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Jan JETEL 

Vertical variations in permeability of flysch rocks 
in the Czechoslovak Carpathians 

Some general features of permeability distribution in nysch rocks are characterized. In a greater part 
df fl ysch regions, the near-surface zone reaching (on the regional average) to the depth of about 30 - 40 m. 
represents the major aquifer in flysch rock massif. Regularities in vertical distribUl ion of permeabil ity 
are quantitatively documented by results of regional evaluation of data from water injection tests (water 
press ure tests) carried Out in the Godula Member in Czechoslovakia. The evaluations give the basis for 
stati stical predictions of permeability, hydraulic conductivity and tran smissivity distributi on in th e 
studied rock s. It can be assumed that very similar regularities should be expected in other lithostrati­
graphic units of the Carpathian flysch . 

INTRODUCTION 

In spite of the fact that flysch rocks cover a major part of the territory of Slovakia 
and Moravia , quantitative data on hydraulic properties of these rocks are very 
scarce. As yet the aquifer tests data are available only from the East Slovakia ' 
(M. Zakovic, 1979; 1. Bajo, 1984), while they are lacking for western part of the 
Czechoslovak flysch, i.e. for the area between the High Tatra Mts and south-eastern 
Moravia. In such regions, the data obtained from water-injection tests (water­
-pressure tests) carried out for engineering-geological purposes are the only sour­
ce of quantitative information on hydraulic properties of rocks (W. lawanski, 
1965 ; H. Niedzielski, 1974; 1. letel, L. Rybarova, 1975, 1983a; T. Doe, 1. Remer, 
1980 and others). Statistical evaluation of the data provided by water-injection 
tests with an appropriate hydrogeological interpretation may give a clearer in­
sight into the nature of depth variations in permeability of flysch rocks. 
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GENERAL REMARKS ON HYDROGEOLOGICAL FUNCTION 
OF FL YSCH ROCKS 

The experience gained in many flysch regions (L.A. Molokov, 1959; V.F. 
Linecki, 1961; J. Jetel, L. Rybarova, 1975, 1983a, b; cf. also N. Oszczypko, 1961) 
shows that traditional interpretation of particular rock types regarding the psammi­
tic rocks as aquifers and the pelitic rocks as aquicludes cannot be applied quite 
unambiguously and in absolute sense. There is no doubt that relatively high 
permeability of psammites is indicated by many springs located on contacts of 
sandstone beds with underlying shales. Yet predominantly very low intergranular 
permeability of flysch sandstones a, compared with the decisive role of their 
fracture permeability markedly obscures (especially in the near-surface zone) 
the relation between lithology and hydrogeological function of rocks (dependance 
of total effective permeability on rock type) . In certain circumstances, a body 
of shattered and fractured shales may act as aquifer in comparison with rigid non­
-fractured sandstones. Hydrogeological observations in many regions of the 
Carpathian flysch indicate that, besides plastic pe lites, thick banks of nOn­
-fractured sandstones are often also the less permeable members of flysch se­
quences. On the other hand, the highest inflows to boreholes and galleries are 
often related to an alternation of rhythmically bedded thin pelitic and psammitic 
layers, especially when they are tectonically crushed. 

In regions built of some types of flysch sandstones of high intergranular 
and fracture permeability, the major aquifer is related to the near-surface zone. 
It represents the zone of superficial disintegration of rocks along with the overly­
ing products of weathering, more or less conform with the ground surface. 
The hydro geological function of this zone is not in an unambiguous relation to 
the primary lithology of rocks. On hillsides, the near-surface zone can only 
conduct groundwater without any marked retaining capacity: when infiltration 
of precipitation ceases, the major aquifer, namely the near-surface zone, is gra­
dually emptied by gravitational outflow. Weakly pronounced control of hydro­
geological function by primary lithology weakers also the hydro geological effects 
of geological structure as the influence of geological structure becomes less 
important than that of surface morphology. The share of deeper circulation of 
groundwater is rather small as permeability of the near-surface zOne is much 
higher than that of deeper parts of rock massif and mean total permeability 
markedly decreases with depth. 

The ratio of intergranular and fracture permeability is controlled not only 
by lithology but, above all, by depth. In tectonically undisturbed rock masses, the 
share of fracture permeability decreases with depth. In deeper parts of the rock 
massif, the openings of fractures are gradually reduced and the total permeability 
is increasingly controlled by intergranular permeability only that is in flysch sands­
tones usually rather low, i.e. less than I milidarcy (cf. V.F. Linecki, 1961; 
R.S. Kopystiansky, 1966, and others). Very low intergranular permeability of flysch 
sandstones of the Godula Member is evidenced indirectly also by the results 
of studies of their porosity (1. Uhmann, 1968 ; J. Uhmann et aI. , 1973). 

According to our experience and to the observations of other authors, three 
zones of different nature of permeability can be distinguished in the flysch 
rocks: 

1. The near-surface zone, reaching in this area down to the depth of 30-40 m, 
locally to 50 m. Intense fracturing in this zone can be assigned to the results 
of temperature fluctuation, the effects of ground water and the effect to decom-
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pression and relaxation of rocks during the evolution of valleys along with . 
slipping of rocks on inclined planes of discontinuity. 

In Our concept, the near-surface zone is much deeper than the "strongly decom­
posed zone" as defined by W. Jawanski, K. Thiel (1979), reaching to the depth 
from 1-5 m to 10-15 m at the most. Besides the elevated mean permeability, 
the characteristic feature of the near-surface zone is a regular and distinct decrease 
of permeability with depth in the range of a few orders of magnitude. 

On mountain ridges and hillsides built of flysch sandstones, gaping fractures 
of the near-surface zone locally form continuous systems of underground cavi­
ties (joint caves). Such systems considerably increase the accumulation capacity 
of the rock massif and enhance the recharge in its deeper-seated parts. 

2. This transition zone of open fractures below the near-surface zone has 
a considerably lower permeability. Nevertheless, a continuous circulation of 
ground water is still possible here. The depth of lower limit of this zone is diffe­
rent, depending on the tectonic history of the area, the morphologic exposure and 
the lithology of rocks. As can be deduced from the data presented by L. Bober, 
N. Oszczypko (1964), N. Oszczypko (1966), W. Jawanski (1973), H. Niedzielski 
(1974, 1978), J. Jetel, L. Rybitfovit (1975, 1983a, b), D. Malecka, W. Murzynowski 
(1978), A.S. Kleczkowski (1979), M. Zakovic (1980), N. Oszczypko et al. (1981) 
and J. Chowaniec et al. (1982), the depth of lower limit of the regular systems 
of open fractures allowing continuous groundwater circulation is most often 
not greater than lOO m (L.A. Molokov, 1959, indicated the depth od 100-
150 m). 

3. Below the transition zone, groundwater circulation is restricted to spora­
dically occurring solitary open fractures or to jOint concentration zones of tecto­
nic origin. The influence of these irregularly permeable discontinuities upon the 
total permeability of the rock massif can hardly be predicted Or expressed by 
a general quantitative characteristic. 

HXDRAULlC PARAMETERS OF THE STUDIED ROCKS 

As mentioried above, the hydraulic parameters of flysch rocks in the greater 
part of the Czechoslovak Carpathians can be assessed only from the data of 
water injection tests carried out at the geotechnical investigation of the sited of 
planned dams. In Czechoslovakia, the first regional interpretation of such data 
concerned the flysch rocks of the Silesian unit in the Moravskoslezske Beskydy 
Mts (J .. Jetel, L. Rybarovit, 1975). The bulk of the interpreted data was provided 
by the tests carried out in sandstones and shales of the Godula Member of 
the Silesian unit, other data represented the Istebna Member of the same unit. 
Recently, preliminary studies have been carried out in the Solitil and Zlin Mem­
bers of the Magura unit in other parts of the Flysch in Moravia (J. Jetel, L. 
Rybitrovit, 1983b). A comparison of the conditions established in the Godula 
Member with the measurements made in other lithostratigraphic members of 
the Carpathian Flysch indicates that the differences between particular members 
will be only quantitative whereas the nature of the regularites will be mainly 
the same. The quantitative interpretation of the data from the Godula Member 
may thus serve as an illustrative example of general conditions controlling the 
permeability distribution in flysch rocks. 

Hydrogeological interpretation of the results of water injection tests can be 
based on an approximation of actual perme.:bility value by an approximative 
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Fig. I. Vertical distribution of permeability in the Godula Member rocks (interpretation of water injec­
tion tests - 1. Jetel, L. Rybai'ova, 1975) expressed by frequencies of the Z-values in the depth interva ls 
of IO m 

Pionowy rozklad przepuszczalnosci w skalach warstw godulskich (in terpretacja pr6bek injekcji wady -
1. letel. L. Rybarov3, 1975) wyrazonych przez frekwencj~ wart asci Z w interwalach co 10 m 

L - too low (nol measurable) values; 11 - 100 high (not measurable) values ; f! - extreme minimum and maximum: 
p - practical minimum and maximum; Q,. QJ - first and third quartile (25 and 75 ~0): Md - medilili 

L - wartosci III niskie (niemierzalne); H - wartoilci za wysokie (niemierzalne): t' - ekstremy minimum i maximum: 
p - praktyczne minimum i maximum: QI' Q.I - pierws7..l1 i trzccia kwadryJa (25 i 75 0 ~). Md - mediana 

(comparative) logarithmic parameter - permeability index Z (J. Jetel, 1968, 1974) 
generally defined as 

Z = log (106q/M) = 6+log (q/M) [lJ 

where: q - specific capacity (in litres per second per meter of drawdown); M 
aquifer thickness (in metres). A modification of the permeability index Z has been 
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introduced to the interpretation of the data of constant head injection tests, 
where il'istead of the specific capacity the "specific water loss" q, has been 
adapted': 

Q, 
q. = -

! SiL 
[2J 

where: Qi - injection flowrate - in li tres per second - at laminar flow, I.e. 
at low overpressure; Si - the respective constant elevation of water head corres­
ponding to the respective overpressure. 

The length of tested borehole section (straddle length) L is then used instead 
of the aquifer thickness M, thus 

[3J 

Hydraulic conductivity of aquifer is generally related to the permeability 
index 2 by the relations (l . letel, 1974, 1982) 

k = anti log (2 + d) . 10-9 m/s [4J 

i.e. 
k = 10<Z+d-9'm/s 

where: d - logarithmic conversion difference (1. letel, 1982). 
In our interpretations d = - 0,20 for water injection tests has been used 

(1. letel, L. Rybarova, 1975, 1983a) . New analysis of transient flow conditions 
during water inject ion showed that in the most common conditions of injection 
tests an optimum approximation of hydraulic conductivity corresponds to the 
value of d = - 0,15 (l. letel, 1983). 

In agreement with the general regularities set forth above, more or less regular 
decrease of the mean permeability with depth is observed from the ground 
surface to the base of the near-surface zone also in the studied members of 
the Flysch. This decrease occurs both in the slopes and in the bottoms of valleys. 
Below the base of this zone only very irregular decrease of mean permeability 
can be observed to the depth of 90-100 m. 

There is a distinct difference in permeability variation between slopes and 
valley bottoms. In the slopes, very high variability of permeability appears to 
the depth of about 50 m. With increasing depth, the difference between slopes 
and valley bottoms decreases. This phenomenon can be explained as a result 
of gravitat ional movements that induce significant but irregular loosening of 
slopes. 

The vertical distribution of the values of the permeability index 2 in the Godula 
Member (alternating sandstones and shales) is shown in Fig. I. It is also a good 
example of the differences in variability between valley bottoms and slopes 
in particular depth intervals. 

The permeabil ity index 2 is a logarithmic function of the permeability and 
hydraulic conductivity coefficients. The distribution of the 2-values agrees very 
well with the normal (Gaussian) distribution model. This fact implies thus a lo­
garithmic-normal distribution of permeability and hydraulic conductivity. 

Vertical distribut ion of permeabili ty can be approximated by a model compos.d 
of several statistically homogeneous "Iayers" corresponding to particular horizon­
tally stretched zones. Each of this zones (depth intervals, "Iayers") may be taken 
for a separate body, each with its own logarithmic-normal distribution of rock 
permeability corresponding to the normal distribution of the 2-values. The limits 
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of individual depth intervals corresponding to the "model layers" were chosen in 
such a way that the best fit of the measured data with a normal model might 
be attained. The statistical distribution of the Z-values in particular depth inter­
vals delimited according to this principle is shown in Fig. 2. 

The mean values of permeability index Z in the Godula Member (for particular 
depth intervals shown in Fig. 2) can be estimated as follows : 

Depth interval 
Number of data Median Z 

Arithmetric mean Standard error 
in meters of Z of the mean 

0 - 10 53 4.6 4.70 0.70 
10 - 20 84 3.9 3.88 0.88 
20 - 35 I11 3.7 3.46 0.97 
35 - 90 227 2.9 2.90 0.88 

According to the statistical evaluation of the results of water Injection tests 
in the Godula Member also the probable ranges of individual values Z, and 
actual values of arithmetic mean Zm can be predicted for particular depth inter­
vals (for the probability of 95~{): 

Depth interval Individual Arithmetic 
im meters values ZI mean Z", 

0-10 3.3 - 6.1 4.51 -4.89 
10 - 20 2.1 -5.6 3.69-4.07 
20-35 \.6 - 5.4 3.28 - 3.64 
35 - 90 \.2-4.7 2.78-3.02 

The statistical prediction resulting from our quantitative interpretation of the 
data measured on the territory of Czechoslovakia agrees strikingly well with the 
prediction deduced from the data of the water injection tests in the Godula Mem­
ber in Poland given by H. Niedzielski (1978) - after converting the data of 
Niedzielski to the values of Z. 

Mean hydraulic conductivity for particular depth zones in the flysch rocks 
of the Godula Member may be predicted as follows (for d = 0.20): 

0-10 m 3· 10- ' m/s 
10-20 m 5· 10- ' m/s 
20-35 m 2·1O- 'm/s 
35-90 m 5'10-' m/s 

The average hydraulic conductivity in the entire near-surface zone (0 - 35 m) 
with markedly regular decrease of permeability can be deduced from the median 
of Z = 3.9 (249 values) as 

k = 5 . 10- ' m/s 

The predictions given above .are very near to the mean characteristics of the 
Magura sandstones given by N . Oszczypko et al. (1981). 

The transmissivity of vertically inhomogeneous aquifer is defined as an in­
tegral: 

.rh,+M 
T(M) ] h k(h)dh 

h, 
[5] 
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where: k - hydraulic conductivity varying with depth; " - vertical coordina te; 
h, - altitude of aquifer base ; M - aquifer thickness. 

In a homogeneous aquifer, the transmissivity is a product 

T= k· M [6] 

Except for some parts of valley bottoms and mountain ridges, the ground­
water level fluctuates most ly in the depths from 5 to 20 m in the flysch regions. 
According to the equations [5] and [6] and to the mean values of hydraulic 
conductivity in particular depth intervals, the mean transmissivity of the near­
-surface zone in the Godula Member will be approximately 

T = 2 . 10- 4 m'ls 

The decisive portion of this value is represented by the transmissivity of the 
uppermost sect ion of the near-surface zone (cf. Fig. 3) so that even rather small 
fluctuat ion of ground water level causes very significant change in transmissi­
vity. High variability of the water run-ofT in flysch regions is hence caused just 
by the rapid decrease of the efTecti ve transmissivity with sinking ground water 
level in the near-surface zone and not by generally low permeability of flysch 
rocks. 
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Fig. 2. Statistical distribut ion of permeability index Z in the rocks of the Godula Member expressed by 
cummulative frequency lines for particular depth intervals (1. Jetel, L RY,bafova, 1975) 
Rozklad statystyczny wspolczynnika przcpuszczalnosci Z w skalach warstw godulskich wyrazony przez 
krzywe kumulacyjnc dla poszczegolnych odcink6w gl~bokoSciowych (1. Jete l, L Rybarova. 1975) 

(J] x L J: (14 x If ) - 100 low L and too high fI values that are nOI measurable directly during the test 

(1 J xL): (14 x H ) - ;'.11 niskie warloki L lub za wysokie warloki H, kt6re nie ~ mierzaJne bezposre<inio w czasie pr6b 
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l:ig. 3. Depth distribution of transmissivity in the Godula Member rocks 
Gt{:bokosciowy rozkfad przewodnoki W skalach warstw godulskich 

A - the decrease of the mean hydraulic conductivity (k) with depth (h): the lransmissivity magnitude being represented 
by the hatched area : B - the dependence of the transmissivity (n on increasing depth (11) : M - .. aquifer" thickness ; 
h. - depth of ground water level 

A - spadek sredniego przewodniclwa hydraulic.mega (k) z gl~bokoki'l (h): w;elkosi: przewodnosci przcdslawia po­
wierzchnia zakresko ..... ana; B - zaleinoSt przcwodnoici (n od wzrostu gl~bokoj;ci (h): M - miqiszosc "wodonoScH" : 
h, - gl~boko!.C poziomu wody gruntowcj 

Considerable periodical changes in transmissivity occur predominantly in 
slopes and hillsides whereas in the valley bottoms the depth of ground water 
level is much more stable. With regard to the mean transmissivity value estimat­
ed above, there is an underestimated possibility to exploit the ground water 
resources in the valley bottoms of flysch regions. In the rocks of the Godula 
Member, the estimate of probable yield of a well 40 m deep and situated in the 
bottom of valley is roughly about I lis (a few m3/h) . Actual yields of wells in 
flysch rocks are, however, very variable in consequence of high hydraulic inhomo­
geneityof this environment (see e.g. the variability of well yields indicated by 
J. Chowaniec et aI., 1982). Nevertheless, the statistical evaluation of the data 
of water injection tests can provide, in general, a good orientation not only 
'as to the probable well yields but also as to the optimum depth of wells (cf. 
Fig. 3). 

CONCLUSIONS 

I. In the greater part of flysch regions, the near-surface zone of -disintegrat­
ed and relaxed rocks function as the main aquifer. In this zone, a distinct regular 
decrease of mean permeability with depth can be observed on a regional scale. 
The mean depth of the lower limit of the near-surface zone is most often bet­
ween 30 and 40 m. 

2. The lower limit of the regular systems of continuous open fractures allow­
ing more Or less continuous circulation of ground water does not exceed the 
depth of lOO m in a majority of flysch rock massifs. 

3. The data of water-injection tests (water-pressure tests) are often the only 
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source of quantitative information on hydraulic parameters of rocks in flysch 
regions. A regional statistical evaluation of this type of data with an appro­
priate hydrogeological interpretation can provide detailed and objective informa­
tion on the regularities of vertical distribution of hydraulic properties in flysch 
rock masses. 

4. General regularities of vertical distribution of permeability, hydraulic con­
ductivity and transmissivity in flysch rocks have been documented by the statistical 
evaluation of the data provided by water injection tests in sandstones and shales 
of the Godula Member in Czechoslovakia. The predictions of hydraulic con­
ductivity and transmissivity made On the base of this evaluation are very near 
to the mean values deduced by other authors in other lithostratigraphic members 
of the Carpathian flysch in Poland. The nature of vertical distribution of rock 
permeability and its quantitative expression seems to be very similar in various 
flysch regions without regard to the lithology. 

5. The statistical evaluation of the data of water injection tests can serve also 
as a base for estimating the possible yields and the optimum depth of wells. 

6. High fluctuations in surface run-off that is typical of flysch regions can be 
explained by specific features of permeability distribution in flysch rocks, espec­
ially by the rapid decrease of effective transmissivity with sinking ground water. 
level. 

Translated by the AU/hor 
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RH ETEJ1b 

BEPH1KAnbHjl.Q .... 3MEH'H1BOCTb npOH .... I..\AEMOCT .... Cl>n .... wEBbIX nOPoA 

B KAPnATAX '1EXOCnOBAKi'I .... 

B tTaTbe aHaJlH3HpyeTtR H3MeH"IHBOCTb npoHHLlaeMocTH C rny6HHoH BC tPnHWeBblx OTnO>KeHHRX 

CnOBal'01H H MOpaB. Onle'-laeTCR, '-ITO B 60nbUJHHcTBe paHoHoB nneraHHR 4lnHUJa rnaBHoH BOAOHOCHOH 

lOHOH RBnR10TCR TpeLI..IMHoBaTble H MetlCe HanpR>KeHHble nopoAbl, 3aneraK>l1.IHe B6nH3H nOBepxHocTH. 

B 3TOH 30He perHoHanbHo MO>KHO Ha6nK>AaTb perynRpHoe YMeHbweHHe npoHHlIaeMoCTH C rny6MHoH. 

CpeAHRR r ny6HHa JaneraHHR HM>KHeH rpaHHlIbl npHnOBepxHocTHOH TpeLllHHOBaTOH 30Hbl 30-40 M. 

HH)I(HRR rpaHHLla HenpepblBHblX CHCTeM OTKpblTblX TpeLl\MH, cnoco6cTBYlOLlIHX ABH>KeHMK> nOA3eM­

HblX BOA, B 60nbwHHcTBe ropHblX MaCCHBoB, COCTORl!.IHX H3 cPnHUJa, He n peBblLl\aeT 100 M. 3a"lacTYK> 

eAHHCTBeHHblM HCTO"lHHKOM KOnnH'-IeCTBeHHOH HHcpopMaUMH B 06naCTH rHApaBnH"leCKHX napaMeTp08 

nopOA cPflHweablx paHoHoB RaflRK>TCR AaHHble 0 anaroeMKOCTH nopOA. PerHoHanbHaR CTant CTl'lyeCKaR 

OlleHKa TaKI'IX AaHHblX B KOMnneKce C cooTBeTcTBYK>LlIeH rHAporeOnOrH'-IeCKOH HHTepnpeTal..lHeH 

MO>KeT AaTb AeTanbHYto H o6beKTMBHYK> HHcpopMaLlHto 0 perynRpHocTH rHApaBnHyeCKHX caOHcTa 

nopOA a BepnlKanbHoH palpe3e. 06Ll1aR paBHoMepHocTb BepTHKanbHoro pacnpeAeneHHR npoHHlIae­

MOCTH H rHApaanHYeCKOH npoBoAHMOCTH cpfulweBblx nopOA npeAcTaBneHa CTaTHCTHyeCKI'I npH OlleHKe 

AaHHblX 0 anaroeMKOCTH nopOA rOAynbcKHx cnoeB B YexocnoBaKHH. nonY"l eHHble AaHHble 6nH3KH 

K CpeAHIH-l BenH"lHHaM, npHBOAHMblM aeTopaMH no HHbl M nHTocTpaTHrpacpH"leCKHM cnORM KapnaTcKoro 

cPnHwa B nonbwe. KaK HaM Ka>KeTCR, CYLUHOCTb BepTHKanbHoro pacnpeAene"H1J1 npOHHlIaeMOCTH H 

ee KOnH"IeCTBeHHble 3Ha"leHHR nOAo6Hbl B paJHblX cPnHweBblX perlfOHax, He3atH1CHMO aT nHTonorlfH. 

CTaTHCTH"leCKaR Ol..leHKa AaHHblX no BnaroeMKOCTH MO>KeT cnY>KHTb AnR onpe,l:\ene' .... I R nOTeHl\HaIlb­

Horo ,Qe6HTa H OnTl-IManbHOH rny6HHbl 6ypOBblX KonOAlIeB. 

Jan JETEL 

ZMIENNOSC PIONOWA PRZEPUSZCZALNOSCI SKAL FLISZOWYCH 
W KARPATACH CZECHOSLOWACKICH 

Streszczenie 

Przeanalizowano zmiennosc przepuszczalnosci z gl~bokoscil:l, w utworach fliszowych na obszarze 
S!owacji i Moraw. Stwierdzono, ie w wi~kszosci regionow fliszowych funkcj~ gl6wnego wodonosca 
pelni strefa przypowierzchniowa sp~kanych i odpr~i:onych skal. W strcfie tej, w skali regionalnej, moina 
zaobserwowac regularne zmniejszanie si~ sredniej przepuszczalnosci z gl~boko5cill. Srednia gl~bokosc 
dolnej granicy przypowierzchniowej strefy sp~kan zawiera si~ najcz~sciej w przedziale 30 - 40 m. Dolna 
granica cil:l,gtych systemow otwartych sp~kan umoiJiwiajl:l,cych kr!;!i:enie wod podziemnych w wi~kszosci 
masywow zbudowanych ze skal fliszowych nie przekracza 100 m gl~bokosci. 

Jcdynym irodlem ilosciowej informacJi w zakresie hydraulicznych parametrow ska! w regionach fli­
szowych sll cz~sto wyniki badan wodochlonnosci. Regionalna oeena statystyczna tego typu danych z 
wlasciwl:l, interprctacjij hydrogeologicznl:l, moie dostarczyc szczegolowej i obicktywnej informacji doty-
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C'Zllcej regularnosci rozkladu pionowego wlasciwcsci hydraulicznych. Ogolne regularnosci pionowego 
rozkladu przepuszczalnosci i przewodnosci hydraulicznej skal niszowych udokumentowano statystycz­
nie, oceniaj4c dane uzyskane podczas badail wodochionnosci w warstwach godulskich w Czechoslowacji. 
Otrzymane wyniki SII zblizonc do srednich wartosci podanych przez innych autor6w Z odmiennych 
litostratygraficznie warstw Oiszu karpackiego w Polsce. Wydaje si~. le istota pionowego fozkladu peze­
puszczalnosci i jej ilosciowe przedstawienie ~ bardzo zblizone w r6i:nych regionach fliszowych bez 
wzgl~du oa litologi~ . Statystyczna occoa wynik6w badan wodochlonnosci moze s!uzye do oceoy potencjal­
-nych wydajnosci i optymalnych gl~bokosci studzien wierconych. 


