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ABSTRACT 

The circulation of groundwaters in connection with the mining 
activities was studied in the contact ~egion of the slopes of 
Kru~ne hory /mountains/ with the forefield of the brown coal 
open pit CSA. Groundwater samples were drawn from bore-holes 
during the years 1977-1979. The specific activit~· of tritium as 
a natural radionuclide was meas~red in these waters. ~eg~lar 
investigation of the tritium activities contributed to the 
improvement and correction of knowledge concerning the circu
lation of groundwaters in the first /quaternary sediments/ and 
second /bedrock psammites and gneiss/ water-bearing collectors. 
By means of the isotope analyses, it was possible to check the 
cross tectonics at the outlets of mountain valleys into the 
tertiary basin. The flow velocity of groundwater to the distan
ce of 140 m in the region of crystalline rocks was calculated 
for the profile of the brook vesnicky potok.' The resulting ti
me is, according to tritium analyses 18-22 years and according 
to observations 16-20 years. Both calculations confirm the ve
ry slow flowing of groundwater in the upper weathered part of 
crystalline rocks including the quaternary cover. Effects of 
the mining activities on the circulation of groundwater could 
not be confirmed outside the basin territory. The weathered zo
ne of crystalline rocks in the bedrock of the tertiary basin 
has the function of an insulator. This conclusion is of great 
importance for the extraction of the coal seam. Owing to the 
high piezometric stress of the collector /bedrock psammites/ on 
the basis of the coal seam, it proved necessary to relieve this 
stress by water d~ainage. Isotope analyses were used to control, 
whether there are some inflows of water from the overlying 
collectors into the drained one. Results of the applied method 
of natural radionuclide are in good agreement with cla~sical 
determination methods. The measurement of tritium activities 
induced also an alteration of the sample drawing procedure. 
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INTRODUCTION 

The North-Bohemian brown-coal basin is of primary importance 
for the development of Czechoslovak power supply. This coal 
deposit abutes sharply, on its NW part, on the mountain chain 
of Kru§n~ hory ;ore Mts./. The basin-s axis follows the di
rection SW-NE. Close to the city of Most, the open-pit mine 
of CSA has been established. The working face proceeds to
wards the deposit-s marginal part on foothills of the Kru§
n~ hory slopes. Unfavourable geological conditions in this 
part complicate the coal extraction. 

The contact of crystalline rocks of Kru§n~ hory with the ba
sin·s tertiary sediments is morphologically quite striking. 
Mountain slopes with a general gradient of 35-40° /upto 100 
in the investigated area/ pass into the gently dipping pla
ne of the basin·s sediments. The approaching of the working 
face to the foothills of mountain slopes is supposed to ex
pose the slope up to its overall height of 800 m. Such an 
extensive interference with natural conditions will certain
ly cause a lot of problems, such as the slope stability, 
effect of open-pit mining on the water-flow conditions of 
Kru§n~ hory, etc. Hydrogeological investigations have been 
carried out in the forefield of the open pit CSA. Bore-holes 
were lined up into profiles, which proceed from the basin to 
the region of crystalline rocks. The scope of this survey 
was to establish the hydraulic parameters of water-bearing 
collectors and the variations of the groundwater level in 
connection with mining activities. 

GEOLOGICAL AND HYDROGEOLOGICAL CHARACTERISTICS 
OF THE REGION 

The forefield of the open pit CSA and the slopes of Kru§n~ 
hory belong to drainage areas of brooks Kundraticky, Vesnic
ky, and Sramnicky. Water streams have their sources in the 
neighbourhood of the watershed in 850 m /above sea level/. 
On the foothills of the slopes, they discharge into the ba
sin at the elevation of 310-330 m. The surface waters are 
here collected by an artificial channel and conducted to a 
water reservoir /see Fig. 1/. The purpose of this arrange
ment is to reduce the infiltration of water into quaternary 
sediments within the basin. The region of the tertiary basin 
is characterized by a relatively even plane with slow incli
nation towards south. In the direction to NW the terrain gra
dually ascends upwards. Mountain slopes are modelled by dee
ply cut valleys. 

Both morphological units form structurally and lithologically 
different massifs. The mountains of Kru§n~ hory are formed 
of crystalline rocks, type orthogneisses and granite-gneisses, 
penetrated by granites and basalts. crystalline rocks conti
nue in the SE direction to greater depths, forming the be
drock of the tertiary fill of the basin. Arenaceous and ar
~illaceous sediments /age upper Cretaceous and Oligocene/ 
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are deposited on the underlying kaolinized crystalline for
mations. These rocks occur in the form of denudation resi
dues. Main fill of the basin consists of neogenic sediments 
mostly in the arenaceoua-to-argilaceous development stages. 
The origin of the thick coal seam /average thickness of 
25-30 m/ is attributed to Miocene. As to the area, most ex
tensive are the quaternary sediments. In the region of Krul
n~ hory, diluvial sediments are prevailing. At the foothills 
reap. at the outlet of valleys, proluvial deposits were for
med in the form of dejection ccnes. These deposits continue · 
as clayey gravels towards the centre of the basin. Tectoni
cally, most important is the sub-mountain fault, which .pro• 
ceeds in the direction sw to NE. According to survey results, 
it concerns a large zone of faults in the neighbourhood of 
the margin of the crystalline rock massif. The region is 
faulted by former transverse faults, which predispose the 
course of mountain valleys. No significant fault zone could 
be found in the investigated region within the basin. 

During this survey within the crystalline region, only the 
zone of shallow cycling of groundwater in quaternary sedi
ments and upper gneiss zones has been investigated. The wa
ter infiltration depends directly on precipitations. The 
average permeability

7
ia very low, according to the filtra

tion coefficient 10- - lo-8 m.a-1. Crystalline rocks in 
the bedrock of the basin and in the mountain region are in
tensively kaolinized to greater depths. The hydrogeologi
cal position of this layer functions as an insulator. In the 
bedrock of the coal seam in the tertiary sediments a hy
draulically uniform collector of underlying paammites was 
formed. This collector includes all permeable layers irres
pective of their age. The overall permeabiliti of the col
lector is very low, of the order of lo-7 m.a- and the 
abundances are small. High piezometric stress with the 
groundwater level affecting the elevation of the coal seam 
basis, is characteriatical for this collect~r. From the ex
cavation·• viewpoint, it is obvious that the stress must be 
relieved by drainage of the coal seam prior to the coal 
extraction. 

The coal measures form an independent water-bearing collec
tor. The permeability depends on the deposition depth and 
on the fissurized condition of the coal seam /7/. The in
filtration of water takes place on the seam outcrops at the 
foothills of mountain slopes, or accross the proluvial se
diments. The water infiltration is also possible through 
old mine openings, situated on the seam outcrops. The qua
ternary water-bearing collector on the Kruln4 hory slopes 
is characterized by low permeability, of the order of 
lo-7 - lo-6 m.s·l. The permeability 1104erately increases 
from the morphologic boundary towards the basin, where it 
attains values of 2.10-4 m.s-1 /7/. 
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METHODS OF INVESTIGATION 

The transmissivity coefficient is chosen for the comparison 
of results of hydrodynamic tests in wells and for hydrogeo
logical evaluation of the investigated region. However, it 
proved suitable to express this coefficient in a simpler 
form, i.e. as a logarithmic comparative parameter - the 
number Y. This parameter is determined according to the re
lation! 

Y log/N.q/, /1/ 

where q =specific capacity ;m2 .s-1;, 

N • 10
9 

• 

This comparative par..eter for transmissivity can be practi
cally determined during each pumping test, even without 
knowledge of the thickness of the water-bearing collector 
/4/. 

The method of th~ natural radionuclide /1,2/ was applied, 
in the investigated territory, for the evaluation of dis
placements of groundwater&. The method is based on the ob
servation of alterations of a natural radionuclide on se
lected sites in certain time series. The capacity of labo
ratories was sufficient for measurements of specific acti
vities of tritium /3/, but it did not allow to effectuate 
correction measurements of carbon-14. Samples of natural 
waters were drawn during the years 1977-1979. Wells, whe-
re pumping testa were performed, were selected as basic 
sampling sites. The linea of wells followed the mountain 
brook valleys and their original course in the basin. 
Samples of waters were drawn also from the oozing sources 
from old mine drain adits •Natalie• and •Johanni• /Fig.l/. 
The progress of stripping operations negatively affected the 
sampling of water owing to progressive liquidation of wells 
and owing to the creation of conditions for the inflow of 
water from the surface; this was the case for e.g. wells 
No. 28 and 15. Sampling of water was always effectuated 
from the opened section in the water-bearing collector. The 
groundwater, which descends from the Kruln' hory slopes 
into the basin, is generally drained towards SE. This natu
ral mechanism of groundwater cycling can be expressed by 
means of a simplified water-flow model - •piston flow• -
for final determination of the tritium age of water /5,6/. 

DISCUSSION OF RESULTS 

The transmissivity of quaternary deposita, expressed by the 
comparison parameter Y, is illustrated on Fig. 2. For tho 
region of crystalline rocks, some data are lacking. In the 
drainage area of the Vesnick1 potok /brook/, the maximum 
value of 6.3 was deterained on the well No. 19. This well 
hitted the proluvial gravels on the foothills of the slope. 
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The transmissivity progressively decreases, according to 
isolines, in the direction towards the centre of the basin. 
This alteration folows the original bed of the brook. The 
values of the parameter Y>6 were found also in wells No. 
207 and 211. It can be supposed, that the course of such 
alterations is identical also for old valleys beneath the 
mountain slopes. These facts modify the traditional o~inionc 
on increasing transmissivity towards the centre of the basin, 
within its whole extent. No closer relationships were revea
led in the second water-bearing collector. Generally, the 
transmissivity of the upper part of crystalline rocks is 
lower than that of the underlying psammites. 

The collector of underlying psammites is characterized by 
high piezometric stress /tension/ within the entire area. 
This stress is reduced by the drainage of the collector by 
means of wells from the surface. Results of drainage 
appear on individual wells in dependence of the distance 
of the well from the drainage system, resp. of the working 
face of the quarry. Wells No. 24 and 1 show, after 7 years, 
a reduction of the water level by 16 m, the well No. 26 -
- 47 m, well No. 8 - 9.5 m, well No. 7 - 9 m, and well 
No. 34a - 8 m. The drainage effect of the open pit in the 
collector of underlying psammites appears also in wells in 
the forefield of the open pit, where there is no drainage 
system and where no stripping takes place. So, e.g., the 
well No. 207 did not show any changes in water level, well 
No. 211 - reduction by only 0.27 m, well No. 213 - reduc
tion of 0.73 m, and in the well No. 214 the water level 
decreased by 1.6 m /Fig. 1/. The effects of drainage do not 
manifest themselves neither in the outcrop part of the ba
sin /well No. 19/, nor in the crystalline rock area. Ground
water level decreases were not noticed in wells Nos. 13 and 
14, which are situated in projections of the basin's cry
stalline rocks. This confirms a good insulation function of 
kaolinized gneisses in the bedrock of the basin. The ground
water level in quaternary sediments follows the contours 
of the terrain's surface with small variations. The draina
ge effects of the open-pit mine or those of the drainage 
systems appear, in the collector, to a very limited degree. 
This is caused by low transmissivity of sediments and the 
variability of their lithologic composition and thickness, 
which decreases in the direction towards the basin. 

Resultc of measurements of specific activities of tritium 
in water samples are tabulated in tab. 1. The tritium values 
for individual years are calculated as averages from the 
measured water samples. 

Measurements of specific activities of tritium resulted in 
several modifications of evaluation methods of measured va
lues. From some wells, it was possible to draw samples from 
periods approaching the end of the pumping test. On the well 
No. 201, samples were drawn shortly after the start of pum
ping. Water from the pumping test in april 1977 had the 
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activity of 70 T.U. In the water sample from the withdrawal 
in october 1977, the tritium activity increased to 99 T.U. 
During following sampling tests in 1978-79, the tritium acti
vity dropped to the stable value of about 16 T.U. Similar 
differences were found also in wells No. 18, 19, and 37. 
However, in these wells the time lag between the water with
drawal /from the pumping test/ and operation tests was much 
longer. The mentioned alterations in activities confirm, 
that cleaning of wells by process waters, which originate 
mostly from surface streams, change the original isotopic 
composition of groundwater in the neighbourhood of wells. 
The surface and precipitaion /rain etc./ waters are generally 
characterized by high specific activity of tritium - about 
120-150 T.U. These values are much lower for groundwater -
15-30 T.U. It is interesting, that during a short-time pum
ping test it proved impossible to establish the original 
isotopic condition~ within the collector. It results from 
these facts, that the representativity of water samples from 
single withdrawals is quite limited. It is therefore ade
quate, for terrains with low transmissivity, to confirm the 
measured triti~ activities by repeated sampling. 

The profile of the Kundratick~ brook begins in the crystal
line area by wells Nos. 4, 5 and 6, which are situated in 
the inundation zone of the stream. Drilling was disconti
nued in weathered gneisses. The water in the well No. 4 has 
a definite dependence on the surface water, as proved by 
tritium activities. A longer retardation of level altera
tions of freatic water in comparison with those of water in 
the brook is observed in this hole. This is also reflected 
by lower levels of tritium activities in comparison with 
the surface water, which has an average value of 179 T.U. 
The well No. 5 is situated directly on the brook bank, but 
the freatic water does not exhibit any dependence on the 
water levelin the brook. Some differences in tritium acti
vities are observed in samples from various depths. Water 
samples, drawn from underlying gneisses, have somewhat 
higher tritium activities than those, drawn from the b~sis 
of the quaternary collector. It is interesting, that the 
difference between the values of tritium activities of frca
tic and surface waters is the same as at the well No. 4. 
The well No. 6 is situated at the border of valley fluvial 
accumulations, in the neighbourhood of outcrops of the 
tertiary measures. Conditions established at this well were 
practically identical with those at the well No. 5. The 
difference consists in generally lower total tritium acti
vities. There is a certain isotopic inversion, because the 
groundwaters of geologically younger sediments are isoto
pically older than the groundwater from older crystalline 
rocks. The difference in tritium activities at this well 
is in good agreement with results of the pumping test from 
the upper part of the profile, where a lower transmissivity 
has been established. The progressive decrease of tritium 
activities in fluvial accumulations of the lower part of 
Kundratick~ brook confirms the reduction of transmissivity 
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in the direction towards the basin, as it can be seen from 
wells No. 7a, 2, and 1. The values of tritium activities are 
in agreement with those found at the wells No. 4 and 5. In 
the area of wells No. 7a, S, Sa and 2, only the infiltra
tion of precipitation water makes themself felt, because 
the water of Kundratick1 brook w~s already diverted outside 
the basin. Low activities of tritium seem to be caused by 
the local development of quaternary sediments. 

The second water-bearing collector was investigated only in 
the basin. The intact underlying crystalline rocks were not 
exposed by any bore-hole. According to results of the wells 
No. S and 1, it is evident, that the groundwater of under
lying psammites represents the •old• water with the tritium 
age of 25 years. Even higher ages can be supposed. At the 
end of the year 1979, a contamination of water in the well 
No. S by inflow of isotopically •younger• water from the 
surface was due to inadequate procedures during these ob
servations. Results of tritium measurements in the well 
No. 1 prove a good insulating function of underlying ~1~ 
overlying layers. In the well No. Sa, the tritium activities 
of water from the arenaceous positions of the strata series 
were observed. The average specific activity was 13 T.U., 
which anambiguously confirms the insulated position of the 
arenaceous collector with low transmissivity /Y • 4.5/. 
The constant level of groundwater supports this statement. 
At the well No. 2, the tritium activities of water from the 
overlying coal seam, which is considered an eventual futu
re reserve were measured. Greater regional expansion of the 
area towards the outcrop region is reflected in higher va
lues of tritium activities - 29 T.U. 

The wells Nos. 17, lS and 201 in the profile of Vesnicky 
brook are situated in the region of crystalline rocks. The 
quaternary sediments and weathered gneisses were separa
ted, in wells No. 17 and lS, for independent observations 
of water levels. The weathering thickness and the fractured 
condition of gneisses is quite high, because the near-by 
well No. 201 was terminated in the depth of 61 m /elevation 
29S.S m above s.l./ without reaching the solid intact rock. 
The established tritium activities indicate a very slow 
motion of groundwater within the entire geological profile. 
Similar conditions are revealed by tritium analyses in wa
ter samples from wells No. 13 and 14. Higher tritium acti
vities in the well No. 14 are probably caused by the inflow 
of water from the surface, due to the position of the hole 
in a morphological depression. Interesting is the position 
of the well No. 15, in which the flushed sediments of the 
marginal facies are entrapped in the bedrock of the strata 
series. The rocks are characterized by very low transmissi
vity, in spite of the fact that the tritium valueo point to 
quicker circulation of groundwater&. In the neighbourhood 
of this well, some earthwork has been realized in 1979, 
which evidently affected the surroundl.ng rocks. These chan
ges of terrain obviously caused a partial inflow of surface 
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water into the well. The isotopic analyses of covering sedi
ments in the basin reveal the relationship between the re
tention and infiltration of atmospheric precipitation water. 

The water-bearing collector of underlying psammites was iso
topically analysed in wells Nos. 21, 19, and 37. Flushed se
diments were determinated in the well No. 37 at the border 
of the basin. A decrease of the groundwater level by 2.8 m 
was noted in this well. Such a decrease is connected with 
the near-by stripping operations. However, the isotopic ana
lyses confirm a good sealing function of underlying rocks 
and overlying strata, even at long-time decrease of water 
level in the well. Similar results are obtained by tritium 
measurements of water samples from the well No. 21. The well 
No. 19 is situated at the mouth of the v~llcy of Vesnicky 
potok /brook/'into the basin. The well hitted not only the 
marginal flushed sediments, but also the coal seam /eleva
tion 320 above s.l./. The well pair No. 19 and 19a revealed 
also the cross tectonics /7/. Tritium values in groundwater 
from the collector of underlying psammites differ in these 
wells, from tritium values of other wells in the basin. In 
this outcrop part of the region a quicker circulation of 
groundwater is supposed, caused by the arenaceous composi
tion of the collector and by the cross tectonics. Some support 
for this opinion is found in measurements of water samples 
from water outlets of the drain adits Natalie and Johanni. 
The average specific activity of tritium in water is 71 T.U. 
and 53 T.U., resp. The adits drain off the mine waters from 
old workings, which were founded at the outcrops of the 
coal seam on the foothills of Kru§n~ hory. 

For comparison, during 1979, regular water sampling was car
ried out in the well line Nos. 231, 232, and 233 in the val
ley of the Sramnicky brook /see Fig. No. 1/. First two wells 
belong to the crystalline rock region of Kru§n~ hory. The 
well No. 232 found a breccia of failured zone of 81.7 m 
thickness. Regular measurements of water levels in wells 
show considerable variations due to natural alterations. The 
water level of underlying gneisses is in the well No. 231 
by 3 m higher, than the level in deluvial deposits. The 
transmissivity of quaternary sediments is higher, in compa
rison with fissured gneisses. Isotopic analyses are in agree
ment with tests and observations at the well No. 231. In 
surroundings of the well No. 232, there is, according to the 
tritium activities, a very limited displacement of ground
water. That is to say, that the hydrodynamic test was made 
only in the upper part of the profile, upto 11 m. The re
sulting value of transmissivity distorts the interpretation 
of the cycling regime of groundwater on this site. Unlike 
that, the tritium measurement results agree with observations 
from the adit, which crossed the same faulted zone without 
water inflows /Fig. No. 1/. The well No. 233 revealed de
tritic proluvial sediments and a thick, flushing, coarse
-grained sediment /46.3 m/. The pumping test was not made 
from the underlying psammites, but only from the overlying 
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clayey strata measures. The isotopic water analyses reveal 
similar conditions of groundwater cycle as the surroun
dings of the well No. 19. The well No. 233 is situated on 
the slope at the mouth of the brook into the basin. 

Basing upon the obtained results,, the flow velocity of 
groundwater was calculated for the area of crystalline rocks. 
A simple equation for the determination of actual velocity 
in horizontal direction was applied to this purpose. The 
equation's form is: 

0 
/m.day-1; vs = ~ /2/ 

where 0 = flow rate of groundwater ;m3 .day-1/, 

F • cross profile area /m2,/, 

n • effective porosity /estimate 0.05/. 

The valley of the Vesnick1 brook was chosen from thr~e 
disponible profiles, because there the surface waters do 
not affect the groundwater level in proluvial sediments 
and underlying gneisses. The profile of the valley does not 
change between the wells No. 17 and 18. The depth of the 
flow profile of groundwater is determinated according to 
drilling profiles, even if the intact gneisses were not 
reached. The value of the flow rate 0 is taken from the 
pumping test at the lowest level 2edurtion. The minima of 
specific capacities /1.5 x lo-S m .s- I confirm that there 
occurred no water inflow from underlying rocks during the 
pumping test. The displacement time of groundwater to the 
distance of 140 m /between both wells/ is 16 - 20 years. 
Results of the isotopic analyses of water samples indicate 
the tritium age of 18 - 22 years for the same conditions. 
Owing to the fair agreement of results, obtained by two 
different methods, the water circulation in upper part of 
~ndcrlying gneisses and in proluvial sediments can gene
rally be considered as very slow ;see Table 2/. 

CONCLUSIONS 

The cycle of groundwater in connection with mining activi
ties was investigated in the contact area of Kru§n~ hory 
Mts. with the fore-field of the open pit mine CSA, by the 
application of specific activities of tritium. Basing upon 
these results, completed by results of geological survey, 
folowing conclusions can be drawn: 

- possibility of application of the natural radionuclide 
method in a deposit region with mining activities is 
confirmed1 

- the model of the groundwater cycle 
collectors of quaternary sediments, 
and of the upper part of underlying 
more precise1 

in water-bearing 
underlying psammites, 
gneisses is rendered 
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- the presumption of the cross tectonics in mountain brook 
valleys is confirmed; 

- the sealing tightness of the weathered zone of underlying 
gneisses in relation to the reduction of piezometric 
stress in underlying psammites, by their drainage, is 
established. The tritium analyses enable us to control, 
whether there were any unwanted inflows ~f w~ter from 
other collectors. This information if important for the 
excavation of coal; 

- in the profile of Vesnick1 brook, the displaccme~t velo
city of groundwater was calculated to 16-20 years accor
ding to regular observations. This is in good agrement 
with the established tritium age of groundwater /18-22 
years/; 

- as far as the methodics is concerned, the limit~d rcpre
sentativity of water samples during single sampling in 
terrains with low transmissivity was established. The 
contamination of the well surroundings by "younger" 
water is not safely eliminated by short-time pumping-off 
of water. 
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Well 
NO 

17 

18 

Water-bearing 
profile 

width 
m 

50 

40 

height 
m 

29 

27 

Table 2 
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1,73 

1,3 

Flow rate 

0,024 

0,0192 

-1 m.year 

8,7 
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Figure 1: Situation of observing wells in the fore-field 
of the open pit mine CSA 

• observing well 
__ ...- outcrop of the coal seam 
~collecting channel for surface waters 
~·~stripping edge of the open-pit mine CSA /1980/ 

Figure 2: Map of iso-lines of the comparative parameter Y 
in the quaternary water-bearing collecLor 

,.---·iso-line of the parameter Y 
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