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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 iseasy 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 Kkarstic
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 abra. Karsztos teriilet ferde tengelyd Iégifotdja

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
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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 Kkarstic 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 ofa thin section can be seen on the Fig. 3. Comparing the pattern

Fig. 2. Photograph from an outcrop in karstic terrain.
2. dbra. Karsztos teriilet feltarasanak fotdja.
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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. dbra. Karsztosodd mészkd vékonycsiszolat fotdja

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 (a) the spacing of joints (AXx),
and the porosity (n) :

=5 —
=9 A 0
This form is valid to rocks including fissure-sizes ranging from 4.10-6to 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 fx\fy\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:

©)

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 (O 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 Héviz and Budapest.

Ax = 1.25.10s & ® ()

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
15 percent (nm= 0.015,) and this was also a spatial value. In this case the porosity of
fracture range between the openings and microfissuration (nh) was

nb —uw, — (n0\-nm) m= 0.018 (5)

Using Equation |. to determine the average fracture size belonging to the tib, the result
was that this fracture is (O) 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 17 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.
poro-  Suface  SaEef Nug]fber Tﬁrg;)\?e s S 2100 Nurgfber
Montains sity of karst passages Caves Surface m2 'Sp Caves
S m2 Sp m2 Pc Sc m2 Ao Pc/km2
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 2.18.103 128 0.38
Vertes 1.50.108 7.5.107 7 n 7.7.10 0.10 0.05
Gerecse 8.3.107 4.15.104 60 2 126103 305 072
Pilis 4.7.107  2.35.10¢ 79 38 3.00.10i 128 1.5
Buda 5.6.107 2.8.104 93 80 7.44.103 265 17
Mean 1.03.109 515.10s 424 50 2.12.10¢ 41 041
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Fissure number distribution by size

Table 2.
size (M) Numbers of fissures
17 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_5; 1980
4.10-" 2860

Total number of fissures 16562
Abstract

N 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 = 1251055 p

With the use of the triorthogonal model, the fractures size frequency around and obser-
vation-well could be well approximated.
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Osszefoglalas

7. Bevezetés

A foldkéreg kdzeteit két nagy csoportba sorolhatjuk a benniik végbemené vizmoz-
gast tekintve:

Porozus k6zetek és
Repedezett kézetek.

A repedezett kdzetekre az jellemz6, hogy a szerkezeti erék hatdsara repedések
keletkeznek bennik és ezek térfogata jelenti a viz taroldsara alkalmas térfogatot, vala-
mint ezek irdanya hatarozza meg a viz mozgéasi lehetségeit is. A repedezett kdzetek
csoportjaba tartoznak a karbonatos, karsztos kézetek is.

A karbonatos koézet, mint a vizmozgas kozege anizotrop és heterogén tulajdon-
sagokkal rendelkezik. Ra kell mutatni arra, hogy a k&zet anizotropiajarol és heterogeni-
tasarél a val6sagban nehezen szerezhetiink adatokat és az esetek tdbbségében ez nem
megoldhat6 feladat. A jarat méretek, a rés szélességek, valamint ezek abszolut és relativ
érdessége széles hatarok kozott valtozik. A vizmozgas jellege pedig dontd mértékben a
karbonatos kdzet ilyen jellegli sajatossagaitél fligg.

A vizmozgéas jellegének ismerete elméleti és gyakorlati vonatkozasban egyarant
fontos;

— a vizellatas terén,
— a vizmérnoki gyakorlatban és
— a banyészatban.

2. A modell létrehozasa

A Kkarsztviz-mozgas tanulmanyozasakor a kérdés az, hogy ez szivargasként értel-
mezhet6-e, vagy sem.

Annak ellenére, hogy a karsztos kézet szivargasi tényezGje sokat vitatott kérdés, a
szivargas térvényeinek alkalmazasa altalanosan hasznalt a repedezett kézetekbeli viz-
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mozgas tanulmanyozasakor. A szivargasi tényezé matematikai megfogalmazésa viszont
nauy mértékben fiigg attdl a modelltdl, mellyel a valésagos kézetet helyettesitjiik.
A létrehozott modell azonban csak akkor alkalmazhatod, ha az aramlasi jelenségek az
idealizalt k6zetben jol megkdzelitik a valésdgos kdzetekben lejatsz6dd vizmozgast.

Az elméleti modell létrehozasanak els6 1épéseként afelsd triasz kori karsztos k&ze-
tek repedéseit tanulméanyoztuk a légifotékon, feltdrdsokban és vékony csiszolatokban,
valamint banyavagatokban, hogy meghatarozzuk a repedések méreteit és egymashoz
valo kapcsolodasukat. A résmeéreteket a mintegy 90 farasban tanulményoztuk, a 0.006
mikront6l néhany méterig terjedd tartoméanyban. Ezt az analizist a Dunéntali K6zép-
hegység\ hazank legjelent6sebb karsztos egységének teriiletén végeztik, mely féként
dolomitbol és mészkéhdl all.

Tobb szaz fotd tanulméanyozésa alapjan az aldbbi megallapitasokat tehetjiik:
A repedések tobbsége meréleges, vagy kozel merdleges egymasra.

A vizzel kitoltétt zonaban a vizjaratok inkdbb résekhez, mint csévekhez
hasonléak.

A repedés-halozat nagy hasonlésagot mutat minden méret-aranyban,
beleértve a mikroszkopi méreteket is.

Az elmondottak illusztralasara szolgal az 1.—3. dbra, ahol egy ferde tengely(l légi-
foton, egy feltaras és egy vékonycsiszolat fénykepen a repedés-halézat nagy fokd hason-
latossaga fedezhet6 fel.

Teny, hogy a fotok nincsenek tajolva, igy a repedések iranyainak egyezése nem
bizonyitott, de ez feltételezhetd, mivel a makro és a mikro jaratok azonos er6k hatésara
keletkeztek.

Az egyszer(sitett k&zetmodell alkalmazhatésaga érdekében megvizsgaltuk az egy
méter szélességet meghaladd repedések valdszinlségét. Ehhez alapul vettik a Dunantdli
Kozéphegységben végzett barlangfelméréseket és ezek adataibol szamitottuk a barlang-
feliiletek val6szin(iségét a karsztos hegység teljes résfelliletéhez viszonyitva (1. tablazat).
Ez azt mutatja, hogy az egy métert meghaladd repedések val6szinlisége 4—10%, azaz
ezek nem jellemz68k hidraulikailag a DMK tertiletére.

A banyateriletek hidraulikai tanulmanyozasa (4) azt mutatta, hogy a felsd triasz-
karbonatos viztarolé kézet az ateresztd képességét tekintve nagymértékben egydntetd
és az eltérések ebben nem jelentdsek.

Ezekbdl a megfontolasokbol azt a kovetkeztetést vonhatjuk le, hogy a Dunantili
Kozéphegység karsztos tarolok6zetének modellje egy olyan triortogonalis, homogén
repedés rendszer, ahol a rések azonos szélességliek, egymasra mer8legesek és azonos
tavolsagra helyezkednek el egymastal.

A triortogonalis, homogén k&zetmodell hézagtérfogatanak tanulmanyozasakor egy

kozelitd 0sszefliggést allithattunk fel a rés szélesség (6) és a rések kozotti tavolsag kozott
(ax):

(1)

Ez az dsszefliggés a 4.10-6 —1.10-2 méter szélességli réstartomanyban érvényes.
A kézetmodell hézagtérfogata egzakt modon leirhaté (2) az aldbbi dsszefiiggéssel:

n=1- fxfyfz (2)
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eHTSTHKF OKKUIKBGR PHJ HRQHPTX D KHTaHB |GCDRKGIeNRDK GIKGEGVHTS8

TeNRDMVD D IH'HMGBIHPMBCHIHE KIFNIKNRNPOTFB VNTKOK HRQ JHREUCHTgKX
BFEHISTK KDTOTPF D IGBBCGTHBBGR JGKHIWHP GB D IGBHE EUCUKKF KOVNTBOR
EUCUKK[ JHTQ UBBCHeSRRG8 D FR KHlaHMX KHISTHKHP VHKK __ EXCHKJFPKD
EXCHKeFCFEDF HTHJCGBGP DTD'BCFEZ
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EDIBCKNB EXCHKHK eHTKOIY eflOB EUIPQHCHKGWHP[ D eflOBWYT BCOIJDCY DMD
D EXCHKINMHTT eHTG gK]JHKX8

TGKHBgKHKK HRQFE JHReFRQHTXEfKWDP D JDRJFPKOE][ eflOBF HTXIk
BCHTVGPQ[ EDINKOCB VFCBROTDKNE[ ]JFMIDLTFEDF EgBGITHK GB EXCHKeFCFEDF VF
JHR]DKOINCKLE D JGCDRKGIeNRDKNK[ JHTQ 9 BCOCDTGEID KH]HKX8

eflOBWDP :i[@"c_[9" GB :d[b "cO"@" JGKHI EUCUKK PQFKNKK SIHRHK KDTOTKLF
RQDPDEENI D JFEINIH'THMGBHE ]JGCDRKGIeNRDKOK][ JGIHKHFK D EXCHKJFPKOE DTLC
INCKLE JHR8 C SIHRHE GB D JFEINIH'HMGBHE EUCUKKF IGBHE JGIHKHFK DCCDT D eH’
BCOJgKNKKLE[ INRQ D JDRNE OTKDTOWDP D IH'HMGBHE JHPKGP KUIPHE HT8 FVHT
JDRINBBC 9 \HPKFJGKHI VNTK[ gRQ D IGBHE EUCUKKF KOVNTBORNK 9 \HPKFJGKHIPH
IHHHMGBHE BCOJD HRQHPTX VNTK D JDRNE BCOJOVDT[ JHTQ << VNTK8 IH'HMGB B
BCOJgK]DKYBORD GIMHEGWHP D KHTaHB ]JGCDRKGIeNRDKNK JHRNBCKNKKLE8 WW;
D EGK PDRQJGIHKA SIHRIH D efIOBNEWDP eHTKOIK EDIBCKNB EXCHK KHTaHB ]NBBC
GB 9[ € VNTK D EXCHKeFCFEDF VFCBROTDKNE DTD aOP D JFEINIGBHE ]JGCDRKGIeNRL
D EUCKHB IGBHE JGCDRKGIeNRDKD 9[d€[ GB gRQ DC 9 UBBCHeSRRGB eHT]DBCPOTOB
IGBHE OKTDRNB BCGTHBBGRH M JFEINPPDE DMYMNKKS8

eflOB EUISTF EXCHK JNMHTT IH'HMGBHFPHE JGIHK BCHIFPKF JHRNBCTOBOK D <
KDIKDTJDCCD[ DINT D JFEINIHHHMGBHE BCOJOK D < GB @ HRQHPTHKHE eHT]DBC
BCOJgKNKKLES
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