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1. Introduction

On the basis of the increase of water-flow, rocks can be divided into two major 
classes:

Porous rocks and
Fissured rocks.

Fissured and fractured rocks are hard and brittle where the fractures and joints were 
formed mainly due to diastrophism. The sum of pore space volume of these fractures 
defines the pore volume available for water storage, as well as flow pattern in also governed 
by these fractures. Fissured rocks may be vulcanic, metamorphic, and sedimentary. The 
carbonate rocks under consideration also are in this group.

It is easy to see that the carbonate rock as medium of the ground water flow possesses 
anisotropy and heterogenity. It has been pointed because to get any possible information 
in detail about anisotropy and heterogenity of rocks is a very difficult and complicated 
task and in most cases it can not be solved. References can be made to the international 
experiences of the oil industry about fractured reservoirs, as well as to the practice of 
Yugoslave, French, Swiss, and other hydrogeologists in this field. Pore-sizes, fracture 
sizes, fracture spacing, and fracture width as well as absolute, and relative roughness are 
changing within a wide range. The hydraulic character of karstic water flow mainly 
depends on these peculiarities of the carbonate rocks.

To solve practical problems knowledge about flow system (laminar-, transient- 
or turbulent flow) is of considerable importance. In dealing with these problems ‘he, 
cause-and-effect relations based on proper physical considerations should be defined. 
This means that conditions governing the flow system have to be evaluated in relation 
to the different petrophysical parameters.

Knowledge of flow characteristics of karstic water is of great importance from both 
theoretical and practical standpoints in the field of

— water supply,
— construction and hydraulic engineering,
— mining industry.

For instance, in Hungary more than 40 percent of total coal production, almost 100 
percent of bauxite production, and 100 percent of manganese ore production are deli­
vered to the surface from below the karstic water level. It will be appreciated, that great
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volumes of karstic water has therefore to be pumped to the surface, and still the danger 
of karstic water intrusion is grave. Petroleum mining is also directly interested in karstic 
water in same parts of the country. Most of the major cold-, warm-, and hot springs, of 
primary interest to the both water management and tourism, are supplied from karstic 
water. The production of karstic water is expected to increase more than twice in 15 
years.

2. Construction of a rock model

In studying the characteristics of karstic water flow the question is to be answered: 
May water movement be assumed as percolation, or not? Although the coefficient 

of permeability of karstic rocks has been a highly disputed problem, the regularities of 
seepage have been commonly used for solving the problem of water flow in fractured 
rocks. It has to be pointed out that the mathematical definition of the coefficient of per­
meability depends to a great extent on the model by which the true rock can be replaced. 
The problem of modelling is common because research workers are facing without ex­
ception the problem to construct a simplified model of the reservoir rock in order to 
define the function describing the underground flow. Prerequisites for the applicability 
of the constructed models consist in having a close aggreement of flow phenomena 
betwen an idealized model and the virtual reservoir.

Fig. 1. Oblique arial photograph of a karstic terrain. 
1. ábra. Karsztos terület ferde tengelyű légifotója

First step to study the theoretical model replacing the Upper Triassic karstic rock 
was to investigate the fractures in karstic terrain by means of aerial photographs, as well

94



as in outcrops, exposures, mines, and in thin sections in order to determine the shape 
and mutual relation of fractures. Fissure sizes ranging from 0.006 microns to several 
meters were analysed in about 90 boreholes. This analysis was made in the Transdanubian 
Central Mountain Range representing the most important karstic terrain in Hungary, 
which consist predominantly of dolomites and limestones.

Several hundred aerial and other photographs of this karstic area having been 
investigared the following statements can be made;

— Most of the fractures are perpendicular or subnormal to one another.
— In water-saturated zones, flow channels are rather fissured-like, and they 

are not similar to the pipes.
— Pattern and structure of the fissure and joint network are similar at every 

dimension, even in the microscopic size range.

To illustrate these statements three photos can be seen on the figures (sec Fig. 1—3). 
On Fig. / an oblique aerial photograph can be seen. It is easy to discover the tectonic 
lines, and joints of them which are very interesting for studying the water-flow, as well 
as for marking wells for water supply. The size of the outcrop on the Fig. 2 is about 80 
centimeters, and a photo of a thin section can be seen on the Fig. 3. Comparing the pattern

Fig. 2. Photograph from an outcrop in karstic terrain. 
2. ábra. Karsztos terület feltárásának fotója.
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of fractures on these three photos it is easy to discover a similarity in the network of 
fractures.

Fig. 3. Micrograph from a thin section of fissured limestone. 
3. ábra. Karsztosodó mészkő vékonycsiszolat fotója

As a matter of fact these photos are not oriented, therefore the identity in directions 
of fractures can not be certain, however, they are probable because the macro, and micro 
fractures were formed by the same tectonic forces. For the sake of applicability of the 
simplified model of the reservoir rock a test had to be made about probability of avail­
able fractures of an order of one meter. Therefore, ratio of the cave-surface of the karstic 
terrain was investigated in the Transdanubian Central Mountain Range (see Table /.). 
This calculation pointed out, that probability of available fractures of about one meter 
size is 4—10 percent in this karstic area of 1030 km2. Further it was supported by data 
obtained from 90 boreholes located along, fault zones in the mountains because a 
fracture size of one meter was observed only one drilling. This means that the cave 
systems do not characterize hydraulically the Upper Triassic carbonate rocks in the 
territory of the Transdanubian Central Mountain Range.

Taking into consideration that the water ducts are normal to one another, and the 
cave systems are négligeable for characterizing the water-flow pattern, the simplfied 
model for the Upper Triassic karstic reservoir rock of the Transdanubian Central Mountain 
Range (TCR) consisting predominantly of dolomites is a triorthogonal fissure system.

Investigating hydraulically the mining areas in the Transdanubian Central Mountain 
(4), it could be shown that the Upper Triassic carbonate rocks are very uniform in per­
meability and, aberrations, if any, are insignificant.

From these considerations one might conclude: The simplified rock model for the 
karstic reservoir of the Transdanubian Central Mountain is a homogenous triorthogonal 
fissure system, where the flow channels have a cross section of fracture character, and
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they are normal to one another in three different directions, having the same width 
and the same spacing.

Studying the porosity of this homogeneous triorthogonal rock model an approxi­
mate form can be made among the width of fractures (à) the spacing of joints (Ax), 
and the porosity (n) :

л =  5 —
Ax (!)

This form is valid to rocks including fissure-sizes ranging from 4.10-6 to 1.10-2 meter. 
As it is shown (2) the exact form for the porosity of this rock model is the following 
equation:

n = \  — fxfyfz (2)

where f x \ f y \ fz  represent the specific overburden in different directions. This specific 
overburden, for instance, in the direction of axis X  can be expressed in the following 
term:

(3)

where a the number of the fractures, and x,- the length of the simplified rock model in 
this direction.

Analysis of void ratio (porosity) of a fictive rock demonstrated that there was no 
agreement between surface porosity (which may be orthogonal to the flow direction), 
and the total prosity of the rock.

Assuming the triorthogonal model for the fissure system an approximate form can 
be made between the width of fractures (Ô in meters) and the spacing of the joints 
(Ax in centimeters) which has been based on the petrophysical analysis of 55 rock sample 
taken from the boreholes sited between Hévíz and Budapest.

Ax =  1.25.10s (5° 92 (Л)

3. Using a triorthogonal model up to determine fracture width in boreholes

Rock model around a drilling can be constructed with an assumption of triortho­
gonal fissure system from the data of investigations made in this borehole penetrating 
the carbonate rocks.

In the Transdanubian Central Mountain Range a network of observation wells was 
made from 1968 to 1970 which had been suggested by the author. This network consisted 
of 91 wells for studiing the change of the karstic water level in time. One of them was 
carried out around Budapest. Core samples, driller’s log, geophysical logging, and hyd- 
raulical test as well as petrophysical investigation of the core samples were at our disposal 
to study the porosity and the fracture system in this borehole. The total porosity of the 
karstic rock was 10 percent (nt =  0.1) at depths from 82.60 to 120.0 meters, a statement 
based on the mutual appraisal of all the results mentioned above.

The task for us was to determine the width, and number of fissures which was 
possible in the nature around this borehole. During the studiing of the measured data
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it was seen, that two large openings (at depths from 94.30 to 95.10 and from 98.60 to 
100.30 meters) had been discovered in the borehole, and where the drilling tool was 
fallen. The widths, porosity, and frequency of micro fissures were determined on the 
core samples. With full knowledge of these data the number the sizes of openings, and 
microfissuration were well-known, however, there were no measured data for number, 
and sizes of the fractures ranging between the openings and microfissuration.

As shown by the geological investigation of this borehole, the awerage length of 
core samples was 15 centimeters. Assuming that the break of core samples occured 
along fractures, the average distance (space) between two fissures (Ax) was the same 
length (15 centimeters). Number of core samples was 220, and in this case, the number 
of fractures ranging between the openings and the microfissuration was the same. 
Thereafter the question to solve was the average width of this fracture range.

For this reason the total porosity was divided. The porosity of openings (nQ) of 
calculated for the opened length of karstic rock in this well was 6.7 percent (n0 =  0.061). 
There was no reason to assume that these big openings could be found in three directions 
around the drilling, therefore this value of porostiy (n0) was accepted as a spatial one. 
The porosity of microfissuration (nm) based on the petrophysical investigation was
1.5 percent (nm =  0.015,) and this was also a spatial value. In this case the porosity of 
fracture range between the openings and microfissuration (nb) was

nb — щ — (n0 \-nm) m =  0.018 (5)

Using Equation I. to determine the average fracture size belonging to the tib, the result 
was that this fracture is (Ô) of 900 microns wide.

The rock model around this observation well could be formed by the way of inves­
tigation of the data abovementioned and this consisted of 16562 fractures and fissures 
ranging from four micron to 1.7 meters. The numbers of each fissure size were determ­
ined by using equations 2, and 3 and the frequency of ones could be seen in Table 2.

Table 1.

Montains Poro­
sity

Surface 
o f karst 

S m2

Surface of 
water 

passages 
Sp m2

Number
of

Caves
Pc

Horizon­
tal Cave 
Surface 

Sc m 2

s S
m2

. ^ 1 0 0
Sp

•Vo

Number
of

Caves 
Pc /km 2

Balaton-
felvidék 0-5% 3,26.108 1,63.10s 57 18 1,03.103 0.63 0.17
Bakony 3.40.108 1.70.10s 128 17 2.18.103 1.28 0.38
Vértes 1.50.108 7.5.107 7 11 7.7.10 0.10 0.05
Gerecse 8.3.107 4.15.104 60 21 1.26.103 3.05 0.72
Pilis 4.7.107 2.35.10“ 79 38 3.00.10:i 12.8 1.5
Buda 5.6.107 2.8.104 93 80 7.44.103 26.5 1.7

Mean 1.03.109 5.15.10 s 424 50 2.12.10“ 4.1 0.41
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Fissure num ber distribution b y  size

Table 2.

size (m) Numbers o f fissures

1.7 1

0.8 1

9.10-1 220

3.10"5 3300

2.10"5 1980

1.2.10" 5 1380

1 .0 .10"'* 2420

7.10-,; 1980

4.10-” 2860

Total number of fissures 16562

Abstract

Л Study of the Upper Triassic carbonate rocks of the TransdanubianCentral Mountain 
Range, has shown that the theoretical model for this reservoir rock of peculiar karstifi­
cation pattern ought to be a triorthogonal homogeneous one.

Assuming the triorthogonal model for the fissure system, approximate formulae could 
be established for the Upper Triassic reservoir rock of the Transdanubian Central Moun­
tain Range with respet to relationships between fracture width (S )9 spacing of joints 
(Ax)> and porosity (n):

As =  1.25.105.<5° ,J2

With the use of the triorthogonal model, the fractures size frequency around and obser­
vation-well could be well approximated.
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A KARSZTOS KŐZETEK ELMÉLETI MODELLJE

BÖCKER T.

Összefoglalás

7. Bevezetés

A földkéreg kőzeteit két nagy csoportba sorolhatjuk a bennük végbemenő vízmoz­
gást tekintve:

Porózus kőzetek és 
Repedezett kőzetek.

A repedezett kőzetekre az jellemző, hogy a szerkezeti erők hatására repedések 
keletkeznek bennük és ezek térfogata jelenti a víz tárolására alkalmas térfogatot, vala­
mint ezek iránya határozza meg a víz mozgási lehetőségeit is. A repedezett kőzetek 
csoportjába tartoznak a karbonátos, karsztos kőzetek is.

A karbonátos kőzet, mint a vízmozgás közege anizotrop és heterogén tulajdon­
ságokkal rendelkezik. Rá kell mutatni arra, hogy a kőzet anizotrópiájáról és heterogeni­
tásáról a valóságban nehezen szerezhetünk adatokat és az esetek többségében ez nem 
megoldható feladat. A járat méretek, a rés szélességek, valamint ezek abszolút és relatív 
érdessége széles határok között változik. A vízmozgás jellege pedig döntő mértékben a 
karbonátos kőzet ilyen jellegű sajátosságaitól függ.

A vízmozgás jellegének ismerete elméleti és gyakorlati vonatkozásban egyaránt 
fontos;

— a vízellátás terén,
— a vízmérnöki gyakorlatban és
— a bányászatban.

2. A modell létrehozása

A karsztvíz-mozgás tanulmányozásakor a kérdés az, hogy ez szivárgásként értel­
mezhető-e, vagy sem.

Annak ellenére, hogy a karsztos kőzet szivárgási tényezője sokat vitatott kérdés, a 
szivárgás törvényeinek alkalmazása általánosan használt a repedezett kőzetekbeli víz-
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mozgás tanulmányozásakor. A szivárgási tényező matematikai megfogalmazása viszont 
пацу mértékben függ attól a modelltől, mellyel a valóságos kőzetet helyettesítjük. 
A létrehozott modell azonban csak akkor alkalmazható, ha az áramlási jelenségek az 
idealizált kőzetben jól megközelítik a valóságos kőzetekben lejátszódó vízmozgást.

Az elméleti modell létrehozásának első lépéseként a felső triász kori karsztos kőze­
tek repedéseit tanulmányoztuk a légifotókon, feltárásokban és vékony csiszolatokban, 
valamint bányavágatokban, hogy meghatározzuk a repedések méreteit és egymáshoz 
való kapcsolódásukat. A résméreteket a mintegy 90 fúrásban tanulmányoztuk, a 0.006 
mikrontól néhány méterig terjedő tartományban. Ezt az analízist a Dunántúli Közép­
hegység\ hazánk legjelentősebb karsztos egységének területén végeztük, mely főként 
dolomitból és mészkőből áll.

Több száz fotó tanulmányozása alapján az alábbi megállapításokat tehetjük:
A repedések többsége merőleges, vagy közel merőleges egymásra.
A vízzel kitöltött zónában a vízjáratok inkább résekhez, mint csövekhez 
hasonlóak.
A repedés-hálózat nagy hasonlóságot mutat minden méret-arányban, 
beleértve a mikroszkópi méreteket is.

Az elmondottak illusztrálására szolgál az 1. —3. ábra, ahol egy ferde tengelyű légi­
fotón, egy feltárás és egy vékonycsiszolat fényképen a repedés-hálózat nagy fokú hason­
latossága fedezhető fel.

Tény, hogy a fotók nincsenek tájolva, így a repedések irányainak egyezése nem 
bizonyított, de ez feltételezhető, mivel a makro és a mikro járatok azonos erők hatására 
keletkeztek.

Az egyszerűsített kőzetmodell alkalmazhatósága érdekében megvizsgáltuk az egy 
méter szélességet meghaladó repedések valószínűségét. Ehhez alapul vettük a Dunántúli 
Középhegységben végzett barlangfelméréseket és ezek adataiból számítottuk a barlang- 
feliiletek valószínűségét a karsztos hegység teljes résfelületéhez viszonyítva ( l . táblázat). 
Ez azt mutatja, hogy az egy métert meghaladó repedések valószínűsége 4 —10%, azaz 
ezek nem jellemzők hidraulikailag a DMK területére.

A bányaterületek hidraulikai tanulmányozása (4) azt mutatta, hogy a felső triász­
karbonátos víztároló kőzet az áteresztő képességét tekintve nagymértékben egyöntetű 
és az eltérések ebben nem jelentősek.

Ezekből a megfontolásokból azt a következtetést vonhatjuk le, hogy a Dunántúli 
Középhegység karsztos tárolókőzetének modellje egy olyan triortogonális, homogén 
repedés rendszer, ahol a rések azonos szélességűek, egymásra merőlegesek és azonos 
távolságra helyezkednek el egymástól.

A triortogonális, homogén kőzetmodell hézagtérfogatának tanulmányozásakor egy 
közelítő összefüggést állíthattunk fel a rés szélesség (ó) és a rések közötti távolság között 
(áx):

( 1)

Ez az összefüggés a 4.10-6 —1.10-2 méter szélességű réstartományban érvényes.
A kőzetmodell hézagtérfogata egzakt módon leírható (2) az alábbi összefüggéssel:

П =  1  -  f x f y f z ( 2)
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D]NT�� �D� IH`HMGBHE�BCOJD�GB�V[� D� EXCHKJNMHTT� ]NBBCD� DC��‘� KHPRHTQ� FIOPQOWDP8

�C� HTJGTHKF� EXCHKJNMHTT� ]GCDRKGIeNRDKOK� KDPLTJOPQNCVD� JHROTTD`gK]DKY[� ]NRQ� D�
eHTSTHKF�OKKUIKBGR�PHJ�HRQHPTX�D�KHTaHB� ]GCDRKGIeNRDK�GIKGEGVHT8

�TeNRDMVD� D� IH`HMGBIHPMBCHIHE� KIFNIKNRNPOTFB� VNTKOK� HRQ� JHREUCHTgKX� UBBCHeSRRGBK�
BFEHISTK� KDTOTPF� D� IGBBCGTHBBGR� �JGKHIWHP�� GB� D� IGBHE� EUCUKKF� KOVNTBOR� �t� \HPKFJGKHIWHP��
EUCUKK[� JHTQ� UBBCHeSRRGB� D�,#!H��)<� �������� FR� KHIaHMX� KHISTHKHP� VHKK� __� EXCHKJFPKD�
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D� EXCHKJNMHTT� eHTG`gK]HKX8

�� ���������� � TGKHBgKHKK� HRQFE� JHReFRQHTXEfKWDP� D� JDRJFPKOE[� efIOBF� HTXIH]DTDMOBF�
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