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In our study we deal with geophysical well logging of fracture zones of fresh granite free of surface effects to characterise the hydro- 
geological properties of the Üveghuta granite. In the vicinity of the selected Üveghuta site six boreholes were drilled which hit this for
mation, thus the measurements performed in them were used to characterise the fracture zones. A more thorough study of fracture 
zones was made possible by the fact that in addition to traditional well-logging measurements we made full acoustic waveform records as 
well and — for the first time in Hungary — acoustic borehole televiewer (BHTV) and high sensitivity flow (Heat-Pulse Flowmetry, HPF) 
measurements.

1. Introduction

In the framework of the geological investigation aimed 
at defining a site for the storate of low- and intermediate 
radioactive waste, we carried out measurements — commis
sioned by MÁFI — in the boreholes drilled in the area of 
Üveghuta granite, in the vicinity of Üveghuta (Zilahi- 
Sebess and Szongoth 1997; Zilahi-Sebess et al. 1998; 
Zilahi-Sebess 1999a, b). Performance and interpretation 
of geophysical well logging measurements was the task of 
the Eötvös Loránd Geophysical Institute and Geo-Log Ltd. 
On the basis of the results we were able to develop a 
detailed image of the Quaternary loess sequence, the 
weathering crust of granite and the fracture zones of fresh 
granite. In this volume a separate study is dedicated to all 
three topics.

In the granite free of surface effects, physical parame
ters do not depend on depth. These are in connected pri
marily with fissures and alteration in the rocks, and sec
ondly with rock composition. Division of the fresh granite 
from a geotechnical viewpoint was primarily based on 
acoustic and electric measurements, similarly to sectioning 
the granite’s weathering crust (Zilahi-Sebess et al. 1998).

The more heavily fissured fracture zones have been 
characterised by physical parameters proportional to the 
number of fissures (e.g. fissure density), and by their posi
tion (dip, dip direction).

Determination of the fracture zone positions — because 
the geophysical well-logging information covers only a 
small volume — is rather uncertain. The position of fracture 
zones was determined in three ways:

— from reflections identifiable in the acoustic wave
form,

— from direction statistics of the acoustic borehole 
televiewer,

-  from the position of the edges of fracture zones 
detected by acoustic televiewer.

Fracture zones can be characterised by the volume of 
infiltrating water, from a hydraulic point of view.

In what follows firstly the peculiarities of geophysical 
well-logging interpretation of fissured granitoid rocks are 
presented, after that the sectioning of fresh granite from 
the geotechnical point of view, then the fracture zones are 
characterised based on the distribution of their physical 
parameters, the methods for determination of fracture 
zone dips are briefly discussed, a hydraulic characterisa
tion of fracture zones is given and infiltrations are intro
duced, and finally our results are summarised.

2. Peculiarities in well-logging characterisation 
of fissured granitoid rocks

Geophysical interpretation of siliceous, crystalline 
(magmatic and metamorphic) rocks differs from that of 
sedimentary rocks in several respects.

These rocks have practically no interconnected matrix 
or primary porosity, since the whole pore volume is con
nected to secondary mechanical or chemical alteration. 
Distribution of pore volume is connected to the strongly 
inhomogeneous fissure system. In the vicinity of fissures 
and especially of subsequently infilled fissures — due to 
contact effects which also includes the non-hydrothermal, 
low-temperature argillaceous alterations as well — one may 
not reckon with a uniform matrix from the viewpoint of 
physical parameters, in contrast to sedimentary rocks in
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Figure 1. Porosity-sensitive logs and the acoustic waveform in Borehole Üh-22

N a tu ra l  g a m m a  a n d  m a g n e tic  s u sc e p tib ility  logs r e p re s e n t c h a n g e s  in  p e tro g ra p h y

1. ábra. Porozitáskövető szelvények valamint akusztikus hullámkép az Üh-22 fúrásban

A te rm é s z e te s  g a m m a  és m á g n e se s  s z u sz ce p tib ili tá s  sze lvények  a k ő z e t ta n i v á lto z á so k a t re p re z en tá ljá k

which the rock matrix is visually relatively uniform due to 
the depositional process. (Fissures may develop at the 
boundary between two rock bodies of different physical 
parameters where the density and neutron porosity were 
originally inhomogeneous.) A consequence of this is that 
nuclear geophysical measurements (neutron porosity, 
gamma-gamma density measurement) reflect primarily 
changes in rock quality and only in the second place

changes in porosity. In other words, the traditional porosity 
sensitive methods used in sedimentary rocks — except for 
the cavernous sections — indicate changes in petrography 
(.Figure 1, second and third columns).

Fissures cause significant changes primarily in rock 
mechanical parameters and in the internal specific surface 
of rock, and to a lesser degree in porosity — the absolute 
value of which is low — therefore below a porosity of 3-5%,



the porosity calculation means basically an estimation of 
the order of magnitude only. (Increase in neutron porosity 
indicates occasional chemical alteration in rock material.)

A common feature of fracture zones is — in contrast 
with the fresh rock sections — the inhomogeneity of physi
cal parameters sensitive to the break up of rock and to the 
extent of its internal surface. Acoustic and particularly the 
electric measurements are sensitive to the fissure system 
and fluid filling it in. For these reasons we base geotechni
cal characterisation of the granite on acoustic (acoustic 
waveform and acoustic borehole televiewer) and electric 
(normal resistivity, focused resistivity) methods.

The parameters of the fracture zones are related to 
those of the fresh granite. It is characteristic of the fresh 
granite that the velocity of longitudinal waves is high, rela
tively constant, and the average resistivity is also high. 
There are only closed fissures in it.

Since the rock itself is a non-conductor, fractures or 
argillaceous alteration are practically the only reasons for 
all decreases in resistivity. As far as we are aware the occur
rence of semiconductor ore minerals is so rare in this area 
that it is negligible even from the viewpoint of fissure iden
tification (argillaceous alteration also attacks the rock 
starting from fractures). Ion concentration of the bound 
water present in the rock fissures is high, thus its conduc
tivity is orders of magnitude higher than that of the free 
fluid, and therefore the electric resistivity is inversely pro- 
portional .to the specific surface of rock. Fissures repre
senting a porosity of only 0.1% in the measured rock vol
ume reduce the apparent resistivity of rock to about 1000 
m, thus it causes a decrease of resistivity of at least one 
order of magnitude compared to the fresh rock — while the 
rock density and neutron porosity remain practically 
unchanged — thus resistivity shows the presence of frac
tures in a strongly exaggerated way. (The real decrease in 
resistivity -  taking into account the non-conductive nature 
of the rock — is five to six orders of magnitude, thus the 
measured decrease in resistivity depends really on the 
measuring range of the instrument.) It is noted that in a 
rock of about 1000 m resistivity the propagation velocity of 
the acoustic wave is still around or greater than 5000 m/s.

Propagation velocity of the acoustic wave is proportion
al to the integrity and internal friction of the rock, there
fore in the loosened, tectonised zones the degree of 
decrease in velocity may be especially high (Figure 1). In 
the more strongly fissured and therefore loosened sections 
both the propagation velocity of the compression wave 
(Vp) and velocity of shear wave (Vs) strongly decrease, 
while the ratio Vp/Vs, however, significantly increases. (In 
high-velocity rock just the opposite might happen with 
small fracture thickness, i.e. the ratio Vp/Vs decreases with 
decreasing Vp velocity.) It is noted that in the more strongly 
fissured fracture zones the transverse wave cannot always be 
identified in the acoustic waveform record due to the high 
attenuation. The non-cavernous, fissured sections are char
acterised by an increase in travel time and acoustic damping.

Acoustic borehole televiewer measurement, which out

side of the oil industry is considered a new method in 
Hungary, allows high resolution, in situ study of the fissure 
system. With the borehole televiewer the travel time and 
amplitude of the signal from a rotating sonar (sonic trans
mitter) is measured in a minimum of 72, maximum of 288 
directions. Plotting the result with a colour code, the bore
hole wall image is obtained in a plane projection. In the 
image constructed from the reflection travel times only the 
fractures open from an acoustic viewpoint can be recog
nised, while in the image constructed from the amplitudes 
of reflections all those forms can be seen which have elas
tic parameters different from their surroundings, thus the 
infilled fissures as well. Any type of alteration in the rocks 
can clearly be distinguished from the unaltered variety, 
because alteration typically reduces the velocity below 
5000 m/s, while the amplitude attenuation, closely linked 
to the increased energy absorption, increases.

The more strongly fissured fracture zones are conside
red places of potential water influx. Whether they really 
cannot be decided without methods sensitive to fluid flow. 
High-accuracy differential temperature measurement indi
cate places of water influx, thus this technique makes infor
mation from other fracture detecting methods more accu
rate. Small influxes occurring in granite fall frequently 
below the detection threshold of traditional flow measure
ments, therefore we applied a new method, the high-sensi- 
tivity heat-pulse flow (HPF) measurement. This method is 
based on the measurement of the arrival time of a water 
volume warmed up by a heating wire to a detector. Influxes 
in the dl/minute order of magnitude can easily be detected 
by a flow meter.

3. Division of fresh granite from a geotechnical point of view

To interpret the fracture zones the fresh granite was 
divided oh the basis of its geotechnical state according to 
three units of different scale:

— Large blocks mean relatively homogeneous intervals 
based on average values of geophysical parameters. 
They are in contact with each other along zones of 
weaker state, or fracture zones. The large blocks 
form intervals of the order of 50-100 m.

— Zones with depth trends in Assuring (fracture zones with 
their associated fissures) are intervals of the order of 
10-30 m identifiable in electric resistivity logs. Each 
depth trend ends in a greater or smaller fracture zone, 
and these represent the low-resistivity end of the depth 
trend. A large block can be divided into several inter
vals with independent depth trends in fracturing.

— Fracture zones are intervals of the order of magnitude 
of 1-10 m that can be marked out within the resistiv
ity depth trends based on the acoustic waveform and 
the acoustic borehole televiewer. These fracture 
zones can be simple, but at the same time sharply 
separated from their surrounding or have complex, 
poorly defined edges (Figure 1).



It is noted that strongly cavernous, tampon-cemented 
sections of boreholes are ranked among the fracture zones 
based on technical and geological information, it is, however, 
impossible to obtain quantitative information within them.

4. Characterisation of fracture zones 
based on the distribution of physical parameters

Fracture zones can be characterised both by the statis
tics (average, scattering, most frequent value) and spatial 
distribution (shape of log) of the physical parameters. 
Inhomogeneity of physical parameters in the fracture 
zones is reflected by their larger scattering, which on its 
own also suggests a more altered state of rock.

In Figure 2 it can be seen that in the low-resistivity, sup
posedly fractured zones, values of differential resistivity (d 
E40) and differential Vp (dVp) logs (logs of changes over a 
unit interval of depth) show higher values.

Inhomogeneity of rock in a given interval can be char
acterised with the most frequent value, scattering, and 
shape of the empirical distribution of physical parameters 
(histogram). In fissured rocks, especially in fracture zones, 
the distribution of parameters depending on fracturing is 
mostly asymmetric, log-normal or inverse log-normal. For

example, resistivity (Guard Laterolog) in Borehole Uh-23 
{Figure 3, c) shows log-normal distribution, which suggests 
relatively strong fissuring. The fracture zone in Borehole 
Uh-2 {Figure 4, c) is similar to this. The low values indicate 
the strongly fissured fracture zones, medium values are 
characteristic of the rock in the close vicinity of the frac
ture zone, and therefore a similar, bimodal distribution has 
developed in both boreholes.

Spatial inhomogeneity also characterises the fracture 
zones. Fissuring gets weaker going away from the plane of 
fracture or fault. This weakening, however, does not take 
place as a steady decrease, but it looks like an average ten
dency in the electric resistivity and acoustic velocity logs. 
In general, several subsequent depth trends of identical 
direction can be observed, which is taken as a likely indica
tion of rock stresses of the same character.

In Figure 5 the most characteristic acoustic properties 
of fracture zones can be observed:

— gradually increasing velocity moving away from the 
fracture (in the figure downward from fractures at 
99.8 and at 123 m),

— decrease in characteristic frequency with a decrease 
in the acoustic wave propagation velocity,

— increase in acoustic attenuation with decrease in 
velocity (in the figure marked with lighter colours),

Figure 2. Differential logs of resistivity and acoustic-wave velocity in Borehole Üh-23 

2. ábra. Ellenállás és akusztikus hullámterjedési sebesség differenciál görbéje az Üh-23 fúrásban
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Figure 3. Histograms of strongly fissured depth interval 168-173 m in Borehole Uh-23

3. ábra. Az Üh-23 fúrás 168-173 m közti erősen repedezett szakaszának hisztogramjai

Guard laterolog

Figure 4. Histograms of the fractured interval 214-217 m in Borehole Üh-2 

4. ábra. Az Üh-2 fúrás 214-217 m között található töréses övének hisztogramjai



Figure 5. Borehole televiewer and acoustic waveform record in Borehole Üh-3

In waveform the depth-orientated stripes o f stronger colours (blue, yellow) show the presence of shear waves o f higher amplitude

5. ábra. Akusztikus lyukfal-televíziós és akusztikus hullámképfelvétel az Üh-3 fúrásban

A hullámképen az erősebb színű (kék, sárga) mélységirányú csíkok a nagyobb amplitúdójú nyíróhullám jelenlétét mutatják



Shear modulus

Figure 6. Relationship between the shear modulus and electric 
resistivity in Borehole Uh-22

Green = 53-103.4 m, red = 103.4-187 m, blue = 187-309 m, lilac = 309-390 m, 
black = 390-500 m

6. ábra. A nyírási modulus és az elektromos ellenállás kapcsolata 
az Üh-22 fúrásban

Zöld = 53-103,4 m, piros = 103,4-187 m, kék = 187309 m, lila = 309-390 m, 
fekete = 390-500 m
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Figure 7. Relationship between the shear modulus and the electric 
resistivity in Borehole Uh-3

Orange = 85-100 m, red = 105-200 m, brown = 200-300 m

7. ábra. A nyírási modulus és az elektromos ellenállás 
összefüggése az Üh-3 fúrásban

Narancssárga = 85-100 m, piros = 105-200 m, barna = 200-300 m

— increase in the ratio Vp/Vs with increasing fractur
ing, and frequency dependence of the ratio Vp/Vs 
and absorption.

In what follows we attempt to throw light on the con
nection between the parameters by studying cross-plots, 
deducing from this the integrity of the rock matrix, after 
which the separation of open and closed fissures based on 
borehole televiewer measurements is discussed.

Figure 8. Relationship between the guard laterolog and acoustic 
attenuation in Boreholes Üh-22 (a) and Üh-23 (b)

Ü h -2 2 -. red = 103.4-187 m, blue = 187-309 m, lilac = 309-390 m, black 
= 390-500 m Ü h -2 3 :  red = 91-199 m, blue = 199-300 m

8. ábra. Guard laterolog és az akusztikus csillapítás összefüggése 
az Üh-22 (a) és Üh-23 (b) fúrásban

Ü h - 2 2 :  piros = 103,4-187 m, kék = 187-309 m, lila = 309-390 m, fekete 
= 390-500 m; Ü h -2 3 :  piros = 91-199 m, kék = 199-300 m

4.1. Study of the relationship between the parameters, and 
conclusions concerning the integrity of the rock matrix

The relationship between the individual parameters is — 
just like in the case of the parameters of the weathering 
crust ( Z il a h i-S e b e s s  et al. 2000) -  characteristic for the 
individual fracture zones.

A study of the inter-relationship between the geome
chanical parameters for the whole rock is needed for the 
characterisation of the fracture zones. This relationship is 
basically determined by the structure of the fissure system. 
In this respect, we consider the fracture zone as an element 
of a larger structure, therefore investigation of the relation
ship between the parameters themselves at different scales 
means investigation of the relationship between the whole 
fissure system and the larger fracture zones. In other 
words, the relationships represented by the cross-plot 
which are valid for the individual fracture zones separately 
can significantly differ from the relationship determined 
from all depth points for the whole rock. Among the main 
reasons the pressure increase with depth is critical, which
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Figure 9. Borehole televiewer measurement in Borehole Üh-2

9. ábra. Akusztikus lyukfal-televíziós mérés az Üh-2 fúrásban

even in the case of surfaces in contact and considered con
stant is able to increase the shear resistance alone without 
any kind of cementation, but not the electric resistivity, if 
the specific surface otherwise does not change.

In our experience the logarithm of electric resistivity is 
directly proportional to the shear modulus (Figure 6). 
Studying sections separately it turns out, however, that the 
connections differ from each other according to depth sec
tions, which explains the relatively high scattering of the 
relationship taken for the whole borehole.

In Borehole Uh-22 (Figure 6) the shear modulus is 
directly proportional to the integrity of the rock matrix, or 
to fissure density and thickness, while electric conductivity 
is proportional at least to the second power of pore volume 
according to Archie’s formula (Rt-Rw/<E>2.). Electric con
ductivity is proportional to the specific internal surface, 
because the conductivity of the bound ion-rich water is by 
one to two orders of magnitude higher than that of the free 
fluid. It follows from this that the more complicated the 
internal surface the higher the conductivity. Considering 
all depth points, the increase in resistivity versus shear mod

ulus is stronger than exponential, which derives from the 
fact that the smaller the width o f a fissure the higher the 
probability that from a certain portion of the planes in con
tact the electrolyte is squeezed out, and tortuosity of the 
pore volume represented by the fissure also increases. 
W here the conductive fluid is squeezed out, i.e. in a capil
lary crack system of m icron size, the resistance to shear 
force approximates the param eters o f the fissure-free rock 
depending on pressure. M esko (1995) discusses in detail 
the connection between the propagation velocity of elastic 
waves and micro-cracks, which is closely related to the 
shear modulus.

In Borehole Uh-3 (Figure 7) at high shear moduli -  in 
the interval between 200-300 m — large changes in resis
tivity coincide with small changes in shear modulus, which 
can be explained by large change in tortuosity. This situa
tion exists in fissures of very small width, where the bulk of 
the opposite surfaces of fissure fit into each other. This 
ensures high shear strength, but the volume that can be 
filled with electrolyte, and the associated tortuosity can 
change even orders of magnitude, while the effective sur



face in contact changes only very slightly. In the depth 
interval of 105-200 m the logarithm of electric resistivity, 
where the shear modulus shows a major shift, changes to a 
smaller degree than in the lower section, suggesting that 
the fissures can generally be thicker and can contain free 
fluid, too. In the fissure system the conducting surfaces, 
and surfaces in direct contact and therefore non-conduct
ing, may be roughly in equilibrium.

Acoustic attenuation is roughly inversely proportional 
to the electric resistivity (Figure 8). Acoustic attenuation is 
calculated from the longitudinal wave trains, thus it is less 
sensitive to micro-fissuring than the conductivity, propor
tional basically with the specific surface of micro-fissuring, 
thus the higher the resistivity the higher the scattering of 
attenuation. In the case of Borehole Uh-22 as well as the 
existence of inverse proportionality, scattering of the rela
tionship is much larger than in Borehole Uh-23. This is 
primarily due to the higher sensitivity of Guard Laterolog 
to micro-fissuring.

4.2. Separation of open and closed fissures based on the 
borehole televiewer measurement

In general, the amplitude image is richer in details, and 
fissures not seen with the acoustic appear only on here 
(Figure 9, the white sinusoids below 217.5 m). The larger 
open fissures appear in the travel time image as black sinu
soids between 217.0 and 217.5 m.

Fissures are ranked into the following four categories 
based on the BHTV images:

— closed fissures providing a complete sinusoidal;
— open fissures providing a complete sinusoidal;
— thin (intersected) fissures providing incomplete 

sinusoidal;
— patch-like and thick, short, sinusoidal fragments.
These categories were used in statistical processing of

fissure directions obtained from borehole televiewer meas
urements. Only those fissured zones are considered real 
fracture zones where a large number of open fissures can 
be seen on the borehole televiewer reflection time image.

acoustic borehole televiewer, and finally the edges of frac
ture zones detected by the acoustic borehole televiewer.

5.1. Reflections from the acoustic waveform

In the acoustic waveform, in addition to the compres
sion (P), shear (S) and tube waves reflections obtained 
from the larger fracture surfaces can also be observed (usu
ally at the end of a fracture zone identifiable in the acoustic 
waveform and in the electric resistivity log which shows 
maximum fracturing, Figure 10). The reflection time increases 
going away from the intersection of the reflecting plane 
and the borehole, thus a straight line section appears in the 
acoustic waveform enclosing a certain angle with the depth 
axis; this represents a section of the travel time-distance 
curve and starts from the first arrival. These straight line 
sections are produced by the interference between the wave 
reflected from the fracture plane and other waves. (Mostly 
two straight line sections are considered, because we obtain 
reflections above and below the reflecting plane as well, 
therefore we can see a V-form in the acoustic waveform).

Knowing the propagation velocity of acoustic waves 
characteristic for the rock, dip of the fracture zone can be 
computed from the position of the straight line section. 
The most frequent dips are around 45-50° and 70-80° (e.g. 
reflections that can be seen in Figure 10 represent dips of 
44 and 66°). This is consistent with the average dip values 
detectable in acoustic borehole televiewer measurement. 
Dips of around 20° can also be detected, but for values 
smaller than these, the inaccuracy is too large, i.e. we can
not characterise them quantitatively. Reliability of dips 
identifiable from acoustic waveform can be better than that 
of data obtained with other measuring devices or core 
analysis, because information is obtained from an m-order 
vicinity of the borehole. Its disadvantage is that being a cir
cular symmetric measurement no dip direction can be iden
tified.

5. Methods to determine the dip of fracture zone

Reliability of determination increases if the dip of a 
fracture zone can be determined with several independent 
methods. Tectonic dips were determined at the Üveghuta 
site from two kinds of measurement, from acoustic wave
form and acoustic borehole televiewer image, in three basi
cally independent ways. In contrast with the dip values we 
can perform determination of dip direction based only on 
the acoustic borehole televiewer measurement according to 
two principles — statistics and individual fissure direction 
interpretation.

In what follows we discuss the reflections obtained from 
the acoustic waveform, then the direction statistics from

Figure 10. Acoustic waveform from Borehole Üh-23 

10. ábra. Az Üh-23 fúrás akusztikus hullámképe



5.2 . D irec tio n  s ta tis tic s  o f  a c o u stic  b o reh o le  te le v iew e r

Fissure direction statistics have been applied based on 
the borehole televiewer measurements, and we also 
attempted to determine the position of the major fracture 
zones which are thought to exist further away from the 
borehole. The direction distribution of dip azimuths have 
been plotted in a rose diagram. For plotting, the circle is 
divided into segments of certain angle. The radius of the 
coloured segment is proportional to the number of 
azimuths falling into the direction of the segment nor
malised to the total number of azimuths falling into the 
given depth interval. In the rose diagrams we generally 
used a division of 10°, or with too few data, 20°. In this rep
resentation dip values are not taken into account. (Unlike 
the diagrams used in geology not the strike but the dip of 
fissures is plotted in the rose diagrams, therefore the dia
grams are not symmetrical). It is called c h a ra c ter is tic  d irec

tion  if a definitely separated frequency maximum falls into 
one or two neighbouring segments. We apply the term m o re  

c h a ra c te r is tic  d irec tio n  se c to r  if the frequency maximum 
occupies several segments, i.e. it is smeared out over a cer
tain angle interval. The fissure system of a larger block can 
also be characterised by the direction statistics, and infor
mation can be obtained comparing them with the position 
of fracture zones on the existence or possibility of a con
nection between them.

In Borehole Üh-22 (F igure 11) the most frequent char
acteristic direction of closed fissures in the granite body is 
northern, although the western direction is separated as a 
definite frequency maximum, but with a relatively small 
weight. According to the direction statistics, open fissures 
with a northern direction are also common in Borehole 
Üh-22. Dominant NNW and SW directions exist only in the 
upper part of the solid granite for the thin fissures, providing 
incomplete sinusoids. In the lower zone the directions are 
more scattered and the two most frequent directions are W 
and NNE. The characteristic direction of the thick fissures 
providing an incomplete sinusoidal is unambiguously 
northern in the uppermost section, while in the lower one 
appears as a strong eastern supplementary direction as well.

According to the rose diagrams shown in F igure 12  the 
majority of all fissures in the 168-185 m interval of 
Borehole Üh-23 falls into the NW segment. The most fre
quent direction of open fissures is NW (this coincides with 
the direction determined from the individual fissure edge 
for zone T3), while the second most frequent direction is SE.

5.3 . E d g e s  o f  th e  f ra c tu re  zo n e s  d e te c te d  

b y  a c o u s tic  b o reh o le  te lev iew er

Where a large number of wide, open fissures can be seen 
in the borehole-televiewer record, frequently converging, those 
depth intervals are called fra c tu re d  section . In contrast with the 
other sections, these cannot be correctly characterised based 
on the fissure density, because the fissure planes frequently 
do not provide ¿'complete sinusoid curve in the record.

Table 2
Dips and azimuths representing possible faults

Üh-22
d e p th  o f  b o r e h o le  

[m ]
d ip

n
d ip  d i re c t io n

n
m a in  c rite r io n  

o f  se le c tio n

Tl below the top 90.8 42 246 A 1 E

T3 fk top 156.7 71 154 A  E
T3 k top 170.6 64 335 B *  E

T3 below 
the top

178.4
(178.4-178.8)

59 350 A 4

T3 bottom 
of a larger zone 
(lack of data 
above it)

186.8 52 18 D’

T4 239.7
(239.7-241.7)

74 1 D>

T4 middle 241.5 73 0 D1
T5 top 276.5

(276.5-278.0)
62
62

145 A '

T6 middle 295.8
(293.8-295.7)

59 6 C4

T7 top 381.0 63 5 B '  E

Marks T l, T2 etc. serve to identify the fracture zone. The numbers in the 
upper index show the quality o f sinusoid curve fitting, i.e. reliability o f the 
individual interpretation, increasing from 1 to 5. See the selection criteria 
in the text. In the case of categories C and D the edges of the fracture 
zones observable on the borehole televiewer image are marked.

Of the fracture zones in the reflection time image of the 
borehole televiewer, those sections which contain many 
open fissures, for which the real dip can be determined rel
atively accurately are called p ro b a b le  fra c tu re  ( T ab le  1 ) . The 
dips representing probable fractures, usually located within 
the most heavily fissured sections, were not identified on a 
statistical basis, because determination of the fissure 
planes is uncertain, thus the statistics constructed from it 
do not satisfactorily characterise the depth interval.

The most reliable position data can be determined at 
the edge of a selected zone, at the boundary between the 
fresh rock and the crushed zone. When this was not possi
ble, a sinusoid with an apparently correct direction — poss
ibly repeated several times — was chosen close to the 
boundary of the crushed zone (Figure 5).

The main criteria for selection were the following:
— How sharply is the edge of the crushed zone separat

ed from its vicinity (in contrast to zones marked T in 
Table 1, where the acoustic waveform and electric 
resistivity are determining parameters, here case 
edge of the crushed zone means strictly the edge of 
the zone consisting of open fissures which can be 
seen in the borehole televiewer image)?

— How perfectly can a sinusoid be fitted to the selected 
fissure, i.e. how accurately does it represent a plane?

— Is the direction obtained repeated in the close vicini
ty (within 1-2 m)? Does the direction obtained coin
cide with the direction of other fracture zones (this 
criterion is based on the assumption that if a direc
tion is really characteristic for an area, then it can 
also appear in the direction of more fissured zones)?



Figure 11. Direction statistics of two blocks in Borehole Üh-22

11. ábra. Az Üh-22 fúrás két tömbjének iránystatisztikája

Figure 12. Direction statistics of a block in Borehole Oh-23

12. ábra. Az Üh-23 fúrás egy tömbjének iránystatisztikája
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Figure 13. Interpretation of the heat-pulse flow measurement in Borehole Uh-23

13. abra. Hoimpulzusos aramlasmeres kiertekelese az Uh-23 furasban

The tectonic directions selected on the basis of these 
criteria, and representing the selected possible fault are 
ranked into the following categories:

A) Fissure edge: sharp and a sinusoid can closely be fit
ted to it on the laid out cylinder-jacket.

B) Fissure edge: less sharp, sinusoid can less closely be 
fitted to it, but its direction is repeated several times.

C) Edge of the fracture zone: less sharp, but a sinusoid

can closely be fitted to it, and the obtained direction 
is repeated for several fissures.

DjEdge of the fracture zone: less sharp, a sinusoid can 
poorly be fitted to it, but the obtained direction is 
similar to the direction of other zones.

E)In the close vicinity of selected fissure (1-2 dm) 
there is no continuous fracture zone and this is taken 
into account as an independent condition.



The fissure edge or edge of the fracture zone can be an 
easily identifiable sharp line, but the sinusoid can be only 
imperfectly fitted to it, if the fissure plane is curved. It is 
marked separately at the place of determination within the 
fracture zone. In Table 1 the numbered zones marked with 
T are the fracture zones which are not interconnected. 
Each fracture belt is part of a zone with definite depth 
trend in fracturing determined on the basis of a resistivity 
and an acoustic measurement.

6. Hydraulic characterisation of fracture zones, influxes

In fissured rocks, like the granite at Üveghuta, flow is 
connected to fissures, fractures, fracture zones. In packer 
tests, longer, several m or several tens of metres long sec
tions are investigated and the average parameters of these 
are determined. For a more accurate hydrogeological inter
pretation it is, however, necessary to know in these or in 
other sections which influxes are connected exactly to 
which fractures and what is the intensity of influx. A prac
tical solution is the direct flow measurement. In the bore
holes (of nearly 100 mm diameter) at the Üveghuta site the 
water yield is maximum 5 1/min (even in the case of several 
tens of metres depression) in most cases due, therefore the 
flows in the boreholes are extremely low, their velocity is 
not more than 0.5 m/min. The operating threshold of the 
available traditional rotor tools is 2 m/min, i.e. four times 
higher than the maximum value. After test measurements 
in some boreholes we were convinced that no flow could 
be detected with this tool. Therefore for further measure
ments we used a high sensitivity heat-pulse flowmeter manu
factured by Mount Sopris.

Figure 13 shows the heat-pulse flow measurement in 
Borehole Üh-23. In addition to the data, places of influx 
determined from the measurements are also plotted, and 
some other logs as well (calliper, resistivity, acoustic wave
form and velocity). The logs identify the fractured section 
above 175 m and within it locations of the individual fis
sures (the calliper increases, the resistivity and velocity 
decrease). It can be stated from the measurements that the

majority influx occurs in the fractured section and within it 
the influx is connected to the fissures (below 170 m there is 
only a weak influx of 0.12 1/min at 223 m).

In addition it can be stated that influx does not take 
place at each fissure (e.g. at 117.5) and the degree of influx 
is not always in closely related to the size of fissure. From 
the large cavity at 124 m, for example, only an insignificant 
volume of water (0.09 1/min) flows into the borehole. At 
110 m the influx is 1.59 1/min which is one of the highest 
values in the whole area, although only the velocity log 
shows strong fissuring, while in the other boreholes there 
are fracture zones of lower velocity as well.

Summarising, it can be stated that the heat-pulse flow 
measurement has achieved its goal, indicating places of 
influx in the individual boreholes with good reliability, satis
factory detail and giving the associated yields. Reliability of 
the yield values is generally good. Heat-pulse flow measure
ments complement the short and long duration single hole 
and interference packer tests. Their main advantage is that 
they are relatively quick: and uniformly map the whole bore
hole.

7. Summary of the results

Resistivity measurement is sensitive to the fissure sys
tem with argillaceous alteration which is imperfectly filled 
with calcite veins, and to the hydraulically inactive ones 
which are filled with ion-rich, bound water.

From the acoustic waveform measurement not only are 
fracture zones detected, but also the velocities of the longi
tudinal wave (Vp) and transversal wave (Vs) and from these 
the elastic rock parameters can be determined. Based on 
the borehole televiewer measurements it can be decided 
which of the fracture zones identified on the basis of 
acoustic and resistivity measurements contains open fis
sures, and thus are potential hydraulically active zonees. 
We have established that although the most dominant dip 
directions of fracturing change by fracture zones, the most 
frequent directions are N and W.
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