
Introduction

The goal of the hydrogeological studies was to supply
data, and then interpret the data in order to make a judge-
ment about the geological suitability of the Site. The task

was to conduct investigations necessary for more precise de-
lineating of the hydrogeological pattern. This involves de-
termining the travel time of the radioactive isotopes to the
ground surface, and also of the dilution of the concentration
during this process.

The underground flow is a complex process with numer-
ous factors. The flow modelling and the transport modelling
based on it, are appropriate tools for the characterisation of

the hydrogeological conditions. The flow model was con-
structed in such a way that it was possible to study the Site
and its surroundings separately. The area for the hydrogeo-
logical model of the surrounding area was delineated with
aim of involving the whole flow system (Figure 1). The
boundaries of the study area are given by the common water-
shed of the Huta Creek and Mórágy Creek in the E, S and W
and by the Lajvér Creek in the N (Figure 1). 

For the elaboration of the flow model it was necessary
to gather the hydrogeological information about the Site
and its surroundings and a theoretical hydrogeological pat-
tern of the area had to be constructed. Therefore the follow-
ing had to be determined: the recharge and discharge con-
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Abstract

At the Bátaapáti (Üveghuta) Site a large-scale hydrogeological survey was carried out using various methods. This survey enabled, the main
features of the water balance to be established. It was revealed that 5-6% of the infiltrated water and 0.2% of the precipitation get into the granite
that will host the repository. This has two important consequences for the safety assessment: most of the water moves laterally and remains close to
the ground surface. The first impedes the filtration of the water towards the repository, whereas the second dilutes the water arriving from the
repository and the latter could contain radioactive pollution. The system is not sensitive to the variations of the infiltration —  i.e. it is very stable.

The granite which will host the repository is a fissured aquifer with a low, 3×10–9 m/s  average hydraulic conductivity. The low velocity of the
flow is further decreased by damming-isolating zones which have low hydraulic conductivity.

By analysing the groundwater-head fields it was revealed that the Site can be subdivided into two main domains. The latter are separated by the
Main Damming-Isolating Zone which is related to a steeply dipping and E–W striking fracture zone. It seems probable that the main hydrogeologi-
cal structures are of similar strike and of steep dip. However, the drilling network is not dense enough for determining of the position of the distinct
structures. Both domains are heterogeneous and can be further subdivided. 

The hydrodynamic connections which were established by using interference tests and monitoring during the drilling and testing activity fit in
well with the groundwater-head fields. 

After carrying out flow modelling it could be stated that most of the waters which are capable of transporting the possible radioactive pollu-
tion reach the near-surface zones after several thousands or several tens of thousands of years. Only towards the NE and WSW can flow paths with
rather short (less than 600 years) travel times be observed. By means of transport modelling it was concluded that radioactive elements with a 20-
year half-period do not actually leave the vicinity of the repository and decay almost in situ. 

Consequently, the hydrogeological flow system of the Bátaapáti (Üveghuta) Site complies with the requirements related to geological suitability. 



ditions of the ground water, the parameters of the ground-
water flow (i. e. the parameters of the hydraulic conductiv-
ity and the groundwater heads), as well as the hydro-
geochemical parameters which are characteristic for the
flow. 

In order to define the modelling parameters fieldwork
investigations were carried out. The field observations

(TÓTH et al. 2003a; ROTÁR-SZALKAI et al. 2004b) resulted in
the locating of the discharge points and in the recording of
the changes of the discharge over time. In the exploratory
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Figure 1. The area of the hydrogeological observations and modelling 
1 — observation well created from a deep borehole, 2 — observation well created from a shallow borehole group, 3 — observation well created from a shallow
borehole, 4 — observation well created from a borehole of the Ófalu Area, 5 — dug well for studying the three-phase zone, 6 — observation well created from a
geophysical shot hole, 7 — observation well created from a hand drilled borehole, 8 — studied borehole for water supply, 9 — studied dug well in a village, 10 —
studied cone penetration test hole, 11 — sampling point of meteoric water, 12 — sampling point of surface water, 13 — gauging station (overfall), 14 — stream, 15
— spring, 16 — water rise, 17 — seepage, 18 — trace of a profile, 19 — contour of the modelled area, 20 — exploratory trench, 21 — field laboratory and core store, 

22 — meteorological station

1. ábra. A vízföldtani modell területe és a vízföldtani észlelések 
1 — mélyfúrásból kialakított észlelőkút, 2 — csoportfúrásból kialakított észlelőkút, 3 — sekélyfúrásból kialakított észlelőkút, 4 — az ófalui kutatás fúrásából kialakí-
tott észlelőkút, 5 — háromfázisú zónát vizsgáló ásott kút, 6 — geofizikai robbantólyukból kialakított észlelőkút, 7 — kézifúrásból kialakított észlelőkút, 8 — megvizs-
gált víztermelő kút, 9 — megvizsgált községi ásott kút, 10 — megvizsgált mérnökgeofizikai szondázási pont, 11 — csapadék-mintavételi pont, 12 — felszíni
vízmintavételi pont, 13 — vízhozammérő bukó, 14 — vízfolyás, 15 — forrás, 16 — fakadás, 17 — szivárgás, 18 — szelvény nyomvonala, 19 — a modellezési terület 

körvonala, 20 — kutatóárok, 21 — terepi laboratórium és magraktár, 22 — meteorológiai állomás 



trenches (GYALOG et al. 2004b) it was possible to examine
the direct relationships between the fractures and fracture
zones, on the one hand, and discharge points, on the other
hand. The base flow of the streams was measured in detail.
Data obtained on the 13 overfalls (ROTÁR-SZALKAI et al.
2004b) helped in the study of the changes of the water level
and the surface runoff. Water samples were taken and the
spatial and temporal changes of the chemistry of the surface
water were analysed. This served to provide fundamental in-
formation necessary for understanding the flow system (HOR-
VÁTH et al. 2003c).

Based on the study of the shallow and deep boreholes at
the Site and its surroundings (GYALOG, SZEGŐ 2004), knowl-
edge was gathered about the rocks which filled the room of
the underground flow. The results of the geological observa-
tions (GYALOG et al. 2004a) and those of the geophysical
logging (SZONGOTH et al. 2004) were incorporated into the
study. In order to define the hydraulic parameters of the
rocks, single-hole packer tests and cross-hole interference

tests were conducted (BALLA, MOLNÁR 2004). 
In boreholes, the groundwater level was measured. By

means of single-hole packer tests the groundwater heads

and their distribution according to depth were determined. 
Dug wells were employed (GYALOG et al. 2004b) in order to

study the infiltration parameters and the three-phase zone. In
these wells, the hydrogeological parameters of the rocks (using
laboratory analyses), and the infiltration process (based on the
hydrochemical parameters) were studied in detail.

The interpretation of the water regime in the observation

wells resulted in additional information about the under-
ground water balance (ROTÁR-SZALKAI et al. 2004b).

In order to study the transport processes in the ground
water, tracer tests in the well groups (BALLA, MOLNÁR 2004)
were conducted. These well groups are situated in the val-
leys which are closest to the Site. The binding, the mixing
and the dispersion which influence the transport processes
were studied separately (BALLA et al. 2002). 

The constructing of the hydrogeological flow models

was started synchronously with the field observations. The
modelling was also used in order to define more precisely
some parameters of the transport process. 

When clarifying the groundwater flow conditions it is of
particular importance to get a true picture of the water bal-
ance of the study area. This picture is significantly influ-
enced by the recharge and discharge processes. The infiltra-

tion — which is one of the most important input parameters
— was determined by analysing of these parameters and the
water balance (ROTÁR-SZALKAI et al. 2004a). 

From a distinct depth, the infiltrating water fills in the
total volume of the cavities in the rocks and forms the
ground water. Above the unconfined ground water it was
found that most of the cavities are occupied by a gas (air or
its derivatives). This is referred to as the unsaturated zone in
contrast to the saturated zone below the groundwater level.
The position of these zones and that of the surface of the un-
confined ground water are controlled by the infiltration con-
ditions and properties of the rocks. 

In the infiltration areas of the Bátaapáti (Üveghuta) Site,
the groundwater level (Figure 2) is usually located in the
upper part of the weathered granite (ZILAHI-SEBESS et al.
2000). Only locally does it get higher, in the lowermost part of
the Quaternary sediments (MARSI et al. 2004). Consequently,
here the unsaturated zone covers the Quaternary sequence.

The deeper zones of the ground water are named fissure

water. They fill in the deeper zones of the weathered granite
and the fresh granite. 

The unconfined ground water situated in the weathered
granite is itself also a fissure water. The boundary between
them cannot be drawn in an objective way. The uppermost
horizons of the ground water move principally in a lateral di-
rection, towards the neighbouring valleys. The flow be-
comes directed dominantly downwards only several dozens
of metres deeper. In the following discussion the term “fis-
sure water” is used to describe this downward moving
ground water. Its boundary with the laterally moving ground
water is not sharp but transitional. 

The water balance

Data from the meteorological stations in the villages of
Bátaapáti and Véménd give a 658 mm value as the long-
term average of the precipitation (ROTÁR-SZALKAI et al.
2004a). 92% of the precipitation evaporates from the
ground surface or soil or plants (ROTÁR-SZALKAI et al.
2004a). The analysis of the tritium profile of the dug wells,
the recording of the base flow of the streams and the calcu-
lations for the transvaporisation process of the precipita-
tion result in a 24.4 mm/year value as the long-term aver-
age of the effective infiltration (ROTÁR-SZALKAI et al.
2004a). Water-balance studies show that a similar part of
the precipitation is removed by the surface runoff.

20–70 m thick unsaturated sequences (see above) are sit-
uated below the hills. The infiltration in them has a velocity
of 100-200 m/year (HORVÁTH et al. 2003a). In the flat valley
bottoms the groundwater level is at a depth of about 0.5-2.0 m.
Due to the dynamic oscillation of the groundwater level the
infiltration and the evaporation are in a long-term equilibri-
um (HORVÁTH et al. 2003a). 

The water which gets into the soil on the hilltops infil-
trates down and reaches the weathered zone of the granites.
Over most of the area the granites are aquifers. The hydraulic
conductivity of the weathered granites is 2-3 times more
than that of the fresh granites below them (TAKÁCS et al.
2002). Therefore, 95-96% of the infiltrated water moves lat-
erally in the weathered granite (ROTÁR-SZALKAI et al.
2004a). It appears on the ground surface in small springs and
seepages in the upper sections of the steep valleys. 4-5% of
the infiltrated water gets into fresh granites. This corre-
sponds to 1.0-1.2 mm/year and forms 0.2% of the precipita-
tion (ROTÁR-SZALKAI et al. 2004a). 

The porosity and hydraulic conductivity of the weath-
ered granite gradually increases upwards (KOVÁCS-PÁLFFY

et al. 2003). As a consequence, the groundwater level is not
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sensitive to changes in precipitation and annually oscillates
within 1-2 m (ROTÁRNÉ SZALKAI et al. 2002). For the same
reason, the location and the yield of the small springs which
discharge the water from the weathered granite are very sta-
ble. The main discharge in the surroundings of the Site oc-
curs through the following: Huta Creek, Lajvér Creek and
Mórágy Creek.

In the steep valleys the yields at low water level do not
increase downwards along the streams. Moreover, they
frequently decrease in this direction and frequently the
streams are absorbed in the lower sections of the valleys.
All these show that there are significant groundwater
flows along the valley bottoms. The flat valleys are filled
in with a 4.2–13.0 m thick dominantly clayey-silty se-

quence of low hydraulic conductivity. The measurements
of the yields show that there is a significant groundwater
flow in the weathered granites below the pelitic valley
fills. The water-balance calculations (ROTÁR-SZALKAI et
al. 2004a) indicated that the ground water which comes
from the fresh granite into the weathered granite below the
valleys gives 3.3-4.3% of the water balance of the weath-
ered granite. This means that here the upward-moving wa-
ters are diluted about 25-30 times. This value corresponds
well  with the results of the calculation for the mixing
based on the hydrogeochemical parameters of the well-
pair Mó–6. This calculation showed that the ratio of the
old water which comes from the depths is a maximum of
5-6% (BALLA et al. 2002).
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Figure 2. The relief of the ground water in the surface area
1 — contour line of the groundwater table, 2 — spring, 3 — field laboratory and core store, 4 — meteorological station

2. ábra. A talajvíztükör domborzata a kutatási területen 
1 — talajvízdomborzat szintvonala, 2 — forrás, 3 — terepi laboratórium és magraktár, 4 — meteorológiai állomás



Hydrogeological characteristics 
of the weathered granite

Below the hilltops at the Site approximately 50 m of the
uppermost section of the granite are weathered. The thick-
ness of the weathering zone probably decreases below the
slopes; however, the relevant thickness is unknown here.
The bottom of each of the big valleys falls practically into
that level in which there already are slightly weathered rocks
below the hills. However, below the alluvial-proluvial sedi-
ments in the valleys, 5-15 m thick strongly weathered granite
was penetrated by boreholes. At its bottom a sharp boundary
of slightly weathered or fresh granite appears. It can be con-
cluded that the weathering is different below the hilltops and
valleys: it gradually decreases then disappears below the
hilltops, whereas a weathering channel can be traced below
the valley bottoms (BALLA et al. 2003b). 

Below the hilltops the unconfined ground water is usual-
ly situated in the lower part of the uppermost, strongly
weathered section of the weathering zone. In the hydrogeo-
logical models a 30 m thick, conductive layer was intro-
duced here. The groundwater topography map computed
with this truly simulates the reality. 

Consequently, the hydraulic conductivity of the weath-
ering zone varies in terms of space. This can be explained as
follows. The flow starts from below the hilltops where hills
in the groundwater topography are located. Here the water
moves in the lower part — albeit with bad hydraulic conduc-
tivity — of the weathering zone. Towards the valleys the
yield increases and the water uses higher and higher parts of
the weathering zone with better and better conductivity.
Below the valley bottoms, the water flow is concentrated in
the weathering channels. In the latter the highest mean hy-
draulic conductivity can be expected. 

For the modelling, a specific concept was needed which
would account for all these phenomena. Such a concept had
been elaborated earlier by GERHARDT, LAZORCHICK (1988)
for the feeding area of the Lower Susquehanna river (USA).
Here, the relative hydraulic conductivities for the hilltops,
slopes and valleys were — after calibration — 0.2, 1.0 and
1.5, respectively. At the Bátaapáti (Üveghuta) Site and its
surroundings, the hydraulic conductivities — also after cali-
bration — were 1.5×10–7, 2.5×10–7 and 1×10–6 m/s for the
hilltops, slopes and valleys, respectively. (For the valleys,
even higher values — e.g. 1×10–5 m/s — appear to be possi-
ble but the model is not sensitive to these.) They give a series
of relative values — 0.6, 1.0 and ≥4.0 — this series is in quite
good harmony with the previous one. The difference can be
interpreted in the following terms: the hydraulic conductivi-
ty below the slopes is about three times higher, relative to the
two others (0.2:1.5 ~ 0.6:≥4.0), at the Bátaapáti (Üveghuta)
Site and its surroundings than in the feeding area of the
Lower Susquehanna river. 

During the modelling the position of the unconfined
ground water in the wells on the hilltops was computed. It
corresponded well to the data measured. This confirmed

that the hydraulic conductivities defined in the calibration
are true. A significant deviation was only recorded in one
area: i.e. in Boreholes Üh–2, Üh–25A and Üh–36A. Here
the measured levels were 15-25 m lower than the computed
ones. In order to lower the computed values, the hydraulic
conductivity of the rocks of the unconfined aquifer was set
higher than in the surrounding area: 2,4×10–6 m/s below the
slopes (which in any case is an anomalous value). Here, the
generation of the anomaly in the unconfined groundwater
zone can probably be related to the damming effect of the
Main Isolating-Damming Zone which has low hydraulic
conductivity (this zone was explored by drilling — see BAL-
LA, MOLNÁR 2004). 

Summarising, it can be stated that the lateral flow of the
unconfined ground water below the hilltops and slopes gen-
erates a deviating effect which is a significant component of
the geological barrier at the Bátaapáti (Üveghuta) Site
(comp. BALLA 2004).

Hydrogeological characterisation 
of the fresh granite

The term “fresh granite” refers to rocks below the weath-
ering zone. Here, the term “fresh” serves to distinguish that
granite from the weathered granite: the fresh granite can
bear strongly brecciated, fractured and hydrothermally al-
tered, argillised zones. 

The fresh granite is a fractured aquifer. The water flows
in this aquifer mainly along distinct open fissures, the hy-
draulic conductivity of which is several orders of magnitude
higher than that of the rock matrix with small fractures. The
transmissivity of the packer sections of the single-hole hy-
drodynamic tests varies over more than six orders of magni-
tude (BALLA, MOLNÁR 2004). This clearly reflects the dif-
ference between the hydraulic conductivities of the rock ma-
trix and fissures. In small-scale, short-term processes, the
hydraulic conductivity of the fresh granite depends on the
size, aperture and frequency of the fissures and their connec-
tions with other fissures — i.e. on the connectivity of the
fracture system. 

On the basis of interference testing and single-borehole
testing of the structures with the highest conductivity it
seems that the fissure system of the granite at the Bátaapáti
(Üveghuta) Site is hierarchic. In this system the main con-
ductive structures, which are several hundreds of metres
long, are accompanied by extensive background fracturing
(BRADLEY et al. 2000). 

It can be concluded from the packer tests that the hydraulic
conductivity of the fractured granite varies between 10–6 and
10–12 m/s; it is of lognormal distribution with a mean of 3×10–9

m/s (BALLA, MOLNÁR 2004). The mean hydraulic conductivi-
ties of the boreholes differ from each other 5-10 times (BALLA,
MOLNÁR 2004). The columns of some boreholes can be divid-
ed into sections and each section has a  very different hy-
draulic conductivity from those of the other sections. The dis-
tribution of the hydraulic conductivities with respect to depth
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— within the explored 200–400 m deep interval — does not
display any trend. Sections having high hydraulic conductivi-
ty occur at significant depths as well. 

The structures which generate 5-20 m groundwater-head
steps in the borehole sections are characteristic and they are
also rather frequent components of the Bátaapáti (Üveghu-
ta) granite (BALLA, MOLNÁR 2004). These damming-isolat-
ing zones are most probably connected with the strongly al-
tered, argillisated fracture zones located in the surroundings
of the groundwater-head steps. 

Modelling shows that these zones are at least several
hundred metres long and their hydraulic conductivity does
not exceed 10–10–10–11 m/s (TÓTH et al. 2003b). The dam-
ming-isolating zones are more frequent in the southern part
of the Site, especially in Boreholes Üh–4, Üh–5 and Üh–26.
In the northern part, in the groundwater-head profiles of
Boreholes Üh–27 and Üh–37, there are no steps which could
indicate damming-isolating zones. 

The zones of low hydraulic conductivity subdivide the
flow system of the fresh granite into more-or-less distinct
entities. These zones impede hydraulic connections and de-
press the flow velocity (TÓTH et al. 2003b). Behind some of
the damming zones “dead areas” in the flow appear and they
display a very low flow. 

On the rims of the damming-isolating zones, on one or
both sides, conductive fissure systems are frequently locat-
ed. Flowmetry data show that influxes also occur far from
the isolating structures. However, the most intense influxes
are located close to the damming zones, maximum distances
being between 10-20 m. In the boreholes the influxes are
mostly connected with fissures which dip towards the SE at
60–80° and towards the NW at 70–80°. Less frequent are the
conductive fissures which dip towards the E at 70–80°
(SZONGOTH et al. 2004). Fissures of the same orientation
also dominate in the shallow boreholes. 

The transmissivity of the main conductive structures
vary between 8×10–6 and 2×10–5 m2/s (BALLA, MOLNÁR

2004). On average this is two and a half magnitudes higher
than that of the granite (BALLA, MOLNÁR 2004). On the basis
of the effective radius of the single-borehole tests and dis-
tances in the interference tests the main conductive struc-
tures are planar and they are a minimum of several hundred
metres long. The 380–411 m section of Borehole Üh–27 and
the 232–265 m section of Borehole Üh–29 — both of ex-
tremely high (at the Site) hydraulic conductivity — are relat-
ed to systems of fissures which are connected with each
other and located around trachyandesite dykes. 

It can be concluded that, with regard to the scale of the
Site, the hydraulic conductivity of the granite is still rather
variable. The main conductive zones are 1-2 orders of mag-
nitude higher conductivity than the background fracture
system, while the damming-isolating zones are 1-2 orders of
magnitude lower. Both sets of zones significantly affect the
flow system. The hydrogeological modelling of the Site is
only possible when these zones are taken into account. 

In  large-scale, long-term processes the fresh granite ap-
pears to be much less heterogeneous. In a hydrogeological

model for the surroundings of the Site, the granite was as-
sumed to be homogeneous, isotropic, with a hydraulic con-
ductivity of 1×10–9 m/s. With these parameters the groundwa-
ter-head distribution, the water balance and the water ages
were successfully simulated for the wide surroundings of the
Site (HORVÁTH et al. 2003a; MEZŐ, MOLNÁR 2003). In a hydro-
geochemical model (HORVÁTH et al. 2003b) the hydrochemi-
cal parameters (which gradually change along the flow paths)
could also be incorporated into a uniform system. Conse-
quently, from the viewpoint of the processes in a several km
sized medium, over several hundreds or thousands of years the
fresh granite behaves as a homogeneous system. 

Summarising, it can be concluded that the flow of the
fissure waters is very slow. Therefore, it will strongly retard
the arrival of the accidentally released (from the repository)
radioactive materials to the ground surface and form an es-
sential component of the geological barrier of the Bátaapáti
(Üveghuta) Site (comp. BALLA 2004).

The groundwater-head field

At the Site the surface of the unconfined ground water
dips from the S (230 m asl) towards the N (190 m asl). The
Site is located at the S-like axis of a ridge in the groundwater
topography; this connects the main range in the groundwater
topography, between the villages of Bátaapáti and Véménd,
with the gentle hill between the villages of Bátaapáti and
Mórágy.

In the boreholes at the Site the groundwater heads usually
decrease with the depth. This shows a downward-directed flow,
although the spatial groundwater-head pattern is rather vari-
able. For the most of the boreholes, several dozens of up to 100-
150 metres-long sections with almost constant heads are char-
acteristic; 5-20 m head steps which are related to the damming-
isolating zones separate them (BALLA, MOLNÁR 2004). 

In the surroundings of the Site (i.e. in Boreholes Üh–29
and Üh–30) upward-directed flow components can be ob-
served (BALLA, MOLNÁR 2004).

The distribution of the hydraulic conductivities of the
fresh granite, as well as the damming-isolating and conduc-
tive zones in them, and the groundwater heads, were earlier
characterised by BALLA, MOLNÁR (2004). Here the ground-
water-head fields are described —  these fields generated
from the primary data using various methods.

The methods of generation 

of the groundwater-head fields and the 

general characteristics of the latter

By means of spatial interpolation, the following four
data systems were generated (ÁCS et al. 2003): the head field
of the homogeneous FeFlow model, the interpolated head
field, the difference field and the gradient field. 

The homogeneous FeFlow model accounts for a com-
pletely homogeneous (from a hydrogeological point of
view) granite. This means that with this model neither the
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conductive nor the damming-isolating zones within the
granite are taken into consideration. The modelled values
are controlled by the topography of the area and the surface
streams as discharge points, and also by the average hy-
draulic conductivity of the fresh granite which is assumed to
be homogeneous. In this model it is exclusively regional ef-
fects that are displayed. 

For constructing the interpolated head field the
groundwater-head data from the boreholes were also used.
The data for the streams were also incorporated into the in-
terpolation, even though, they were also used in the input
of the homogeneous FeFlow model. For the edges of the
modelled area, the data generated in the homogeneous
FeFlow model were taken into account. The head field was
computed by means of the interpolation between the val-
ues listed. In contrast to the homogeneous FeFlow model,
this head field also reflects local effects besides the region-
al ones. In the 3D head field generated using interpolation,
the blocks of good conductivity appear with scarcer con-
tour lines, whereas the blocks of bad conductivity occur
with denser ones.

The difference field was computed from the data of the
two previous head fields. It filters out the regional effects
and accentuates those areas where the 3D head field shows
significant local anomalies. 

The gradient field emphasises the concentration or drop in
the number of the contour lines of the interpolated head field.
The damming-isolating zones appear as maxima whereas the

conductive zones as minima. As a consequence, the gradient
field displays in the clearest way the hydrogeological struc-
tures which are responsible for local effects.

In the following, the features which can be derived from
the analysis of the four head field are summarised. 

The main hydrogeological structures 

controlling the head fields

Among the regional features reflected in the homoge-
neous FeFlow model the topographical effects primarily
appear at the 200 m asl horizon. The near-surface effects
are attenuated with depth, and the head field of the homo-
geneous model is rather flat at the –50 m asl horizon. The
main groundwater flow is directed towards the N. At the S
rim of the modelled area the flow is directed mainly down-
wards whereas it is almost horizontal at the N rim. From
the area of the boreholes drilled on the ridge at the Site in
the groundwater topography, the ground water flows not
only towards the N but also laterally, towards the neigh-
bouring valleys. 

Among the local features the M a i n  D a m m i n g -
I s o l a t i n g  Z o n e (BALLA, MOLNÁR 2004) is the most re-
markable. It is related to the most significant, ENE–WSW
directed fracture zone of the Site (BALLA 2003; MAROS et al.
2004). It appears as a contour line concentration in the inter-
polated head field (Figure 3) and as a boundary between a
head high and a head low in the difference field. It forms a

Hydrogeological pattern of the Bátaapáti (Üveghuta) Site 455

Figure 3. Groundwater heads generated by
means of 3D interpolation for the 0 m asl 

horizon (Figure 8, b in ÁCS et al. 2003)

3. ábra. Térbeli interpolációval számított poten-
ciálok a 0 m Bf szintben (ÁCS et al. 2003 — 

8. ábra, b)

m
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Figure 4. The gradients of the groundwater heads generated by means of 3D interpolation in vertical sections (Figures 10, g–i in ÁCS et al. 2003,
simplified)

a — N–S section (Y
EOV

= 616,000), b — E–W section (X
EOV

= 95,050), c — E–W section (X
EOV

= 95,450)

4. ábra. A térbeli interpolációval számított potenciálok gradiense függőleges szelvényekben (ÁCS et al. 2003 — 10. ábra, g–i, egyszerűsítve)
a — É–D-i szelvény, Y

EOV
= 616 000; b — K–Ny-i szelvény, X

EOV
= 95 050; c — K–Ny-i szelvény, X

EOV
= 95 450

a)

c)

b)



very big maximum in the gradient field where it is dis-
played at the –50 m asl horizon and at all horizons above it
at the same place and in the same contours (Figure 4). This
shows that this damming structure has a significant verti-
cal extension and a very steep position. This zone subdi-
vides the Site into two parts: a northern domain and a
southern domain.

Within the n o r t h e r n  d o m a i n , in the vicinity of
Borehole Üh–2, a very significant head minimum can be ob-
served. It is bordered in the N (at the 50 m asl horizon and
higher) by a NE–SW directed damming-isolating zone. This
zone, together with the previous one, closes the head mini-
mum into a wedge which opens towards the ENE. The head
minimum is also clearly observable in the N–S section of the
difference field. 

Beyond this second fracture zone Borehole Üh–23 is
strikingly elevated out of the surroundings due to its rather
high head values (at the 50 m asl horizon). In the gradient
field, a spot-like maximum is visible here (at the 0 m asl
horizon). This maximum is not displayed on the neighbour-
ing horizons. 

Below it the head minimum of Borehole Üh–2 can be
traced towards the deep sections of Boreholes Üh–27 and
Üh–37. The head maximum, which is characteristic for the
upper levels of Borehole Üh–23 in the E–W section of the
difference field, is sharply cut from below around 0 m asl in
the N–S section of the difference field. This head maximum
can be connected with the high-head section of Borehole
Üh–27 as well. The low head gradient between the two bore-
holes shows  good hydraulic conductivity. 

Within the s o u t h e r n  d o m a i n the groundwater
heads are remarkably higher than the average head of the
study area. This can be related to the Main Damming-
Isolating Zone which “dams” the ground water south of it.
Upwards from the 50 m asl horizon the head highs extend
more and more towards the S and SW. The most significant
head highs at the 150 and 200 m asl horizons are displayed in
the vicinity of Boreholes Üh–5 and Üh–28. 

Rather high heads are characteristic for the lower section
of Borehole Üh–22 (up to the 0 m asl horizon). However, the
maximum disappears at the 50 m asl horizon. Between
Borehole Üh–22, on the one hand, and Boreholes Üh–3 +
Üh–4, on the other hand, a low-gradient — i.e. conductive
zone — is displayed. 

The upper section of Borehole Üh–28 can be charac-
terised by a higher groundwater head (i.e. higher than the re-
gional one). This head-high is suddenly cut from below in
the E–W section of the difference field. In the gradient field,
east from the borehole, a N–S striking and E dipping dam-
ming-isolating zone can be observed at the 50 m asl horizon
and above it. 

The biggest maximum within the N–S section of the dif-
ference field is visible in the upper section of Borehole
Üh–5; it is sharply cut at deeper levels. In the gradient field,
an  E–W striking and S dipping damming-isolating zone can
be distinguished. It was penetrated by the borehole at about
50-100 m asl. 

A low groundwater-head gradient is displayed at the 0 m
asl horizon between Boreholes Üh–5 and Üh–26. It could
indicate a high conductivity. 

In the following, the position and geometry of the hydro-
geological structures outlined above will be discussed.

The position and geometry of the outlined 

hydrogeological structures 

Hydrogeological structures have been outlined in the in-
terpolated head field, as well as in the difference and gradient
fields derived from it. All these structures reflect local fea-
tures. These fields are based on direct measurements along
the borehole axes and the traces of the streams. The traces of
the streams, however, have been incorporated into the region-
al field as well; therefore, they do not give additional informa-
tion about the local fields. As a consequence, the additional
local information is only based on the drilling data. 

Accordingly, the pattern of the groundwater-head field
and its derivatives highly depends on the distribution of the
boreholes. This pattern is more correct where the boreholes
are close to each other and are spread horizontally (i.e.

Üh–2, Üh–25, Üh–22, Üh–3 and Üh–4). It is more uncertain
in the vicinity of all boreholes which are located along lines
(i.e. Üh–23, Üh–27 and Üh–37; Üh–3 and Üh–28; Üh–5 and
Üh–26). As it comes from the method outlined above, when
moving away from the boreholes the picture is more and
more smoothed into the regional one and the influence of the
local structures gradually diminishes. 

The course of the interpolation generates a further prob-
lem which involves the fact that the 3D head fields are based
vertically on the data series (in two cases boreholes are in-
clined at 60°) whereas they are based horizontally on the se-
ries of interpolation results. On the basis of the dominantly
steep position of the geological-tectonic structures in the
boreholes, it could be expected that the variability of the
groundwater-head fields is much more intense in a horizon-
tal (or close to it) than in a vertical (or close to it) direction.
This can easily be observed where the boreholes are close to
each other, i.e. in the vicinity of Borehole Üh–2. However,
further away from this borehole, where the distances be-
tween the boreholes are comparable with the drilled thick-
ness of the saturated zone, the groundwater-head fields dis-
play an opposite trend. This means that the local structures
can be seen to be losing their correctness within the sections
between the boreholes. 

However, the position and geometry of the hydrogeo-
logical structures outlined in the groundwater-head fields
obviously have to be evaluated on the basis of the above
circumstances. 

The steep position of the Main Damming-Isolating Zone
and its approximately ENE–WSW strike can precisely be out-
lined at the given distribution of the boreholes. Its extension
along the strike seems to be limited in the interpolated ground-
water-head field. It is not clear, however, whether this phenom-
enon is independent of the position of the boreholes or not. 
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There is a concentration of the groundwater-head con-
tour lines in the section of Borehole Üh–23. Sharp closures
towards the depth of the head-high exist in the sections of the
difference field at Boreholes Üh–27, Üh–28 and Üh–5. Both
phenomena seem to indicate the effects of rather low-angle
structures on the groundwater-head field. In all these cases,
however, there are no boreholes beyond the drilling line.
This may have caused the sudden change due to a steep
structure which was penetrated in this singular point; the
shape and the lateral extension of the corresponding anom-
aly could have been distorted by the course of the interpola-
tion (due to distant, regional effects). In the groundwater-
head field itself, both at Boreholes Üh–28 and Üh–5, steep
damming-isolating zones can be supposed (see above);
these could have caused the effect in question. 

The only anomaly which seems to dip at a low angle over
several boreholes can be seen in Boreholes Üh–2, Üh–23,
Üh–27 and Üh–37. In the given distribution of the boreholes
it can be interpreted in terms of a structure (or structures)
which is (are) almost parallel with the line across the bore-
holes and which runs (run) into the section from outside. 

In the vicinity of Boreholes Üh–27 and Üh–37 the hori-
zontal sections of the groundwater-head fields seem to dis-
play a NNW–SSE directed conductive zone. On the basis of
the geological-structural data a steep dip has to be favoured.
Suspicions are, however, generated by the fact that these two
boreholes — which were located accidentally from a struc-

tural point of view — fall on the axis of the same anomaly.
Besides, the interpretation of the features within the same
area from another point of view (see above) would result in
the outlining of a low-angle hydrogeological structure. 

With regard to the vertical section of the gradient field in
the N–S directed structure nearly vertical anomalies are dis-
played, while in the E–W directed ones the anomalies are
nearly horizontal (Figure 5). This can be explained in terms of
the head steps in which the generated anomalies are mainly
connected with approximately E–W running structures. The
latter are cut by the N–S directed section almost perpendicu-
larly and run at low angles from outside into the E–W oriented
sections. Consequently, most of the hydrogeological struc-
tures (similarly to the geological structures) consist of steep
dips with strikes which are approximately W–E. However, the
position of the distinct structures can only be evaluated in the
frame of working hypotheses due to the disadvantageous
(from this point of view) distribution of the boreholes. 

Direct connections of the ground waters

The direct connections of the ground waters were char-
acterised on the basis of the data acquired from active and
passive measurements. In these characteristics, relation-
ships with the hydrogeological structures detected during
the analysis of the groundwater-head fields are demonstrat-
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Figure 5. Hydraulic connections assumed to exist at the Bátaapáti (Üveghuta) Site on the basis of the 
interference tests (Figure 9, a in BENEDEK et al. 2003)

Colours = source wells of the interference test

5. ábra. A Bátaapáti (Üveghutai)-telephelyen feltételezett hidraulikai kapcsolatok az interferenciás
kútvizsgálatok alapján (BENEDEK et al. 2003 — 9. ábra, a)

Színek = az interferenciás kútvizsgálatok jeladó kútjai



ed. The interference tests are understood as “active measure-
ments”. The effects of the drilling and the examination of the
boreholes in 2002 were recorded by applying long-term
monitoring systems in Boreholes Üh–2, Üh–3, Üh–4, Üh–5,
Üh–22 and Üh–23. This recording was regarded as consist-
ing of “passive measurements”. 

The hydraulic connections assumed to exist in the close
surroundings of the Bátaapáti (Üveghuta) Site were spa-
tially displayed using the code TecPlot 10 of the Amtec En-
gineering Inc. (BENEDEK et al. 2003). In the field generated
from both active (Figure 6) and passive (Figure 7) data, the
study area can be subdivided into three domains. The
boundary between the Northern and Middle Domains falls
on the Main Damming-Isolating Zone (see above). The
Northern Domain comprises Boreholes Üh–27, Üh–37,
Üh–23 and Üh–2; the Middle Domain consist of, the lower
section of Borehole Üh–22 as well as Boreholes Üh–28,
Üh–3 and Üh–4. The inclined Boreholes Üh–25 and
Üh–36 started in the Northern Domain and then penetrated
the Zone and finished in the Middle Domain. The possible
connections between the boreholes listed have already
been revealed on the basis of the analysis of the groundwa-
ter-head fields (see above). 

The Northern Domain cannot be regarded as homoge-
neous. The upper sections of Boreholes Üh–23 and Üh–27
did not react to any signal. In the passive data the upper sec-
tion of Borehole Üh–2 showed a connection with Borehole

Üh–25, whereas its lower section indicated a connection
with Borehole Üh–27. 

The boundary between the Middle and Southern Do-
mains could not be delineated in the groundwater-head
fields. It may follow a nearly E–W striking, steep damming-
isolating zone such as the boundary between the Northern
and Middle Domains. This zone, however, “fell through” the
drilling network which is less dense than in the vicinity of
Borehole Üh–2. The Southern Domain comprises Bore-
holes Üh–26 and Üh–5. In the groundwater-head fields they
are connected with each other (see above). 

Transport modelling

The hydrogeological structures mentioned above have
been displayed in the Site models as 3D bodies adjusted to
the model network (HORVÁTH et al. 2003a; MEZŐ, MOLNÁR

2003). During the calibration of the models the hydraulic
conductivity of the fresh granite was locally varied inside
these bodies in order to get the best matching with the bore-
hole profiles. Using damming structures with conductivity
worse and conductive structures with conductivity better
than the mean helped to simulate the groundwater-head pro-
files of the boreholes. 

In the model which resulted from the calibration, transport
modelling computations were carried out. By means of trans-
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Figure 6. Hydraulic connections assumed to exist at the Bátaapáti (Üveghuta) Site on the 
basis of monitoring carried out in 2002 (Figure 9, b in BENEDEK et al. 2003) 

Arrows indicate a pathway of the signal 

6. ábra. A Bátaapáti (Üveghutai) telephelyen feltételezett hidraulikai kapcsolatok a 2002. évi 
monitoringmérések alapján (BENEDEK et al. 2003 — 9. ábra, b)

A jel útját a nyilak jelzik



port modelling the travel time and site of the water particles
which started from the 0 m asl horizon of the Site were deter-
mined (Figure 7). The flow paths from the repository area
reach the ground surface at the section of the Huta Valley be-
tween the mouth of the Hosszú Valley and the village of
Bátaapáti, and the section of the valley of the Mórágy Creek
between the Henrik Spring and the village of Mórágy. The
travel time for the nearest points varies between 800 and 5000
years. The water particles reached the farthest discharge areas
over a period between 20,000–50,000 years. All these confirm
the geological suitability of the Site. 

A map of travel times was constructed for the vicinity
closest to the Site (Figure 9). The travel times exceeded
10,000 years for the NE, middle and SE parts of the area.
Of these parts, only the latter is explored by boreholes.
Rather short — i.e. less than 600 years — travel times are
observable along the conductive structures which are dis-
played through Boreholes Üh–2 and Üh–36 towards the
NE (i.e. the Éva Valley), and from Borehole Üh–28 to-

wards the WSW (i.e. the Mészkemence Valley). In those
sectors of the Site that have not been explored by boreholes
the map could be significantly modified by new conduc-
tive or damming-isolating structures. 

For three assumed 100×100 m repositories on the 0 m asl
horizon W of Borehole Üh–37, N of Borehole Üh–23 and W
of Borehole Üh–3 the temporal and spatial behaviour of a
conservative and a decaying pollutant was studied by means
of an advective dispersive type of transport modelling (MEZŐ,
MOLNÁR 2003). It was revealed that the conservative pollutant
would reach significant distances over a 3000 years time span
and would be diluted significantly. In the case of the pollutant
with a 20-year  halflife it was shown that the pollutant would
not be able to get at a sensible distance from the repository and
would disappear almost in situ. Concentrations above the
computation threshold (about 0.001%) were not indicated
anywhere after 600 years. In the case of both pollutants, their
concentration in the near-surface waters did not exceed 0.01%
of the primary concentration. An especially strong dilution
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Figure 7. Paths and travel times of the water particles which started from the 0 m asl horizon of the Site ( Figure 16 in MEZŐ, MOLNÁR 2003) 
Red line = contours of the Site, black = the contour of the modelled area

7. ábra. A telephely területéről, 0 m Bf szintről indított vízrészecskék áramlási pályája és felszínre érkezési ideje (MEZŐ, MOLNÁR 2003 — 16. ábra) 
Piros = a telephely körvonala, fekete = a modellezett terület körvonala

Projection of the flow paths on the ground surface, at

the endpoints, the travel time in years

Az áramlási pályák felszíni vetülete, végpontjuknál a fel-

színre érkezéshez szükséges időtartam években 

metres



took place in the zones of ascending waters below the valleys
and within the weathering zone of the granite. 

Summary

At the Bátaapáti (Üveghuta) Site a hydrogeological sur-
vey large-scale was carried out using various methods. This
survey enabled the main features of the water balance were
established. It was revealed that 5-6% of the infiltrated water
and 0.2% of the precipitation can get into the granite which
will host the repository. This has two important conse-
quences for the safety assessment: most of the water moves
laterally and it remains close to the ground surface. The first
impedes the filtration of the water towards the repository,
whereas the second dilutes the water arriving from the
repository. The diluted water can contain radioactive pollu-
tion. The system is not sensitive to the variations of the infil-
tration — i.e. it is very stable.

The granite which will host the repository is a fissured
aquifer with a low, 3×10–9 m/s average hydraulic conductivity.
The low velocity of the flow is further decreased by damming-
isolating zones which have low hydraulic conductivity.

By analysing of the groundwater-head fields it was re-
vealed that the Site can be subdivided into two main domains.
The latter are separated by the Main Damming-Isolating Zone
which is related to a steeply dipping and E–W striking frac-
ture zone. It seems probable that the main hydrogeological
structures are of similar strike and also steep. However, the
drilling network is not dense enough to be able to determine
the position of the distinct structures. Both domains are het-
erogeneous and can be further subdivided.

The hydrodynamic connections which were established
using of interference tests and monitoring during the drilling
and testing activity fit in well with the groundwater-head
fields. 

By means of flow modelling it was established that most
of the waters which can transport the possible radioactive
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Figure 8. Travel times for the flow paths from the 0 m asl. horizon of the Site
(Figure 17 in MEZŐ, MOLNÁR 2003) 

8. ábra. Felszínre érkezési idők a telephelyen 0 m Bf szintről indított áramvonalak
esetén (MEZŐ, MOLNÁR 2003 — 17. ábra)



pollution reach the near-surface zones after several thou-
sands or several tens of thousands of years. Only towards the
NE and WSW can flow paths with rather short (i.e. less than
600 years) travel times be observed. By means of transport
modelling it was concluded that radioactive elements with a

20-year half-period do not leave the vicinity of the reposito-
ry at all and decay almost in situ.

Consequently, the hydrogeological flow system of the
Bátaapáti (Üveghuta) Site complies with the requirements
of the geological suitability. 
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