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ABSTRACT

The present work contains the characteristice of the ef~-
fective porosity, specific yield, permeability and the pore-ci-
ze of the upper Carboniferous sandstones of the SW part of the
Upper Silesian Coal Basin, This characteristics was presented
basing on the laboratory research carried out on 460 samples of
rock drawn from 11 borehcles, The variabilities of the discus-
sed hydrogeological properties were presented depending on the
stratygraphic position and the depth of sampling. The analysis
of the variabilities was carried ocut in three variants taking
into account: the depth from the surface of the area (Z1), from
the Carboniferous roof (Z.,) and the distance from the accepted
correlation level (Z;). Tﬁe tendency to decrease the effective
porogity, specific yfeld and permeability of the examined sand~
stones together with depth has been observed, this dependency
being clearest when taking into account the distance from ths
correlation level (Z3).

By meang of the factor analysis (R method) an attempt
has been made to establish the kind of factors and their role
in shaping the observed variabilities, It has been observed
that the differentiating of the total volumes of the open po-
res and their size being the result of both the diagenetic
and weathering procesg has the decisive influence.

INTRODUCTION

The huilding of new coal mines requires the krowledge
of not only geclogical but alsoc hydrogeological conditions of
the mining sreas. To sclve such problems as the size of tne
expected inflows, defining the anticipated time of dewatering
as well as its range, it is necessary, amcng others, tc know
the hydrcgeclogical properties of the rocks accompanying coal
veds. This specific need influenced big interest of the rese-
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archers in the probiems of hydrcgec.ogical properiies
Carponiferous rocks of the Upper Sileszan (oer Bazin.
the majority of resezrch was concentrated ir the Basverr part
cf the Basin and, as a rulz, covered the youngest complex of
gediments, i.e, the so-called Cracow sandstone compelx (Z,wWilk,
1964, 1965, 1967; L.Wilk and B.Szwabowiecz, 19€5; 4.S.Kleczko-
wski and S.Witczak, 1967). In recent time there was a necessi-
ty t¢ examine the SW part of the Basin in connection with the
wining development of the coking coal deposits. There are pra-
ctically no detailed studies concerning thie part of the Basin.
Gheral information in this field was, among others, presented
ip the work by Kleczkowski and others (1968) and Rézikowskl and
Wagner (1986), These facts influenced the interest in the SW
part of the Basin and the problems of the hydrogeologica! pro-
perties of the upper Carboniferous rocks occurring there,
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THE GENERAL GEOLOGICAL AND HYDROGEOLOGICAL CHARACTERISIICS

The research covered the area sitnated in the SSW part
€§iBasig witkhin *the range of the so-called Main Syncline
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In the examined geclogical profile of the area there are Car-
boniferous, Tertiary and Quarternary formations. The producti-
ve Carboniferous formations consist of three lithostratygra~
phic series: the paralic complex - Namurian 4 {A.Eotas and
W.Malczyk, 1972a), the Upper Silesian sandstone complex -~ Hamu-
rian B and C (A.Kotas and W.Malezyk, 1972b), the mudstone com-
plex - Westfalisn A4 and the lower part of Westfalian B (J.Fo=
rzycki, 1972). The productive Carboniferous formations are sha-
ped in the form of sandstones and mudstones with numercus coal
beds, In the profile the quantitative relationships between pa-
rticular lithelogical types of rocks are varied. Generally,
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within +the goope ¢f the Jjper 3ilsasiar panustone s€ries mRCYCw
clastic formatione dominate.

The Carbonifercus waterbearing etage consists of & num-
ber of water aguifers connected with the strata of sandstones
rscizted frex each other by intercaletions of none-permeabls mu-
jetones, _ocelly, in the zones of the lithological wedgings out
and tectonic disturbances there is & hydraulic tie between the
aquifere,Carboniferous aquifers are of the porous-fissured type
with changeable hydrogeological parametsrs,

THE SCOFE ARD RESULIS OF THE RESEARCH

In order to obtain detailed data concerning the hydrogeo-~
logical properties of the Upper Carboniferous sandstiones of the
discussed region 46C samples were examined drawn from 17 bore-
holes (Pig, 2). The carried out research covered the marking of
effective porosity, epecific yield, permeability and the pore-
size,

To mark the effective porosity the method of saturating
rock samples with liguid in vacuum has been used (A.EKleczkowski
and St.Mularz, 1964), As a saturating liquid, however, not ke-
rosene was used but brine 0.5%, To mark the specific yield the
method of capillary drainage has been applied (T.Bromek, 1977;
as well as the centrifuging method (J.Motyke and others, 1971).
Rock permeability was marked by means of the geas permeameter
constructed in the Main Mining Institute in Katowice (M. Rogéz,
1975). The pore-size measurements was carried out on 12 sam-
gles by means of the Quantachrome mercuric porosimeter in the

ydrogeological Laboratory of the British Geological Survey
in Wallingford (Great Britain). The remaining markings were
carried out in the Bydrogeological Laboratory of the Earth
Sciences Department of tbe University of Silesia in Sosnowiec,

Effective porosity

The values of the effective porosity coefficients ¢f the exa-
mined sandstones vary from 0.86% to 2%,18% with the mean value
of 8.01% and modal value of 4,52%, Over 50% of all sampies has
low effective porosity varying from 2% to BX.

Anaiysing the obtained results depending or the litho-
stratygraphic complex one can observe certain regularities.
The mudstone complex sandstones are characterized by the big-
gest effective porosity with their simultansous highest varia-
bility (Tab, 1). The sandstones of the remaining twc complexes
gererally have lower effective porosity and its smaller varia-
bility (Tab. 1).

Specific vield
The specific yield of the discussed rocks is alsc varied from
C.32% to 22,8%% with the average value of 5,97% and modal va=-

iue of 2,50% (Tab. 1)}, About 50% of a8ll samples is charactseri-
zed by very iow specific vield not exceeding 4%, Only 11 out
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of 460 samples had specific yield over 18%. The latter cam be
considered as extreme and accidental.

The mudstone complex sandstones are characterized by the
biggest specific yield and its biggest differentiation. The ob-
tained values cover the wide interval of 0,43% - 22,.83%., The
%c))west specific yield have the paralic complex ssndstones (Tab,

Generally, one can say that the general features of the
specific yield variability considered depending on the age of

the lithostratygraphic complex, are the exact reflection of the
observed variability of the effective porosity.
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Q;x Mudstone complex Upper Silesisn sandstone Paralic complex
N compl ex
'\\\ max. | min. X Mo max, | min, 2 M, max. | min, 5 M
aftfective

POI?§%tY 23,180,86 | 10,21 |10,78 19,34 |1,26 5,25 |5,15 19,67 [0,93 [4,22 3,33

ppecific

N} e}g) 22.8%]0,43 8,24 T¢3316,96 [0,45 [3,09 | 2,92 (7,64 (0,32 (2,09 1,38

—— - o

permeabi-

litz 310,4710,004 | 22,675 - 1,68 {0,006 | C,287 - 0,48 0,023 (0,197 -
mb) .

Table 1. Characteristic values of particular hydrogeolegical parameters of the Carboniferccs
sendstones.

-
X ~ wmesn value
“o" modal value
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Ierpeabilivy
The obtained permeabilivy resuls
tc 31C.47 nl, so these ars rock
to weakly permeatle {according tc Z.iazndre, ° AN
all the examined sarpies had permeability below 10 ml,

in the basic of xsen vaiues of the effective porositr,
specific yield and permezbility (Tab. 1) ore can observe a clee
ar tendency tc¢ decrease these values towards the stratygraphi-
cally older complexes. Big Zisproportiorn of the mean values of
particular hydrogeological parametsrs of the examired sandsio-
nes between the mudstone cemplex and the remaining cowplexece
i8 to be observed, It is perticularly seer with permeability
where the mean value for ine mudoione complex is 22,675 mD anc
for the remeining complexe :3 about wTwe orders of magnitude
smallier, Within the pudstone complex we observe the biggest di-
fferention of the magnitudes of all the discussed hydrogeclcgi-
cal properties, It is connected, firet of ali, with ike widelr
understood weathering toth mechanical and chemiczl. Mechanical
weathering was mainly comnected with the deconsolidatior pro-
cess, in other words, mechanical expansion of the mass rock
due to lightening in the course of long-lasting denudation pro-
cesses, Chemical weathering, on the other hand, could lead to
the decomposition of both matrix and the basgic components of
rocks, such as feldspars and micas, the leaching of the deconm~
posed substances and later their repeated falling cut,

Characteristics of the pore space structure

(n the bagis of the carried out microsections and photographs
from the electron microscope very varied shape and size of the
pores in the examined sandatones have been observed. The sha~
pe of the pores changes from almost round to very oblong. They
are often filled with the aggregates of the clay minerals,

The size of the pores ranges from the thousandth parts of un
‘o the order of 200-500 um, The fuller characterization of the
pores with the diameters smaller than about 100 um was carried
out basing on the results obtained from the research on the
mercuric porosimeter, The researck was carried out on 9 sam-
ples of sandstones and additicnally on 3 samples of mudstc=
nes drawn from different depths of a single borehole (A.¥i-
tkowski, 1986)}. The results of the research were set up in
table 2, Pore~size distribution curves were alsc drawn (Fig.3).

Analysing the course of the curves one can generylly
distinguish their three characterigtic types.

The first type is representied by curves 1, 2, 3, 5 and E.
They characterize the homogeneous mudstone complex sardsio-
nes with effective porosity of the order of 11-14%. The senc-
stcnes are characterized by the biggest homogeneity of the
size of pores, The medians of pores diameters vary from G,2%
ur to 2 um.

The second tvpe ig& represented by the curves characteri-
zing sampies 7, 8 and 12. They are characterized by the big-
gest non-homogeneity of the size of pores and refer tc the sa-
ndstones of the Upper Silesian sandstone complex and the para-
144 .
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1ic series, These sancstones nave icw offective porogity of the
oréer of 3=5%. The median of pores diameters is limited from
17.0 4w to 28.0 um.

no of] lithostraty-|lithology Vc Sw 4 dSO
gam- | graphic com-{of samples 3 2 2
ple |plex em”’/g] B/cw Mm M
1 mudstone sandstone
complex 0.0609 | 0.0612 9,17 | 2.000
2 -l o -_. had 000463 0¢oa16 5037 00350
3 - - 0,0515{ 0,0462 |} 10,60 | 0.250
4 - mudstone |0,0134{ 0,0886 1.57 | 0.027
5 -" . sandstone 10.0474| 0,2720 1.61 | 0.300
6 - - - 0.0470| 0,0626 7«12 | 0.450
7 | Upper Sile- - "o
slan sandsto$
ne complex 0.0227] 0,0104 | 22,66 |20.000
8 - . -n 0.0264 | G.0154 | 17.43 |17.000
9 | paralic com,{mudstone | 0.0143)] 0,0208 7.16 | 0.03%0
10 - - 0.0071| 0,0102 T.48 | 0.037
11 - sandstone | 0,0160] 0,0518 3.16 | 0.C77
12 - - 0.0185] 0,0076 | 25.3%5 ]| 28.000

Table 2. Compilation of the results of pore-size measurements
of Upper Carboniferous sandstones and mudstones,

Q- pore diameter

Fig.3 Pore size distribution curves

Reproduced from best available copy

1-12- sample's numbers according to lab.2




IMWA Proceedings 1987 | © International Mine Water Association 2012 | www.IMWA.info

The tuiré Iype L& reyregenves
They refer to the muastones |
sandatones iamineted with mu £ L2
tive porosity of thes? roUss 18 L0w &NS
TOoCKS are tharacterized Ly the -:::r
size of pcres arnd very low values of
meters: from C.007 wm 1o Z.3T7T mm.

VARIABILITI ¢ THE EYDROC“P'OU ”AL PROP IES OF 5ANDw

The problexm cf the infiuence ~I the depth cf occourrence
of the seaimentqry rock for their hydrngeclogical preoperties
wag discusged Tty many rese::tnﬂra, among others: L.F.atay (*910,.
J.Fatt (19553}, G.N.Hall {193%;, ¥.C. Krumbein {i942) ana othevrs,
These authors observe the phencmenon of the decrease of pOro-
=ity and permeability reccokxs witn depth.

In Poland this precbiem was toucned upor mainly by <he
*esearvhevs from Academy of Mining and Metalliurgy in Cracow.
“articular attention should be paid %o the pioneer works of
T.Hilk (196G, 1565) and Wilk witn Szwabowicz {13565). These aut-
pors cbgerve the gereral decrease of the total ana effective
porosity as well as the Carboniferous sandstones permeability
with depth, This variability is clearly connected with absolu-
+e depths caiculated from the Carboniferous roof ( Filk and
S.3zwabowicz, 196%5; L.Kleczkowski ané others, 1976}

In the present work the sandstones of the clder comple-
xes of the Upper Carboniferous were analysed. The observed tex
ture differentiation ¢f the discussed sandstcnes having influe~
ence on their hydrogeological properties, caunsed the necessity
tc isolate the so-called homagenecus sandstonee fror the whole
set of sandstones samples, To this subset belong sandstones
with the homogeneous graining in which wmeither the gradual
changes c¢f fractions nor lamines nor inclusions of the coali-
fied organic matter is observed.

The analysis was carried ocut in three variants examing
the variability of a given hydrogeclogical property in the
Ffunction of:

8} depth from the surface of the area (94)

bs depth from the Carboniferous roof (Z»/

&) distance frecm the correlation level whick is the coal
ted described by means of number 405 (4,).

The dependencles were approximated ueing polyncmiale cf
varisut uscraso. _ug depomdenciles was besi described by the sew
-cud degre pOLynomialB. ip > result of caiculations the monli-
zear rggression equations wer: obtained of %ne generai Iform:
¥ = &X°< + bx + ¢, The correlat.on coefficients {F) were also

calculated (table %),

In order *o dasplay the s ape of curves and the disper~
sior ¢f pointa the diagrams ¢ 1e variarnility of e'fec*ive Deiw
rceity of homogeneous sandstcns: in the function of deptns froc
the Cartoniferous roof (Z.? ar. 4ae distance Srom the correlss
104
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CL. | =0.638 | 0,780 ¢ 0,864 : =0,800{ =0,%85 [=¢.i

T | =C.62 | ~G.733 | =C.85C i =C.T30] =0,364 {=G.33%
Pooo, | C.671 | 0327 | 04388 | C.E8F6]  Ce427 | 0.524
iNumber { ! |
Jef mare . ! : ;
jxinge j 460 305 ;480 P 309 114 %
! i 4 i i

Pable 3. Setting up the lirear correleticn coefficients (R)
between the effective pcrcsity, specific yield r.‘nC
permeability of the Carbonifercns sandstones and 2
pths from the surface of area {Z4), froc the Cargon*-
ferous roof (Z-) and the distance from ithe correlas
tion level (23

Frowm the analysis cf data in table 3 it results thet the
size of all the discussed hydrogeological properties of the
Carboniferoug sandstores ig to a large degree depzndent on the
locaticr of the saxple ir the deptn profile. These dependen=
cies are particularly cbservable for the isoclated subsetr of
homogeneous sandstones.

The atove menticred depprden01es exist for all three con-
sidered variants klﬂ the function of 2 Zo and 23). It is, how-
ever, the biggest in case considering %ﬁe focation of samples
in refererce ic the correlatior level (I,), and the smallesi
when considering depths from the Carboniferous roof (I,). These
facts make it possible to assume thet the biggest inflidence on
the variability of the hydrogeological properties of the discu-
geed rocks is exerted by their location in the stratygraphic
prcfile. The lower correlation coefficients cbtained for the
derths from the Carboniferous roof are caused by very big di-
”’ﬂrert;atlo of the described formaticrn reiief. The present
ghaping of the Carbonifercus surface is the effect of tectonic
rrocess, and, xirst cf all, erogicn., The mudsione complex un-
derwent particularly streng eros;on. The erffect of tn*s iz con=-
siderable aifferentiation of *he thicimess of this complex
‘Pig, d}. Two poreholes - no. ? and no, 2 are wxsmp*'f‘ﬁ~t¢c“
¢f this. In the borehole ne, £ thiclkness of pudztone complex
18 a8 much as 240 m when in the bcerehols ac, 2, abcut 7 ;
distzrt frow ithe pre71ous cne, <thicxknese of thies complex
*4 ‘Fig. 2. Jaghly dirferentiated X

cced za ¢ 15 alse
: iar of Cax: Tersus rool whicr var:
encie ne,. £, %o T0T7.4 x lir she box
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Fig4 Dependency of the effective porosity coefficients
( ne) of . the homogeneous sandstones” on:
a) depth from the Carboniferous roof (z;}, b) the distance
from the correlation level (z3)

1 - correlation levet

The observed decrease of effective porosity end of speci-
fic yield of sandetones with depth causes also the decrease of
the draining degree in this direction understood as a relation
of the specific yield coefficient to the effective porosity coe-
~“icient. The decrease of the draining degree value is a prove
of the relative participation of bound watere increase in the
general budget of waters occurring in the discussed rocks.

The presented differentation of the hydrogeological pro-
perties of the examined sandstcones has been shaped under the
influence of many factors, mainly of geological character, An
attempt to define these factors and to establish their role in
+he ghaping of the variability of the hydrogeclogical proper-
ties of the considered rocks was made basing on the so-called
factor snalysis. The analysis was carried out by means of Hot~
teling s method of principal axes - method R {J.Ckon, 1964),

4 collection of 614 samples of Carboniferocus rocks defined by
means of 16 changeable fearures underwent the analysis (A Wit

195
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fermations 70ue

2.93868YT cislocatnion
“zeoen Ior analyeis, the ovtained nydrew
wr properties ol rocus anc their veolumetric dengity we=-
Tasen inte account,

Cn the basis of the cbtained resulte ore can observe that
the degisive influence on the variability of the hydrogeologi-
szl properties of sandstcnes and Cartonifercue wudstones is ex-
erted by the differentiation of the total velume of the open
pores and their size, This differentiation is the result of
wroadly understood diagenetic processes, first of all, of sedi-
ments compaction and recrystallization processes as well as we-
athering prosesses, The latier are to be best cbserved within
toe mopt highly located mudstone complex. The reflection of the
irfivence of these processes is the variability of the discuas-
sed properties in the lithestratygraphic profile of the Carbo-
nifercus foermaticns, The second essential factor deciding on
the ditferentiaztion of the hydrogeological properties is the
content of the gmallest fractions of graing ir the ccrsidered
rocks. Thig factor is closely connected with the structure of
sendgtones and mudstones. The growth of the content of smaller
fractions causes the general decrease of the size of the consgi«
dsred hydregeclogical properties, The third factor playing =a
certain role, though still not well examined, is the kind of
matrix,
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