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ECONOMIC SIGNIFICANCE OF KARST WATER RESEARCH
IN HUNGARY
SUM M ARY

Scientific research works on karst water are based upon the National Karst Wat r Observation Network in
Hungary. It consists o f about 700 karst springs and about 450 observation wells. The report presents the per
centage distribution o f karst water resources, its utilization, and the most significant results o f scientific
research on karst water, e.g. the determination o f porosity, permeability, water age determination and the
influence o f dewatering in mines on karst water.
I. Introduction

2. Observation systems

Harnessing of karst waters such as springs in the
region comprising modern Hungary can be traced
back for several thousands of years, as it can in
numerous other countries. Celtic people knew of a
major spring in the vicinity of Budapest as early
as 2,000 years ago and named it “Ak Ink" for its
high yield. Later, the Romans founded a military
camp and town here (Aquincum) and built an
aqueduct to draw' water from the spring. In the one
hundred and fifty years of Turkish rule during the
Middle Ages, the Turks developed a magnificent
bathing culture. They constructed one bath after
another, especially at Buda, tapping and harnessing
karst springs with temperatures of about 40° C that
well up along the Danube. Some of these spas
remain in service today.
In the 1860s a brilliant Hungarian mining engi
neer, Vilmos Zsigmondy, put down the first deep
bore hole on the Pest side of the river. His bore
uncovered a confined karst water system and tapped
artesian water warmer than 70° C. The discovery
marked the beginning of a process of thermal water
exploration and exploitation that is still going on.
In the final decades of the last century mining for
brown coal began in Transdanubia. This and other
mining activities in the region (bauxite, manganese,
oil) have from their beginnings experienced hazards
from karst groundwater and these difficulties will
continue in the future. For safe mining it is necessary
to pump enormous quantities of karst water to the
surface. For example in 1975 mine waters amounted
to more than 40% of total karst water discharge in
the region.
Excellent in quality, karst waters are being used
for municipal water supply at a gradually increasing
rate.

Practical karst water projects and relevant scienti
fic research works are based upon data files of the
National Karst Water Observation Network. This
system was begun as a cadastral register of karst
springs (H. Kessler); a project aimed at collecting
data for all springs with a water yield greater than
20 litres per minute. A total of 1,600 springs were
registered, approximately 700 of them being karstic.
Discharge, temperature and electrical resistivity
were measured regularly at an average of 200 springs
each year. The data set spans 25 years.
Because of losses of water pumped from mines
the karst watertable sank over an area of more than
1,000 sq. kilometers. Since the 1950s special obser
vation wells have been developed to register changes
in water level. The staff of the Karst Water Research
Department of the Research Institute for Water
Resources Development (“V1TUKI” ) designed a
plan for a system of observation wells to be deve
loped in the Transdanubian Mountain Range,
under my direction. These wells vary 50- 1,200 met
res in depth. Their cost totalled 1.4 million dollars
and the project took three years to complete. At
present, some 450 observation wells are checked
at 4-day intervals to provide water level data.
Specially located meteorological stations have
been established to investigate elements of the water
budget in the particular karst regions of Hungary.
This permits hydrologists to trace and assess
atmospheric precipitation in karst areas with an
accuracy considerably higher than that offered by
the National Meteorological Observation System.
In 1955 another special system was developed to
measure rate of water dripping in caves.
The karst Water Research Department of
VITUKI compiles annual registers of rates of
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withdrawal from the karst aquifer system and
particularly, water production from mines.
3. Karst water reserves o f Hungary

Four groups of karst areas can be distinguished
in Hungary (Figure 1):
a) Western Highland Range (Transdanubian
Mountain Range)
b) Northern Highland Range
c) Southern Karst Region
d) Minor subsurface blocks
The Western and Northern Highland Ranges are
thought to be separated underground by a belt of
volcanics. The presence or absence of this hypotheti
cal belt has still to be verified.
Water temperatures from wells and streams have
been used to plot the thermal distribution of karst
waters ( Figure 1). In the figure only three tempera
ture ranges have been indicated ( < 15 C ; 15 60 C;
>60° C). Waters hotter than 603 C are found in
three distinct areas, two of which are located in the
vicinity of the supposed belt of volcanics. Table l
cites percentage output of different categories of
karst waters of five thermal ranges. The total mean
annual discharge of karst water in Hungary is
estimated to be 25 cubic metres per second.
Table 2 indicates karst water reserves by region
and tripartite thermal range for an assumed mean
stratal thickness of 500 metres and a void volume
of 1 %. The Table indicates that the proportion of
cold and thermal water reserves are approximately
equal. The great bulk of reserves are contained with
in the intermediate temperature range. 15 60 C.
It is worth mentioning that the available reserves
of thermal water (>60" C) will last for more than
1,000 years at the present rate of exploitation even
if there is no recharge by infiltration.
Of the total mean annual precipitation falling
upon Hungary, 34% enters the karst water regimes.

Table /

Uncased Tota 1
Water Produc Cased Mine
tempera tion of springs waters springs out
put
ture °C wells
90
88
58
100
15
34
—
10
7
15 25
33
6
—
—
25 35
10
3
36
—
—
—
1
35 —60
11
—
—
12
1
>60
100 0;, 100%
100 % 100%
100",,
45% 100%
41%
8%
6 " „
Table 2

Tota 1
W;liter temperature c
<15
15-60
>60
49
27
100%
Western
24
72
100%
Northern
9
19
—
9
91
100°,,
Southern
—
100
100%
Blocks
100%
63
20
Total Hungary
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A\part from a few examples of small cased springs
of low yield used for local supply, utilization of karst
groundwaters for drinking water is centered upon
high yield springs and wells plus mine waters of
potable grade. These represent the regional water
supply systems summarized in Figure 2.
In 1975 the proportion of the total meteoric
groundwater reserves of Hungary obtained from
karst sources had risen to 55%.
Karst region

4.

Scientific research on karst waters

In Hungary there has been intensive study of
petrophysical parameters such as porosity and
permeability. Observations, e.g. by the author,
indicate that the porosity of karst masses depends,
up to a given limit, on the size of the rock mass
considered. Beyond that limit porosity can be con
sidered to be constant in a statistical sense. Locally,
porosity varies between 0.5 and 30%; as a national
average, taking into consideration the extensive
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Fig. 2. Map o f more important karst waterworks in Hungary. 1. Mine waterworks. 2. Spring waterworks.
3. Springs, yield more than 10 X 10s m*/year. 4. Supposed zone o f volcanics. 5. Carbonate rocks on the sur
face. 6. Boundary o f carbonate rocks under the surface.

varied karstic masses, it is dose to 0.5%. In the
Western Karst Region the hydraulically critical
dimension of a water-conducting void (“slot
width") is below' one millimeter.
Both field and model experiments have deter
mined that, taken as average in the larger karst
areas, the coefficient of intrinsic permeability of
krastic rock varies in the range
10 6< k I — | < 10-3

Hungarian specialists carried out a major analysis
of the karst water budget and regime at an experi
mental research station at Josvafo, Northern
Hungary. It was established in an area undisturbed
by human activity and therefore suited for exami
nation of natural elements of the water budget.
The first “karst runoff plot" has been developed at
this VITUKI station, to study relationships of
surface runoff, infiltration, rainfall, rock tempera
ture etc.

Fig. 3. Map o f supposed flow system o f karst water. 1. Supposed horizontal flow lines. B/1 Supposed water
age between 15,000 and 25,000 years. Bj2 Supposed water age between 8,000 and 10,000 years. B/3. Supposed
water age between 6,000 and 8,000 years. C Supposed zone o f volcanics. D Carbonate rocks on the surface.
E Boundary o f carbonate rocks under the surface.
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Fig. 4. Map o f difference o f karst water
level. 1. Difference o f water level. 2
Impermeable zones.

Study of the spatial flow pattern in a karst system
was started in 1974, based on observation well data
(Bocker, Lorberer). Figure 3 shows the deduced
pattern of horizontal flow' of groundwater in the
Western and Northern Highland Ranges. The
hypothetical volcanic belt represents a point of
inversion of horizontal flow for both systems. The
temperature of the karst water and. consequently,
its pressure are greatest in the vicinity of this belt.
The best means of study of the flow systems are
determinations of ages of waters. Therefore the
tritium and 14-C isotopic content of karst water is
being regularly examined. 14-C content has been
determined for 20 cases to date and the spatial
distribution of water ages obtained is indicated in
Figure 3. Continuation of these investigations is
expected to eliminate doubts concerning inter
pretation of sampling results.
The karst Water Research Department of
VITUKI monitors effects of mining upon the karst
water regime each year. Between 1970 and 1975 a
considerable drop in the karst water level occurred
as a consequence of withdrawal of water from mines.
This is illustrated in Figure 4, plotted from data
obtained from the observation wells. Table 3 shows
percentage distribution of karst water output for
1975 in the Western Highland Range, referred to
Table 3

Water Yield of Cased
Mine Uncased Total
tempera- wells springs water
springs
ture °C
121
118
80
<15
25
96
15-25
257
83
102
58
25-35
58
—
35-6 0
109
109
>60
80
80
23
124
118
80
96
Total
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—

—

—

—

—

—

—

—

—
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1970 as statistical base year (100%). Mine water
output increased by 18%. As a result, a considerable
proportion of cased springs have dried up and
their total output diminished by 77%. To compen
sate for this deficiency new wells were drilled that
increased total output of wells by 24%. In the final,
analysis, aggregate groundwater output changed
onI> in the proportions of its respective constituents
because the proportion of output from uncased
springs fell only 4% short of yield in 1970; this is
within the limits of one standard deviation.
In the years to come we shall continue our rese
arches into the hydrology and hydraulics of karst
waters and relevant studies of environmental
controls and management. So we hope to attain
results in this latter field as well.
English translation revised by D.C. Ford.
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