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Jan JETEL

Vertical variations in permeability of flysch rocks
in the Czechoslovak Carpathians

Some general features of permeability distribution in flysch rocks are characterized. [n a greater parl
of flysch regions, the near-surface zone reaching (on the regional average) 10 the depth of abour 30— 40 m,
represents the major aquiler in Nysch rock massi. Regularities in vertical distribution of permeability
are quantilatively documented by results of regional evaluation of data [rom water injection lests (water
pressure tests) carried out in the Godula Member in Czechoslovakia. The evaluations give the basis for
statistical predictions of permeability, hydraulic conductivity and transmissivity distribution in the
studied rocks. [l can be assumed thal very similar regularilies should be expected in other lithostrali-
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 Lhese rocks are very
scarce. As yet the aquifer tests data are available only from the East Slovakia
(M. Zakovig, 1979; I. 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. Jawarnski,
1965; H. Niedzielski, 1974; J. Jetel, L. Rybarova, 1975, 1983a; T. Doe, J. 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 FLYSCH ROCKS

The experience gained in many flysch regions (L.A. Molokov, 195%; V.F.
Linecki, 1961; J. Jetel, L. Rybarova, 1975, 19834, &; 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 psamrmites is indicated by many springs located on contacts of
sandstone beds with underlying shales. Yet predominantly very low intergranular
permeability of fiysch sandstones as compared with the decisive role of their
fracture permeability markedly obscures (especially in the near-surface zone)
the relation between lithology and hydrogeolegical 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 pelites, 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 borehcles 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 hydrogeological function of this zene 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 hydrogeological effects
of geological structure as the influence of geological structure becomes less
important than that of surface merphology. 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 tbe total permeability
is increasingly contrelled by intergranular permeability only that is in flysch sands-
tones usually rather low, i.e. less than 1 milidarcy (cf. V.F. Linecki, 1961;
R.S. Kopystiansky, 1966, and others). Very low intergranular permeability of fiysch
sandstones of the Godula Member is evidenced indirectly also by the results
of studies of their porosity (J. Uhmann, 1968; J. Uhmann et al, 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:

I. 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-



Vertical variations in permeability ... 169

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 reguiar 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 formm 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 waler 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), I. Jetel, L. Rybafova (1975, 1983a, b), D. Malecka, W. Murzynowski
(1978), A.S. Kleczkowski (1979}, M. Zakovi¢ (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 100 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.

HYDRAULIC PARAMETERS OF THE STUDIED ROCKS

As mentioned 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 Moravskoslezské Beskydy
Mts (I. Jetel, L. Rybarova, 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 Solafi and Zlin Mem-
bers of the Magura unit in other parts of the Flysch in Moravia (J. Jetel, L.
Rybéafova, 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 permeability value by an approximative
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Fig. |. Vertical distribution of permeability in the Godula Member rocks {interpretation of water injec-
tion tests — J. Jetel, L. RybAfova, 1975) expressed by frequencies of the Z-values in the depth intervals
of 10 m

Pionowy rozklad przepuszczalnosci w skalach warstw godulskich (interpretacja prébek injekcji wody —
J. Jetel, L. Rybarova, 1975) wyrazonych przez frekwencje wartoéci Z w interwatach co 10 m

L — too low [nol measurable) values; # — 100 high (nol measurable) values: ¢ — exlreme minimum and maximum:
p — practical minimum and maximum; @,. @, — first and third quartile {25 and 75%); Md — median

L — warloéei za niskie (niemierzalne); H — warlojci za wysokie {niemierzalne); ¢ — ekstremy minimum | maximum;
p — prakiyezne minimum | maximum: @, ¢, — pierwsza i trzecia kwadeyla (25 i 75°,), Md — mediana

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

= log (10%¢/ M) = 6+log (g/ M) (1]

where: g — 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 injectjon tests,
where ifistead of the specific capacity the “specific water loss” g, has been
adapted .

Q;
g9, = (2]

5L
where: O, — injection flowrate — in litres per second — at lamuinar flow, e
at Jow overpressure; s, — 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

Z = log {10°q,/L) [3]

Hydraulic conductivity of aquifer is generally related to the permeability
index Z by the relations (J. Jetel, 1574, 1982)

k = antilog (Z+d) - 107° m/s (4]

i.e.
k = 10%~4"9m/s

where: d — logarithmic conversion difference (J. Jetel, 1982).

In our interpretations d = —0,20 for water injection teésts has been used
(J. Jetel, L. Rybatova, 1975, 19834). New analysis of transient flow conditions
during water injection showed that in the most common conditions of injection
tests an optimum approximation of hydraulic conductivity corresponds to the
value of d = —0,15 (J. Jetel, 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 irreguiar 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 gravitational movements that induce significant but irregular loosening of
slopes.

The vertical distribution of the values of the permeability index Z 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 permeability index Z i1s a logarithmic function of the permeability and
hydraulic conductivity coefficients. The distribution of the Z-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 distribution of permeability can be approximated by a mode| composed
of several statistically homogeneous "layers™ corresponding to particular horizon-
tally stretched zomes. Each of this zones (depth intervals, ”layers™™) may be taken
for a separate body, each with its own logarithmic-normal distribution of rock
permeability corresponding to the normal distribution of the Z-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 £ in the Godula Member (for particular
depth intervals shown in Fig. 2) can be estimated as follows:

De.p[h 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 39 3.88 0.88
20—35 131 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 Z_ can be predicted for particular depth inter-
vals (for the probability of 95%):

Depth interval Individual Arithmetic
im meters values Z; mean Z,
0-10 33-61 4.51—4.89
1020 2.1-56 3.69-4.07
20-35 1.6-54 1.286-3.64
35-90 1.2—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 4 = 0.20):

0—10 m 31075 m/s
10—-20 m S+ 107¢m/s
20—-35m 21079 m/s
35—-90 m 5-1077 m/fs

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 =39 (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:
h+M
T(M) = f k(h)dh (5}
h

S
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where: & — hydraulic conductivity varying with depth; i — vertical coordinate:
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 mostly 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=2-100"m?s

The decisive portion of this value is represented by the transmissivity of the
uppermost section of the near-surface zone {cf. Fig. 3) so that even rather small
fluctuation of ground water level causes very significant change in transmissi-
vity. High variabifity of the water run-off in flysch regions is hence caused just
by the rapid decrease of the effective transmissivity with sinking ground water
level in the near-surface zone and not by generally low permeability of flysch

rocks.

I+FTITl]l_T'TIT'I'"TIT_['I'TIT"[7‘FT‘IT‘EIJ_'\_r'1III1TF!I|TIIITIF’TTTIW
1 2 3 4 bl A

Fig. 2. Statisticai distribution of permcability index Z in the rocks of the Godula Member expressed by
cummulative frequency lines for particular depth intervals (J. Jetel, L. Rybafova, 1975)

Rozkiad statysiyczny wspolezynnika przepuszczalnodei Z w skatach warstw godulskich wyrazony przez
krzywe kumulacyjne dla poszczegolnych odcinkow glegbokoseiowych (1. Jetel, L. Rybdfova, 1975)
(1% Ly (14 % /) — 100 low L and too high & valees that are nol measurable directly during the Lest

{13 x L) (14 x H) — za niskie wartoici L lub za wysokie wartofci H. kldre nie sq mierzalne bezposrednio w czasie préb
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Eig. 3. Depth distribution of transmissivity in the Godula Member rocks

Glebokosciowy rozklad przewodnosci w skalach warstw godulskich

A — the decrease ol the mean hydraulic conductivity (k} with depth (h); the transmissivity magnilude being represented
by the halched area: B — the dependence of Lhe tragsmissivity (7) on increasing depth (2): M — _aquifer” thickness;
h, — depih of ground waler level

A — spadek sredniego przewodniclwa hydraulieznego (k) z glgbokoicig (#); wielkodé przewodnojci przedstawia po-
wierzchaia zakreskowana; B — zuleznosd¢ przewodnodcl (T) od wizrostu glgbokosa (4): M — miaiszoic ..wodonosca™;
h, - glebokosé poziemu wody gruniowej

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 repions. 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 1 ¥s (a few m3/h). Actual yields of wells in
flysch rocks are, however, very variable in consequence of high hydraulic inhomo-
geneity of this environment (see e.p. the varability of well yields indicated by
J. Chowaniec et al., 1982), Nevertheless, the statistical evaluation of the data
of water injection tests can provide, in general, a good orientation not only
as (0 the probable well yields but also as to the optimum depth of wells (cf.
Fig. 3).

CONCLUSIONS

l. 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 Himit of the regular systems of continuous open fractures allow-
ing more or less continuous circulation of ground water does not exceed the
depth of 100 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 [0 be very similar in various
flysch regtons 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 Author
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REFERENCES

BAJOTI. (1984) — Doterajfic poznatky o priepustnosti a zvodneni fly§ovych hornin na dzemi vychodného
Slovenska. Zbornik referatov z VIII hydrogeol. kenferencie (Puklinové a puklinovo krasové
vody a problémy ich ochrany). Geol. Ustav D, Stirs, p. 27—33. Bratislava,

BOBER L., OSZCZYPKO N. (1964) — Zwiazek miedzy szczelinowatoscia i zawodnieniem piaskowca
magurskiego ze Snieznicy (Beskid Wyspowy). Kwart. Geol.. 8, p. 626 —642, nr 3.

CHOWANIEC J., GIERAT-NAWROCKA D, KARWAN K. WITEK K. (1982) — Pierwszy uzytkowy
poziom wodono$ny w utworach fliszowych polskich Karpal Zachodnich. Kwart. Geol.,, 26, p.
707-708, nr 3/4.

DOE T., REMER 1. (1980) — Analysis of constani-head well tests in nonporous fractured rock. Proc.
3rd Symp.: Well testing in low permeability environments, p. 84 —89. Berkley. California.
JAWANSKI W. (1965) — Warunki poréwnywalnoéci wynikow badad wodochlonnosci skal. Prz. Geol.,

t3, p. 113119, or 3.

JAWANSKI W. (1973) — Characteristic of fractures in the Carpathian Flysch and the ground waler
flow models. Rozpr. Hydrot., 32 (supplement).

JAWANSKI W., THIEL K. (1979) — Investigations of hydraulic characteristics of the bedrock of dams
founded on the Carpathian Flysch. IV Inter. Congress on Rock Mechanics, p. 259 —266. Mon-
treux.

JETEL J. (1968) -~ A new comparative regional parameter of permeability for hydrogeologic maps.
Mém. Ass. [nt. Hydrogéol., 8, Congr. of Istanbul 1967, p. 101 - 107.



176 ' lan Jetel

JETEL ). (1974} — Complétement régional de l'information suv les paramétres pétrophysiques en vue
de I'élaboration des modéles des systémes aquiléres. Mém. Ass. Ini. Hydrogéol,, 10. Congr. de
Montpellier 1974, 1, p. 199-203,

JETEL J. {1982) — Ur&ovani hydraulickych parameird homin hydrodynamickymi zkou$kami ve
vrtech. Knihovna Ustf. Ust. Geol., 58.

JETEL J. (1983) — Metody regiondlni interpretace udaji o hydraulickych vlastnostech puklinovych
kolektori. Uste. Ust. Geol.

JIETEL ., RYBARQVA L. (1975) — Hydrogeologie a hydrogeochemie Moravskoslezskych Beskyd.
Usti. Ust. Geol.

JETEL J., RYBAROVA L. (1983a) — Hydrogeologie a hydrogeochemie. In: E. MenZik et al., Geologje
Moravskoslezskych Beskyd a Podbeskydské pahorkatiny, Usif. Ust. Geol.. p. 200 —229.
JETEL J., RYBAROVA L. (19836) — Zavislost chemismu podzemnich vod v pfipovrchove zéne roz-

pukanych horninovych masivii na rychlosti proudéni; Usti. Ust. Geol.

KLECZKOWSKI AS. (1979) — Hydrogeologia ziem wokdt Polski. Wyd. Geol. Warszawa.

MALECKA D., MURZYNOWSK] W. ([978) — Rejonizacja hydropgeologiczna Karpat fliszowych.
Bibl. Wiad. IMUZ, 56, p. 44 —46.

NIEDZIELSK] H. (1974) — Wodochlonnosé skal fliszowych w wybranych rejonach Karpat. Rocz.
Pol. Tow. Geol, 44, p. 115139, z. I.

NIEDZIELSKI H. (1978} — Warunki hydrogeologiczne fliszu karpackiego w §wietle badan geclogiczno-
-inzynierskich. Zesz. Nauk. PAN Krak., nr 4. Bud. Wod,, z. 27.

OSZCZYPKO N, (1961) — Badania hydrogeologiczne fliszu na ark. Brzesko. Kwart. Geol., 5, p. 997 —
998, nr 4.

OS$ZCZYPKQ N. (1966) — Zawodnienie piaskowcdw magurskich w pdlnocno-wschodniej czesci ar-
kusza Nowy Sgez. Kwart. Geol., 10, p. {[58—-1159, nr 4.

OSZCZYPKO N., CHOWANIEC J., KONCEWICZ A. (1981) — Wodoenoénosé piaskowedw magur-
skich w swietle badan wodochionnosci. Rocz. Pol. Tow. Geol, 51, p. 273 -302, nr 1/2.

UHMANRN I, (1968) — Fyzikalni vlastnosti hornin na vrib& Staré Hamry 1 a 1A. Geofond. Praha.

UHMANN J. ET AL. (1973) — Fyzikalni vlasinosti hornin v oblasti a jejich rozbor. [n: J. Dolezal et al.,
Reinterpretace geolyzikdlnich materiatl v ¢elni hlubiné a flyfovém pasmu Karpat — idsek Se-

ver — |. etapa, p. 21 —111. Geofond. Praha.
ZAKOVIC M. (1979) — Podzemné vody paleogénu Levodskych vrchov. Zap. Karp., Sér. Hydrogeol.
Int. Geol., 2.

ZAKOVIC M. (1980) — La charactéristique de la perméabilité des sédiments Paléogéne de la Slovaquie.
Zap. Karp., Sér. Hydrogeol. Inz, Geel, 3, p. 143173,

KOMUCTAHCLKWUKM P.C. (1966) — (poBnema Tpeuw\wHOBATOCTH NOPOA Y HagTosoW reonoruu. Hay-
koea flymka. Kues.

NMAHEUKWH B.®. (1961) — O xapakTepe TpeluuHOBATOCTY NOpog hrMLra Kpaesoh 10Hbl CoBeTCKMX
Kapnat. Teon. Cbop.. 7—8. crp. 89—99. Mbage. A

MONOKOB N.A. (1959) — Tepe&na-Pukckan nnoTuHa na Tepebne. Feon. u MnoTuHel, 1, cTp. B3—89.

Mocwkea.



Summary 177

Aw ETENb

BEPTHUKANBHAR MAMEHHMHNBOCTbL MPOHMLUAEMOCTH ©JTMIWLEBLIX MOPO A
B KAPTIATAX YHEXOQC/IOBAKWHK

PesomMme

B ¢TaTbe AHANMIMPYETCA M3MEHYWBOCTL MPOHWUABMOCTH C rNYBUHON Bo dNUWEBLIX OTNOKEHHAX
Cnopakuu u Mopae. OTrevaeTes, yTo B BONbWKHCTEE PAHOHOB 3a1@TAHHA HNHWA rNABHOA BOAOHOCHOH
I0HOH ABNAIOTCA TPELWMHOBATLIE H MEHEE HAMPAMEHHEIE NOPCALI, IANErAOLIME BENUIH NOBEPXHOCTH.
B 3ToH 30HE perHoHanbHo MoXHO HabnkAaaTe PErynApHOE YMEHbLIEHWE NPOHHUABMOCTH € MYBHHON.
CpeaHan rNyGuHA 3aneraHus HWUXHEHR MpaHWUbl NPUNOBEPXHOCTHOH TpeWWHOBATOR 3oHbl J0—40 M.
HUMXHAA FPAHMLIA HEMPEPLIBHELIX CHCTEM OTKPEITSIX TPEWMH, CNOCOBCTBYIOWIMX ABMMEHWKS NOA3EM-
HbIX B0, B BONBUMHCTEBE FOPHBIX MACCHBOB, COCTORWMX M1 pnuuia, He npespiwaeT 100 A, 3avactyro
EAHHCTBEHHbIM MCTO4HHKOM KONMMYECTBEHHONW MHGOPHAUWKM B 0BNACTH TMAPABNUYECKHWX NapaHeTpos
nopos GNuWeBbIX PAHOHOR ABMAYOTCA AAHHBLIE O BNArOEHKOCTH NOpoA. FeruoHanbHaR CTATHCTUYECKAR
OLEHKA TaKWX [aHHLIX B KOMNNEKLE C COOTBETCTBYIOWEH rWApOreoNorHYeckol MHTEpnpeTauHed
MOMET A3Th AETANLHYHO W OEBLEKTUBHYK MHQOPMALMIC © PErYNAPHOCTH TMAPaBNHYECKHX CBOHCTB
nopoa B BEpTHKansHom paipeie. O6ulan paBHOHEPHOCTL BEPTHUKANBHOMO PAaCNpeaeneHHA NPOHKLAE-
MOCTY M TUAPABNKYECKOA NPOBOGUMOCTH PNUWIEBLIX NOPOA MPEACTABNEHE CTATUCTHYECKU MPH OLEHKE
A3HHEIX O BNArOEMKOCTH NOPOA MOAYNbCKMx cnoed B YexocnoBakuu. [MonyuyeHHoie aaHHbIE GnUIKK
K CPEAHWM BEMNMYNHAH, MPHBOAUMBEIM ABTOPAMM MO HHBIM NUTOCTPATUr PAGIMUECKKM CNOAM KAPNATCKOIO
¢nuwa a lMonbwe, Kak HaM KaMETCA, CYWHOCTE BEPTHKANLHOTG PACNPEAENEHUA NPOHHMLABHOCTH M
€ KOMWYECTBEHHEIE JHAYEHUA NOACEHLI B paiHuIx GNULWEBLIX PErHOHAX, HEZABUCHHO OT MUTONOMHU.
CTaTHCTUUECKEA OLEHKA A3HHLIX NO BNArOEMKOCTH MOMET CNYMUTb ANA ONPEAENEHWA NOTEHLWANb-
Horo AeCMTa U ONTUMankHOH FNyEuHEI BYpOBLIX KONOAUEE.

Jan JETEL

ZMIENNOSC PIONOWA PRZEPUSZCZALNOSCI SKAL FLISZOWYCH
W KARPATACH CZECHOSLOWACKICH

Streszczenie

Przeanalizowano zmijenno$¢ przepuszczalnosci z glgbokoscia w utworach fliszowych na obszarze
Stowacji i Moraw. Stwierdzono, Ze w wigkszosci regiondw fliszowych funkeje gléwnego wedonosca
pelni strefa przypowierzchniowa spekanych i odprezonych skal. W strefie tej, w skali regionalnej, moina
zaobserwowaé regularne zmniejszanie si¢ $redniej przepuszezalnoéci z glebokoécia. Srednia glgbokoéé
delnej granicy przypowierzchniowej strefy spekan zawiera sig najezescie] w przedziale 30 —40 m. Dolna
granica ciaglych systeméw otwartych spekan umoiliwiajacych krazenie wod podziemnych w wigkszosci
masywdw zbudowanych ze skal fliszowych nie przekracza 100 m giebokosei.

Jedynym zrodlem ilosciowej informacji w zakresie hydraulicznych parametréw skal w regionach fli-
szowych sa czgsto wyniki badan wodochionnoéel. Regionalaa ocena statystyczna tege typu danych z
wlaciwa interpretacja hydrepgeologiczng moze dostarczyc szczegdtowe) i obiektywnej informagji doty-
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czgeej regutarnosci rozkiadu pionowege wlasciwosci hydraulicznych. Ogélne regularnosci picnowego
rozkladu przepuszczalnoéci @ przewodnoéei hydraulicznej skal fliszowych udokumentowano statystycz-
nie, oceniajgc dane uzyskane podczas badahi wodochlonnoéei w warstwach godulskich w Czechoslowac)i.
Otrzymane wyniki sa zblizone do $rednich wartosci podanych przez innych autordéw z odmiennych
liLosiratygraﬁcznie warstw [fliszu karpackiego w Polsce. Wydaje sie, ¢e istola pionowego rozkladu prze-
wzgledu na litologie. Statystyczna ocena wynikéw badan wodochtonnosei moze shuzyé do oceny potencjal-
nych wydajnoéci i optymalnych glebokoséei studzien wierconych.



