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TRACER METHOD FOR DETERMINING THE VELOCITY
OF FLOW IN A CONFINED KARSTIC AQUIFER

ABSTRACT

The control of karstic water inrush presents continuous difficulties at the Dorog coal-mines in the
north-western part of Hungary. The efforts to control water inrush call for continuous research work.
The problem was to determine the rate of recharge per unit area from a terrain situated a few hundred
metres from the mine workings and in this connection the velocity of flow.

Fluorescein was used as tracer material which was introduced through a borehole into the water­
bearing formation. Samples were retrieved from water which entered the mine at several points. The
tracer material was observed first 49 days after introduction, at a point of inrush situated 426 m distant
from the point of introduction, i.e., the borehole (fig. 1).

Calculations of flow velocity were based on the geometry pattern of a single point sink, or
towards this sink. Basic criteria were the velocity computed on the basis of straight-line flow and

discharges at the point of inrush and introduced into the borehole absorbing the dye. From
the dimensions of zones could be determined where the velocity of flow was higher than the

average value (fig. 2). Information was gained thereby also on the time of residence of dyed water in
high velocity zones, and thence on the spontaneous flow velocity of karstic water.

THE FIELD EXPERIMENT AND THE DATA OBSERVED

The experiment to be described subsequently has been carried out in the autunlll of 1967 by
the Research Institute for Water Resources Development, in connection with studies into the
methods of lnine water control. The site of the experiment was in the north-western part of
Hungary, in the Transdanubian Mountain Range, on the area of the Dorog coal mines. At
the particular site the karstic dolomite water bearing formation is overlain by impervious
layers of several hundred metres thickness. Coal is extracted from fields situated in the lower
part of the impervious formation, separated by 20 to 30 m thick impervious layers from the
water bearing rock. In the neighbouring Inountains the latter emerges to the surface and
receives abundant recharge from precipitation. At weak points of the underlying separating
layer the mine is permanently threatened by the inrush of water.

The problem was to determine the velocity of karstic water flowing from the more distant
surroundings towards the nline and appearing there as inrush water, in order to derive therefrom
information on the rate of flow through the unit area. 80 kg of flourescein were used as tracer
material, considering that this dye is detectable even if regular sampling is suspended for son1e
reason, or if the sampling point does not coincide with the point of nlain water inrush.

The dye was dissolved in the ratio : 10 in comnlercially available ammonia and introduced
into the water formation a borehole originally for the observation
of water levels. The date of introduction was 15th September, 1967. For ten thereafter

the 25th water was filled into the borehole at the rate of 12 cu. Samples
were retrieved water that entered the mine at a distance of several hundred Inetres, but
some were located at even greater distances.

the water were in a dark location the
dark-room prepared for this purpose) to prevent loss of colour. The

(1) Research-engineer,Research for Water Resources Developnlent, Budapest, Hungary.
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The of water
occurs uniforn1 from directions.

At the distance R2 the entrance velocity will
surface

150

the radius of the COJrreso<)nljllllg 1I;~ II--snl lel"e

140

COJOQJltlC)nS mentionedwell the
the radius

The velocities in these ranges must be taken into consideration when estimating the average
flow velocity over the distance between the two high-velocity ranges_ For this purpose infor­
mation is required on the length of the period of time during which water moved through the
n I ~~n-VeIIOl::1l v ranges.

the
terlTIS

The of reS;la~~nc:e in the fH~~JI-Vel,UCIt of the elelme])taJry

1

A
hours.

nP-1
A

"\11/'11C area of sq. ill is assumed the
The entire water volume is assumed

cent than the average,
so obtained

to the
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of

total time spent in the two 11I~11-\lel(}L:11

33,4 115,0

ranges is thus

148,4 hours.

time 1176 the above value, the balance is
time the remaining distance: 426-(40+ 140) = 246 m, the

246

the
0P>r't"~ In Iu at greater distances from the

to greater distances.

occur.
Velocities lower than those estimated
\vater where the flow lines of

Several simplifying assumptions have been introduced during the computation. The
theoretical in the of the feeding borehole is most probably distorted and assumes

shape resembling that of an ellipsoid elongated in the general direction of flow. The same
conditions are likely to prevail also in the vicinity of the point of inrush, but with an opposite
sign. The situation here is further complicated by the fact that the spherical surfaces pertaining
to adjacent individual points of inrush intersect each other. In areas where several springs are
located close together and belong to the same group, distributions may be highly
involved and flow directions may change within short distances.

From the relatively low velocities obtained it appears to conclude that in the test
flow velocities are little affected by tectonic lines. Low similar to those 'J'-""U-A ..... ""'''"'-

fact impossible unless the water introduced continuously after the dye solution
is ·wider than the width of a fault

mine are located fault lines is a
llnriP>1

4

lulnrr the coal is weaker along
r\1C>7r\1"Y't.o.11- 1ro head of the """ '"

u,,-, 'n"",.l'JIJ.l.l.l"-'.l.lL of the central core the range with
offered in the of the fault zone reHchilnQ'

the velocities several t'\lrnrtlt"prt
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