
Introduction

The repository for low- and intermediate-level ra-
dioactive waste at the Bátaapáti (Üveghuta) Site (BÉRCI et
al. 2004) is planned in the rocks of the Mórágy Granite
Formation (KIRÁLY, KOROKNAI 2004) at depths of 250-
300 m below the ground level (BALLA 2004a). The key el-
ement of the safety assessment of the repository
(GOLDSWORTHY et al. 2004) is the geological barrier, one
of the most important components of which is the ground-
water flow system (BALLA 2004b). Hydrodynamic testing
of boreholes at the Bátaapáti (Üveghuta) Site played a de-

cisive role in learning about that flow system. This testing
supplied direct measurement data on the hydraulic con-
ductivity of the rocks and groundwater heads of the fis-
sure waters. 

Hydrodynamic testing of boreholes was conducted by
the Golder Associates (Hungary) Ltd. (Golder) with the ex-
tensive experience and help of foreign — i.e. German,
American and Canadian — specialists. 

Synchronously with the hydrodynamic testing, and with
the same technical tools, preparation for the sampling of
deeply-situated ground water was conducted, as is outlined
in the second part of this contribution. 
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Abstract

The repository for low- and intermediate-level radioactive waste at the Bátaapáti (Üveghuta) Site will probably be constructed in the rocks of
the Mórágy Granite Formation at depths of 250-300 m below the ground level. The key element of the safety assessment of the repository is the geo-
logical barrier, one of the most important components of which is the underground water flow system. Hydrodynamic testing of boreholes at the
Bátaapáti (Üveghuta) Site played a decisive role in learning about that flow system. This supplied direct measurement data on the hydraulic con-
ductivity of the rocks and freshwater heads of the fissure waters. Hydrodynamic testing of boreholes was conducted using modern tools, measure-
ments and analysis methods, and the results are summarised below. 

The transmissivity of the fresh granite — which is of the sixth order of magnitude — is distributed log-normally. It is independent of the depth and
its connection with the fracturing and seismic wave velocity is loose. The borehole pattern is variable but in the spatial distribution some regularity
is observable: transmissivity to the south of the Site is lower than average whereas in the north it is higher; in the middle part its values are change-
able. In the background of the matrix fracturing zones, good and bad hydraulic conductivity can be distinguished. The length of these zones can be
estimated as being several hundreds of metres perpendicular to their thickness. 

Groundwater head levels decrease in the south, and are almost constant in depths towards the north. In the middle sharp anomalies  in the
background, typical for the northern part, are visible. In the boreholes head steps of around 5-20 m were established. These fall onto zones of bad
conductivity — i.e. they are argillised fracture zones — and in this way they mark damming-isolating zones. The presence of these zones is an advan-
tageous property of the geological barrier because they increase the safety of the Bátaapáti (Üveghuta) Site. 

In the connectivity which characterises the major conductive zones, the southern and northern parts of the Site are clearly different. North of
the major damming-isolating zone there is a middle unit which wedges out downwards.

Data of the hydrodynamic testing were incorporated into the hydrogeological and tectonic pattern of the Site. 



Hydrodynamic testing of boreholes

The goal of the hydrodynamic testing of boreholes con-
sists in supplying data and information for hydrogeological
evaluation of the Site and its surroundings. The task of the
testing is to determine the hydraulic transport parameters of
the rocks penetrated by boreholes. Hydrodynamic test meth-
ods are subdivided into three groups: 

— single-borehole tests,
— interference tests, 
— tracer tests. 
Below a short description of these three methods is

given.

Single-borehole testing

The goal of the single-borehole testing consists in defin-
ing the hydraulic conductivity of the rocks penetrated and
characterising the groundwater heads. Its task was to con-
duct single-borehole tests in packer sections of the deep and
shallow boreholes at the Site and in the surrounding area, as
well as in boreholes transformed into wells. The single-
borehole tests were conducted by an independent team: 4-6
hydrogeologists, 4-5 technicians and 1 auxiliary personnel.
The team had a field office, store and work rooms, and also
transport vehicles. 

In May 2002 four complete tool systems were mobilised
for single-borehole testing. An aluminium test string, inflat-
ing packers, a downhole shut-in valve, pressure and temper-
ature gauges in the borehole, and also electronic data acqui-
sition and a processing unit were used for the testing. In
order to lower the water level in the test string a swabbing
tool — or in inclined boreholes a drawdown system with a
siphon — was used. The tools are described in detail by
MOLNÁR et al. (2000).

In the 23 boreholes at the Site (GYALOG, SZEGŐ 2004)
single-borehole tests were conducted: 

— in groundwater-monitoring boreholes on the hilltops
after construction of the wells, 

— on granite sections of the deep boreholes with period-
ical interruption of the drilling activity, the results being
arranged into series, as well as 

— in grouped boreholes at the valley bottoms, after their
drilling.

In the groundwater-monitoring boreholes on the hilltops
(Üh–25A, Üh–26A, Üh–28A and Üh–36A) single-borehole
tests were conducted, after the sampling unconfined ground
water. In open wells constant-rate injection was conducted,
after its completion of this process the decrease of the water
level was measured with a pressure gauge. 

In deep vertical boreholes (Üh–26, Üh–27, Üh–28,
Üh–29, Üh–30 and Üh–37) and in the inclined Borehole
Üh–36, single- or straddle-packer equipment was applied.
After drilling a 30-100 m long section, the hydraulic conduc-
tivity of the rocks was measured by so-called “scan tests”.
Measurements were conducted below the weathered granite
along the total length of the boreholes. The packer intervals

were about 10 m, and they overlapped each other a slightly.
On the conductive sections, approximately every 50 m, more
detailed tests were conducted to derive an estimate for the
undisturbed in situ head. Parallel with this, the character of
the underground flow and its geometry were studied. 

In the inclined Borehole Üh–25, in order to save testing
tools, measurements were conducted after every 10 m
drilled, within an HQ drill string using single-packer equip-
ment. Since the primary goal of examining Borehole Üh–25
was to study earlier revealed low-pressure zone, detailed
tests only were conducted in it. 

In the grouped boreholes (Üh–31A–C, Üh–32A–D and
Mó–7A–D), packer tests were conducted after the borehole
had reached its final depth. Depending on the length of the
open section 1-3 tests per borehole were conducted.
Detailed tests were conducted in each central borehole, but
only in those auxiliary boreholes which displayed high con-
ductivity. 

A scan test consisted of an initial pressure stabilisation
period and a subsequent slug or impulse test which in dis-
tinct cases was accompanied by a final pressure stabilisa-
tion period. Scan tests usually lasted for 3 hours. During
the detailed tests a relatively long initial pressure stabilisa-
tion period and slug test were followed by a further, 12-
hour pressure stabilisation period — the total duration
being 24 hours. After some detailed tests, long-term water
pumping was conducted in order to prepare for the water
sampling (see below). The measurements were then com-
pleted with a final 48-hour pressure stabilisation period.

The test intervals were selected on the basis of geophysi-
cal well-log data (SZONGOTH et al. 2004). The most suitable,
intact sections for the inflation of packers were selected on
the basis of the caliper and electric log and the acoustic tele-
viewer image. The sections for detailed tests were prelimi-
narily selected on the basis of the temperature log, but the
assumed high hydraulic conductivity was checked by field
analysis of the slug phase of the scan tests as well. Field data
from the single-borehole tests were passed on to the geo-
physical well-log team, which optimised the flowmetry al-
ready based on hydraulic conductivity data.

The volume of single-borehole tests is summarised in
Table 1. 

Transmissivity of the test intervals and — if possible —
the undisturbed in situ head was estimated by indirect model-
ling on the basis of pressure changes recorded during the sin-
gle-borehole tests. For the test analysis the FlowDim code de-
veloped by Golder was used. Analysis was conducted by type-
curve matching using the regression algorithm of the code.
During the analysis, a two-dimensional, cylindrical radial
flow model was used in each case to make possible compari-
son of results from singular tests. In most of the tests a com-
plex, bizonal flow model was introduced in order to obtain an
acceptable fit of data, in some cases with the application of a
skin effect. The process of the test analysis was analogous to
the method outlined in detail by MOLNÁR et al. (2000).

The transmissivity values were defined by fitting to
log-log de-convolution and Ramey A-type curves in the
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case of slug and impulse tests, and to log-log diagnostic
curves in the case of constant-rate and pressure stabilisa-
tion periods. Synchronous analysis of the test periods al-
lowed consistent results to be obtained from their analysis.
The possible minimum and maximum, as well as the most
probable values of the transmissivity of the test intervals
were established by comparison of normalised diagnostic
curves of pressure changes during distinct phases. 

The undisturbed in situ head was estimated from the
data of constant-rate and pressure stabilisation periods
using a flow model for analysis with a FlowDim code by
means of extrapolation on the Horne plot in semi-log co-or-
dinates. When postulating an infinite homogeneous radial
flow field, Horne’s method allows determination of the
undisturbed in situ head even in the case of an unknown
rate. It was new in the research, that using this method, even
the initial pressure stabilisation periods could be analysed;
thus, the undisturbed in situ head was estimated from the
scan tests as well. The possible minimum and maximum, as
well as the most probable values of the undisturbed in situ
head were estimated on the basis of several analytical meth-
ods, by comparison of data from distinct phases, and with
results from the neighbouring intervals. 

Interference testing

The goal of the interference testing was to determine the
qualitative and quantitative characterisation of the under-
ground flow system and its hydraulic connections. Its task
was the measurement and analysis of the responses due to

water pumping from the source well in the surrounding ob-
servation wells by means of multi-packer monitoring. A
drilling rig supplied by Rotaqua Ltd. was used for the place-
ment and removal of the source and observation zone equip-
ment. 

On the basis of the positive experiences obtained from
the interference tests in 1998 (BRADLEY et al. 2000), the tests
were conducted with similar technology. Water was pumped
at a constant rate from one or two source intervals of a cen-
tral borehole, whereas the pressure changes were synchro-
nously recorded in surrounding boreholes with a relatively
large number of observation intervals which covered the
total length of the boreholes. Both the former (GYALOG,
TUNGLI 2000) and the new boreholes (GYALOG, SZEGŐ 2004)
were involved in the interference tests. 

Three interference tests were conducted (Figure 1). To-
gether with the earlier interference tests they covered the
total area wich contains all the boreholes. The source zone
was located in the central borehole in order to record the
pressure responses as widely as possible. In the source bore-
hole the interval with the highest conductivity was chosen.

Multi-packer systems were installed into the observation
wells. 30-60 m long observation intervals were constructed.
The following criteria were carefully applied: (i) the packers
were located on sound walls, (ii) the uniform fissure systems
fell within the same observation interval and (iii) blocks,
which appeared to be different in the results of single-bore-
hole tests (see above) formed different observation intervals. 

For designing the observation systems, geophysical
well-log curves (SZONGOTH et al. 2004) as well as transmis-
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Table 1. Volume of single-borehole tests



sivity and head profiles from single-borehole tests were
used. In 2002 multi-packer monitoring systems, which con-
tinuously functioned in the earlier boreholes (Üh–2, Üh–3,
Üh–4, Üh–5, Üh–22 and Üh–23), recorded the pressure
changes due to the drilling and testing of the new boreholes
(Üh–25, Üh–26, Üh–27, Üh–28, Üh–36 and Üh–37). These
records were also taken into account. Observations gained
from interference testing in 1998 showed that after pumping

from the source interval over several days at a significant
rate, the original pressures were only restored in the obser-
vation intervals after a period of several months. 

Due to the advantageous mechanical properties of the
rocks penetrated by Boreholes Üh–27 and Üh–37, the possi-
bility of siting the repository in the northern part of the Site
became an important consideration (BALLA 2004b). There-
fore, the first set of interference tests was conducted in the
south, the next in the north, and the third — after a signifi-
cant pause — in the middle of the Site. 

The pressure signal was produced by the same single- or
straddle-packer equipment which was used in the single-
borehole tests. Water was pumped by a positive displace-
ment progressing cavity pump (with the trade name “Moyno
pump”) installed into the aluminium test string. The drilling
rig drove the pump and the rotation speed regulated the rate.
An automatic data logger system recorded the pressure
changes in the source zone and the the rate was measured
every hour by cubage. The pressure data in the observation
wells were recorded every 5-15 minutes, and read once a day. 

The source and observation equipment installed into the
boreholes was described by MOLNÁR (2003). The main test
data are summarised in Tables 2, 3 and 4.

Analysis of the interference test data took place in differ-
ent ways:

— the freshwater head profile of the deep boreholes was
defined more precisely;

— main conductive structures of the Site were charac-
terised;

— the flow system of the Site was subdivided into
blocks;

— hydraulic connections were characterised quantita-
tively.

The pressure changes in the observation wells after the
inflation of packers were analysed on the Horne plots in
semi-log coordinates, and the undisturbed head of the ob-
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Figure 1. Sketch map of the boreholes involved in the interference tests
A — southern interference test, B — middle interference test, C — northern in-
terference test; 1 — source well, 2 — observation well, 3 — other deep boreholes

1. ábra. Az interferenciás kútvizsgálatok helyszínrajza
A — déli interferenciás vizsgálat, B — középső interferenciás vizsgálat, C —
északi interferenciás vizsgálat; 1 — jeladó kút, 2 — észlelő kút, 3 — egyéb 

mélyfúrás

A

B

C



servation intervals was estimated by means of extrapola-
tion. 

The pressure changes on the source zones were analysed
as in the case of single-borehole tests (see above). Due to the
long-term pumping and long-term recording of the filling
back, the transmissivity of the source structure and the char-
acter of the flow were defined on a larger scale than during
the single-borehole tests. 

The pressure responses were grouped according to their
effective time, magnitude and distance from the source
zone. After processing the pressure responses using the
Cooper–Jacob’s method the distribution observed was com-
pared with the expected distribution in a homogeneous iso-
tropic media. On the basis of the results the flow system was
characterised qualitatively, and hydraulic connections bet-
ter and worse than the average were detected.

Hydraulic connections were characterised quantitative-
ly as well. The pressure responses were analysed in a tradi-
tional way, with curve fitting and assuming a homogeneous
radial flow pattern. Applying the FlowDim code developed
by Golder as well as the Interpret/2 code developed by
Scientific Software Intercom, the value of the diffusivity
was defined. Alongside this, a completely new analytical
method was applied to define the rate which produced the
pressure change and the transmissivity. This method was
based on the normalised curves for a given storage factor. 

Tracer tests

The goal of the tracer tests was to characterisethe materi-
al flow in the fractured granite and to determine of distinct
transport parameters. Their task was to study the bursting
curves of artificial tracers in grouped wells at the bottom of
valleys. Rotaqua Ltd. installed the testing tools into the
wells, and Vámház Baja Co. conducted the technical super-
vision.

Tracer tests were conducted on the grouped wells Üh–31,
Üh–32 and Mó–7 (Figure 2). The main data gained from the
tests are summarised in Tables 5, 6 and 7. 

During the tracer tests constant-rate water pumping was
conducted by a diving-pump from the central borehole of
the well group. Into the three auxiliary boreholes, in 10-20 m
of the central borehole, different tracers were injected. The
appearance and bursting of the tracers was studied by con-
sidering the systematic sampling of the water in the central
well. 

The producing well of the group was selected on the
basis of single-borehole tests (see above) as the  geophysical
well-log, and the flowmetry data (SZONGOTH et al. 2004). It
was intended that the well should produce a large pumping
rate and water from depths below 30 m. The diameter of the
central well was enlarged up to 116–121 mm. The diameter
of the auxiliary boreholes was 76 mm, as usual.

Prior to the tracer tests interference tests in order to con-
firm hydraulic communication between the central and aux-
iliary boreholes were conducted on the grouped wells. At the
same time the injection capacity of the wells was established
by means of preliminary injection.

Afterwards, equipment for the testing was placed into
the wells. Into the producing well a diving-pump was placed
which pumped the water into a 1 m3 tank. From here, water
was drawn away in non-freezing pipelines to a distance 120
m from the well group. Into the auxiliary boreholes such a
closed casing was installed and this significantly diminished
the volume of the borehole. An annulus of only a few mm re-
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Table 2. Data on the southern interference test

Table 3. Data on the northern interference test

Table 4. Data on the middle interference test



mained between the casing and the hole wall. The injection
interval was closed by a mechanical packer. On the auxiliary
boreholes specific well heads were placed. Through them
the tracer and the injection fluid could get below the me-
chanical packer and into the thin annulus between the casing
and hole wall.

The tracer tests were planned in such a way that they could
be conducted in quasi-permanent flow conditions. Therefore,
water was injected into the auxiliary boreholes from the cen-
tral tank connected with the well heads. Water from Well No.
4 of the Bátaszék Waterworks — with 20 mg/l sodium bro-
mide and 10 g/l sodium chloride added as tracers — was used
for injection. In the case of the grouped wells Mó–7 it was im-
possible to organise continuous water supply in the winter pe-
riodand this is why injection was not conducted here. 

1-2 days after starting the pumping and injection into
auxiliary boreholes of the well groups, a given quantity of
distinct tracers was injected as relatively small volumes
(19.335 l) of solutions with rather high concentration
(200–10,000 mg/l). The tracers selected had to be fluores-
cent material which was (i) unharmful to the environment,
(ii) difficult to decompose or trap, (iii) detectable in low
concentrations. Uranine, rhodamine and sodium naphtion-
ate are such tracers. Injection lasted for 0.5-3 hours, then in-
jection was continued in the boreholes. 

The quantity of water injected in auxiliary boreholes and
produced from the central borehole was measured by water-
meters read every hour. The water produced systematically
was sampled into plastic flacons. After the injection of trac-
ers, samples were taken every hour for 2 days, then with de-
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Figure 2. Sketch map of the boreholes involved into tracer tests 
1 — producing well, 2 — tracere well, 3 — other shallow borehole, 4 — dirt road, 5 — overfall

2. ábra. A nyomjelzéses anyagáramlás-vizsgálatok helyszínrajza
1 — termelt kút, 2 — nyomjelzett kút, 3 — egyéb sekélyfúrás, 4 — erdészeti út, 5 — vízhozammérő bukó

Table 5. Tracer test of the Well Group Üh–31 (2002)



creasing frequency (12, 8, 4, 3, 2 and 1 per day). In water sam-
ples the pH, electric conductivity and tracer content (bromide,
uranine, rhodamine and sodium naphtionate) were deter-

mined in the field laboratory organised in Bátaapáti. Prior to
the analyses flacons with samples were stored in darkness.
Once a day a sample was taken from the injected water as well,
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Table 7. Tracer test of the Well Group Mó–7 (2003)

Table 6. Tracer test of the Well Group Üh–32 (2002)



and its pH, electric conductivity and sodium bromide content
were analysed. Each fourth sample was checked for concen-
tration of the three fluorescent tracers. 

On each well group the pumping of water lasted for 70
days. In the Well Group Mó–7, over 63 day of the water pump-
ing a “cocktail” of the three fluorescent tracers was injected
into Well Mó–7A. This produced the earliest bursting, needed
in order to study how sorption processes influence the burst-
ing of tracers. After termination of the water pumping con-
trolled water sampling was conducted in the auxiliary bore-
holes in order to detect the tracer concentration in them. At the
end of the testing the test equipment was removed from the
boreholes, and the well heads were restored. 

The tracer test results were analysed in two ways. First,
in accordance with the traditional analytical method, a ho-
mogeneous isotropic flow pattern was supposed. Transport
parameters (effective porosity, mechanical dispersion) of
the given flow path were defined from common analysis of
single-borehole tests of the shallow boreholes, interference

tests of the well groups, and tracer tests. This was done by
matching with the bursting curves obtained. Second, a
water and tracer balance was compiled, and the rate be-
tween the central and distinct auxiliary boreholes was com-
puted. Then the transport parameters were analysed by the
GoldSim code developed by Golder. The most probable
value of the transport parameters was simulated by the
Monte Carlo method. 

Preparation for water sampling at depth

Water pumping to prepare for the sampling of deeply sit-
uated water was closely connected with the hydrodynamic
testing of boreholes. The goal of this activity consisted in
getting water samples of required quality; its task was to
achive the long-term pumping of water from boreholes. 

The main data on the long-term pumping of water are
summarised in Table 8.
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Table 8. Preparation for water sampling at depth

Kind of producing water: D = diving-pump Grundfos; W = swabbing; M = positive displacement progressing cavity pump Moyno; S = drawdown system with
siphon. Water sample: + = taken, – = not taken.



During the drilling of boreholes the “foreign” technolog-
ical water used for flushing — primarily all due to overpres-
sure in the flushing system — gets into the fractured rocks.
Thus, prior to sampling of the ground water the flushing
fluid has to be removed from the borehole section selected
for sampling and from its environment. 

Distinction between the original, natural water of the envi-
ronment and the technological water was made by means of
spiking of the flushing fluid (GYALOG, SZEGŐ 2004). The
water pumping to prepare the water sampling at depth lasted
until the spike concentration did not fall below 3% of the orig-
inal value. If this value was not reached after six day pumping,
it lasted until the 5% level (it occurred in two cases). Water
samples were taken after the fall of the spike concentration. 

From the deep boreholes, besides the sample from un-
confined ground water, 2-4 water samples from depth were
taken. From the shallow boreholes of the well groups at the
bottom of valleys water samples from depth were taken from
the central borehole and one of the auxiliary boreholes.
Water was produced at a constant rate in order to have an op-
portunity to analyse the water pumping activity as a hydro-
dynamic test of the well (see above). 

In deep vertical boreholes at the Site (Üh–26, Üh–27,
Üh–28 and Üh–37) the long-term pumping was conducted
by a positive displacement progressing cavity pump (Moyno
pump). This was installed into the aluminium test string
which was then rotated by the drilling rig. This pump works
even at a drawdown of several hundreds metres. It allowed
ground water to be produced at a rate of 0.2 to 20 l/min and
controlled by the rotation speed. If the rate of pumping could
not reach 0.2 l/min, water was produced from the test string
by periodical swabbing. 

In inclined boreholes at the Site (Üh–25 and Üh–36) nei-
ther a Moyno pump, nor a swabbing tool could be used.
Water from these boreholes was produced by a specific
drawdown system with a siphon which periodically drove
water back from the test string. For the discharging, com-
pressed air was used in all cases except for those during the
water sampling and just before it when discharging was
made using nitrogen gas. 

The shallow position of the groundwater table to the
ground surface in deep boreholes in Site surroundings
(Üh–29 és Üh–30) and in shallow boreholes in valleys
(Üh–31A, Üh–31B, Üh–32A, Mó–7A and Mó–7B) allowed
a 2” diving-pump Grundfos to be used in the test string.
Furthermore, in distinct cases a positive displacement pro-
gressing cavity pump (Moyno pump) was used, and — in a
single case when the hydraulic conductivity of the section to
be sampled was low — water was produced by periodical
swabbing. 

Results

The hydrodynamic testing of boreholes and connected
water sampling directly characterise the hydrogeological
properties of the host of the repository, i.e. the fresh granite.

Hydrodynamic testing provides information on the hy-
draulic conductivity, on the groundwater heads and on the
connectivity. 

Below, the picture obtained will be outlined and then
some words will be given on the water sampling.

Hydraulic conductivity

Transmissivity is a parameter of the hydraulic conductiv-
ity which can be directly measured during the hydrodynam-
ic testing of the boreholes. In its original meaning transmis-
sivity is a quantity defined for a two-dimensional, radial
flow in order to characterise the volume flow which is gen-
erated by a unit of hydraulic gradient in the total thickness
and also the unit width of the conductive layer. In fractured
rocks the real geometry of the flow around the well usually
differs from the radial one. In these rocks the hydraulic con-
ductivity varies in space, and during the time spent gaining
test information on the hydraulic conductivity, it emerges
from more and more of the area. Thus it is not reasonable to
characterise the hydraulic conductivity of fractured rocks
with an index number.

The total hydraulic conductivity is by several orders of
magnitude lower than that for fissures and thus the test prin-
cipally characterises the water yield of the fissures. If one
fissure is only situated within a 10 m-long test interval, prac-
tically the same transmissivity will be defined if the fissure
is captured with a 1 or 25 m packer interval. The mean hy-
draulic conductivity of the fractured rocks had to be defined
from statistical analysis of transmissivities of equal-length
intervals, not from individual tests. 

For each borehole a continuous transmissivity profile
was constructed from the single-borehole tests and then sta-
tistical analysis (Figure 3) was performed on the database
obtained. The curve of the log-transmissivity of a total of
330 tests can be described by Gauss distribution; thus the
transmissivity of the total test population is of log-normal
distribution. The mean transmissivity is 3.6×10–8 m2/s,
whereas the extreme values are 2.93×10–11 and 5.1×10–5

m2/s.
The oscillation of the transmissivity of the packer inter-

vals of the single-borehole tests covers a range of more than
six orders of magnitude and demonstrates the difference be-
tween the hydraulic conductivity of the rock and that of the
fissures.

In the relatively shallow depth interval — up to 200-400
m from the granite top — no regularity in the transmissivi-
ty–depth relations could be revealed (Figure 4), although in
some boreholes (Üh–2, Üh–4, Üh–25, Üh–27) the sections
with the best conductivity were found almost at the bottom. 

Distribution of the transmissivity in distinct boreholes is
rather variable (Table 9) and it is not always regular. In some
cases (e.g. Üh–26 and Üh–30) it was obvious that there were
two maxima. Hydraulic conductivity displays significant
differences in space as well. 

In the southern part of the Site the transmissivity of the
boreholes (Üh–26, Üh–5, Üh–28, Üh–3, Üh–22, Üh–25) is
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Figure 3. The minimum, mean and maximum transmissivity from the single-borehole tests
On the vertical axis = transmissivity (m2/s)

3. ábra. Az egyedi kútvizsgálatok alapján meghatározott minimális, maximális és átlagos transzmisszivitás

Figure 4. Transmissivity vs. depth plot 
On the vertical axis = depth below the granite top (m), on the horizontal axis = transmissivity (m2/s)

4. ábra. A transzmisszivitás értéke a mélység függvényében 



around the Site mean or a little below it. Borehole Üh–4
forms an exception since intervals of high conductivity
occur in it and thus its overall transmissivity is high. Similar
intervals of high conductivity also occur in Borehole Üh–28
as well. 

In the middle part, the lowest minimum, mean and maxi-
mum transmissivities of the Site are observable in Borehole
Üh–2. North of it the transmissivity values of Borehole
Üh–23 are scattered within a rather narrow range, their
mean being equal to that of the Site. Data from Borehole
Üh–36 are also scattered within a narrow range but the mean
transmissivity here is of  an order of magnitude above the
Site mean. 

In the northern part of the Site the mean transmissivity
of Boreholes Üh–27 and Üh–37 is about 3-4 times higher
than the Site mean. It is an especially striking feature that the
relatively high minimum transmissivity is connected with
the low-fractured monzonitic rocks which have very good
rock-mechanical properties. 

In the valley bottoms the mean transmissivity of the deep
boreholes (Üh–29 and Üh–30) is much higher than the Site
mean. 

With the fracturing, the transmissivity of the sections
with <10–8 m2/s values only reveals some correlation. This

seems to indicate that the transmissivity of intact intervals
increases with the number of fractures. More fractured,
brecciated intervals may equally be of high and low trans-
missivity and so the hydrogeological role of the fracture
zones is variable. Similarly, there was no correlation with
the electric resistivity. 

There might be three main reasons for the absence of un-
ambiguous relationships between the fracturing and hy-
draulic conductivity:

— Transmissivity of a fissure is proportional to the third
power of the width of the fissure; therefore the hydraulic
conductivity of a two-times wider fissure is higher almost by
an order of magnitude, while that of a five-times wider fis-
sure is higher by more than two orders of magnitude. 

— Infilling of the fissures as well as argillaceous alter-
ation in their vicinity significantly decrease the effective
width and, as a consequence, the transmissivity. 

— The water yield of the fissures depends not only on
the size of the fissure but also on its connections to other fis-
sures of high hydraulic conductivity.

With the seismic wave velocity, transmissivity displays
positive trend-like relationships, but the latter are weak and
cannot be expressed numerically. Between the distribution
of velocity and transmissivity, no unambiguous relation-
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Table 9. Parameters of the transmissivity distribution in boreholes

* Corrected empiric dispersion of single measurements.



ships could be found in a 3D model constructed by means of
the RockWorks 2002 code.

In the groundwater flow system of the fresh granite the
major conductive zones are of extra importance. As fol-
lows from the single-borehole hydrodynamic testing data
these zones occur in transmissivity profiles of all the bore-
holes of the Site (Table 10) as sections with hydraulic con-
ductivity 100–130 times higher than the Site mean. The
major part of the hydrological cycle is realised along the
major conductive zones. The latter may form flow paths
with short travel times between the repository and in the
discharge areas and this way may influence the safety of
the repository. 

As the heat flowmetry data (SZONGOTH et al. 2004) indi-
cate, the major conductive zones are mostly single fissures
and only rarely fractured zones. In the shallow and deep
boreholes 156 water influxes were detected and these were
related to 230 aquifer fissures. The dip orientation and angle
of the aquifer fissures were determined by an acoustic bore-
hole televiewer. The dip angles mostly fell into the 60–80°
interval. The transmissivity of the major conductive zones
varies between 8.9×10–6 and 5.1×10–5 m2/s — i.e. it is three
orders of magnitude higher than the mean transmissvity of
the fractured granite.

The sections of both Borehole Üh–27 between 380–411
m and Borehole Üh–29 between 232–265 m demonstrate
extraordinarily high conductivity and are related to the Cre-
taceous sub-volcanic dykes of a hydrothermally altered tra-
chyandesite composition arranged into the Rozsdásser-
penyő Formation (KIRÁLY, KOROKNAI 2004). Single-bore-
hole hydrodynamic testing of Borehole Üh–29 revealed that
the fissures in both flanks of the dykes are connected with
each other vertically for about 20-30 m. When approaching
the dykes, the packer intervals display more and more “inter-
ference” with the neighbouring sections which indicate a
continuous fissure system with good communication be-
tween its elements. 

With respect to the size of the major conductive zones,
detailed packer tests give a good idea of their extent. The

log-log diagnostic curves (see above) for the highly trans-
missive intervals in several cases show a permanent increase
of ½–¼ which points to flow geometry which is close to lin-
ear along a single large fissure. From the calculated effective
radius of the tests it can be concluded that the linear exten-
sion of these aquifer structures can reach several hundreds of
metres. 

In the flow system, the low-conductive zones also play a
significant role. The whole of the site exploration was ac-
companied by the problem of collapsing, brecciated zones.
It was precisely due to the collapse accompanying these
zones that the packer testing was for a long time unable to
study separately the zones themselves and their close envi-
ronment. Distinction between the latter was first successful
in Borehole Üh–22 where it became clear that the collapsing
zone itself is of low conductivity, and the water influx origi-
nates from a fissure above the zone, which seems rather “in-
nocuous” (BALLA et al. 1999). The argillised, altered frac-
ture zones which control the low-conductive zones are more
frequent in the southern part of the Site, particularly in
Boreholes Üh–4, Üh–5 and Üh–26. In the northern part of
the Site, Boreholes Üh–23, Üh–27 and Üh–37 penetrated
these zones to a much smaller extent. Boundaries of the sec-
tions with different transmissivity, which are recognisable
in almost all the boreholes, are frequently connected with
such zones. 

Consequently, the rather variable hydraulic conductivity
of the fresh granite of the Site can be related to three differ-
ent objects as follows: 

— background fracturing (i.e. with the so-called matrix
porosity),

— high-conductive structures (systems of open fissures
in connection with each other) with hydraulic conductivity
1-2 orders of magnitude higher than that of the background
fracturing, 

— low-conductive structures (usually argillised fracture
zones) with hydraulic conductivity 1-2 orders of magnitude
lower than that of the background fracturing.
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Table 10. The major conductive zones of the boreholes

Grey = extreme good conductive zones.



Groundwater heads

Direction of the groundwater flow is primarily depend-
ent on the groundwater heads: water always flows from the
areas with a higher head towards those with a lower one.
Groundwater heads were determined by means of single-
borehole hydrodynamic tests. 

At the Site, the groundwater heads of the boreholes
(Figure 5) form two rather distinct groups. 

— The first group is composed of boreholes in the
southern part of the Site. They are characterised by ground-

water heads which decrease with the depth, i.e. 210–220 m
above sea level (asl) at horizon 200 m asl., and 205–210 m
at horizon 0 m asl. Boreholes Üh–26, Üh–5, Üh–4, Üh–3
and Üh–22, the lower sections of Boreholes Üh–25 and
Üh–36, and also the upper section of Borehole Üh–23 be-
long to this group. Borehole Üh–28 can also be arranged
into this group although its section which is 25–125 m asl.
obviously reflects some drawdown effect. Of the listed
boreholes, Borehole Üh–23 is the only “odd-man-out”,
since all the other boreholes are situated south of Borehole
Üh–22.
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Figure 5. Groundwater heads of the Bátaapáti (Üveghuta) boreholes 
On the vertical axis = depth above the sea level (m), on the horizontal axis = groundwater head (m asl), sekélyfúrás = shallow borehole

5. ábra. Az üveghutai fúrások szerkesztett potenciálszintjei 



— The second group is formed by the boreholes in the
northern part of the Site. These are characterised  by
groundwater heads which show almost no change with the
depth. Boreholes Üh–2, Üh–27 and Üh–37, upper sections
of inclined Boreholes Üh–25 and Üh–36, and also the
lower section of Borehole Üh–23 belong to this group. The
low groundwater heads of Borehole Üh–2 are anomalous
at this point, but correspond well to the values between
190–200 m asl. which are typical for the northern part of
the Site.

In the Site surroundings, deep boreholes (Üh–29 and
Üh–30) display groundwater heads between 160–170 m asl.
Groundwater heads in both boreholes gradually — or with
only small steps — increase by 5-7 m with the depth. This
shows that in these boreholes — close to the typical dis-
charge areas — upward-directed flow components are al-
ready apparent. This is confirmed by direct observations:
the open Borehole Üh–29 produces artesian water, whereas
the groundwater head in Borehole Üh–30 is much higher
than the penetrated unconfined groundwater table. It is par-
ticularly remarkable that the groundwater head at 0 m asl.
from Borehole Üh–26, at a distance of 950 from Borehole
Üh–37, only decreases by 13 m; in the same direction, from
Borehole Üh–37 at a distance of 800 m from Borehole
Üh–29 it falls by 30 m. 

In the study of the groundwater head distribution a sig-
nificant step forward occurred due to the development of
analysis of the single-borehole hydrodynamic tests.
Formerly, it was only possible to define the undisturbed
pressure in 4-8 sections of a borehole, but — due to the de-
velopment mentioned — continuous head profiles of the
boreholes were able to be constructed. 

The new method of analysis made it absolutely clear that
there are several 10 to 100-150 m long sections in the bore-
holes with small vertical head gradients, and these sections
are separated by 5-20 m head steps. Rather long sections
with significant head gradients were observed above 70 m
asl. in Borehole Üh–5, below 50 m asl. in Borehole Üh–23
and in the total length of Borehole Üh–4. The other head
profiles are characterised by sudden head jumps.

The sudden head steps are interpreted in terms of
damming-isolating zones. They are usually connected with
fracture zones. The fracture zone which bears the most im-
portant damming-isolating zone of the Site — in a hydroge-
ological sense — was penetrated by Borehole Üh–25 be-
tween 215,8–227,1 m (Figure 6). Below it, the groundwater
head is 15-18 m higher than in the upper section of the
Borehole. 

In 12 boreholes of the Site 87 fracture zones were pene-
trated (MAROS et al. 2004). However not all of them form
damming-isolating zones. The fracture zones could not be
classified into types which are clearly different from each
other, but it is obvious that intense argillisation of the zone
can contribute to the isolating effect. Most of the fracture
zones penetrated in a thickness >10 m contain fault breccia
and fault gouge, but for an isolating effect a lower thickness
is sufficient. 

The low-conductive damming zones dismember the un-
derground flow system into entities which are more-or-less
separated from each. They hinder hydraulic connections and
decrease the flow velocity (TÓTH et al. 2003). Behind some
zones “dead areas” may have formed with a very slow flow.
The presence of damming-isolating zones is a highly advan-
tageous property of the geological barrier since they in-
crease the safety of the Bátaapáti (Üveghuta) Site.

Connectivity

In small-scale, short-living processes the hydraulic con-
ductivity of the fresh granite depends on the size of the fis-
sures, their aperture, frequency, and also their connections
with other fissures, i.e. on connectivity of the fracture sys-
tem. Data on the connectivity are provided by long-term
monitoring and interference tests. 

Some of the long-term monitored boreholes “sensed”
the drilling and testing of boreholes in 2002–2003 (Figure
7). The most intense responses were obtained: in the mid-
dle section of Borehole Üh–2 onto water pumping in
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Figure 6. The groundwater head profile of Borehole Üh–25
On the vertical axis = depth below the ground level (m), on the horizontal
axis = groundwater head (m asl); min. távolság Üh–2-től = min. distance

from Üh–2, töréses öv = fracture zone

6. ábra. Az Üh–25 fúrás potenciálszelvénye



Borehole Üh–25 and its lower section and also onto that in
Üh–27, furthermore, in Borehole Üh–3 onto activity in
Borehole Üh–28; and in Borehole Üh–5 onto that in
Borehole Üh–26. 

Spatial distribution of the responses outlines a picture
similar to that from transmissivity and groundwater heads
(see above). A southern part (consisting of two sub-parts)
(Boreholes Üh–26 and Üh–5, as well as Üh–26, Üh–3, Üh–4
and Üh–22, furthermore, the lower section of Borehole
Üh–25 and probably Üh–36) is separated from a northern
part (Boreholes Üh–27 and the lower section of Üh–2). They
are separated by the major damming-isolating zone of the
Site; in its hanging wall a wedging-out downwards middle
unit (the upper sections of Boreholes Üh–2 and Üh–25) can
be outlined.

Interference testing indicated connections similar to
those in long-term monitoring. It confirmed that Borehole
Üh–37 belongs to the northern part, as outlined from the
monitoring responses. Besides, it revealed hydraulic con-
nections between Boreholes Üh–37, Üh–27 and Üh–2 in the
northern part of the Site, with a much higher ability to trans-
fer pressures than the mean at the Site. The extent of these
connections could be about several hundreds m. 

Water sampling

17 water samples were taken at various depths from
boreholes at the Site: 12 from deep, and 5 from shallow bore-
holes in the valley bottoms. Analytical data from these, to-
gether with those from earlier boreholes, served as a basis
for understanding the hydro-geochemistry of the Site
(HORVÁTH et al. 2004).

Summary

Hydrodynamic testing of boreholes at the Bátaapáti
(Üveghuta) Site supplied direct measurement data on the
hydraulic conductivity of the rocks and groundwater heads
of the fissure waters. Hydrodynamic testing of boreholes
was conducted using modern tools, measurement tech-
niques and analysis methods, and its results are summarised
below.

Transmissivity of the fresh granite — which covers six
orders of magnitude — is distributed log-normally. It is in-
dependent of the depth and its connection with the fractur-
ing and seismic wave velocity is loose. The borehole pattern
is variable but in spatial distribution some regularity is ob-
servable: transmissivity in the south of the Site is lower
while in the north it is higher than average; in the middle part
its values are changeable. In the background of the matrix
fracturing, zones of good and bad hydraulic conductivity are
distinguishable and their respective lengths  can be estimat-
ed several hundreds of m perpendicular to their thickness. 

Groundwater head levels decrease in the south, and are
almost constant towards the depth in the north. In the middle
sharp anomalies in the background, typical for the northern
part, are visible. In the boreholes, head steps around 5-20 m
were established, they fell onto zones of bad conductivity —
i.e. argillised fracture zones. In this way they mark
damming-isolating zones. The presence of these zones is an
advantageous property of the geological barrier because
they increase the safety of the Bátaapáti (Üveghuta) Site. 

In connectivity, which characterises major conductive
zones, the southern and northern parts of the Site are clearly
different. North of the major damming-isolating zone a
wedging-out downwards middle unit can be outlined.

The data gained from hydrodynamic testing were incor-
porated into the hydrogeological and tectonic pattern of the
Site. 

The transmissivity and head values were used in the cali-
bration of the hydrogeological models of the Site (BALLA et
al. 2004). The results of the interference testing were applied
to the construction of the structural model of the Site
(MAROS et al. 2004) and to the calibration of its hydrogelogi-
cal models (BALLA et al. 2004). Results of the tracer tests
were utilised in hydrogeological transport modelling
(BALLA et al. 2004) and in the safety assessment of the Site
(GOLDSWORTHY et al. 2004). Analytical data from the water
samples served as a base for understanding the hydro-geo-
chemistry of the Site (HORVÁTH et al. 2004).
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Figure 7. Spatial distribution of responses to drawdowns at the 
Bátaapáti (Üveghuta) Site

1 — inclined or not responding vertical borehole, 2 — the southern group of re-
sponses, 3 — the middel group of responses, 4 — the upper member of the
northern group of responses, 5 — the lower member of the northern group of
responses, 6 — inclined borehole drilled with no monitoring, 7 — contour lines 

in the central plane of the main isolating-damming zone

7. ábra. A leszívásokra adott válaszok térbeli eloszlása a Bátaapáti
(Üveghutai)-telephelyen 

1 — ferdefúrás vagy nem válaszoló függőleges fúrás, 2 — a déli válaszcsoport, 3
— a középső válaszcsoport, 4 — az északi válaszcsoport fölső tagja, 5 — az észa-
ki válaszcsoport alsó tagja, 6 — monitoring nélkül mélyített ferdefúrás, 7 — a fő

torlaszoló zóna középsíkjának szintvonalai
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