
Introduction

The aim of the hydrogeological monitoring network is to
provide continuous information on the effects, regularities,
and trends of the natural processes taking place in the envi-
ronment through the investigation of the wide surroundings
of the Bátaapáti (Üveghuta) Site. The tasks of the observa-
tion system are different during the exploration of the Site,
during the building and filling up of the repository, and also
after its closing. In the stage of site exploration the primary

tasks were the following: (i) a survey of the initial situation
relating to the environmental elements of the region; (ii) si-
multaneous data supply for the different phases of the site
characterisation and (within it) for the hydrodynamic mod-
elling and safety analysis.

The observation points of the monitoring network
(Figure 1) were developed by using the objects established
during the exploration. Simultaneously with the progress of
the exploration, the number of observation points, drawn
into the monitoring increased gradually. The first observa-
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Abstract

By means of a hydrogeological monitoring network, established in the wide surroundings of the Bátaapáti (Üveghuta) Site, recordings were
made mainly of the qualitative and quantitative changes in surface and subsurface waters due to natural processes. For the evaluation the measure-
ments were complemented by hydrometeorological parameters.

In the course of the investigation of surface waters, it was established that the discharge of streams varies between wide limits as a function of the
amount of the precipitation. The flood waves diminish in a few days after the rainfall; their discharge exceeds even ten times the base flow. The base
flow of the streams deriving from subsurface waters was steady; some streams became dry only in the summer of 2003, in an extremely dry period.

The observation wells were divided into groups on the basis of the detected groundwater regime. These groups corresponded to the different
hydraulic positions of the observation wells. Different water table changes characterised the hilltop, hillside, and valley-bottom observation wells.
The water table changes of the hilltop observation wells were controlled by the changes in air pressure and the tidal phenomena, while the water ta-
bles of the valley-bottom observation wells reacted sensitively to the infiltration and evaporation events. The hillside observation wells show a tran-
sitional character between the two former groups. The short-term groundwater table changes were caused by the air pressure, while the long-term
ones were the result of the summarised effects of precipitation.

The changes in the heads of water stored in the fissure system of granite were also caused by the air pressure and tidal phenomena. In the
closed fissure system the dominant character of this latter effect was observed, as opposed to the groundwater table changes.

In the course of the water composition investigations, it was established that the hydrochemical features of both the surface and subsurface wa-
ters have low natural changeability. The hydrochemical changes of the surface waters reflect the change in the ratio of the surface runoff and the
recharge from below the surface. In the course of the examination of the surface waters the water sampling points were divided into two groups (i.e.
waters of younger and older age). In the hydrochemical composition of the observation wells the mixing of the older waters from deeper horizons
and the near-surface younger waters was shown.



tions — which have been at a limited number of observation
points so far — began in the second half of 1997. Continuous
observations, covering simultaneously all the possible
points, started in the February 1999 and have carried on
until the present day in a uniform system and have expanded
continuously by objects established at different stages of the
exploration.

First of all, the monitoring system records the qualitative
and quantitative changes in subsurface waters. For the inter-
pretation of this, the registration of the changes in the qualita-
tive and quantitative parameters of surface waters as well as
in the hydrometeorological parameters influencing the sub-
surface hydrological cycle, is indispensable. The measure-
ments were carried out at a meteorological station using an

observation well system consisting of 45 shallow and 14 deep
boreholes, 13 gauging stations, and some springs. Water sam-
ples were collected from 14 points in a monthly frequency.
The several years of observation provided the possibility to
characterise the changes in subsurface waters under natural
conditions and to determine the factors causing the changes
(ROTÁRNÉ SZALKAI et al. 2002).The proportion of the surface
waters deriving from below the surface was determined. The
trends and periodicity of the changes in the water table and
the water head, measured in observation wells, have been in-
vestigated and compared to the similar kind of alternations of
the meteorological parameters. The degree of changes in
water composition were determined with the different
recharge features for subsurface waters of different ages.

ÁGNES ROTÁR-SZALKAI et al.220

Figure 1. The detecting spots of the hydrogeological monitoring network and the localities of the hydrochemical investigations
1 — observation well, made from deep borehole, 2 — observation well, made from shallow borehole, 3 — double observation wells, made from shallow boreholes,
4 — observation well, made from geophysical shot hole, 5 — observation well, made from exploratory borehole at Ófalu site, 6 — established gauging station, 7
— meteorological station, 8 — sampled well, 9 — sampling point for surface water, 10 — sampled spring, 11 — sampling place for precipitation, 12 — dug well, 

13 — constructed contour line of the groundwater table

1. ábra. A vízföldtani monitoringrendszer észlelési pontjai és a vízkémiai vizsgálatok helyszínei
1 — észlelőkúttá kialakított mélyfúrás, 2 — észlelőkúttá kialakított sekélyfúrás, 3 — észlelőkútpárrá kialakított sekélyfúrások, 4 — észlelőkúttá kialakított geofizikai
robbantólyuk, 5 — észlelőkúttá kialakított ófalui kutatófúrás, 6 — állandósított vízhozammérő műtárgy, 7 — meteorológiai állomás, 8 — mintázott kút, 9 — felszíni 

vízmintavételi hely, 10 — mintázott forrás, 11 — csapadék-mintavételi hely, 12 — ásott kút, 13 — szerkesztett talajvíz-szintvonal



Results of the hydrometeorological 
measurements

The changes in the flow system of the subsurface waters
and in the runoff conditions of the surface waters are equally
in close connection with the hydrometeorological alterna-
tions. The parameters representing these changes — i.e. the
amount of precipitation, the air temperature and pressure —
have been continuously measured by automatic electronic
measuring instruments at a meteorological station. The lat-
ter was established in Bátaapáti, at the beginning of
November 1999. The amount of precipitation was recorded
by a Lambrecht 15188 type automatic measuring device
(with 0.1 mm accuracy). This is suitable also for measuring
winter precipitation due to the factory-equipped heating ap-
paratus in it. The changes in air pressure were measured by a
Vaisala PTB200 type digital measuring device (with 10 hPa
accuracy), while changes in air temperature were measured
by a DTR13 type thermometer equipped with a shading
screen (with 0.1 °C accuracy). The measured available data
were recorded by a QLC50 type data logger at a 10 minute
frequency.

The evaluation of the data from the hydrogeological ob-
servations began in 1997 and data collection has carried on
continuously since then. The latter were measured by the
stations of the Hungarian Meteorological Service. The sta-
tions at Pécs and Véménd were taken into account for the pe-
riod before the establishment of the meteorological station
at Bátaapáti.

The analysis of the parameters measured at the meteoro-
logical station at Bátaapáti was carried out with the accuracy
necessary primarily for the interpretation of the hydrogeolog-
ical observations. During the evaluation no attempts were
made to detect new phenomena or new tendencies; rather, the
aim was to determine the degree of the already known
processes in the studied period and in the region of the meas-
uring station at Bátaapáti. The results of the most important
hydro me teoro logical measurements can be summarised as
follows.

By comparing the average temperatures of the consecutive
years it has been confirmed that, in accordance with the climat-
ic conditions of the region, the yearly rhythm of temperature
alternation is balanced and greater anomalies do not appear.
The trends over several years of monthly average temperature,
however, show a more varied picture. A greater deviation from
the many years’ tendency can be seen during the extremely
cold periods in December 1999 and February 2003, as well as
during the periods that were much warmer (+3 °C) than the av-
erage in May and June 2003. The latter value from the data se-
quence from Pécs was the highest one measured in the course
of the last 100 year.

In general, the changes in air pressure show higher val-
ues in the winter months (the difference between the maxi-
mum and minimum values is above 30 hPa) and lower ones
(20 hPa or below) in the summer months. The daily fluctua-
tion of air pressure is about 1 hPa at Bátaapáti, but in case of
a sudden change in weather a difference of 10 hPa may also

occur. In the course of the statistical study (cycle analysis) of
the air pressure time series, regularly repeating 8, 12, and 24
hours rhythmical alternations were detected.

In the region of Bátaapáti there is no information on the
spatial distribution of the precipitation. The nearest precipi-
tation measuring station can be found at Véménd. By com-
paring the measurement data of the two stations, it has been
established that differences in the amount of the precipita-
tion may occur even within a short distance. (This have been
observed mainly in case of the heavy showers of the summer
period in short terms.) Generally, the yearly precipitation
amount varies between 600–700 mm. Based on the data of
the measuring station at Véménd (for the period between
1961–1990), the many years’ average of precipitation is 636
mm. The average of the yearly precipitation, measured at
Bátaapáti is similar to that at Véménd (627.6 mm in the peri-
od between 1999–2003). The 1990s proved to be wetter: the
only year in which the annual precipitation did not exceed
500 mm was1990 (the precipitation was 489.5 mm). The
yearly precipitation exceeded 700 mm, a value several times
greater than the average (in the years 1991, 1993, 1995, 1998,
and 1999). The year 2000 and afterwards can be regarded as
poor in precipitation as compared to the previous period.
The precipitation exceeded 600 mm (624.8 mm) only in
2001, while in 2000 and 2003 values below 450 mm (364.2
mm and 432.9 mm, respectively) were measured.

The yearly distribution of precipitation shows generally
two, rarely three maxima. In average values, the difference
between the maximum (June) and minimum (Febru ary) of
the monthly precipitation is almost four-fold. The precipita-
tion in the winter and summer half years differs consider-
ably — it is nearly two-fold in the summer half years.

Results of the water stage–discharge 
measurements in the surface waters

The task was to know exactly the hydrological cycle of the
area, to determine precisely the connection between the sur-
face and subsurface waters, as well as to characterise the sur-
face runoff. For this reason altogether 13 gauging stations
(overfalls) were established on the streams in the environs of
the Site (Huta Creek, Mórágy Creek, Nagymórágy Creek,
Mészkemence Creek, Éva Valley cut, Mély Valley cut and
Hosszú Valley cut; Figure 1). The establishment of the
Overfalls took place in two steps. By creating overfalls B1,
B2, B3 and B4 in 1999 as well as 2000, it was intended mainly
to track the changes in time in the water amount ascending
from below the surface in the four valleys nearest to the Site.
Thus these observation points were designated in the upper
sections of the streams. The further gauging stations, estab-
lished in 2002, enabled the investigation of the surface and
subsurface hydrological cycle which is characteristic of the
whole region of the Site, and its changes over time.
Accordingly, the observation points serving the characterisa-
tion of the water behaviour in the upper sections of the streams
(B7, B8, B9) have been complemented. The gauging stations
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(overfalls) in the lower sections of the streams were estab-
lished in order to investigate the water amount collected dur-
ing the surface and subsurface runoff in some partial catch-
ment areas (B5, B6, B10, B12). This included the two most
important streams (B11: Huta Creek, B13: Mórágy Creek)
during the surface and subsurface runoff. During the installa-
tion it was taken also into consideration that, although the
regime of the streams can be regarded as balanced in the dry
period, the discharge of the creeks may be multiplied in the
wet season. Due to the change of several orders of magnitude
in water discharges, a specific measuring device had to be cre-
ated. It also had to measure discharges of several thousand
l/min reliably, besides the exact measurement of discharges of
some l/min. The choice fell on a complex measuring overfall
with a crest composed of two profiles of different inclination.
In the winter period, when the temperature of the air sinks per-
manently below freezing point, the creeks quickly freeze due
to their small stream character. Therefore, it is not possible to

measure continuously the water stage and discharge — not
even by regular maintenance and ice breaking.

The water stage rise of the streams follows clearly the
amount of the precipitation. All the gauging stations are char-
acterised by the fact that the water stage rise appears with a
delay of some hours after the rainfall. The flood wave, caused
by a single rainfall within one day, subsides in 24 hours. On
the other hand, nearly one week of wet weather results a rise in
the water stage, lasting 4-5 days after the rainfall has stopped.
On the basis of the results of long-term water stage measure-
ments, it can be stated that the regime of the studied streams is
rather extreme. After a great amount of precipitation at one
time, the flood discharge may exceed even by more than ten
times the small-water base flow of the winter and end summer
periods, which are poor in precipitation. In the winter period
the sudden, quick water stage rise, due to the precipitation, as
well as the long-lasting, more permanent water stage rise,
caused by snow melting, can easily be separated. In summer,
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Figure 2. Sections and investigation results of the dug wells drilled in the Üveghuta Research Area
Paks Loess Formation: L1–L8 = loess horizons; MF = Mende Upper Palaeosols; BD = Basaharc Double Palaeosols; BA1 = Basaharc Lower Palaeosols, Upper
horizon; BA2 = Basaharc Lower Palaeosols, Lower Horizon; MB = Mende Basic Palaeosols; PH1 =  Paks Sandy Palaeosols, Upper Horizon; PH2 = Paks Sandy
Palaeosols, Lower Horizon; PD = Paks Double Palaeosols; PDL = interstratified loess in Paks Double Palaeosols; red curve = tritium content in the rock 

moisture (After MARSI et al. 2004) 

2. ábra. Az üveghutai kutatási területen mélyült ásott kutak szelvényei és vizsgálati eredményei
Paksi Lösz Formáció: L1–L8 = löszhorizontok; MF = Mendei Felsö Talajhorizont, Felső Talaj; BD = Basaharc Dupla Talajhorizont; BA1 = Basaharc Alsó
Talajhorizont, Felső Talaj; BA2 = Basaharc Alsó Talajhorizont, Alsó Talaj; MB = Mende Bázis Talajhorizont; PH1 = Paksi Homokos Talajhorizont, Felső Talaj; 
PH2 = Paksi Homokos Talajhorizont, Alsó Talaj; PD = Paks Dupla Talajhorizont; piros görbe = kőzetnedvességben mért tríciumtartalom (MARSI et al. 2004 után)

recent soil — recens talaj

loess — lösz

palaeosol — paleotalaj

Tengelic Red Clay Fm — Tengelici Vörösagyag F.

sand (fluvial) — homok (folyóvízi)

weathering granite — mállott gránit



in the permanently dry, warm periods (like in the summer of
2002), the degree of evaporation is in balance with the subsur-
face recharge of the base flow, which results in the daily fluc-
tuation of the water stage. If the degree of the evaporation ex-
ceeds the recharge from below the surface, the water stage
subsides below the “0 level” on the gauge, the overfall of
water over the structure stops, dead water accumulates behind
the overfall crest, and in an extreme case the channel becomes
dry. The summer of 2003, which was poor in precipitation, re-
sulted in the complete drying-up of several measuring sec-
tions.

Changes in the groundwater tables

The changes in the groundwater tables were recorded in
40 observation wells. The latter were created from shallow
boreholes (Mó–3, Mó–4, Mó–5, Mó–5A, Mó–6, Mó–6A,
Mó–7A, Mó–7B, Mó–7C, Mó–7D, Üh–6, Üh–8, Üh–9,
Üh–11, Üh–12, Üh–13, Üh–14, Üh–15, Üh–16, Üh–17,
Üh–18, Üh–18A, Üh–19, Üh–19A, Üh–20, Üh–21,
Üh–25A, Üh–26A, Üh–28A, Üh–31A, Üh–31B, Üh–31C,
Üh–32A, Üh–32B, Üh–32C, Üh–32D, Üh–33, Üh–34,
Üh–35, and Üh–36A), geophysical shot holes (R–6 and
R–7), and two observation wells in the Ófalu research area
(F–II and T–6, Figure 1). The change in the heads of the wa-
ters, filling the fissure system of the granite, was measured
in the different depth intervals of the 14 deep boreholes
(Üh–2, Üh–3, Üh–4, Üh–5, Üh–22, Üh–23, Üh–25, Üh–26,

Üh–27, Üh–28, Üh–29, Üh–30, Üh–36 and, Üh–37) in the
area of the Site, separated by packers. For measuring the
changes in the groundwater tables, the measuring devices
Hidro profi-L  (operating on the principle of floating bal-
ance) and Dat aqua (equipped with a pressure probe) were
used. The observation results were read weekly; when the
reading took place manual water table check measurements
were also carried out every time. In the observation wells,
created from deep boreholes, the packer intervals of the
measuring multipacker system have since been remodelled
several times in accordance with the changing research
tasks. Thus there are no sequences in which there are many
years of undisturbed data.

In the Üveghuta area, the following effects influencing
the subsurface water tables had to be taken into account:

— infiltration from precipitation,
— evaporation of ground water,
— changes in the water tables of drainage wells and

streams,
— changes in air pressure,
— terrestrial tides,
— hydraulic tests, pumping tests,
— water samplings,
— drilling activity.
For evaluating the changes in the groundwater tables, the

water table time series were divided into groups on the basis
of several points of view. The interpretation was carried out
by both comparative analysis of the regime curves of the
wells and by statistical methods.
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Figure 3. Connection between the water tables of observation wells Üh–6 and R–6 and the air pressure
3. ábra. Kapcsolat az Üh–6 és az R–6 észlelőkutak vízszintje és a légnyomás között



The observation wells were established in different hy-
draulic positions of the flow system of the region and thus the
changes in water composition, water tables and heads at dif-
ferent points of the flow system could be recorded. The major-
ity of the observation wells, as well as the well pairs, were
drilled in the possible upward zones, on the valley bottoms, to
a depth of 15–50 m. Thus they react directly to the changes in
weather by their near-surface water tables. At some places,
(20–80 m deep) water table observation wells were also estab-
lished which recorded the deeper water tables of partly the
hilltops and partly the hillsides. On this basis, hilltop, hillside,
and valley-bottom observation wells are distinguished. At the
same time the above grouping agrees with the separation ac-
cording to the groundwater depth below the terrain. In the val-
ley-bottom observation wells, the groundwater table below
the terrain is 0.3–6.5 m, in the hillside ones it is 10.5–33.8 m,
while in the hilltop ones is 53.3–79.98 m.

In the different hydraulic positions, different phenomena
affect the subsurface waters and thus even the nature of their
water table time series differs considerably. The differences
were observed both in the short-term changes and in
changes over many years. The regime curves of the hilltop,
hillside, and valley-bottom water table observation wells
were compared. This showed that valley-bottom wells, hav-
ing a near-surface water table, react sensitively to the infil-
tration and evaporation events, while the regime of other ob-
servation wells is determined mainly by the changes in air
pressure.

The water table time series of the valley-bottom obser-
vation wells are characterised by daily and seasonal
changes. A yearly cycle can also be recognised, but
rhythms over several years have not been detected. A deter-
minant factor in the water table changes of the valley-bot-
tom observation wells is the degree of infiltration from
precipitation. The latter is a function of the duration of the
dry period before rainfall, the amount of the precipitation
which falles at one time, and the intensity of the rainfall.
The reason for the difference between certain observation
wells is that this effect is influenced predominantly by the
amount of water flowing in the sediments (alluvium), de-
posited on the valley bottoms. The degree of the effect de-
pends on the thickness of the alluvium. It was shown by
correlation investigations that the water table changes in
most of the valley-bottom observation wells are in close re-
lationship with the monthly sum of the precipitation. On
the basis of the difference in the daily changes in the water
table data, as well as the cross-correlation comparison of
the daily precipitation amounts, the effects of precipitation
were detected immediately only in the water table of
Observation Well Üh–11. The signs of the close correla-
tion relationship with precipitation appeared only two days
later in Observation Wells Üh–13, Üh–14, Üh–15, Üh–17
and Üh–19, and with a delay of several days elsewhere
(Figure 2). A peculiar phenomenon is the melting of snow
that — similarly to the surface waters — also raises the
table of the subsurface waters. In the water table changes
of the wells established on alluvial sediments, a daily fluc-

tuation appears — mainly in the summer period — which
can be interpreted clearly as the effect of evapotranspira-
tion here — that is, groundwater evaporation. The evapora-
tion is of a different degree in the different observation
wells. There are valley and near-valley wells (e.g. Mó–4)
where the sinking of the water table is a result of the drain-
ing of the system and not the groundwater evaporation.

The water table time series of the hillside observation
wells are controlled by many years of changes. These
changes are also of cyclic character with the duration of a
cycle being four-five years. The water table changes are
equally influenced by the amount of the precipitation, the air
pressure, and the tidal phenomena. Out of the wells, Üh–16
differs from the others in its low water table fluctuation
within the group. However, on the basis of both its hydraulic
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Figure 4. Typical spectra, determined during the cycle investigation
of the ground water table time series of hilltop observation wells
4. ábra. Dombtetői észlelőkutak talajvízszint-idősorainak ciklus -

vizsgálata során meghatározott tipikus spektrumok



position and the investigation of its short-term changes it is
reasonable to assign it to this group. A characteristic feature
of the hillside group is that some observation wells show
similarities with the valley-bottom ones, while the others
have similarities with the hilltop ones. The effects of certain
rainfall events or wet periods cannot be observed in the water
table time series. The effects of the infiltrating waters can be
summed up and the water table curves can be brought into
close connection with the yearly amount of precipitation.
The effects of both the air pressure and the tides appear in the
water table changes that, in general (with the exception of
R–7), cause just a some cm of water movement. The
Observation Well R–7 reacts to the mentioned effects in a
way characteristic of the hilltop wells; the air pressure
change results in a water movement of around 20 cm.

The detected long-term groundwater table changes in
the hilltop observation wells show a trend. Probably, these
trends may be the consequences of some long-term accumu-
lated effects that cannot be brought into connection with the
many years’ fluctuation of the weather elements. For explor-
ing the effects that cause the water table changes, the meas-
urements have to be continued for several years. As opposed
to the long-term changes, the short-term water table fluctua-
tions are of the same nature and degree, respectively, in
every well. The short-period water table movement is con-
trolled by the air pressure and the tides (Figure 3). The cycle
investigation in the hilltop observation wells provided total-

ly identical results for all the observation wells; these results
reflect the 8 hours, 12 hours, and 24 hours changes in air
pressure (Figure 4). The 12 and 24 hours changes are con-
nected to the tidal effects that can only be observed to a small
degree with some cm of fluctuations.

Changes in the pressure 
of fissure waters

Similarly to the hilltop observation wells, the fluctua-
tion in the groundwater head of the granite is influenced
mainly by the change in air pressure and the tidal phenom-
ena. In the more closed fissure system of the granite, these
effects appear more markedly than in the ground waters.
The effects of both the air pressure and the simultaneous
tides result in the same degree of groundwater head change
in almost every detected interval. As opposed to the ground
waters of the hilltop observation wells, the effect of the
tides appear more strongly than that of the air pressure in
the deeper zones, causing a nearly four times bigger
change.

On the basis of statistical analyses, it has been deter-
mined that there is a very close connection between the
change in air pressure and water table changes. The cycle
investigation was carried out for both longer and shorter
periods. In the different horizons of the individual observa-
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Figure 5. Spectrum of changes, detected in the groundwater heads of observation wells, created from hilltop deep boreholes with the period 
time of the main cycles

5. ábra. A dombtetői mélyfúrásokból kialakított észlelőkutak potenciálszintjeiben észlelt változások spektruma a főbb ciklusok periódusidejével



tion wells, totally concordant results for both parameters
were obtained. The long-term cycle investigations revealed
changes over periods of 4-5 and 10-17 days, respectively, in
the water table changes. They are in accordance with the pe-
riods observed during the changes in air pressure. Short-
term rhythmical alternations were also detected; for them 12
and 24 hours repeated changes were confirmed by detailed
analysis (Figure 5). The so determined cycles show little dif-
ference from those of the ground waters. Here, the 12 and 24
hours time-period also reflects the effects of the tidal phe-
nomena. The asymmetric character of the effect was also ob-
served in the deeper horizons, according to which the 12
hours periods are always weaker. As opposed to the ground
water, however, no changes repeating every 8 hours were de-
tected, which indicates the effect of the tides on the air pres-
sure. On the basis of their absence in the deep boreholes, it is
assumed that the deeper zones of granite form a much more
closed system than the aquifer upper fissured granite layer
that has only an indirect connection with the air pressure.
Due to the nature and structure of the multipacker observa-
tion system, there is no possibility for this connection — not
even within the observation well.

Water composition investigations

The aim of the water composition investigations was to
detect the changes in time in the composition of the surface
and subsurface waters in the Bátaapáti research area. The
degree of changes gives information on the stability of the
flow system over the course of time. The water composition
investigations in the framework of the monitoring helped in

the acquisition of a reliable knowledge on the basic geo-
chemical condition of the subsurface waters.

The designation of the regular sampling points began in
July 1997 and with the progress of the research the number
of the sampled points has increased. When designating the
points, the intention was to get acquainted with the waters of
different age and mixing proportion in the flow system of
the drainage area, as well as to make the sampling relatively
simple and reliably reproducible. The multilevel packer sys-
tem, built in boreholes deeper than 100 m, precluded auto-
matically the possibility of sampling, with the exception of
Well Üh–29 where the depth water comes to the surface.

The regular sampling of the creeks began in 2000 and
2002, respectively.

All the sampling points were established in the possible
ascendance zone of contaminants from the subsurface reser-
voir of low- and intermediate-level radioactive wastes.

The sampling points of the water composition (Table 1,
Fig ure 1) are as follows:

— an observation wells, created from shallow Bore -
holes Mó–5, Mó–6 and Mó–7A, as well as Üh–12, Üh–18,
Üh–19, Üh–32A and Üh–35;

— observation well, created from deep Borehole
Üh–29;

— surface streams: Éva Valley (A107), Mészkemence
Valley (A075), Huta Creek (A108), and Nagymórágy Valley
(A109);

— a captured spring: Anyák-kútja (B040) in the Nagy -
mór ágy Valley,

— precipitation at the meteorological station (E003).
Water sampling took place on a monthly basis. In the

weathered or fissured granite the filtered wells penetrate
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Table 1. Data of the sampling spots



generally poor aquifers; after their draining the recharge is
slow and takes place mainly from above, from the upper
groundwater tables; after the recharge the original water
composition is restored over a period of a few months. The
water extraction before sampling was minimised in order
to shorten the period of the restoration of the original water
composition. A customised sampling procedure has been
elaborated for all the sampled wells, taking into account
the experiences of the investigations. During the sampling,
the following parameters in the frame of measurements
made on the spot were recorded:

— water and air temperature,
— pH,
— specific conductivity,
— redox potential,
— alkalinity.
The devices were calibrated by using the factory etalon

every sampling day, before the first sampling. When meas-
uring alkalinity, three independent measurements were car-
ried out on each occasion.

The laboratory analyses included the routine measure-
ments (Na, K, Ca, Mg, Fe, Mn, NH4, Cl, alkalinity, SO4,
NO3, NO2, H2SiO3, KOI, specific conductivity, and pH)
and the determination of trace elements (Li, Be, B, Al, V,
Cr, Mn, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Mo, Ag, Cd, Sb, Cs,
Ba, La, Tl, Pb, Bi, Th, U) as well as 2H, 18O, 15N, 34S, and
222Rn isotopes. The measurements of the 2H and 18O iso-
topes were carried out by the Laboratory for Geochemical
Research of the Hungarian Academy of Sciences (MTA
GKL); those of the sulphur and nitrogen isotopes were
made by the Institute of Nuclear Research of the Hungarian
Academy of Sciences (MTA Atomki). The radon was de-
termined by the Department of Atomic Physics of the
Eötvös Loránd University (ELTE).

For the routine measurements as well as the nitrate, oxy-
gen, deuterium, and tritium measurements, the samples
were taken in new vessels and were washed three times by
the water to be sampled. For the cation as well as trace ele-
ment measurements, new plastic bottles, previously treated
by nitric acid, were used. The bottles were washed twice by
distilled water and then nitric acid of high purity was added
to them in order to preserve the sample in advance. Con -
centrated sulphuric acid was added to the bottles necessary
for KOI sampling — after acidising and preparing them by
distilled water. For the nitrate analyses, the samples were
preserved by acetonitril and stored in a cold storage bag or
refrigerator, respectively, before beginning the examina-
tions. For the sulphur isotope investigations the sampled
water was alkalised by NaOH to pH 12. Then the precipita-
tion necessary for the analyses was formed by BaCl2. For the
nitrogen isotope determinations, the samples were pre-
served by chloroform and stored in a cold storage bag or re-
frigerator, respectively, before the analysis. For the radon in-
vestigations the water sample was put under an “opti-flour-o
cocktail”.

In reality, the sampling meant the collection of a sample
series. The spectrum of the collected samples varied accord-

ing to the provenance and the purpose of use. In the course of
the monthly samplings, there was not always the possibility
to collect samples at every sampling point. In December
2002, then in January and March 2003, it was not possible to
sample the deep Borehole Üh–29 due to technical reasons.
In water-composition monitoring, this was the first really
deep Observation Well (filtered between 232.3–300.38 m)
in the upward zone and the only one that provides flowing
water. Due to tracing investigations, Observation Well
Üh–32A was not sampled in December 2002, while the
Mó–6 and Mó–7A were not sampled in March and April
2003. In the dry periods in August, September, and October
2003, the section of the Huta Creek designated for sampling
became dry and thus the collection of samples A–108 was
suspended for three months.

In Observation Well Üh–18 — drawn into the tracer tests
at Borehole Group Üh–31 — the NaBr solution, added as a
tracer, then the high-concentration NaCl solution, which
was pumped in subsequently, modified the composition of
the original water. Here, after the tracer test, the time course
of dilution as an effect of the natural flows was examined by
regular sampling.

The age of the waters and their position in the flow sys-
tem are reflected well by the cation exchange (i.e. decrease
in the amount of Ca++ and Mg++ as well as an increase in
Na+). The change in the isotope ratio of 2H and 18O shows the
water–rock interaction (Figure 6).

The δ18O value of the waters older than 10,000 years is
less than –11.5; that of the younger waters of Holocene age is
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Figure 6. The sampling sites of subsurface waters as a function of
δ18O and cation exchange

VSMOW = Vienna Standard Mean Oceanic Water

6. ábra. A felszín alatti vizek mintázási helyei a δ18O és a kationcsere
függvényében 

VSMOW = Bécsi standard, átlagos óceánvíz



higher than –10.3 (in general –9.7). The climatic change at the
Pleistocene–Holocene boundary represented a nearly 2000
years transitional period. During the investigations the meas-
ured values fell between the mentioned boundaries; they thus
reflected clearly the transitional character, and at the same
time showed clearly the effect of mixing the two kinds of
water. It has been proved that the water of Wells Mó–6 and
Üh–29 derives from the precipitation infiltrated in Late
Würmian (their 14C age is around 20 thousand years). The wa-
ters of Üh–18, Üh–32A, and Üh–35 are mixed, and of a transi-
tional character; on the basis of ion exchange it was shown
that in the first two wells old Holocene, while in the latter one
young Holocene water mixed with Würmian waters. The pe-
culiar character of the water of the captured Anyák-kútja
spring can be traced back to two causes. The first one is that
the feeding ground of the spring is composed of granite, cov-
ered by a thin soil layer. In all the other cases the water infil-
trates through relatively thick (40-50 m) loess. The latter is ac-
companied by the dissolution of more Na and less Ca and Mg.
The other reason is that the infiltration area of the spring has a
topographic position 100 m lower on average than that of the
other water sampling points; it may result in the 0.5‰ in-
crease in δ18O. On the basis of the ion exchange, the youngest
water derives from Well Üh–19. It was prepared from two
groups of samples from Well Üh–18 (on the left side of Figure
7) after the tracer tests, as mentioned above. 

Figure 7 shows the total hardness (the amount of Ca++

and Mg++) from the investigation data of the creeks. The re-
markably low values of the figure indicate the diluting ef-
fect of the precipitation (high water stage) at the time of
sampling or immediately preceding it. Only the time series
of the creek in the Éva Valley is long enough for investigat-
ing fundamental regularities. The values of the base flow
fluctuate within 20 units. This could be the common con-
sequence of the evaporation from the alluvium along the
creek and the analysis error (±5%). The slightly rising
character observed during the studied period refers to the
increase in the ratio of the ground water feeding the creek
in the first place.

The changeability over time of total hardness for the two
groups can be seen in Figures 8 and 9. In both figures the
time trend of total hardness shows a rising character in some
of the sampled wells (Mó–5, Üh–19, Üh–18, Üh–35). The
reason for this may be that, after the monthly sampling, the
original water conditions are not restored perfectly in the en-
vironment of every well. The parallel running of the saw-
tooth pattern at wells Üh–12 and Üh–19 (Figure 8), for ex-
ample, cannot be traced back to a natural effect. Further -
more, on the basis of the correlation coefficient of around
0.7 between the two data series its reason is an analytical
error.

The temporal change  in δ18O values is demonstrated by
Fig ures 10 and 11 in the previous grouping. The trend-like
change in the oxygen isotope values of the sampled waters
reflects water mixing. The examination of the samples from
the wells drilled during the research proved that the δ18O val-
ues decrease downwards in the infiltration zone. Thus the
trend in Wells Üh–12, Mó–5, and Üh–19 up until the sum-
mer of 2002 (Figure 10) can be interpreted by the increasing
degree of mixing with older waters. This is in contradiction
to the conclusions that can be drawn from the hardness time
series of these same wells (Figure 8). However, in this case
the latter assumption was accepted as trustworthy. The trend
referring to rejuvenation (that can be detected at older waters
— Figure 10) is in accordance with the total hardness data
(Figure 9).

Since the detected changes are not strikingly great, it is
mainly the reliability of analyses as well as the amount of
regular and accidental errors that set limits to the reliably
demonstrable detection of changes in the flow system and in
the evaluation of the results of the water-composition inves-
tigations. These errors occurred even in case of careful sam-
pling and sample treating.

Summary

By means of a hydrogeological monitoring network, es-
tablished in the wide surroundings of the Bátaapáti (Üveg-
huta) Site, recordings were made mainly of the qualitative and
quantitative changes in surface and subsurface waters due to
natural processes. For the evaluation the measurements were
complemented by hydrometeorological parameters.
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Figure 7. The temporal change in total hardness of the creeks
1 — Éva Creek, Overfall B4, upstream, 2 — Huta Creek, Overfall B10, up-
stream, 3 — Mészkemence Creek, Overfall B1, upstream, 4 — Nagymórágy

Creek, Overfall B12, upstream

7. ábra. A patakok összes keménységének időbeli változása
1 — Éva-völgyi patak, a B4 bukó fölött, 2 — Hutai-patak, a B10 bukó fölött, 3
— Mészkemence-patak, a B1 bukó fölött, 4 — Nagymórágyi-völgy, a B12 bukó 

fölött kb. 100 m
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Figure 8. The temporal change in total hardness of the Holocene 
waters

8. ábra. A holocén vizek összes keménységének időbeli változása

Figure 9. The temporal change in total hardness of the Pleistocene
and mixed waters

9. ábra. A pleisztocén és kevert vizek összes keménységének időbeli
változása

Figure 10. The temporal change in the δ18O value of the Holocene 
waters

VSMOW = Vienna Standard Mean Oceanic Water

10. ábra. A holocén vizek δ18O-értékének időbeli változása 
VSMOW = Bécsi standard, átlagos óceánvíz

Figure 11. The temporal change in the δ18O value of the Pleistocene
and mixed waters

VSMOW = Vienna Standard Mean Oceanic Water

11. ábra. A pleisztocén és kevert vizek δ18O-értékének időbeli válozása 
VSMOW = Bécsi standard, átlagos óceánvíz
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In the course of the investigation of surface waters, it was
established that the discharge of streams varies between
wide limits as a function of the amount of the precipitation.
The flood waves diminish in a few days after the rainfall;
their discharge exceeds even ten times the base flow. The
base flow of the streams deriving from subsurface waters
was steady; some streams became dry only in the summer of
2003, in an extremely dry period.

The observation wells were divided into groups on the
basis of the detected groundwater regime. These groups cor-
responded to the different hydraulic positions of the observa-
tion wells. Different water table changes characterised the
hilltop, hillside, and valley-bottom observation wells. The
water table changes of the hilltop observation wells were con-
trolled by the changes in air pressure and the tidal phenomena,
while the water tables of the valley-bottom observation wells
reacted sensitively to the infiltration and evaporation events.
The hillside observation wells show a transitional character
between the two former groups. The short-term groundwater

table changes were caused by the air pressure, while the long-
term ones were the result of the summarised effects of precipi-
tation.

The changes in the heads of water stored in the fissure
system of granite were also caused by the air pressure and
tidal phenomena. In the closed fissure system the dominant
character of this latter effect was observed, as opposed to the
groundwater table changes.

In the course of the water composition investigations, it
was established that the hydrochemical features of both the
surface and subsurface waters have low natural changeabili-
ty. The hydrochemical changes of the surface waters reflect
the change in the ratio of the surface runoff and the recharge
from below the surface. In the course of the examination of
the surface waters the water sampling points were divided
into two groups (i.e. waters of younger and older age). In the
hydrochemical composition of the observation wells the
mixing of the older waters from deeper horizons and the
near-surface younger waters was shown.
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