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!he results of several-year studies on the water chemistry of 
the inflows of the Bogdanka K-1 piloting mine allowed !or verti
fication and precising of the hydrogeochemical zone pattern of 
that part of the Lublin Coal Basin, recognized earlier in the re
gional aspect, basing on the surveying of bore-holes. Water che
mistry of borehole waters was examined and found to show the re
gular vertical hydrochemical zones, typical of coal basins. 

Shaft and horizontal mine·workings as well as the exploita
tion of the first and second longwalls permitted a through sam
pling of•waters flowing out from the Carboniferous formations. 

The occurence of vertical hydrochemical zones was found, being 
manifested in the water mineralization increasing with depth 
{from ca. 2000 mg/dm~ at.754 m, through 4500 mg/dm3 at 920 m, to 
ca. 10.000 tiJg/dm3 at 960 m) and determined by a succession of 
chemical types of water. The types alter from the Na-Cl-HCO~ thro
ugh the Na-Cl to the Cl-Na. Hydrochemical indices to change as 

well, from among which the rNa : rCl index changes most (from 
1.84 to 0.93). 

The hydrochemical zones pattern obtained from a mine workings 
survey differs from that obtained from a·· boreholes survey. 
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IliTRODIJCUOB 

Studies on the water chemist17 of water samples ta.k:en from bo
re-holes in the LCm showed the occurence of the regul.ar hydroche
mical zones, typical of artesi~ laasins ( R6lkowsk1, Rudzi.Ilska 
1978). The zonation is ~ested mainly in the water mineraliza
tion growing with depth, the determined succession of the chemi
cal types of water, and alterations in values of the bydrochemi
cal indices, mainly of the rBa : rC~ "index. Results of water ana
lyses of e~ffluents, outflows and outdroppi.Dga in mine excavations 
allowed for precising of the pattern of the distribution of wa
ters of various mineralization a.ud chemical _composit:Lon in the 
Carboniferous and its overburden. 

The description of the vertical and hor:bontal hydrochemical 
zones presented in this paper is based on more than 200 chemical 
analyses of water samples talcen during in the boring deepiJlg of 
she:fts and"in the firBt horizontal worki:ags in the ~1 mine (!a
ble . 1). Since no reaul ta of the cheml.cal aua1ysea of the upper 
part of the ~t profil.es ( the QuaterD&ry and Upper Cretaceou.s) 
were availab1e, to characterise that ·zone the author& used the re
Slll ts of the a:.aalyaes of water saapl.es taken .from bored' wells of 
the Cretaceous :tor~ation11 of tke 111illing area of the X.-1 mine. 

Since a aetat~d ~ics of the water ·chem:1.Jrtr.r of wa
ter-bea.riDg horisa:Da opned by mine workiDgs is pr&aeJlWd by the 
authors in other paper : ( ACiaaezyk, ~ 1n R6Zltowsld., 
Wilk ( ed.) 1n pren). Henoe, only .tl.e po1:nt8 of .i-t b8:bg essen

tial :for the sub1ect of this paper ue presented 'bel.ow. 

BBSUL!S 0~ smmES .dD DISCUSSIOll 

Confirming the bore-hol.e data of R6skowsk1 and Rudziliska ( op. 
cit.), the results of the studies on mine worlt1l:lP all.ow three hy

drocheJD.ical zones to be distilaguished in the vertical profile of 
the LCll. The first one, i.e. the active water exchange zone, is 
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'!'able 1 
Essential oharacteJ.'istica of the water ohelliatr.t of waters from water-bearing levels 
splitted by mine workings of .the lt:-1 mine , · 

Stratigraphic Number Minera- Conoent~ation of main ions (mg P.r dm') 
affiliation of the of ana- liBation 
sampled effluents 
and outfiows 

lyses Ca \ Me Na + 1t aoo
3 804 Cl 

minillltlin 
mean 

· maximum • 
LOWer 16 864 1 1 241 159 . 30 205 
Cretaceous 1273 4 5. 3o6 382 84 333 

1583 15 10 537 603 135 546 

Jurassic 46 788 1. 0 216 226 4 175 
1375 5 6 460 448 19 337 
2384 '15 9 854 854 142 1060 

The level 1240 0 .2 395 342 5 370 
of 754 m. 34 1630 6 7 565 438 17 616 

2169 36 36 726 520 48 925 

The level 1545 1 1 493 482 0 413 
of 864 m. '30 3508 14 12 1157 842 46 1120 

Ill 4006 36 23 1416 1180 281 1880 
~ 
J..t The level 34 2622 14 6 902 67 0 809 Gl 

'H of 920 m. 4490 27 29 1553 802 36 2040 
-a 7060 102 81 2576 1457 228 3800 
0 
.0 The level 6555 9 52 2388 119 0 3400 ~ 
0 of 960 m. 23 8430 107 87 3106 353 20 468.9 

10260 141 119 3703 501 89 6000 
--~--~-----

" 
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connected with the formations of the first water-beaz:ing Quater
nary-Cretaceous complex. These are freshwater of a medium bard
ness their mineralization usually up to 800 mg/ OJs?, and the che
mical type Rco3-Ca-Mg or HC03-ca-Ba. The water chemistry of the 
zone is determined mainly by the processes 6f dissolving of com
ponents of the rocks the waters circulate within. The processes 
depend mainly on tlie carbonate balance of the waters. 

The second hydrochemical zone distinguished by the authors co- · 
mprises the water-bearing complex connected with the formations 
of the Lower Cretaceous, Jurassic and the upper part of the Car
boniferous to the mine level of 754 m down. It is separated from 
the first, upper zone, with a complex of almost 400 m thick, po
orly permeable and impermeable Cretaceous formations. In respect 
of the main hydrochemical index used !or the distinguishing of 
hydrochemical zones, i.e. the r Ba : r Cl index whose mean value 
reaches more than 1 .. 3 in the waters of the discussed zone, these 
waters should also be included to the upper zone of the active e
xchange. However, the diff'ioul t condi tiona of the water feeding 
and exchange as well as the chemical type being different from 
that of the waters of the mentioned above upper zone, were the 
reason for the distinguishing of this zone in the present paper. 
The mean value of the 1J9dium-chloride index is yet lower in this 
zon,e. 

The waters occuring within the Lower Cretaceous, Jurassic, ana 
Upper Carboniferous format.i:ons show a very similar chemical com
posi t;l.on; sodium (sodium and potasnum ), hydrogen carbonate and 
chloride ions predominate. These are mainly waters of the Na-HC<1 
Cl, Na-Cl-HCo

3
, and HC03-Cl-Ba types. A marked increase of mine

ralization with depth becomes observable in this zone (Fig. 1 ). 

The value of the r Na : r Cl index within the second hydroche
mical zone charges in a rather wide range even in waters of the 

same lithostratigraphic link (Fig. 2, Table 2). 
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~able 2. Values of the rNa rCl ~ndex in the K-1 mine inflows 

Stratigraphic Index value affiliation of 
the sampled the lowest mean tne hl.ghest l outflows and 
effluents 1 

' 
Lower cretaceous 1.35 1.78 1. 93 l 
Jurassic 1.23 2.01 2.92/5.2 
carboniferous mine. 
level of 754 m 1.31 1.44 1.65 
Carboniferous mine, 
level of 864 m 1.16 1.33 1.84 

Carboniferous mine, 
level of 920 m 0.97 1.10 1.19 

Carboniferous min, 
IJ.evel of 960 m 0.93 0.95 0.98 i 

I 

~ 

The inflows. of the mine level of 864 m -show a higher minera
lization and a higher concentration of the main ions determining 
the chemical type of water, than the inflows of the horizontal 
mine workings at the mine level of 754 m. (Fig.1). However, they 
represented the same chemical type as the waters occurring above, 
i.e. the Na-Cl-HCo3 one. 

While the mine working inflows of the mine level of 846 m can 
be included to the second hydrochemical zone distinguished by 
the autors_, the ones of the region of the longwall at the mine 
level of 920 m, despite that they are connected with the same co
al bed, represented the intermediate type, between this and the 
third zone. 

The chemical type shifts from Na-Cl-HC03 (characteristic of 
the mine level 864)to Na-Cl and Cl-Na, and except the outflows of 
the goa.! zone the values of the rNa :rCl index approximate to 
1.0, in single samples being less than 1.0 (Table 2, Fig. 2;'. 
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Fig.1. Variations in mineralization and chemical t7pes of the waters of Bogdanka mine with 
depth 
1 - Quaternar7, 2 -Upper Cretaceous, 3 - LoWer Cretaceous alb., 4 - Jurassic, 5 - Carboni-
ferous, 6 - bondaries of the area of variations itt waters mineralisation, 7 - statistically 
averaged diagram of mineralization variations with depth. 
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:Pig.2. Depth charJgea in the rBa : rCl value in water in!lows of 
the X.-1 mine 1 - area of the alterable index value, 2 - mean i
ndex val.ue. 
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The third hydrochemical zone distinguished by the authors co
mprises the Carboniferous formations below the depth of 920 m. 
There occur only wate.rs of the Cl-Ba type. The value of the r Na 
: r Cl index is lower than 1.0 and ranges from 0.93 to 0.99. It 
is the zone of a difficult water exchange and a poor contact with 
atmospheric waters. 

In a commonly accepted division into hydrochemical zones this 
zone would belong to the second (medium) zone, whereas the ones 
described abon should be included to the upper zone. 

The Carboniferous formations, and partly their overburden are 
characterized by redu.ctin conditions. The sulphate-chloride in
dex (r so4 x 100) : rCl in most cases does not extend the value 
of 1. o, decreasing continuously with depth within the Carbonife
rous. 

Depth changes in mineralization (Fig. 1} can be divided into 
two intervals. Its value is growing relatively slowly up_. to 900 
m deep, altering from about 1.5 to 4.0 g/dm3 .at the depth of 500 
m and 900 m.respectively. Deeper than 900 m a rapid increase of 
mineralization can be observed, its values ranging from about 
4.o to over 10.0 g/dm3 at 900 m and 960 m respectively. The va
lue of the mean hydrochemical grade in the studied interval of 
Carboniferous formations and their overburden (i.e. from ca. 500 
m to 960 m) is about 65 m per gramme per a 3 , that of the hydro
chemical gradient being about 1.5 .gramme per dm' per 100 m. 

The pattern of the vertical hydrochemical zones (Fig. 1) in
dicates that the waters of the Jurassic formation represent the 
chemical type being characteristic of the higher . hydrochemical 
zone. The values of the r Ba : r Cl index are higher than in the 
overlying Cretaceous (Fig. 2). It would indicate better condi
tions of water flow and exchange in the Jurassic than in the lo
wer part of the Cretaceous. 
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In general, especially within the Carboniferous formations, 
it is observable that the conditions of water exchange are get
ting worse with depth. This is indicated by the values of the :r 

Cl : r BC03 index increasing from about 1 - 4 in the Cretaceous, 
Jurassic and the upper part of the Carboniferous, to more than 
10 at mine level of 960 m, with the simultaneous ·Jurassic in the ,, i 

values of the r BC03 + r so4 : r Cl index, from 0.4 - 0.5 to 0.05 
respectively. 

Fig.3 shows a diagram of depth changes in mineralization, e
laborated 0 n the basis of all chemical analyses of the water in
flows of the :Sogda.nka mine workings. The curve illustrating the 
changes bas been statistically determined by means of a ~gres

sion analysis. Its formula for the studied depth interval is y = 

a + b : x. The correlation coefficient between B (depth) and M 
(mineralization) for this model of fitting is r • o. 91. The cou
rse of mineralization is typi.cal of the process of freshening of 
a. sedimentary basin. It is comparable with the typical of the Up
per Silesian Coal :Basin ( USC:S) diagrams of depth changes in mi
neralization- presented in Fig. 3:8. The areas of the USC:S that 
are covered with Miocene formations, where the processes of fres
hening are p.oorly marked, are characterized by a "convex" curve, 
as in Fig. :5:8 (region of the Silesia mine-r, region of Rybnik -
II). The hydrogeologically uncovered regions the central and eas
tern parts of the USC:S are characterized by a "concave" curve, 
being si.milar to that characteristic of the LC:S. It is well to 
add, however, that unlike in the LCB, in no part of the USCB wa
ters of the mineralization of about 10 g/ dm3 can be found 1000 m 
deep. In general, even in areas hydrogeologically uncovered dis
turbed by a long-lasting mine exploitation, the occurence of 
strong brines is observed at 500 - 700 m. The data presented a
bove suggest that the.USCB and LCB differ in respect of the con
ditions that determined the chemical composition of the waters 
occurring within the Carboniferous formations. 

Analysing of the water samples taken from the airway and from 
the region of the Ist longwall allowed for the recognition of 
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Fig. 3. Diagram of deptl changes in mineralization of wa~er inf
lows of the K-1 mine tA related to chosen profiles of dep~h cha
nges in mineralization n the Upper Silesian Coal Basin (B) - !
region of the Silesia mine, II - region of Rybnik, III - eastern 
part of the USCB, IV - basin of Bytom. · 
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Fig.4. Map of the water ehemistrr of the inflows of the extraction gallery (longwall} re
gion of the K-1 mine (the level of 920 m) drawn according to the strate in the end of 1983, 
1 - Hco3, 2 - 01, 3 - Na + K, 4 - Mg, 5 - so4, 6 - ca. 
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the pattern of the horizontal. hydrochemical. zones of coal seams 
382 1.n its part opened by mine world.Dga. The zones are illustra• 
ted by a map ( l'i.g. 4 ). It should be explai.ned, that the pattern 
presented by the map concerns coal seam }82, whose deposition de
pth ranges from about 884 111 (region of abafi 1 ,4) to 920 m ( re
gion of shaft 1,2). Hence, the map presented in l'ig. 4 does not 
strictly correspond to the horizontal hydrochemical zones of a 
particular depth profile, bllt is a. map of the chemistry -of the 
waters occurring within coal seam 382. 

The vertical hydrochemical zones described above permit the 
correct illterpretation of the pattern presented 1.n l'ig. 4. 

The observed higher mineralization values of waters 1.n the 
region of shaft 1.2 than of those of the region of shaft 1.4 re
sulted undoubtedly from the fact, that 1.n the preTious region sa
mples were talten from the effluents located about 60 m deeper. 
However, in the region of the loDg-wall waters showing a relati
vely low mineralization value (ca. } g per am3) and high values 
of the r 1la. : r Cl. index are found. These are mainl.y the waters 
of the goaf zone, that is, the ones that shifted from upper parts 
of the Carboniferous. Hence, a rel.atively rapid •.tresheniDg8 of 
the waters occurriDg at the l.evel. of 920 m is observed as a re
sult of disturbance of the rock mass. ~ proceBB of freshening 
of waters within Carboniferous formation, that 1.8 caused by te
chnOlogical factors, is probably onrl.appiDg the considerably slo
wer process of the natural ·freshening, whose lasting is measured 
1.n terms of the geologic time. The natural freshening is associa
ted with the regional. descending now of waters within the Juras
sic and Westfallan formations, from SE to lN. 

The available data amount does not allow for a more detailed 
discussion on this problem as wel.l as for the decision whether 
the regional direction of the water flow and the resulting pro
cess of freshening of the Carboniferous formations is distinctly 
reflected in the water chemistry of the Bogdanka mine waters. 
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Fur,ther studies on the chemical composition of gravitational 
waters coupled with studies on pore solutions unable to be gra
vitationally bleeded, should provide interesting data on the sub
ject. 

In spite of the short, about 3-year period of observations on 
the level 920 m, some tendencies are observable in the effluents 
and outflows of this level. For instance, the total water mine
ralization has.been found to .decrease with time. This will' be 
noticeable, if we compare the maps illustrating the chemical com
position of the waters of the level 920 in the particular years. 

Now it is difficult to foresee thefUlther course of the chan
ges with time. No doubt they would be dependent on the vertical 
range of the mining impact and the resulting inflow of waters 
from upper parts of the Carboniferous. 
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