at all were observed for the upper source zone.

It was surprising that just that upper zone of Borehole 
Üh-4 did not respond where the fracture zone common 
with Borehole Üh-5 is located, whereas the lower, much 
less fractured sections revealed a clear hydrodynamic con
nection. This fact suggests that the fracture zone is accom
panied from-below by an “insulating” sheet. The latter 
could have formed by the filling of fissures in the sur
roundings of the fracture zone with clay minerals which 
had developed in the zone. The spatial position of the con
ductivity zone allows us to conclude that the fracture zone 
dips towards the SE, probably at a high angle.

The two fracture zones and the axial plane of the hydro- 
dynamic conductivity zone were reconstructed (Figures 
13-14), on the basis of the data and considerations above. 
The latter is cut by both zones. The thickness of the con
ductivity zone is unknown, but probably is a minimum of 
150 m in a vertical direction.

Similar responses were recorded at distances of 
153-255 m, whereas the fracture zone of Borehole Üh-2 in 
86 m did not respond. The conductivity zone is cut by this 
fracture zone, thus, they are directly connected. The 
absence of response is explainable in terms of an “insulat
ing” sheet below the fracture zone. It is unclear why the 
freshwater head in the lowermost section of Borehole 
Üh-23 is as low as in Borehole Üh-2 (Figure 5).

4.1.3. Integrated evaluation of the principal properties 
of the Üveghuta site

The granite of the Üveghuta site can be considered by 
any standards to be a suitable host rock for the L/ILW 
repository: its volume is large enough, the homogeneity is 
acceptable, the hydraulic conductivity is low, and the infre
quent radioactive emissions will be immobilised by the 
montmorillonite clay in the fissure fillings.
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Figure 12. Correlation of fracture zones with respect to the interference test results

The section across Boreholes Üh-5, Üh-22, Üh-2 and Üh-23 is demonstrated. Boreholes Üh-3 and Üh-4 are projected perpendicularly, thus the lines 
correlating the fractures do not fall into the section plane, but appear rotated around Boreholes Üh-5 and Üh-22, with untrue dips

12. ábra. A töréses övék korrelációja az interferenciás kútvizsgálat eredményeinek figyelembevételével

Az ábra az Üh-5, Üh-22, Üh-2 és Üh-23 fúrásokon átvezetett metszetet ábrázolja. Az Üh-3 és Üh-4 fúrás merőlegesen van bevetítve, ezért a töréskor
reláló vonalak nem a metszet síkjába esnek, hanem az Üh-5 és Üh-22 fúrás körül beforgatva, nem valódi dőléssel jelennek meg. 1 — fedő üledékösszlet, 
2 -  gránitmurva és -homok (G I), 3 -  széteső, törmelékes, erősen mállott gránit (G II), 4 -  repedezett, mállott gránit (G III), 5 -  gyengén mállott gránit 
(G IV), 6 — üde gránit (G V), 7 — töréses öv, 8 — omló zóna fúrásban, 9 — felső jeladó szakasz, 10 — alsó jeladó szakasz, 11 — biztos választ adó megfi
gyelési szakasz, 12 -  bizonytalan választ adó megfigyelési szakasz, 13 -  nem válaszoló megfigyelési szakasz, 14 -  réteghatár, 15 — töréshatár, 16 -  fúrás;

a -  a szelvénysikban, b -  bevetítve (fúrás) vagy elforgatva (réteghatár)

1 Sedimentary overburden !
2 Granite rubble and sand (G I) 1
3 Disintegrated, detrital, heavily weathered 

granite (G II) !
4 Brecciated, weathered granite (G III) 1
5 Slightly weathered granite (G IV) 1
6 Fresh granite (G V) a

b

7 Fractured zone < ^ b

8 Collapsing interval in borehole
a î  îb
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Figure 13. Structures which define the hydrodynamic pattern of the Üveghuta site

The figure shows the upper boundary plane of the fracture zone at the bottom of Borehole Üh-2, the lower boundary plane of the fracture zone across 
Boreholes Üh-4 and Üh-5 and the upper boundary plane of the fracture zone identified at the middle of the hydrodynamically active zone in Boreholes

Üh-22, Üh-3 and Üh-4

13. ábra. Az üveghutai telephely hidrodinamikai képét meghatározó szerkezetek

Az ábra az Üh-2 fúrás talpán feltárt töréses öv felső, az Üh-4 és Üh-5 fúráson átfutó töréses öv alsó és a hidrodinamikailag aktív öv közepe táján az 
Üh-22, Üh-3 és Üh-4 fúrásban azonosított töréses öv felső síkját mutatja be. I -  telephely körvonala, 2 -  mélyfúrás, 3 -  kisnyomású töréses öv (fedősík), 

4 -  hidrodinamikailag aktív öv (tengelysík), 5 -  DK-i töréses öv (feküsik), a -  rétegszintvonal, b -  lehatároló metszésvonal



1. Sedimentary overburden

2. Granite rubble and sand (G I)

3. Disintegrated, detrital, heavily weathered 
granite (G II)

4. Brecciated, weathered granite (G III)

5. Slightly weathered granite (G IV)

6. Fresh granite (G V)

7. Fracture zone

8. Geological boundary

9. Hanging wall of the low-head fracture zone

10. Axial plane of the hydrodynamlcally active zone

11. Footwall of the southeastern fracture zone

a = plane shown in Figure 13 
b = the other plane limiting the fracture zone

12. Borehole

Figure 14. Structures which define the hydrodynamic pattern of the Üveghuta site 
in the section across the Boreholes Üh-5, Üh-22, Üh-2 and Üh-23

Planes shown in Figure 13 -  in contrast to Figure 12 -  are represented by their true intersection lines. Boreholes Üh-3 and Üh-4 are not shown since
they do not fall into the section plane

14. ábra. Az üveghutai telephely hidrodinamikai képét meghatározó szerkezetek 
az Üh-5, Üh-22, Üh-2 és Üh-23 fúrásokon átvezetett szelvényben

A 13. ábrán bemutatott síkoknak itt — a 12. ábrától eltérően -  a tényleges metszésvonalai látszanak. Az Üh-3 és Üh-4 fúrás nincs feltüntetve, mert nem 
esik a szelvénysíkba. 1 -  fedő üledékösszlet, 2 -  gránitmurva és -homok (G I), 3 -  széteső, törmelékes, erősen mállott gránit (G II), 4 -  repedezett, mállott 
gránit (G III), 5 -  gyengén mállott gránit (G IV), 6 — üde gránit (G V), 7 — töréses öv, 8 — réteghatár, 9 -  kisnyomású öv fedősíkja, 10 -  hidrodinamikailag 

aktív öv tengelysíkja, 11 — DK-i töréses öv feküsíkja, a — az 5. ábrán feltüntetett sík, b — a töréses övét határoló másik sík, 12 — fúrás



The downward directed flow is deflected laterally by a 
geological barrier above the repository area, and the fresh
water heads in the repository area decrease with depth. The 
flow system will retard the migration of the infrequently 
emitted radioactive pollution towards the ground surface 
and will dilute its concentration. A quantitative assessment 
of these phenomena has not yet been performed, but the 
preliminary results are promising. On the basis of the inte
grated interpretation of tectonic and hydrodynamic data a 
structural model of the site has been constructed, and it 
can serve as a basis for further evaluation.

4.2. The predictable behaviour of the Üveghuta site 
during thé next 600 years

There is a legal requirement to make a 600 year predic
tion for the L/ILW repository concerning the geomechani
cal, mineralogical-petrographical and geochemical stabili
ty, the volcanic, seismological, tectonic, uplift-subsidence, 
topographical, hydrological, climatic and erosion processes 
and their effect on the hydrogeology. In relation to the 
Üveghuta site the following conclusions can be drawn.

Geomechanical, mineralogical-petrographical and geo
chemical stability of the Lower Carboniferous, i.e. more 
than 300 million year old granite massif during the next 
600 years hardly needs special comments.

The closest volcanic eruption in time and space took place 
2.17 million years ago and some 18 km from the site. Younger 
volcanism only is known from the East Carpathians, 450- 
550 km distant from the site. It does not seems probable 
that a new volcano will appear in Üveghuta or its close 
vicinity within the next 600 years.

The uplift-subsidence, topographical, hydrological, climat
ic and erosion processes are closely interrelated, only two of 
them being independent, namely uplift-subsidence and the 
climate. The near-shore sediments of the Late Pannonian 
(Late Miocene) sea are now exposed at 150-200 m asl. This 
gives an estimate for the absolute uplift — depending on when 
this uplift started: at the regression of the Pannonian sea (5-6 
Ma) or at the onset of the Pliocene variegated clay accumula
tion (-2.5 Ma) — of 0.03-0.08 mm/yr. The base of the loess 
sequence is at about 25-30 m higher on the rims of the granite 
massif than in the surroundings. This gives another estimate 
— for a relative uplift from the onset of the loess accumulation 
(-750,000 yr) -  of 0.03-0.04 mm/yr which is in agreement 
with the preceding value. For the next 600 years a maximum 
uplift of more than 0.5 m is unlikely. A climatic change in the 
worst case would mean onset of a glaciation, i.e. return of the 
conditions dominant in the period between 700,000-
750,000 and 10,000 years ago. Accumulation of a 50-60 m 
loess sequence was typical for this period. Synchronously 
or later, valleys were cut into the loess, but this was in any 
case a subordinate process. Topography, hydrology and 
erosion are functions of the climate and uplift. In the light 
of the above considerations their effect for the 600 year 
period have to be regarded insignificant, and can be neg
lected for a repository at a depth of about 200 m.

Seismic stability can be evaluated on the basis of the 
earthquakes. For the latter in Hungary there are enough 
data from the 18th century onwards, the time span covered 
is almost the half of that under prediction. For those 250 
years the Üveghuta region was one of the most quiet in 
Hungary with respect to seismology. The strongest earth
quakes in Hungary with no exception occurred in areas 
where before and after them earthquakes were much more 
frequent than elsewhere, therefore, their general distribu
tion can be regarded as regular (Balla et al. 1993). Thus, it 
can be supposed that no significant earthquake will happen 
in the Üveghuta region for next 600 years as well. It is 
important to emphasise that the strongest earthquakes in 
Hungary occurred in areas where the thickness of the soft 
sediments was large, and the groundwater table was at shal
low depths. Both factors increase the effect from the earth
quakes, to the extent that those earthquakes were observed 
on the ground surface. The Üveghuta repository will proba
bly be 200 m below the ground surface, in hard rock, deep 
below the groundwater table. It can therefore be concluded 
that even the strongest earthquake recorded in Hungary 
would not seriously damage the repository.

A separate question is what sort of damage would be 
expected in the Üveghuta site in connection with earth
quakes. Two categories of damage are possible in our opin
ion: damage to the engineering barriers, and changes in the 
groundwater-flow system. Two types of damage to the engi
neering barriers must be taken into account, one of them 
resulting from shaking, and the other, the shear in connec
tion with a fault displacement. The protection against shak
ing is simple: the predicted acceleration shall be considered 
in the design. This is not a suitability problem. The shear 
connected with fault displacement probably cannot be 
eliminated by technical tools. In Hungary, however, fissure 
opening was only observed within 1 km inside the epicentre 
areas, and only on the ground surface. As was demonstrat
ed, the location of the Üveghuta site in the epicentre of a 
strong earthquake is highly improbable.

Changes in the groundwater-flow system can be esti
mated from the evaluation of the data from the past. There 
are two independent data sets. First, at the repository level 
there are several isotope water ages ranging between 10-20 
thousands years. This demonstrates the absence of any sig
nificant hydrogeological change in this time span which 
could destroy the groundwater-flow regime. Secondly, the 
K/Ar ages for argillaceous veins are Cretaceous demon
strating high stability. The l4C ages for the calcite veins 
without exception exceeded 45,000 years (detection limit) 
which can be interpreted in the same way. Consequently, 
there are no indications of any hydrogeological re-arrange- 
ments within the last 50,000 years. This forms the basis of 
the conclusion that significant changes cannot be expected 
during the next 600 years.

The legal requirement concerning the tectonic stability 
is that no fault with a displacement on the ground surface 
within the last 100,000 years shall be present on the site. 
The sedimentary overburden (variegated clay and loess)



has been subdivided in detail, and all the horizons have 
been traced in borehole columns within the whole of the 
study area (Figure 2). It has been firmly shown that no 
interruption within the whole sedimentary overburden 
exists up to 3-4 km from the Üveghuta site. Since the basal 
horizon of the variegated clay is about 2.5 Ma old, the 
absence of displacement can be declared not only for the 
last 100,000, but also for the last 2.5 million years.

Within the detailed, and strongly exaggerated sections a 
25-30 m downthrow 3 km north and 4 km east of the site 
has been constructed. It has been connected with a zigzag
like fault traced in the topography (Marsi 2000) and dated 
to the Holocene. If however the section is drawn with no 
exaggeration, it can be stated that a deflection of less than 
1 is enough to explain the factual position of the borehole 
columns. The loess-forming material, falling from the air, 
obviously can cover such gentle slopes, thus, the deflection 
could have arisen even before the loess accumulation. It is 
also not excluded that the deflection arose during the loess 
accumulation — there is no basis for dating. It should be 
clear that the existence of the faults drawn in such strongly 
exaggerated sections is rather doubtful.

4.3. An integrated evaluation of the Üveghuta site

Both the principal properties and the behaviour of the 
Üveghuta site predicted for the next 600 years seem to sup
port the conclusion that the site is suitable for the disposal 
of L/ILW. This is a preliminary statement; the final suit
ability — in harmony with international practice — will be 
confirmed or disproved by the safety assessment. The pre
liminary safety assessment gave no reason for any doubts. 
The Hungarian regulations formulate the geological suit
ability and its requirements too prescriptively in the light of 
international practice (WATRP 2000). Nevertheless, the 
Üveghuta site fulfils most of these requirements, and in 
some cases it should be noted that only the fulfilment in a 
quantitative sense needs further confirmation. Such a con
firmation is necessary in the case of details of the hydro- 
dynamic model and of possible seismic hazard.

5. Conclusions

The six deep boreholes and associated comprehensive 
investigations provided sufficient data for the qualification 
of the Üveghuta site as geologically suitable, in harmony 
with the principles of international practice. The Hungarian 
regulations, valid since November 1997 are too prescriptive 
in comparison with international practice (WATRP 2000), 
and do not allow us to declare the site as geologically suit
able.

From a practical point of view there is no difference 
between these two standpoints: both of them require fur
ther exploration (Phase 3 of the international practice and 
of the Final Document) before licensing. That is why we 
could not accept the criticism which questioned the site

suitability, declared in harmony with the international 
practice, but referring to the specific Hungarian regula
tions, and on the basis of this clamouring to stop the explo
ration. The IAEA expert review did not support this criti
cism. On the contrary, it stated (WATRP 2000): the selec
tion process of the Üveghuta site was right, the site explo
ration was performed in harmony with international 
norms, real doubts concerning the site suitability did not 
arise, and the site exploration should be continued. Thus, 
the only result of the criticism of the exploration and site 
was a delay of the exploration for at least a year, with no 
positive social or economic results.

Both in international practice and under Hungarian 
regulations the final conclusion on the suitability is drawn 
from the safety assessment, which calculates the radiation 
dose in the surroundings due to the repository. The interim 
safety assessment of the Üveghuta site in 1999 (Belgatom... 
1999) demonstrated that the radiation dose is 5-7 orders of 
magnitude below the Hungarian limit, in other words, it 
confirmed the suitability of the Üveghuta site.

The geological exploration of the Üveghuta site has not 
been finished yet. Future exploration — besides the quanti
tative confirmation mentioned above — must fix the bound
aries of the rock mass in the vertical and horizontal sec
tions in which the repository can be located. The number 
of existing boreholes is obviously not sufficient, thus, only 
some generalisations can be given:

1. The rock mass suitable for location of the repository 
will probably be situated between steeply dipping 
fracture zones, hence its size in a vertical direction 
can prevail over that in a horizontal direction or can 
at least be comparable with it. This differs signifi
cantly from the original engineering concept 
(Calamites 1996) which imagined the repository in 
one single horizon. Thus, a new engineering concept 
is needed which defines the size and shape of the 
repository, taking into account the real geological 
situation. The shape and size of the host rock block 
will be derived from this concept.

2. The head anomaly of Borehole Üh-2 — probably 
connected with a steeply dipping fracture zone — 
must be avoided in the selection process.

3. In the delineating the host rock block first of all hydro- 
geological and rock-mechanical conditions must be 
taken into account. Hydrogeological conditions main
ly influence the safety whereas the rock-mechanical 
conditions determine the technical circumstances 
and the cost of the drift driving. The granite block to 
be selected must be optimal in both aspects.

The main tool of the future exploration can only be 
drilling: until the host rock block has been delineated it is 
unclear where to direct the mining drifts. The cost and the 
associated risk of drift driving is rather high. In any case 
the galleries will disturb both the hydrodynamic and hydro- 
geochemical system, and make it impossible to continue 
exploration of the main geological barrierW the site, i.e. of 
the groundwater-flow system which is'-the basis of the



hydrogeological evaluation of the site. Until the flow system 
has been studied in sufficient detail, the galleries cannot be 
constructed, not even in the neighbourhood of the site.

Finally it has to be emphasised that the rock stresses so 
frequently referred to in critics’ commentary are not men
tioned in the Order. The nearest term to them is geome

chanical stability. Concerning that stability, in the next 600 
years definitely no doubts can arise (see in 4.2). The rock 
stresses -  in harmony with our original (1996) ideas (cf.\ 
Phase 3) -  will be studied in the course of future explo
ration. The results however will be used in the designing 
phase, not in the suitability assessment.
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