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Abstract: Hydrogeological conditions vary between the various geological structures of the Upper Silesian Coal
Basin (USCB). They depend on geological and mining factors. The most important geological factors which control
the groundwater conditions within the USCB include: 1) incomplete insulation of Carboniferous strata by Tertiary
clays, 2) occurence of gypsum and salt deposits in the Tertiary strata, 3) regional dislocation and fissility of Car-
boniferous rock complex, 4) distinct tendency of decreasing permeability of Carboniferous water-bearing sandstones
with depth.

The influence of mining activity on groundwater conditions in the USCB depends on the duration, size, depth
and system of coal exploitation. Displacements, cracks and relaxation of rocks, which accompany mining works,
increase permeability and provide hydraulic contact between waters in different aquifers by interruption of the
insulating layers. Drainage of rocks by mine workings disturbs the natural hydrogeological regime in the USCB.

Generally, groundwater salinity in the investigated depth interval, to 1,200 m, decreases with time due to
replacement and mixing of atmospheric waters with buried brines.

Abstrakt: Warunki hydrogeologiczne w obrebie Gérnoslaskiego Zaglebia Weglowego (GZW) sa zréZnicowane
pomiedzy poszczegdlnymi strukturami geologicznymi. Najwazniejszymi czynnikami wplywajacymi na srodowisko
wdd podziemnych sa: 1) niepelna izolacja warstw karboriskich ilami trzeciorzedowymi, 2) wystepowanie gipsu i
soli w utworach trzeciorzedowych, 3) tektonika blokowa, 4) wyrazna tendencja obniZenia przepuszczalno$ci kar-
boriskich piaskowcéw z glebokoscia.

Wplyw dzialalnodci gérniczej na warunki hydrogeologiczne w GZW zalezy od czasu trwania, rozmiaréw,
glebokosci i systemu eksploatacji wegla. Przemieszczenia, spekania i odprezanie skal, towarzyszace robotom gérni-
cznym, zwigkszaja przepuszczalnoéé skal i doprowadzaja do hydraulicznego kontaktu pomiedzy wodami réznych
pozioméw wodono$nych przez naruszenie ciagtoéci warstw izolujacych. Odwodnienie skal w wyniku prac gérni-
czych zakléca naturalny rezim hydrogeologiczny GZW. Ogélnie, zasolenie wéd podziemnych w badanym prze-
dziale glebokosci do 1200 m obniza sie z uplywem czasu w wyniku wypierania przez wody atmosferyczne
pogrzebanych solanek i mieszania obu typéw wéd.

Key words: Mining, hydraulic properties, hydrochemistry, isotopes, flow systems, Carboniferous, Upper Silesian
Coal Basin.
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OUTLINE OF GEOLOGY AND MINING tion. The Tertiary strata are up to 1,000 m thick in the
Alpine depressions.
The USCB is now one of the biggest coal basins in

the world by its resources and output of hard coal

The Upper Silesian Coal Basin, 7,500 sq. km in area
(including 5,500 sq. km in Poland), lies in the Upper

Silesian Variscan intermontane depression. Several
second-order geological structures have been distin-
guished within the Variscan depression (Kotas, 1985).

The molasse sediments of the productive Upper
Carboniferous strata within this depression are 8,200
m thick. Coal-bearing Carboniferous rocks occur be-
neath Quaternary and Mesozoic strata in the north-
eastern part of the basin and beneath clayey Tertiary
strata in its southern and northwestern parts (Fig. 1).
Salt deposit occurs locally within the Tertiary forma-

(about 150 min T/y). Mining has been active here
since the second half of the 18th century. The coal
fields cover an area of about 2,000 sq. km. The depth
of mining works varies from 400 m to 1,200 m (Fig.
1). The majority of coal mines lie in the area of shal-
low occurence of productive Carboniferous series in
the northeastern part of the USCB. The deeper coal
deposits overlain by Tertiary clays are now intensely
mined.

It should be stressed that the mean depth of min-
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Fig.1  Upper Silesian Coal Basin (USCB). 1 - extension of the USCB; 2 — extension of the isolating series of the Tertiary formation; 3
- salt deposits in the Tertiary formation; 4 — mine areas; 5 — recharge areas of the Carboniferous aquifers; 6 —~ hydrogeological regions;

7 — year of mine construction and depth of mining

Goémnoslaskie Zaglebie Weglowe (GZW). 1 - zasieg GZW; 2 - zasieg izolujacej serii trzeciorzedowej; 3 — zasieg trzeciorzedowego zloza
soli; 4 — obszary gornicze; 5 — obszary zasilania karboriskich pozioméw wodonosnych; 6 - regiony hydrogeologiczne; 7 — rok budowy

kopalni i glebokosé eksploatacii

ing works and mean mineralization (i.e. total dis-
solved solids — TDS) of mine waters markedly in-
creases due to the construction of new, deeper
exploitation levels in old mines and building of new
deep mines in the southern part of the USCB. The
mean depth of mining works was about 200 - 400 m
in 1957 (Marchacz & Stolarzewicz, 1960) but 650 m in
1989 (R6zkowski, 1989). The mean mineralization of
mine water discharged to rivers increased from 4.9
¢/dm? in 1970 (Palys & Rosielski, 1971) to 10.9 g/dm®
in 1984 (Rozkowski, 1989), while the volume of water
pumped by coal mines increased only from 986,000
m®/day to 1,042.000 m>/day (Wilk et al., 1990). This
indicates the growing inflow of high mineralized
groundwater into mines in the last period.

GENERAL HYDROGEOLOGICAL
CHARACTERISTICS OF THE USCB

The results of recent hydrogeological studies in the
USCB have been presented by Rogoz et al. (1987),
Rozkowski (1987), Rézkowski et al. (1991), Rozkowski
& Witkowski (1988), Wilk et al. (1990).

Several hydrogeological structures of the depress-
ion or block types have been distinguished in the

Upper Silesian Variscan basin. They differ in hydro-
geological profiles and groundwater regimes.

Three aquifers have been identified in the hydro-
geological cross-section of the USCB: Quaternary,
Mesozoic and Carboniferous. Tertiary clays are the
insulating formation.

The Carboniferous strata either crop out or are
overlain by permeable Mesozoic strata, mainly Trias-
sic dolomites and Quaternary sands in the north-
castern part of the basin. In its southern and western
parts the Carboniferous strata are overlain by imper-
meable Tertiary clays (Fig. 1).

The Upper Carboniferous strata are a series of
clays, mudstones and sandstone with coal seams. The
Carboniferous water-bearing sandstones and mud-
stones range in thickness from 0.5 to several dozen
meters. They are separated by intercalations of imper-
meable claystones except of fault zones, zones of se-
dimentary wedging and areas of mining works.

The Carboniferous aquifers are recharged in the
outcrop zones or through permeable cover rocks in
the northeastern part of the USCB. The recharge takes
place also locally in the central part of the basin in the
areas of the so called hydrogeological windows,
where Tertiary sediments have been eroded (Fig. 1).

Pressure head values of the Carboniferous hori-

e
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Table 1
Arithmetic means values of hydraulic properties of Carboniferous sandstones and mudstones
within 200 m depth intervals
Srednie arytmetyczne wartosci wlasnosci hydraulicznych karboriskich piaskowcéw i mulowcéw
w dwustumetrowych interwalach glebokosciowych
Depth intervals below the surface
Parameter 0-200 200-400 400-600 600-800 800-1000 1000-1200 1200-1400

it
o 18.0 125 11.0 105 95 7.1 67
specific yield (%) 12.0 9.0 8.0 8.4 7.2 5.1 44
permeability
(mD) 300.0 80.0 20.0 19.0 1.6 017 0.16

zons have been determined from pressure buildup
curves registered during the production tests in the
southern part of the USCB. The normal pressure gra-
dient is about 0.09 to 0.10x10° Pa/m. The lowest
horizons investigated at the depth of aproximately
1,500 m have clevated formation presssures, so called
surpressures (Fertl 1976). The pressure gradients are
about 0.12x10°> Pa/m. Abnormal formation press-
ures are developed in the southern part of the USCB,
where the clayey Tertiary beds act as a pressure bar-
rier.

The recharge of the Carboniferous horizons
through Quaternary sands from recent and buried
valleys is the most active. Taking into account the re-
charge conditions of the Carboniferous water-bearing
sandstones, two hydrogeological regions (I, IT) may be
distinguished in the USCB. Their boundaries are deli-
ncated by the extent of the insulating Tertiary strata
(Fig. 1).

Aquifers of the productive Carboniferous series
under natural drainage conditions were drained by
river valleys in the first region (I), and along fault
zones in the second hydrogeological region (II).
Drainage along the regional fault zones of deep Car-
boniferous horizons is strongly marked by the in-
crease in groundwater salinity in the vicinity of these
zones, observed by the author in the southern and
central part of the USCB along the faults zones Kiod-
nica and Bzie - Czechowice. They were also investi-
gated by Kleczkowski & Witczak (1968), Vu-Ngoc-Ky
(1973) in the southern part of the USCB.

Pumpmg in the USCB coal mines of about 1 mIn
m®/ day drains the Carboniferous water-bearing
rocks. Triassic and Quaternary rocks are drained too,
but only in the first hydrogeological region. The area
of decreased piezometric pressures occupies about
1,720 sq. km. ngh mdex of underground runoff rang-
ing from5to71- s km? in the first hydrogeological
region is a measure of mining drainage intensity.

At present, the mean drainage depth due to min-
ing works is about 650 m, while the maximal — 1200
m.

HYDRAULIC PROPERTIES OF THE
CARBONIFEROUS SANDSTONES AND
MUDSTONES

The knowledge of hydraulic properties of its rocks
is very important for the recognition of the flow con-
dition and for determination of the hydrodynamic zo-
nality in the Carboniferous strata. Laboratory meas-
urements of open porosity, specific yield and per-
meability of the Carboniferous sandstones and mud-
stones have been carried out by Kleczkowski & Wit-
czak (1967), Kleczkowski et al. (1968, 1976), Witkow-
ski (1987), R6zkowski et al. (1992). The method of rock
samples vacuum-saturated with liquid has been used
for the determination of open porosity, and capillary
drainage and centrifuging methods for the specific
yield.

Variations of open porosity, specific yield and per-
meability values of the Carboniferous sandstones and
mudstones are caused by variation in granulometric
and mineral composition of these rocks as well as by
their various diagenesis (Witkowski, 1987; R6zkowski
& Witkowski, 1988). A marked trend of downward
decrecase in hydraulic properties of water-bearing
sandstones and mudstones is apparent in the labora-
tory results (Table 1).

The data on permeability of Carboniferous sand-
stones and mudstones come from analyses of samples
collected from the depths of 60 - 2,000 m. The values
of permeability vary from 1,400 mD to 0.005 mD with
a tendency of declining with the depth. The values of
hydraulic conductivity vary from 1.34 x 10° m/s to
4.8 x 1072 m/s, after convertion of the above numbers
into hydraulic conductiivity (K), without the Klinken-
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berg’s correction for the “slip effect”. The position of
sandstone in the stratigraphic column, i.e. its strati-
graphic depth, has the strongest influence on its per-
meability.

Within the outcrops areas of Carboniferous series,
where the erosion and rock relaxation occur, per-
meabilities of Carboniferous sandstones are high, re-
gardless on geological age of the rocks.

The results of test pumpings and drill-stem tests
confirmed the results of laboratory examinations of
sandstones and mudstones samples, but mainly in
deeper part of the Carboniferous series. Field investi-
ganons carried out by Kleczkowski & Witczak (1967)
in the eastern part of the USCB have shown very
clearly the increase in hydraulic conductivity of sand-
stones until the depth of about 500 m, due to flssurlty
of rocks, The values of K differ from 5.0 x 10° m/s to
3.0% 107 m/s (mean value 1.0 x 10°® m/s). Below this
depth the fissurity of rocks slowly disapeared and hy-
draulic conductivity was due to matrix porosity of
sandstones. The results of test pumping and subsur-
face sampler tests carried out by Rézkowski & Wag-
ner (1988) in the depth interval from 600 to 1,600 m
have shown declining hydrauhc Conduct1v1ty values
with depth from 1.0 x 107 to 40x 10" m/s.

Specific capacity of the Carboniferous water-bear-
ing sandstones ancl mudstones ranges from 10.26 to
0.00001 m®-hT - m™. 1t is decreasing with the depth.
Representative values for the de Fth interval of 700 to
1,000 m are about 10° m>-h° m whlle for the
deeper aquifers they are usually 104 m®- n!

The results of the laboratory and field mvestlga-
tions indicate that Carboniferous sandstones and
mudstones below the depth of 700 - 800 m are practi-
cally impermeable. It does not concern the areas of
mining where slides, cracks and unstressing of rocks,
accompanying mining excavation, cause an increase
of rock permeability.

Fig.2  Hydrochemical regions and depth of oc-
curence of brines (TDS>35 g/ dmd). 1 - depth con-
tour; 2 - extension of the isolating series of the
Tertiary deposits; 3 — extension of the salt depo-
sits; 4 — extension of the coalfields; 5 — hydrogeo-
logical regions; 6 — hydrochemical regions

Rejony hydrochemiczne i glebokosé w:}'stepowama
solanek (o koncentraciji soli >35 g/dm”). 1 — zarys
glebokosci wystepowania; 2 — zasieg izolujacej se-
rii osadéw trzeciorzedowych; 3 — zasieg zloza soli
w utworach trzeciorzedowych; 4 — zasieg obsza-
réw gérniczych; 5 — regiony hydrogeologiczne; 6
— rejony hydrochemiczne

HYDROCHEMISTRY

The groundwaters in the USCB vary in chemical
composition and total mineralization (Rdézkowski,
1987; R6zkowski et al., 1989, 1991). Fresh waters occur
in the Quaternary, Jurassic and Triassic formations of
the cover and in the outcropping Carboniferous stra-
ta.

Mineralization of the groundwaters in the Tertiary
strata ranges from 0.5 to 220 g/ dm?; the waters orig-
inally belong to the Cl-Na chemical type (Rézkowski,
1971). The total mineralization of groundwaters in the
coal-bearing Carboniferous strata ranges from 0.5 to
372 g/dm’,

Fresh waters (TDS<1g/ dm®) are mainly of hy-
drochemical types: HCO3-Ca, HCO3-504-Ca, SOs-
HCO3-Ca-Mg. Their hydrochemical coefficients have
values: r(Na/Cl)>1, r(Ca/Mg)>1, and r(100x
SO4/Cl) > 1. Nitrogen predominates in gaseous com-
position of these waters. The described waters occur
in oxidation zone.

Saline waters, with TDS <35 g/ dm?, belong to
multi-ion and Cl-Na hydrochemical types. The fol-
lowing values of coefficients are typical for them:
r(Na/Cl) = 1.3 - 0.87 and r(100 x SO4/Cl) from 0.07 to
9.1. Nitrogen predominates in gaseous composition of
these groundwaters in the upper part of their oc-
curence, and methane predominates in the lower one.
This evidence allows one to assume that saline waters
may occur in the oxidation as well as reduction zones.

Brackish mine waters from the oxidation zone are
enriched in sulfate ions in the mining excavations,
due to oxidation of pyrites and sulphur in coal seams.

The brines with TDS content above 35 g/ dm® be-
long to hydrochemical types Cl-Na and Cl-Na-Ca and
have the following values of hydrochemical coeffi-
cients: r(Na/Cl) = 0.72 - -0.96 and (100 x SO4/Cl) < 1.
They occur in the reduction zone only. Highly min-
eralized waters in insulated structures are buried

5
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The presented hydrogeochemical B A .
data demonstrate a vertical succession . g: *
of hydrochemical zones in the Carbo- 1200 1 . . .
niferous strata of the USCB. Three hy- | e - ° .
drochemical zones have  been ) .
distinguished: the zone of infiltration 1o *
waters, the intermediate zone of mixed .
waters, and the lower zone of buried 16007
brines (Kleczkowski & Vu-Ngoc-Ky,
1970; Palys, 1966, 1971; Rézkowski, 18001 ¢
1965, 1987; R6zkowski et al., 1989, 1991;
Vu-Ngoc-Ky, 1973). These zones are 20001
defined on the basis of the values of hy-
drochemical coefficients and ground-
Table 2
The characteristics of hydrochemical regions (after R6zkowski et al., 1990)
Charakterystyka regionéw hydrochemicznch (wg Rézkowski et al., 1990)
rysty & 4 g
Mineralization of
: - . Hydrogeochemical
Regions (I)?tj;v?}l\ R ,gpgg?d%ater Main hydrochemical tpes of waters gradient
P o g- dm™. 100m™
rom - to
R1 0-500 0.3-80 HCO3-Ca, HCO3-504-Ca-Mg, C1-SO4-Na, Cl-Na 6*
R1 500-1000 1.7-329 Cl-Na, Cl-Na-Ca 40* (60)**
R2 <0-500 0.3-23 HCO3-Ca, HCO3-504-Ca-Mg, C1-SO4-Na, Cl-Na 2% (4)*
R2 500-1000 2.2-212 Cl-Na, Cl-Na-Ca 15* (40)** A
R3 0-500 0.3-50 HCO3-Ca, C1-504-Ca-Mg, Cl-Na 2% (10)**
R3 500-1000 1.0-250 Cl-Na, ClI-Na-Ca 40* (50)**
R4 0-500 0.4-28 HCO3-Ca, HCO3-SOs-Ca-Mg, C1-504-Na, Cl-Na 2% (5
R4 500-1000 2.8-120 Cl-Na, Cl-Na-Ca 22* (22)**
R5 £ 0-500 0.5-100 HCO3-Ca-Mg, HCO3-SO4-Ca-Mg, Cl-Na 8*
R5 500-1000 14.0-282 Cl-Na, CI-Na-Ca ' 23* (50)**
R6 0-500 0.3-400 HCO3-Ca, HCO3-S04-Ca-Mg, Cl-Na 80*
R6 500-1000 5.5-351 Cl-Na, Cl-Na-Ca 130*
R7 0-500 0.5-79 HCO3-Ca, HCO3-Cl-Na, Cl-Na 5*
R7 500-1000 2.5-150 Cl-Na, Cl-Na-Ca 20* (30)**

* mine waters (wody kopalniane)
** natural environment (wody wystepujace w érodowisku naturalnym)

8 — Annales Societatis...
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Fig.4  Sketch-map of the groundwater
mineralization and isotopic composition
(USCB) at the depth of 250 m below sea level.
1 — extension of the USCB; 2 — extension of
the coalfields; 3 — hydrogeological regions; 4
— extension of the isolating series of the Tertia-
ry deposits; 5 — extension of the salt deposits
in the Tertiary formation; 6 — isolines of TDS
(g/dms); 7 — 8'%0 and 8D values. Hydroche-
mical setting according to A. Rézkowski et al.,
1990

-10.38+ -8.36
-71.00+-57.70,

Szkic mineralizadji i skladu izotopowego wod
podziemnych (GZW) na glebokosci 250 m
ppm. 1 — zasieg GZW; 2 — zasieg obszaréw
gérniczych; 3 - regiony hydrogeologiczne; 4
— zasieg izolujacej serii utworéw trzeciorzedo-
wych; 5 — zasieg zloza soli w utworach trze-
ciorzedowych; 6 — izolinie koncentracji soli w
wodach podziemnych (g/dms); 7 — wartodci
8'%0 i 8D w wodach podziemnych. Szkic hy-
—1 "\213 54 &»5 —50—6 drochemiczny wg: A. Rézkowski et al., 1990
-340,-26.30 7
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Fig.5  Sketch-map of the groundwater
mineralization (USCB) at the depth of 500 m
below sea level. 1 — extension of the USCB; 2
— extension of the coalfields; 3 — hydrogeo-
logical regions; 4 — extension of the isolating
series of the Tertiary deposits; 5 — extension of
the salt deposits in the Tertiary formation; 6 —
isolines of TDS (g/dms); 7 - hydrogeological
cross-section; 8 — 8'%0 and 8D values. Hydro-
chemical setting according to A. Rézkowski et
al.,, 1990
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Fig.6  Hydrogeochemical cross-section. 1 — boundaries of the stratigraphic series; 2 — coal seams; 3 — faults; 4 — isolines of TDS
(g/d.rn"'); 5 — coal mines; 6 — 5'%0 and 8D values; 7 — Quaternary; 8 — Miocene; 9 — Triassic; 10 — Carboniferous
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8'%0 plotted against 8D for USCB groundwaters. 1 — waters from Carboniferous under permeable cover (I-st region); 2 — waters

from Carboniferous under impermeable Tertiary (II-nd region); 3 — waters from Tertiary formation

Wspétzaleznosé 880 i 8D dla wod podziemnych GZW. 1 — wody z karbonu pod przepuszczalnym nadkladem (I region); 2 — wody z
karbonu pod nieprzepuszczalnym nadkladem trzeciorzedowym (Il region); 3 — wody z trzeciorzedu

water mineralization (cf. Collins, 1975).

The zone of infiltration waters reaches the depth
of about 300 m in the first hydrogeological region and
80 m in the second one. The lower boundary of the
intermediate zone lies at depth of 450 - 600 m, 800 m
at maximum, in the first hydrogeological region. The
zone is about 200 - 300 m thick. In the second hydro-
geological region, the lower boundary of this zone lies
at depth of about 400 m, and its thickness attains
about 320 m. The zone of buried brines underlies the
intermediate zone. Hydrochemical studies (R6zkow-
ski et al., 1989, 1991) have shown that brines occur at
various depths in the USCB (Fig. 2), depending on the
varying geological conditions and mining activity in
the individual geological structures.

There is a gencral trend of increasing groundwater
mineralization with depth, independently of the age
of the rocks (Fig. 3). This general trend is disturbed
by hydrochemical anomalies. The anomalies have
been observed, among others, in the uppermost part
of the Carboniferous series in the Carpathian Fore-
deep, near the Tertiary salt deposit in the Zawada
Graben, and along some regional fault zones (Klecz-
kowski & Witczak, 1967; Palys, 1966; Rozkowski et al.,
1989, 1991). Antropogenic anomalies are due to min-
ing activity (Rézkowski, 1985; Rozkowski & Kempa,
1993).

The variation of TDS zones in the USCB was stu-
died on 1,233 chemical analyses of groundwater sam-
ples from mine works and boreholes. Seven

hydrochemical regions have been distinguished with-
in the Carboniferous strata of the USCB (Rézkowski
et al., 1990, 1991). Hydrogeochemical gradients vary
considerably between these regions (Table 2). The po-
sitions of the regions are shown in Fig. 2.

The first region is situated within the Gliwice folds
(R1). The second one (R2) includes the western part
of the Bytom syncline and the main antycline of the
USCB, where mining works reach down to about
1,000 m. The third region (R3) covers the eastern part
of the mentioned structures where mining works
usually do not descend below 500 m. The Jejkowice
and Chwalowice synclines lie in the fourth region
(R4). The fifth (R5), sixth (R6) and seventh (R7) re-
gions comprise the main syncline of the USCB. The
area of the Tertiary Zawada graben which includes
the salt deposit (R6), and the foredeep of the Carpa-
thian Mountains ss. (R7) are distinguished within this
structure. The remaining part of the main syncline
belongs to the fifth region (R5).

Hydrogeochemical gradients were calculated
using the recent data under natural conditions and
those changed by mining activity (Table 2). The rate
of increase in mineralization is uneven. Hydrogeo-
chemical gradients in the depth intervals of 0 - 500 m
and 500 - 1,000 m varly in separated structures from 2
to8g- dm.100 m™ and from 6 to 65 g - dm™ - 100
m'l, respectively (Rézkowski et al., 1989).

Spatial variation of the groundwaters mineraliza-
tion is clearly visible on the hydrochemical maps
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(Figs 2, 4, 5) and on the cross-section (Fig. 6).

ISOTOPE DATA

Isotope data indicate origin and residence time of
groundwaters and of the depth of their occurence in
the USCB. The isotope data (tritium and stable iso-
topes) permit also to recognize the effect of mining
activity on the natural hydrochemical zonation and
flow systems.

ISOTOPIC COMPOSITION AND ORIGIN OF
GROUNDWATERS

The results of isotope investigations have shown
that groundwaters of different origin and residence
time can be distinguished in the USCB down to 1,200
m depth, i.e. to the maximum depth of coal mining
(Pluta, 1988; Zuber & Pluta, 1989; Pluta ef al., 1993;
Rézkowski & Przewtocki, 1974, 1978, 1987; Zuber &
Grabczak, 1985).

Stable isotope data (Fig. 7) allowed to asign the
groundwaters to the four main groups: 1) meteoric
waters of the last infiltration period, 2) mixed infiltra-
tion and paleoinfiltration waters, 3) paleoinfiltration
waters of different age and 4) Tertiary synsedimen-
tary waters (Rézkowski & Przewlocki, 1987).

Groundwaters of the last infiltration period are of
Holocene, Pleistocene and pre-Pleistocene age. Zuber
& Grabczak (1985) and Zuber & Pluta (1989) have
shown that Tertiary waters from the last stage of the
last infiltration period occur in the Carboniferous
strata at the depth of few hundred meters below the
surface.

Meteoric waters of the last infiltration period were
sampled from the Quaternary, Jurassic, Triassic and
the uppermost parts of the Tertiary and Carbonife-
rous strata. In the diagram at the background of pre-
cipitation line, described by the equation 8D = 8 §1%0
+10, one can distinguish infiltration waters whose
projection points are plotting at the precipitation line
(Fig. 7).

Meteoric waters of the last infiltration period
squeeze out the relic waters and mix with them. Min-
eralized groundwaters which are a mixture of the
relic and meteoric waters of the last infiltration period
belong to the second group of waters distinguished
on the precipitation line (Fig. 7). They have been
found in Carboniferous (mainly) and in Tertiary stra-
ta.

Relic groundwaters occur in the deeper part of the
Carboniferous strata. They are palaeoinfiltration wa-
ters of Permian age, according to Zuber & Grabczak
(1985), Pluta (1988) and Zuber & Pluta (1989). They
form a separate cluster at the precipitation line.

The present author also assigned the described
waters to paleoinfiltration groundwaters (R6zkowski
& Przewlocki, 1974, 1987). Taking into acount the
paleohydrogeological evolution of the USCB, one
may accept the presence of younger paleoinfiltration
waters (Rézkowski et al., 1979; R6zkowski & Rudzins-

. ka-Zapasnik, 1983) in the Carboniferous formation.

The results of recent isotopic analyses by Pluta et al.
(1993) confirmed this possibility.

Furthermore, considering geological history of the
USCB, within deep Tertiary grabens, down to 1,000 m
deep, we can postulate the occurence in the top part
of the Carboniferous formation of pore waters
squeezed out from Tertiary clays as a result of com-
paction and dehydration processes (Oszczypko,
1981). Though no isotopic evidence has been yet
found for the presence of these waters, some hydro-
chemical data favour such supposition (R6zkowski et
al., 1991).

A separate group of waters at the precipitation line
(Fig. 7) represents synsedimentary Cl-Na saline wa-
ters of Tertiary age found by Dowgiallo (1973) in
sandy intercalations within the Tertiary clays in deep
Alpine grabens, at the depth of about 600 m.

Detailed studies on isotopic composition of
groundwaters in the Carboniferous strata were car-
ried out by Pluta (1988) and Zuber & Pluta (1989). An
interpretation using both, the isotope and chemical
data, enabled the authors to present a new identifica-
tion of groundwater types. Taking into account their
identification, contemporary infiltration waters of Ho-
locene and Pleistocene age, have the & B0 values va-
rying from -12.1 to -9.0 per mill and 8D from -78.0 to
-67.9 per mill. In general, they belong to the multi-
ions hydrochemical type of groundwater and their
TDS ranges from 0.2 to a few g/dm’,

More detailed subdivision of contemporary infil-
tration groundwaters may be done by estimating tri-
tium contents. Tritium content was estimated in more
than 200 mining water samples taken from the areas
of Carboniferous outcrops in the first hydrogeological
region. Trittum contents exceeding detection limit
were estimated down to the depth of 150 to 250 m,
locally even deeper.

Tertiary infiltration waters, accordmg to Zuber &
Pluta (1989), are those in which 8'%0 values vary from
-6.2 to -8.1 per mill, and 8D from -45.0 to -54.0 per
mill. TDS values of these waters are up to 100 g/ dm®.
The hydrochemical coefficients have the following
values: r(Na/Cl) > 0.83 and r(100 x SO4/Cl) > 1. The
depth of occurence of these waters, based on isotope
characteristics, is down to 480 - 500 m.

Zuber & Pluta (1989) and Pluta (1988) include to
the mixed type those waters which are: (i) a mixture
of Tertiary waters of the last infiltration period with
Quaternary waters, (ii) Tertiary waters mlxed with
buried brines. According to them the §'%0 values
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range from -3.7 to -5.2 per mill and 3D from -27.0 to
-36.0 per mill. They are mainly brines of TDS values
up to 160 g/ dm®. The depth of occurence of examined
waters is down to 500 - 600 m. The position of stable
isotopes values of groundwaters from the Tertiary
strata at the precipitation line (Fig. 7) confirms the
mixing process.

The examined buried paleoinfiltration brines in
the Carboniferous formation, accordmg to Zuber &
Pluta (1989), and Pluta (1988) have 8'°O values from
-1.4 to -3.8 per mill and 8D from -16.9 to -26.0 per mill.
The r(Na/Cl) coefficient has value < 0.75, while r(100
x504/Cl) <1. The brines are highly mineralized,
sampled already at the depth of 480 m in the second
hydrogeological region and at 600 - 700 m in the first
hydrogeological region.

EFFECTS OF MINING WORKS ON ISOTOPIC
STRATIFICATION OF GROUNDWATERS

Mining activity is the fundamental factor mod-
ifying natural chemical and isotopic composition of
groundwaters in the USCB. Deep penetration of low-
TDS waters from the overlying horizons and of tech-
nological mine waters gradually desalinate paleo-
infiltration brines and change their isotopic composi-
tion. The foregoing phenomena are intensified due to
considerable recharge of Carboniferous horizons by
atmospheric waters in the first hydrogeological re-
gion.

A close correlation exists between isotopic compo-

sition of groundwaters, groundwater mineralization
in the Carboniferous strata, permeability of the over-
burden and mining activity. The relation between
8'80 and TDS in vertical profile is shown in Fig. 8 and
on the hydrochemical cross-section (Fig. 6).

The influence of geological and mining factors on
the stable isotopic composition and groundwater
mineralization in the USCB is shown on the sketch-
maps of the groundwater mineralization and isotopic
composition at the depth of 250 m (Fig. 4) and 500 m
(Fig. 5) below sea level. A decrease in groundwater
mineralization and stable isotopes values within the
coal-mine fields is visible in these maps. This indi-
cates mixing of groundwaters in these areas. As we
can see in Fig. 4, the TDS values in the first hydrogeo-
logical region, where exploitation proceeds below the
depth of 500 m (250 m below sea level), usually do
not exceed 10 g/ dm®. Stable isotope values are typical
for groundwaters of the last infiltration period,
mainlg of Quaternary age. An increase of TDS to 200
g/dm” and stable isotope values typical for the mixed
and paleoinfiltration types are observed in the second
region. The highest TDS value is noted in the place
where Tertiary salt deposits are present atop the Car-
boniferous strata. Unfortunately, no isotope data are
available for these waters.

The sketch-map of groundwater mineralization
and isotope composition at the depth of 780 - 800 m
(500 m below sea level) shows different relahons (Fig.
5). The mineralized waters (below 10 g/ dm®), show-
ing stable isotope composition typical for infiltrating
waters, have been recognized only locally in the first
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Fig.10 8D and 8'%0 versus depth. 1 — groundwaters from Jankowice mine; 2 ~ groundwaters from Marcel mine

Wartosci 8D i 80 w zaleznosd od glebokosci. 1 — wody podziemne z kopalni Jankowice; 2 — wody podziemne z kopalni Marcel

hydrogeological region, where the mining activity has
taken place to the depth of 900 m or more, and lasted
for a long time. Brines with TDS values of 110 - 190
g/ dm®, showing high values of stable isotopes o)
-1.0 to -5.8 per mill and 8D - 16.0 to -52.0 per mill)
occur in the remaining part of the USCB. As for their

isotopic composition, these brines belong to the
mixed waters and paleoinfiltration groups.

Variation in stable isotope composition of waters
in the Westphalian horizons, at the depths down to
800 m, are shown in Fig. 9. The values of stable iso-
topes are low in the recharge area (the first hydrogeo-
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Table 3
Characteristics of flow systems in the USCB
Charakterystyka systeméw przeptwu wéd w Gornoslaskim Zaglebiu Weglowym
Depth Hydrochemical . -
of |Depth of Geolo- Hydraulic Groundwa- coefficients Gaseous | [S0tope composition | Origin
Flow L gical ... | ter minerali- . of
occur- | mining conductivity . chemistry
Systems | ence m) | forma- (m/s) zation, N‘ ar 1005042 | zones T(TU %0 | sp |sround-
() tions (g/dm”) | Na™/ /T (TU) (%0) (%) | Waters
QT, 4 18 above | -12.1- | -78.0-
Local 80-300 300 M, C 107-10 below 4.0 | above1 above 1 N 20415 -90 | -67.9 1)
interme- | upto | T | 10%107 | 30310 | 10087 | below1 | NCHy | 00 | 51 | 5200
inly:..| -
Interme- | up to mainly: 7 108 -11.7- | -77.0-
diate 650 ugs (t)o C 107-10 4.0-160 | 0.96-0.87 | 0.07-9.1 N, CHs 0.0 52 | 360 3)
. up to ; 4 .08 below +0.34- | -3.6-
Regional 1100 T 107-10 24-220 0.87 below 1 CHy 0.0 +070 | 12 4)
. below | up to -8 111 -1.0- | -16.0-
Regional 650-850 | 1200 C 107-10 up to 372 | 0.72-0.96 | below 1 CHy 0.0 58 | .50 5)
Explanations: Objasnienia:
Q - Quaternary Q - czwartorzed
T - Tertiary T - trzeciorzed
M - Mesozic M - mezozoik

C - Carboniferous

1) infiltrating Quaternary waters

2) mixed waters of the last infiltration period with synsedimentary
brines)

3) mixed waters of the last infiltration period with paleoinfiltration
brines

4) synsedimentary buried brines

5) paleoinfiltration buried brines

logical region). There occur mine waters belonging to
the recent infiltration period of Quaternary age. Less
negative values of stable isotopes, typical of mixed
and paleoinfiltration types of groundwaters, have
been observed in the Westphalian horizons under the
impermeable cover of the Tertiary clays, in the second
hydrogeological region. A general trend of increasing
of heavy isotopes and TDS content in waters with
depth is observed in the second hydrogeological re-
gion. Isotope composition of groundwaters sampled
at the depth down to 420 m in the first region is much
the same (8"°0 from -11.7 to -8.7 per mill and 8D from
-77.0 to -64.0 per mill). This is due to the replacement
of waters in the mine area.

The chemical and isotope composition of ground-
waters changes continuously during mine exploita-
tion. This is clearly shown on the diagram of stable
isotope values versus depth (Fig. 10). The samples of
brines were collected from the mines Jankowice and
Marcel at the same time, from the depth of 400 and
600 m. Waters sampled from the same depth have
different isotope Composition So, e.g. the brine from
the Jankowice mining level -400 m has isotope com-
position varying from 8'%0 2.0 to -8.3 per mill and

C - karbon

1) infiltracyjne wody czwartorzedowe

2) mieszane wody ostatniego okresu infiltracyjnego z solankami
synsedymentacyjnymi

3) mieszane wody ostatniego okresu infiltracyjnego z solankami
paleoinfiltracyjnymi

4) synsedymentacyjne solanki pogrzebane

5) paleoinfiltracyjne solanki pogrzebane

oD from -18.0 to -62.0 per mill. It means that mixed
and paleoinfiltration waters occur at the same depth.
This is due to different timing of exploitation and
drainage in separate mining fields at the same level.

Tritium analyses in the first hydrogeological re-
gion allow one to decipher the exchange process of
mine waters in more detail (R6zkowski, 1986). Tri-
tium content of about 5+ 2 TU is characteristic down
to the depth of 150 m in the northeastern part of the
USCB, outside the mining areas. Recently, mine wa-
ters with such a tritium content have been recorded
at the depth of about 300 m in the same area. This
indicates that the zone of young water distribution is
about 100 - 150 m deeper. In the meantime, within the
same area, mineralization of waters in one of the
mmes at the depth of 300 m, decreased from 11.0
g/ dm? in 1961 to 1.9 g/ dm? in 1988, thus confirming
active infiltration process of atmospheric waters into
the mine workings.

FLOW SYSTEMS

The USCB may be classified as a Variscan artesian
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basin, according to the Pinneker’s (1983) hydraulic
criterion. Gravitational flow systems dominate in
such old basins (Jezow & Wdowin, 1970).

Three groundwater flow systems may be distin-
guished in the USCB according to the Toth’s (1963)
classification. The groundwater flow systems are con-

trolled by topography of the basin and hydraulic con-

ductivity of the rocks, through which the ground-
water moves. Mining activity and, especially, mining
drainage have recently become very important factors
of flow system control.

The difference between the elevation of the re-
charge area and of the mining level determines the
potential energy available to a unit mass to move it
from a recharge area in the higher part of the basin

toa discharge area in its lower part in the mining

areas.

Hydraulic conductivity determines the rate at
which a volume of groundwater will move through a
section area of rock under hydraulic gradient. Strati-
fication of Carboniferous sandstones controls the flow
rate of groundwaters. This regularity is disturbed in
mining areas.

The subdivision of groundwaters into flow sys-
tems in the USCB, proposed by the present author is
somewhat arbitrary. The flow systems have been dis-
tinguished on the base of: (i) the earlier discussed
variation of permeability in the Carboniferous sec-
tion, (ii) the depth and activity of mining, (iii) hydro-
chemical and gaseous zonality, (iv) present-day
hydrodynamic potential distributions and flow rates,
and (v) environmental isotope data. The hydrochemi-
cal sequence (Chebotarev, 1955), described in terms of
three main zones, correlated in a general way with
depth (Domenico, 1972; Freeze & Cherry, 1979) was
also taken into account.

It was assumed that the local flow system is char-
acterized by active groundwater flow through the
rocks. The intermediate flow system is described by
less active groundwater circulation, while the re-
gional flow system is characterized by a very sluggish
groundwater flow, for length of time of millions
years.

The travel distance and the time of flow tend to
increase from the upper flow system to the lower one.
The characteristics of the distinguished flow systems
are shown in table 3.

A local flow system is developed in the zone of
active groundwater replacement in Quaternary, Ter-
tiary, Mesozoic and Carboniferous strata. The aqui-
fers within this zone are well recharged and drained.
Discharge level in the first hydrogeological region
and in the areas of hydrogeological windows in the
second hydrogeological region is mainly delimited by
mining excavations which have drained the rock mas-
sif for a long period. Locally, the river valleys are the
discharge areas of this flow system. The thickness of

this zone varies within broad limits — from 80 to about
300 m — depending on criteria used to define it: the
values of hydrochemical coefficients, low ground-
water mineralization (below 1 g/dm”), and isotope
data. In the first hydrogeological region it usually at-
tains 200 - 300 m and in the second one, covered by
Tertiary sediments, less than 80 m.

An intermediate flow system is developed in the
zone of hindered exchange and mixing of Quaternary
and Tertiary waters of the last infiltration stage with
buried brines. It occurs in the Tertiary and Carbonife-
rous strata in which brackish, saline waters and
brines occur. Mixing processes are intensified in this
zone due to mining activity. The lower boundary of
this zone, as determined by the values of hydrochemi-
cal coefficients and isotope data is located at the
depth of 450 m to 650 m, with a maximum at 850 m,
in the first hydrogeological region and in the areas of
hydrogeological windows in the second region. The
zone is about 200 - 350 m thick. In the second hydro-
geological region, the lower boundary of this zone lies
at the depth to about 450 m, while it is about 300 m
thick.

A general trend of deepening and enlargement of
the infiltration and intermediate zones is observed
during the last 40 years due to deeper exploitation
and intensive mining drainage (Rézkowski, 1985;
Rézkowski et al., 1989, 1991; Rézkowski & Kempa,
1993; Wilk et al., 1990).

The regional flow system occupies the zone of bu-
ried stagnant brines of paleoinfiltration origin. The
upper boundary of this zone lies at the depth of 450
-850 m (Fig. 2), in Carboniferous strata in the first
hydrogeological region and in the lower part of Ter-
tiary grabens and in Carboniferous strata in the sec-
ond region.
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Streszczenie

Czynniki wpltywajace na stan wéd podziemnych w kar-
boriskich osadach Gérnoslaskiego Zagtebia Weglowego

Andrzej Rozkowski

W pracy podsumowano wyniki kompleksowych badari hydro-
geologicznych Gérnoslaskiego Zaglebia Weglowego (GZW) w as-
pekeie okreslenia gléwnych czynnikéw ksztattujacych rezim woéd
podziemnych w utworach karbonu produktywnego.

Opis warunkéw hydrogeologicznych karbonu produktywnego
oparto na analizie wynikéw badarn geologiczno-strukturalnych, la-
boratoryjnych i polowych pomiaréw parametréw hydrogeolo-
gicznych karboriskich pozioméw wodonosnych, pomiaréw cignient
zlozowych wéd podziemnych oraz oznaczen ich skladu chemicz-
nego i izotopowego.

Uwzgledniono réwniez dzialalnosé gornictwa weglowego.
Gomoslaskie Zaglebie Weglowe (GZW) polozone jest w zasiegu
waryscyjskiego zapadliska miedzygérskiego. Utwory karbonu pro-
duktywnego w pélnocno-wschodniej czesci zaglebia przykryte sa
przepuszczalnymi utworami triasu i czwartorzedu, zas w potud-
niowej i zachodniej czeséci — praktycznie nieprzepuszczalnymi ut-
worami trzeciorzedu (Fig. 1, 6).

Hydrogeologiczne warunki GZW sa ksztaltowane przez czyn-
niki geologiczne i eksploatacje gérnicza kopalr wegla kamiennego.
Aktywnoé¢ wplywu eksploatacji gérniczej jest uzalezniona od roz-
miar6w, glebokosci, czasu i systemu eksploatacii. Pocksploatacyjne
spekania i zeszczelinowanie skat zwiekszaja przepuszczalno$¢ go-
rotworu oraz przerywaja izolujace poziomy. Gérnictwo wegla ka-
miennego na skale przemystowa rozwija sie w zaglebiu od drugiej
polowy XIX wieku. Przeci¢tna glebokosé kopalii wynosi ok. 650 m,
natomiast maksymalna glebokosé ok. 1200 m (Fig.1). Wyrobiska
gornicze stanowia obecnie gléwna podstawe drenazu karboriskich
pozioméw wodonoénych. Zasieg oddzialywania gérnictwa wzrasta
z biegiem lat, co powoduje stale poglebianie sie strefy aktywnej i
utrudnionej wymiany wéd.

Do najwazniejszych czynnikéw geologicznych kontrolujacych
rezim wéd podziemnych w utworach karbonu produktywnego
naleza: :

1) wystepowanie izolujacych utworéw trzeciorzedu w stropie
karbonu (Fig. 1),

2) obecnos¢ serii osadéw chemicznych w utworach trzeciorze-
du (Fig. 1), 3) blokowa tektonika i zeszczelinowanie goérotworu, 4)
obnizanie si¢ warto$ci wlasnosci hydrogeologicznych skal karbonu
z glebokoscia na skutek proceséw diagenezy (tab. 1).

Uwzgledniajac warunki zasilania karboriskich pozioméw wo-
donosnych obszar zaglebia podzieli¢ mozna na dwa regiony hydro-

geologiczne (1, I1). Zasieg regionéw okresla granica wystepowania
nieprzepuszczalnych utworéw trzeciorzedu. Zasilanie pozioméw
wodonos$nych odbywa sie w zasiegu I-go regionu hydrogeologicz-
nego poloZonego w NE czesci zaglebia, oraz poprzez okna hydro-
geologiczne w regionie II-gim (Fig. 1, 2).

Wodonosnosé utworéw karbonu zwiazana jest z wystepowa-
niem wkladek piaskowcéw w kompleksie itowcowo-mulow-
cowym. Obserwuje sie wyrazny trend obnizania sie wartosci
wlasnosci hydrogeologicznych piaskowcéw wraz z glebokoscia.
Ponizej glebokosci 700 - 800 m ppt sa to skaly praktycznie nieprze-
puszczalne i niewodonosne.

Badania $rodowiska hydrogeochemicznego wskazuja na wys-
tepowanie w GZW normalnej strefowosci hydrochemicznej zabur-
zonej dzialalnodcia gérnictwa, wystepowaniem stref ascenzji wéd
podziemnych wzdtuz stref regionalnych dyslokacji i oddzialywa-
niem zloza soli w utworach trzeciorzedowych.

Ogolna mineralizacja wod jest zmienna w granicach 0.5 - 372 g
dm3i posiada trend wzrostu z glebokoscia (Fig. 3). Wysoko zmin-
eralizowane solanki typu Cl-Na-Ca wystepuja w strukturach po-
grzebanych, w skalach zbiornikowych praktycznie nieprzepusz-
czalnych. Dzialalnos¢ gérnictwa powoduje wystadzanie sie wéd na
skutek obnizania si¢ podstawy drenazu, spekania gérotworu i ak-
tywnego drenazu (Fig. 4, 5, Tab. 2).

Wyniki badari hydrochemicznych, hydrodynamicznych oraz
izotopowych wéd pozwolily na umowne wydzielenie w profilu
karbonu produktywnego 3 stref przeplywu (Tabela 3):

1) lokalny, drenowany przez rzeki oraz plytkie wyrobiska gor-
nicze, do glebokosci maks. 350 m. Prowadzi on wody slodkie i
slabo zmineralizowane - holoceriskie i plejstoceriskie;

2) posredni, ktérego podstawa drenazu polozona jest na glebo-
kosci ok. 650 m, 4. na przecietnej glebokosci eksploa tacji gérniczej.
Prowadzi on wody ostatniego etapu infiltracyjnego mieszajace sie
z pogrzebanymi solankami paleoinfiltracyjnymi;

3) regionalny, obejmujacy strefe stagnadji hydrodynamicznej.
Prowadzi on solanki paleoinfiltracyjne.

Nalezy podkresli¢, iz zasieg stref przeplywu w poszczegSlnych
strukturach geologicznych jest zmienny, w zaleznosci od budowy
geologicznej i aktywnosci gornictwa.

Stwierdzona stratyfikacja izotopowa wéd (Fig. 7-10) jest odz-
wierciedleniem strefowej zmienno$ci przepuszczalnosci skal, izo-
lacji karboriskich pozioméw wodonosnych przez trzeciorzedowy
nadklad, drenazu wéd wzdluz regionalnych stref dyslokacji, oraz
dzialalnosci gornictwa.

Obserwowane réznicowanie sie skladu izotopowego wéd ko-
palnianych w okresie ostatnich dwudziestu lat wskazuje na zmie-
niajacy sie¢ w czasie zasieg stref hydrodynamicznych. Jest to
warunkowane zwiekszjaca sie glebokoscia wyrobisk gérniczych i
intensywnoscia drenazu. Pompowanie przez kopalnie wegla ka-
miennego okolo 1 mln m> wéd na dobe jest podstawowym czyn-
nikiem obserwowanych zmian strefowosc hydrochemicznej,
dynamicznej i izotopowej.




