
DISCONTINUITY AND ITS SURVEY IN PE'm.OPHYSICAL 
MODELS FROM THE POINT OF VIEW OF HYDROGEOLOGY 

Galos, M. - Kert~sz, P. 

Technical University, Budapest 
H - 1521 - Budapest, Hungary 

Department for Geology and Mineralogy 

SUMMARY 

The paper presents a rock-mode1 of engineering geo1o­
gy, the basic model e1ements of which are the rock block 
without discontinuity and the discontinuity itself. The 
determination of the character of discontinuity and the 
survey of the .discontinuity-system are considered to be 
important from the point of view of hydrogeo1ogy since 
discontinuity is the elementa1 vo1ume of water motion in 
solid rocks. 

Elaboration of core materials of ful1 core recovery 
borings al1ows to represent the measure of discontinuity 
/tm/ i.e. the specific value for the discontinuity surface 
by the he1p of the discontinuity parameter /ts,o/ or index 
of fissure /tr/• 

The index of fissure is suitable for pointing out 
rock bodies in rock masses having diverse hydrodynamica1 
features due to their diverse discontinuity system. 

The survey of a discontinuity-system serves as a 
basis for mode1ling water motion in solid rocks. Geometri­
cal layout of the network inside rock bodies can be 
presented by the survey of the discontinuity-system. 
Corre1ation between model constans of the network mode1 
consisting of tubes with the same diameter and rock 
physical characteristics can be set up by the means of 
laboratory measurements. 

INTRODUCTION 

Rocks around engineering structures have to be 
mode1led in order to so1ve engineering geo1ogical tasks 
during designing, bui1ding and operation, since interac­
tion between engineering structures and rocks is so comP-
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lex due to the complexity of the material world that it 
ciUl be taken into account only hy introducinr. simplif'yinr, 
conditions. According to rock mod ells of eneim,.,rlnc ~··a­
logy baaed on petrophysics the rock mass in which the in­
teraction takes place has to be chosen from rocky environ­
ment of the engineering structure considering the aim of 
our activity and being aware of our engineerin~ activity. 
The shape and volume of the rock mass as elemental volume 
has to be determined considering both the effects on the 
rock mass and the geological conditions. 

Rock masses can be considered as very heterogeneous 
elemental volumes. Some of their parts have different 
properties. The elemental volume within the rock mass 
which is considered uniform from the point of view of 
behaviour and so it can be separated and geologically 
having the aa.e quality is called rock body. Rock quality 
changes on both aides of boundary surfaces separating rock 
bodies. The grade of change is the basis of the subjective 
decision by the means of which rock masses are divided 
into rock bodies. 

Rock bodies in solid rocks are taken as discontinoua 
volumes constructed of continoua elemental volumes with 
the same quality. These continous elemental volumes which 
are uniform concerning our aims are called rock blocks. 

Y.hen solving hydrogeological problema rock bodies 
consisting of rock blocks and the discontinuity of rock 
bodies are the model-elements by the means of which geolo­
gical environment can be taken into account in accordance 
with real interaction of effects. 

Discontinuity ia the most important model element 
in the case of water motion in solid rocks. 

In broader aenae boundary surfaces separating rock 
bodies can be conaidered aa discontinuity too, with rock 
quality changing on both sides. 

CHARACTERISTICS OF DISCONTINUITY 

Every characteristic property of discontinuity 
depends on the conditions of ita formation, i.e. on the 
effects which created them or which affected them since 
their formation. 

From the of view of genetics rock boundary sets up 
contemporaneously during rock formation. Discontinuity 
generally sets up in epigenetic way afterwards /eventually 
artificially/. Both discontinuity boundary surfaces and 
geological boundary surfaces are considered as planes in 
the case of proper geological conditions and they are 
characterized and taken into account by plane characteris­
tics, i.e. by trend, direction of dip and angle of dip. 
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Discontinuity is considered as open if openings of discon­
tinuity between adjacent rock blocks are occupied by aero­
form or fluid materials. Discontinuity is considered as 
filled if a part of the opening is filled by some extra­
neous solid matter. 

Discontinuity is considered as closed if filling ma­
terial gets into a material structural tie-up causing 
discontinuity to loose singular character. Frequency and 
density of discontinuity is interpretated as specific 
surface occupied in the investigated elemental volume 
/rock body/. The parameter of joint faces /A in ~/ for a 
rock body with the volume of V ~ is taken for the measure 
of discontinuity /fig.l/. This is the specific value of 
discontinuity faces i.e. the measure of discontinuity. 

t m = 
LAu 

v 
-1 

m 

To determine specific value for discontinuity faces 
proves to be an easy task theoretically, but in practice 
it is much more difficult, since this value has to be 
given during preparation work on the basis of the elabora­
tion of bore and disclosure materials. When characterizing 
properties of marked out rock bodies of solid rock masses 
in connection with water motion it can be assumed, that 
rock blocks are not water permeable, consequently discon­
tinuity or discontinuity system is considered as elemental 
volume for water. This is the reason why determination of 
discontinuity on the baais of test boring is considered to 
be an important t-k. 

DISCONTINUITY SURVEY ON mE BASIS OF CORE DRILLING 

Discontinuity survey on the basis of core drilling 
depends on the recovery of core. A full or almost full 
recovery of core during drilling is suitable only for 
determining the specific value of discontinuity faces. 

For core materials of these drilling& the specific 
length of care pieces greater than S,o em are considered 
as a parameter characterizing discontinuity. This is the 
so called discontinuity parameter /ts,ol 

where 

b 

I hi 

=---=a=--

hi length of cores longer than s,o em 

ha and ~ depth section relating to the 
beginning and end of the investigated 
section 
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Thus a value between 0 nnd 1 can be used ~or detPrmi­
ning discontinuity and discontinuity of' rock horli.As can he 
chnracteri.zod by this munhor. To tnke 1 nto nccou11 t t.Jw 
discontinuity system of' rock bodies it proved to be expe­
dient to take the index of' t'issure ltrl calculated by 
using discontinuity parameter: 

when rock bodies 
by a value of' tr 
with intensively 
characterized by 

t I 1 - t 5 I 1oo r ,o 

with t'ew joint t'aces are characterized 
lower than 1~ and rock bodies crossed 

cracked and densely joint faces arc 
a value of' tr near to 10~. 

The index of' t'isaure can be made proportionate with 
the number of' joint t'aces in rock bodies. In similar way 
the specit'ic number of' joint t'aces lrl can be determined 
too during elaborating core material 

r =-=a'---

where - ri number of' joint t'aces 
ha and hb depth section relating to the beginning 

and to the end of' the investigated 
section 

With core sampling every parameter of' discontinuity 
or discontinuity system can be taken up only by the means 
of directional drilling and directional sampling, since 
data t'or dip and the line of' dip of' joint t'aces can be 
determined only by drillings carried out by the the means 
of' such technology. Elaboration of' core drilling materials 
can be completed easily by the means of' in situ investi­
gation methods which can be performed in drill holes and 
by the means of' measurement results of' which the proper­
ties of' rock bodies can be determined. 

To determine water permeability of' rock bodies the 
joint evaluation of' the index of' t'issure charactcrizine 
discontinuity system and the results of' water saturation 
investigation is needed. 

Drilling sections obtained when plotting the results 
of' local water saturation experiments and elaborating the 
core material of' test holes performed t'or discovering 
water permeability properties of' rock masses under the 
circular river-closure dike in andesite at the construc­
tion of' the Nagymaros Barrage presented typical cases. 
Drilling was performed in andesite rock masses. 

Drilling section ~ 9o27 lt'ig.2l represents a rock 
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body having a discontinuity rate or tm(lO m-1 and an 
index or rissure or tr(2~. Cracks are closed, water 
motion along joint races is small, water saturation expe­
riments showed a small quantity or saturated absorbed 
water along the whole drilling section. 

In the rock body crossed by the drilling ~ 9o63 
/rig.)/ the speciric value or discontinuity surraces is 
tm) ~0 m-1 and the index of fissure is tr) 7~~. High 
values of absorbed water quantities suggest intensive 
water motion along joint faces. 

The core section on the drilling section ~ 9o55 
/fig.4/ where the index of fissure is equal to tr = 10~ 
causing the especially high water saturation value is 
indicated by an arrow. 

CORRELATION BETWEEN DISCONTINUITY 
SYSTEM AND YATER MOTION MODELLING 

The survey of discontinuity systems in values is 
suitable to replace the discontinuity of rock bodies with 
hydrodynamic-mathematic models in order to analyse water 
motion along discontinuity after having made it suitable 
for engineering practice. 

The principle of the model is baaed on the property 
of the discontinuity system, i.e. on the fact that the 
watercarryingmedium branches off in a random way and the 
thin rivulets flowing and separated in it join again 
mixing in different measure. The elemental volumes of rock 
bodies can be covered with a framework by the means of two 
systems of networks perpendicular to each other and 
fitting at the nodes. The network consist of pipes simula­
ting discontinuity. The cells of the pipe-network corres­
pond to the rock blocks constituting rock bodies. It can 
be supposed that pipes represent actual motion retardation 
i.e. the route of water. 

Kov,cs /1981/ proved that constructing such a model 
the route on the two planes are considered as continuing 
one another and so the section perpendicular to one 
another c~ be turned into one single plane. Figure 5 
shows the sheme of the framework of the regular networks 
suggested by him. 

Period during which a water particle passes through 
a pipe section of given length /a/ is typical of the sys­
tem. The necessary time /t/ for passing through a section 
L depends /apart from period t/ on the number of nodes. 
In the case of simple diagonal quadratic net it is: 

L = n • a 
In the chosen model the relation between petrophysical 
characteristics of rock bodies and the material-constans 
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of the model should be determined by the means of labora­
tory measurements.The chosen pipe diameter and the 
roughness properties of the inner wall of the pipe arc 
thought of. 

Having these conditions it can be obtained, that the 
geometrical size of the network model simulates the actual 
discontinuity system. The pipe elements simulate water 
motion between intersections. The full model simulates 
water motion with intersections. Elaboration of core mate­
rials o~ teat holes by the presented method allows to 
chose ~rom the investigated rock mass the identical rock 
bodies from the point of view of hydrogeology by using the 
index o~ fissure /tr/• Geometrical size o~ the rock body 
and the measured number and direction of joint faces 
ensure determination o~ the measure o~ discontinuity /tmf. 
Thus thia method serves as a basis ~or modelling water 
motion in rock bodies with discontinuity as well. 
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FIGURES 

F~g.l D~acont~nuity ~n the rock-body and ~n the bore­
aamplea 

2 Sect~on tr - q oC bor~ng NO 9o27 executed Cor the 
Nagymaroa Barrage 

) Sect~on tr - q oC bor~ng NO 9o63 executed Cor the 
Nagymaroa Barrage 

4 Sect~on tr - q ot bor~ng NO 9o55 executed tor the 
Nagymaroa Barrage 

5 Frame-network tor modell~ng water movement• ~n 
rock bod~e• 
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5. a bra Fig. 5 
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