
Introduction

In the last 7 years, 57 exploratory boreholes were drilled
in the research area at Bátaapáti for a total length of 6700 m.
Out of them, one borehole reached 500 m, three surpassed
400 m, while six surpassed 300 m. The others were 15–101 m
deep shallow boreholes. Well logging was carried out in
every borehole — altogether 386 times (SZONGOTH et al.
2003b; SZONGOTH 2003). The techniques used can be as-
signed into the following four types:

— complex well logging,
— acoustic sidewall televiewing (Borehole Television,

BHTV),
— high-sensitivity flowmetry (e.g. with Heat-Pulse

Flowmeter, HPF),
— technical logging.
Complex well logging was carried out at every section of

each borehole where the technical conditions made it possi-
ble. In the dry borehole sections only natural gamma ray,

magnetic susceptibility, in some cases density, as well as
neutron porosity logging was carried out. In the sections
with casing magnetic susceptibility logging was not carried
out. A typical complex well log is presented in Figure 1.
Captions of the interpretation columns can be seen in Figure
2 (SZONGOTH et al. 2003a)

The BHTV and high-sensitivity flowmetry were carried
out only in the consistent granitic sections of the boreholes
(flowmetry was introduced from the end of 1998). The tech-
nical logging served the checking of the technical condi-
tions of the boreholes (i.e. inclination, hole diameter, casing,
cementing).

For the well logging the tools detailed below were
used.

The logging was carried out using 4 (1 Mercedes
Sprinter, 2 Toyota Hiace, as well as 1 UAZ–427) 1000 m
capacity four-wheel drive instrument cars. The speed of
the electric winches could be controlled electronically
across a range between 0.5–40 m/min. The depth logging
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Abstract

In this study, the role of well logging is presented and, within it, its connection to the other geological and geophysical investigation methods
used during the exploration of the Bátaapáti (Üveghuta) locality is demonstrated. Special emphasis is given to the kind of information which can
be expected from the methods for certain special fields with their own interpretations.

Well-logging methods form a bridge between drill-core study results and ground-based studies since well logging unites point-like investigations
in a continuous one-dimensional data system. Based on the latter system a spatial model can be compiled by means of ground-based studies. In the
base of the well-logging methods, all the physical principles can be found that are used at ground-based geophysical surveys and thus they can be ap-
plied for the modelling of almost every method. The physical parameters derived from well logging can also be connected to geotechnical, petro-
graphic, tectonic, hydrogeological and petrophysical parameters. In this study, the significance of well-logging methods is also presented in getting
to know the technical conditions of the boreholes, and also their importance for establishing the mining planning. At the beginning of each sec-
tion, the general system of connections between the given method and the well-logging methods is outlined, then the real connection is presented
(and in some cases illustrated with figures) by means of samples from the exploration of the Bátaapáti (Üveghuta) Site.
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Figure 1. Results of the complex well logging in Borehole Üh–26
Column 1: geological evaluation; column 2: depth in metres; columns 3–4: Quaternary cycles (A1–E), weathered granite zones (GI–GIV), as well as the fresh

granite (GV). For captions, see Figure 2 

1. ábra. Az Üh–26 fúrásban végzett komplex mélyfúrás-geofizikai mérések eredményei
Az 1. oszlopban a kőzettani kiértékelés; a 2. oszlopban a mélység méterben; a 3–4. oszlopban a negyedidőszaki ciklusok (A1–E), a mállott gránit zónái 

GI–GIV), valamint az üde gránit (GV) szerepelnek. Jelmagyarázat a 2. ábrán



was carried out by measuring a wheel equipped with an op-
tical signal device, while the depth correction was done
with a mechanical marker. The error of depth data was
<0.05%.

The type of the acquisition device was a MOLE II (Geo-
Log product). This provided the power supply for the son-
des, the depth logging, the control of the logging, the pri-
mary correction of the data, the digital recording as well as
the displaying of the measured data. The data could be
checked on the monitor and the results were then displayed
in real-time mode with a matrix printer. The BHTV and HPF
were carried out with an Advanced Logic Technology
Logger (ALT, Luxemburg); the inclination logging was per-
formed using a Model 780 Control Consol (Owl Techno-
logy, USA) device.

Most of the sondes used were ELGI as well as Geo-Log
products. The exceptions were: the magnetic susceptibility
meter GM–250 (Czech Republic), the inclination meter
Model 7000 DMP (Owl Technology, USA), the acoustic
sidewall televiewer FAC–40 (ALT), and the heat-pulse
flowmeter (Mount Sopris, USA).

Analysis and documentation were carried out with
Intel Pentium-based PCs in the headquarters of Geo-Log
with programs running under a Windows operational sys-
tem. Most of the programmes were developed by Geo-
Log; however, only the display of the BHTV as well as the
HPF were performed with by the WellCAD (ALT,
Luxemburg) software. The figures of the 3D display were
compiled by 3DView for a Windows programme devel-
oped by Petrosoft (Hungary). The results were displayed

on an Epson 24 pin dot matrix printer and colour ink jet
printers, respectively.

In the following sections the connection of well logging
and the following related branches of knowledge are exam-
ined:

— ground-based geophysics,
— geology,
— hydrogeology (this will be treated separately from

geology due to its manifold relations),
— drilling control,
— tunnel planning.

Connection between well logging 
and ground-based geophysical methods

In the Üveghuta area the significance of this particular
connection is outstanding from the point of view of the sub-
division of granite. The subdivision of granite according to
well logs, were carried out mainly by means of acoustic and
electric methods that were complemented by the ground-
based geophysical survey. An important element of geo-
physical interpretation is the subdivision of the fresh granite
block; the latter can be analysed by comparing the well-log
depth trends in the boreholes as well as the parameter distri-
bution on the seismic tomography. The well-log investiga-
tion of the alteration trends of granite below the weathering
crust provides a good comparison basis for the interpretation
of the seismic data.
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Figure 2. Captions of the interpretation columns
2. ábra. A kiértékelési oszlopok jelmagyarázata 

1 — D zóna, 2 — B zóna, 3 — üde kőzet, 4 — C1 zóna, 5 — E zóna, 6–7 — erősen repedezett kőzet, 8–9 — gyengén repedezett kőzet, 10 — A2 zóna, 11 — A1 zóna,
12–13 — repedezett kőzet, 14 — kvarcit, 15 — granitoid, 16 — aplit, 17 — granitoid, 18 — repedezett granitoid, 19 — gránit, 20 — monzogránit, 21 — monzonit, 

22 — milonitosodott kőzet, 23 — béléscső



In Table 1 the connections of well logging and ground-
based geophysical surveys as well as cone penetration test
(CPT) are shown. It can be seen that the most direct con-
nection exists with the latter, since logging of the holes

which was totally analogous with well logging, was also
carried out in the framework of CPT. Besides the direct
connection system outlined in the figure, numerous indi-
rect relationships — first rate from the point of view of
modelling — were also observed. Out of these, the role of
porosity and density in seismic modelling derived from
well logging can be considered as the most important
(VÉRTESY et al. 2003). 

With regard to the ground-based methods, we have to
emphasise that there is a difference of at least two orders of
magnitude in the vertical resolution capacity in favour of
well logging. However, a great part of the information refers
only to the direct environment (the maximum penetration
depth of the logging was approximately 10 cm) of the bore-
hole. As a consequence the stress is on the averaging of the

well-log data and the analysis of its representativeness in-
stead of the absolute values. Averaging does not refer to a
simple consecutive filtering because frequently the cumula-
tive averaging of the curves according to depth is needed.
This is due to the fact that the information of the ground-
based methods contains the properties of every layer. This
refers to though weight and it is  simultaneous, with averag-
ing corresponding to the study depth. Sometimes it may be
essential to compare the average absolute values as well;
however, the depth course of certain parameters necessary
for model calculation of the ground-based methods is more
important.

For the analytical models of the ground-based electric
resistivity survey, the electric resistivity logging served as
the basis characterising primarily the course of the well-log
curves according to depth. In the case of the overlying
Quaternary sediments, the real resistivity, calculated from
apparent specific resistivity and measured by different
sonde lengths, approaches the real — free of borehole ef-
fects — resistivity of the layers. Therefore their absolute val-
ues can also be taken into account in the geoelectric model.
In the research area at Üveghuta, a four-layered — locally
five-layered, depending on the resistivity contrasts — resis-
tivity model could be elaborated in the Quaternary. This was
on the basis of the common interpretation of electric resis-
tivity logging, different ground-based electric resistivity
surveys and cone penetration tests. Based on vertical electric
sounding (VES), a three-layered model was compiled and
this divided the Quaternary complex into upper high-resis-
tivity and lower low-resistivity parts, respectively. The third
layer is the high-resistivity basement which starts with the
disintegrated granite. The transient electromagnetic (TEM)
sounding efficiently separates the terrestrial variegated clay
(Tengelic Red Clay Formation — MARSI et al. 2004) and in
most cases the lower low-resistivity part of the loess.
However, this method subdivides the upper part of the Pleis-
tocene complex with less success. Accordingly, the collec-
tive VES–TEM model is multilayered in such a way that the
upper part of the sedimentary sequence is subdivided better
by the VES, while its lower part by the TEM. The accepted
boundaries are adjusted to those that can also be established
by the well-log curves in the case of the TEM (VÉRTESY et al.
2003).

For the synthetic seismogram calculation — which is an
important tool of seismic geological interpretation — the
change of velocity and density according to depth have to
be known. Yet this information is not the most important
since it can be obtained directly from the Vertical Seismic
Profiling (VSP). The latter corresponds better to the resolu-
tion of the seismic survey. The most important is the possi-
bility that the subdivision provided by the well logs can be
taken into account exclusively by using the acoustic log-
ging. The other well-logging data can be transferred into a
time scale through the acoustic section in order to compare
them to the seismics. At greater depths — where the water
saturation is 100% — the difference between velocity from
VSP timing and interval velocity from acoustic logging is
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In the figure the unbroken lines refer to direct connec-
tion, the broken lines refer to indirect connections, the
colouring serves the highlighting main features.

Table 1. Connections of well logging and ground-based geophysical 
methods as well as cone penetration tests



minimal (maximum 2%). Consequently, the exact place of
the synthetic seismogram reflectivity series, calculated
from the acoustic and density logs, can be found. The syn-
thetic seismogram and the levels of the reflection seismic
profile can be also fitted, but with the lack of VSP it is rather
subjective. Therefore the stratigraphic information provid-
ed by well logging can be used in the seismic interpretation.
An exact consistency cannot be expected between the
down-hole seismics and the acoustic well logging, espe-
cially given the resolution differences. However, the differ-
ence between velocity vs. depth courses also has a geologi-
cal reason. Presumably, this reason is the local inhomo-
geneity — detected only by well logging — in the environs
of the borehole. In other words, if there is a striking differ-
ence between velocity vs. depth courses it means that the
well-log information cannot be extended laterally, not even
in the order of magnitude of the resolution of the seismic
survey (approximately 30 m).

Connection between well logging 
and geology

In the Üveghuta area, the mechanical subdivisions of the
rock and the subdivision according to the material of the
rock do not necessarily coincide. Accordingly, the mechani-
cal and chemical deformations of the rock can be investigat-
ed by tools that are different from those used for examining
the differences which are regarded as primary. Thus the con-
nection with geology is composed of the following ele-
ments:

— petrographic information,
— geotechnical information,
— stratigraphic information (for correlation),
— tectonic/structural geological information.
The system of connections between certain well-logging

methods and geology is shown in Table 2.
In the Table, the system of connections is outlined, and

thus there is a clear separation between the group of tech-
niques detecting differences in material and the group char-
acterised by the fracturing or alteration of the rock. There is
an overlap between the two groups because density and neu-
tron porosity belong equally to both groups in the case of the
crystalline rocks.

The possibilities of carrying out a petrographic interpre-
tation were analysed by ZILAHI-SEBESS et al. (2000a, b). The
categories which can be differentiated can be traced back di-
rectly to the general chemical composition of the rock. From
a geophysical point of view, phenomena in connection with
the whole volume of the rock are regarded as material differ-
ences. In granite such phenomena may represent primary
petrographic varieties (e.g. monzogranite, monzonite, dior-
ite); they could also be part of the secondary deformations,
such as mylonitisation, metamorphism, chemical alterations
due to weathering near the surface, and hydrothermal meta-
somatism (the latter two are frequently stronger in the tec-
tonic zones).

Only some of the primary material differences can be de-
tected by well logging since the secondary phenomena over-
print them. In general aplites are well-separated from their
environment. They have a 0.1–0.15 g/cm3 lower density than
their surrounding rocks. Their neutron porosity is nearly
0%, their natural gamma activity is high, and their magnetic
susceptibility is low. The separation of more mafic bodies
from the average is not so clear since the alteration effects
and the metamorphic phenomena cause a greater deforma-
tion in the physical parameters than would result from the
original petrographic differences. The neutron porosity of
the more mafic rocks frequently exceeds 10%. A possible
cause of this is chloritisation.

The tools for subdivision are different in the Quaternary
complex and the weathering crust of granite. Well logging
provides real stratigraphic information in the Quaternary
complex that can be subdivided effectively by well-logging
methods. The subdivision of the Quaternary sequence ac-
cording to palaeoclimatologic cycles is based on the elec-
tric resistivity logging. Within it the magnetic susceptibili-
ty and natural gamma logs are used for designating the pa-
laeosols. A part of the cyclicity deriving from the loess–
palaeosol alternation cannot be easily transformed to the
time axis since the palaeosols belonging to the same cycle
might accumulate on each other. The origin of this apparent
accumulation was that the palaeosols came into being from
the loess in the breaks of loess formation; in other words
soil formation was spread downwards. Due to this, loess be-
tween two nearby palaeosols within the same period may
even be the remnant of an originally thicker complex. The
cycle boundaries obtained from well logs do not coincide
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Table 2. Connection between well logging and geology

In the figure the unbroken lines refer to direct connection, the broken lines
refer to indirect connections, the colouring serves to highlighting the main fea-
tures.



exactly with the boundaries between sedimentologic cycles
observable on the drill core. Nevertheless, in general there
is a slight depth shift between them. The reason for this is
that the place of the greatest change in conductivity is be-
tween the high-resistivity genetic soil level C and the over-
lying genetic soil level B; there is a higher clay content and
thus low resistivity.

With correlations based on well logs it can be taken into
account that a part of the measured parameters reflects the
effect of changes excusively only in the cases of porosity,
permeability, water saturation, and geomechanical condi-
tions. There was only an indirect relation with the changes in
the palaeoenvironment due to climatic effects. Such depth-
dependent changes, which are not really related to the pa-
laeoenvironment, represent trends of changes in the physical
parameters and they reflect the compaction of the sedimen-
tary rocks. With regard to physical parameters, the effect of
the change in water saturation (i.e. the increase in the
amount of bound water with depth), — which reflected the
compaction of the loess above the water table — appeared as
the most intense. The cyclic alternation of electric resistivity

with depth imitates the climate-dependent alternation
rhythm of loess and the palaeosols. It superposed to a mo-
notonous decreasing resistivity trend to the compaction.
Thus, in this case the depth trend of electric resistivity, den-
sity, and neutron porosity logs has both a geotechnical and
water saturation interpretation at the same time. This circle
of phenomena is different from stratigraphy. The depth
trends reflecting geotechnical and water saturation condi-
tions could be well-correlated among the boreholes, inde-
pendent of stratigraphy (VÉRTESY et al. 2003, pp. 70–110).

The geological correlation of the weathering crust of
granite among well logs can be described in the same terms as
that of the compaction trends of loess. In the weathering crust,
the correlation took place predominantly due to parameters
(e.g. specific resistivity, acoustic velocity) that reflect the ge-
otechnical properties of the rock. Based on these parameters,
four weathering zones were determined above the fresh gran-
ite.

The fissured and fractured zones, as well as tectonic
units of granite, were designated also mainly on the basis of
electric and acoustic logs. In Figure 3, a special representa-
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Figure 3. Fractured zones on the basis of the acoustic velocity curves
Black = original log curve, lilac = reversed log curve, red field = fractured, altered rock with an acoustic velocity below 4500 m/s, green field = (intact) rock with 

an acoustic velocity above 4500 m/s

3. ábra. Töredezett zónák az akusztikus sebességszelvény alapján
Fekete = eredeti mérésgörbe, lila = megfordított mérésgörbe; piros mező = 4500 m/s alatti akusztikus hullámterjedési sebességgel jellemzett (töredezett, bontott)

kőzet, zöld mező = 4500 m/s feletti akusztikus hullámterjedési sebességgel jellemzett (ép) kőzet



tion of the acoustic wave transmission well-log curve was
used in order to demonstrate the fractured zones and large
blocks. This shows the fractured zones with decreased ve-
locity in a stressed position and contributes to subdivision
into blocks. In the figure, the original log curve and its
equivalent (with a reversed scale) can be seen together. The
two curves overlap each other at 4500 m/s. This value is ap-
proximately the boundary of the strongly fractured and the
intact rocks. According to the figure the boreholes are divid-
ed into two groups. To the N of Borehole Üh–22 (to the left
in the figure), much less fractured zones can be found and
even they are concentrated in the upper parts of the bore-
holes. It can also be seen that the lower part of Borehole
Üh–26 is strongly fractured all along, while Borehole Üh–1,
situated farther from the research area, has a strongly frac-
tured zone only in its lowermost part (below 300 m).

Considering the tectonic interpretation of the fractured
rocks, the orientation of the fractures was established on the
basis of BHTV records. The core scanner images can also be
orientated exclusively based on these images (ZILAHI-SEBESS

et al. 2000b). In Figure 4 a polar plot series is presented for the
interpretation of BHTV images. The direction distribution of
the designated fractures (altogether 22,814 fractures, a) was
summarised in eight deep boreholes. The direction distribu-
tion of all the open fissures (b), open fissures with total sinus
(c), and aquifer fissures (d) was also represented. From the
figures it can be established that by increasing the severity of
the criterion of openness (qualifying the panel) a clearer and
clearer picture on the main strike line of the open fissures
could be obtained. The most frequent dip angles of all the
fractures (a) were found to be between 60° and 80°. This range
turned out to be similar in the case of every open fissure (b)
and open fissures with total sinus (c). The directions were
strongly scattered; a direction perpendicular to the most fre-
quent one, in other words, the strike direction (30–210°),
could only be established with difficulty. In the figure of all
the open fissures (b), this direction becomes more definite and
this trend gets even stronger in the polar plot containing the
regular fissures (i.e. open fissures with total sinus — c). Thus
the maximum values get stronger due to filtering and the in-
crease of the filtering criterion. This may refer to the fact that
the fractures of second and third order, setting out from each
other, result in fractures with more and more varied strike di-
rections. The narrowest data system is that of the aquifer fis-
sures (d). This indicates even more unambiguously the
NNE–SSW direction as the main strike direction.

The geotechnical information is an important part of the
interpretation of the well logs. This information can be divid-
ed into qualitative and quantitative sections. In the Quater-
nary complex, the already mentioned compaction and appar-
ent water saturation trends provide qualitative information;
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Figure 4. Polar plot of acoustic televiewing fissure statistics
Schmidt net, projection to the lower hemisphere

4. ábra. Akusztikus lyukfal-televíziós repedésstatisztikák
polárdiagramja

Schmidt-háló, vetület az alsó félgömbre

a) all — összes 

b) all the open — nyitott 

c) open with total sinus — teljes szinuszt adó nyitott

d) aquifer — vízadó



in the case of granite the alteration as well as fracturing trend
of the weathering crust is a qualitative information which
corresponds to the compaction trend. The quantitative infor-
mation is represented by porosity, density, and other physical
parameters. Subdivision on the basis of the electric resistivi-
ty and the depth trends (detectable in the acoustic logs) can be
correlated with the geological information.

Though the penetration of BHTV is small (i.e. measured
in mm), the reflectivity section calculated from the ampli-
tude image can be well correlated with the acoustic velocity
logs according to the experiences gained. The reflectivity
section is the average of several amplitude logs, recorded by
different tools.This section reflects the geomechanical con-
ditions of the rock independently of the fracturing. The dif-
ferences between the courses of the two curves are probably
characteristic of the geomechanical conditions of the direct
environs of the boreholes, thus the possible stresses of today.

The shape of the cross section of the boreholes can be in-
vestigated by the BHTV sonde as a down-hole gauge of
multi-armed function (72/144/288). The cross section of the
borehole is not deformed directly due to mechanical stress;
the strain is caused by the dripping towards the smallest
main stress. This is proved by the fact that there is no defor-
mation in the intact, almost fracture-free depth intervals.
Since the studied rock is not a layered structure, the correla-
tion among the boreholes based on curve shapes cannot be
carried out on the analogy of the sedimentary rocks.
Therefore, the investigation of the depth trends of the well-
log curves has great importance in expanding information
about a greater volume. From the length of the depth inter-
vals of the trend-like changes, conclusions can be drawn on
the subdivision of the larger rock bodies. This is an impor-
tant parameter for the geotechnical evaluation.

Connection between well logging 
and hydrogeology

In the frame of well logging, several kinds of methods —
detecting fluid influx or its possibility — were used. The
Mórágy Granite has a well-known low permeability. How-
ever for the possible establishment of a radioactive waste
disposal facility even the small influxes are of importance
when evaluating long-range processes. To get a relatively
exact picture on the small influxes, it was not enough to use
the traditional flowmeter due to its high lower-sensitivity
threshold. Thus, measurements were carried out with two
kinds of high-sensitivity flowmeters.

Besides flowmetry, the other kind of the logging consist-
ed of methods as well as method combinations suitable for
assessing the porosity and permeability of the rocks. Ac-
cording to the observations, the influxes generally are con-
nected with fracture zones. Even so, in most cases they do
not coincide with the centre of the fracture belt. This may
refer to the fact that the most strongly fractured parts have al-
ready become clayey and thus the smaller fissures at the
margin of the belt proved to be permeable.

The system of connections between well logging and hy-
drogeology is outlined in Table 3.

The collection of tools which was used in the overlying
rock was much simpler than that used in granite. This was
partly due to the fact that there was a closer relationship be-
tween the calculated porosity and permeability and the pore
distribution was more homogeneous in the loose sediments
than in case of the fractured rocks.

The aim of the flowmetry in granite was to designate the
water influx zones — i.e. locally real fissures — within the
fractured rock ranges. This carries important information
for the understanding of the flow system. While the transmis-
sivity values determined by hydrodynamic packer tests
showed averages of an approximately 10 m range, by means
of the high-resolution flowmetry the influxes could be local-
ised in dm-sized (more rarely m-sized) sections. That is to
say, they made it possible to increase the resolution capacity
by at least one but generally two orders of magnitude.

Since the investigations at Üveghuta carried out in the
years of 1998–1999 (SZONGOTH 1999), the method of water
flowmetry in boreholes has undergone significant develop-
ment. For identifying the spots of infiltration, the possibili-
ty of using several potential methods has presented itself.
During previous research these methods were not available.
Their testing as well as fitting into the process of implemen-
tation and interpretation proved to be useful on the basis of
the results obtained in connection with them. Compared to
the measurement and interpretation system of 1998–1999,
the common digital recording of the data from (i) the high
sensitivity flowmeter with rotating blade, (ii) the high-sen-
sitivity temperature logging, (iii) the BHTV, (iv) the mud-
resistivity measurements, as well as the (v) water produc-
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Table 3. Connection between well logging and hydrogeology

The colouring serves to highlighting the main features.
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Figure 5. Section of the flowmetry carried out in Borehole Üh–3
DH = diameter, BIT = nominal diameter, DIT = differential temperature, Q = yield, FLW = high-sensitivity flowmetry with rotating blade, black strip near the

borehole wall = casing, green strip near the borehole wall = cementing 

5. ábra. Az Üh–3 fúrásban végzett áramlásmérés szelvénye
DH = lyukátmérő, BIT = névleges lyukátmérő, DIT = differenciál hőmérséklet, Q = hozam, FLW = nagyérzékenységű forgólapátos áramlásmérés, fekete sáv a

lyukfal mentén = béléscsövezés, zöld sáv a lyukfal mentén = cementezés



tion and water level registrations made the results obtained
during the interpretation significantly more exact and reli-
able.

The high-sensitivity flowmeter with rotating blade was
developed in 2002. Its lower sensitivity threshold is lower by
more than one order of magnitude than that of the other tools
in use. Its principle of operation is analogous with those of
other sondes with rotating blade. However, the sapphire
bearings with low friction, as well as the rotating blade with
a special shape (and altogether 1.7 g weight), contribute to a
much lower sensitivity threshold and a much higher resolu-
tion capacity. Consequently, reliable results can be obtained
even in slower flow ranges. During the laboratory tests the
lower sensitivity boundary of the measuring device was 0.4
l/min (at HPF 0.1 l/min), while its characteristic remained
linear even with a strong, 40 l/min flow (at HPF measure-
ments the maximum measurable flow is 3.7 l/min). This
made it ideal for investigating sections having a stronger
specific flow. Although the principle of operation of the
sonde made continuous logging possible, in order to achieve
a greater reliability it was decided to carry out a point-like
measurement method, used at the HPF in most of the cases.
Flowmetry with the sonde with rotating blade takes less
(about half as much) time due to the principle of operation of
the device. Furthermore, the values measured at certain
depths are statistically less scattered than at HPF measure-
ments because of the large number of measurement data. In
order to exclude the flow in the space between the sonde and
the borehole the packer method was applied. This was used
for HPF measurements which controlled the water move-
ment properly everywhere with the exception of the larger
caverns or hole deformations. Since the measurement range
of the HPF and the flow measurement sonde with rotating
blade indicated a significant overlap, the simultaneous per-
formance of the two measurements increased the reliability
of the evaluation.

The water influx also caused perceptible changes in
other physical parameters and thus the study of the indirect
effects may carry important information for the localisation
of the spots of infiltration. Since the environs of the bore-
holes are thermically not homogeneous and even the dip of
the fissures cannot be neglected, the inflowing water also in-
duces temperature anomalies in most cases. (With steep fis-
sures, the influxes induce temperature anomalies even in
case of radially homogeneous heat distribution.) Due to
their higher (10 cm) sampling density, the high-sensitivity
(0.01 °C resolution capacity) temperature logging and the
calculated differential temperature logs (DIT) are suitable
for determining the spots of infiltration more exactly. In
spite of the fact that the detected anomalies cannot be trans-
formed directly into water flows, since their degree depends
not only on the amount of the inflowing water but also on its
temperature, they are effective markers of the presence and
locality of the influx.

The results of flowmetry were compared to (instead of
the acoustic wave image section used during the evaluation
of the measurements of 1998–1999) the traveltime section of

the BHTV (SZONGOTH, GALSA 2003). The higher resolution
capacity (vertically 4 mm, horizontally 1° or 2°) of the
BHTV as well as the flow and the related supplementary
measurements together made it possible to find the exact and
indirect determination of the parameters of the influx zones
or even the actual fissures producing water infiltration.

In Figure 5 a series of data is presented. The flowmetry
was carried out first in 1999 then was repeated in 2002. An
interesting point is that the significant influx detected at 107
m disappeared after the repeated measurements of 2002; it
seems likely that the fissure had become blocked.

Additional significant steps forward in the data-measur-
ing process were the continuous digital registration of the
surface water production by water meter and the estimation
of the operating water level by a pressure-indicating sonde.
The measuring and registering procedure contributed to
making the calculated data (e.g. specific water flow) more
exact and also to the assessment of the reliability of flowme-
try data. In addition — together with the backfill logging —
it proved to be an indispensable input parameter in the quan-
titative description of the hydraulic environment character-
istic of the total open borehole (SZÉKELY 2003a–d).

In the inclined holes (Üh–25, Üh–36), no flowmetry
could be carried out due to technical reasons. This was be-
cause low flow values could only be measured by perfect
packer closing and it could not be attained in the inclined
holes.

In the case of two well groups — Üh–31 and Üh–32 —
tracer and salt were added to the water of the 3-3 auxiliary
wells. After the permanent pumping of the observation
wells, mud resistivity was measured when the tracers ap-
peared. On the basis of the anomalies and changes in trends
detected in the resistivity section, ranges and fissures were
designated that are probably in connection with the water
system of the other members of the well group.

Survey of the technical condition 
of the boreholes by well logging

In course of the survey of the technical conditions of the
boreholes at Bátaapáti (Üveghuta), the following were ex-
amined: (i) the bottom depth, (ii) inclination (this is espe-
cially important at the boreholes planned ab ovo as in-
clined), (iii) diameter (to show the cavernous sections) of the
borehole, (iv) the data of the technical casing, (v) the height
of the cement roof, (vi) and the quality of the cement mantle.
The measurement types are included in Table 4.

The acoustic logging of the cement mantle provided in-
formation about the quality of cementing and also about the
binding of the cement mantle with the pipe and the rock.
This is important information partly because contaminants
can get into the deeper layers in the annular space outside the
casing and partly because the flowmetry data can be dis-
turbed by water inflowing at the casing cradle in the case of
poor cementing. If the quality of the cement mantle is high,
the amplitude of the incoming waves quickly dies away; if
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the opposite is the case, it does not take place due to the reso-
nance of the casing. In Figure 6, a cement mantle investiga-
tion is presented.

In the acoustic wave image record it can be seen that ce-
menting is of high quality from the cradle to 28.0 m (the dou-
ble casing), while above it, to 24.6 m, it is of poor quality.

(Behind the double casing, the quality of cementing cannot
be investigated.)

Connection between well logging 
and tunnel planning

With regard to tunnel planning, the technical parame-
ters provided by well logging (Table 5) can be placed into
several groups. A part of them belongs to the geotechnical
parameters, while another part belongs to the sphere of hy-
drogeological data. Important information is the present-
day stress condition of the rock. This can be assessed on the
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Figure 6. Cement mantle investigation
Acoustic  = acoustic wave image, Measured structure: 1 — casing I–II + cement, 2 — casing II + cement, 3 — casing II + imperfect cement, 4 — open borehole

6. ábra. Cementpalást-vizsgálat 
Acoustic = akusztikus hullámkép, long channel — hosszú csatorna, Measured structure  =  mért kútszerkezet: 1 — béléscső I–II + cement, 2 — béléscső II +

cement, 3 — béléscső II + hiányos cement, 4 — nyitott fúrólyuk 

1 3 42

Table 4. Connection between well logging and drilling control

The colouring serves to highlighting the main features.

Table 5. Connection between well logging and tunel planning

The colouring serves to highlighting the main features.
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Figure 7. Determination of rock-mechanical parameters from well logging in Borehole Üh–25
Vp = longitudinal wave velocity, Vs = transversal wave velocity, Tp = arrival time of a longitudinal wave, Ts = arrival time of a transversal wave

7. ábra. Kőzetmechanikai paraméterek meghatározása mélyfúrás-geofizikai mérésekből az Üh–25 jelű fúrásban 
Vp = longitudinális hullámsebesség, Vs = transzverzális hullámsebesség, density long = sűrűség, hosszú csatorna, caliper = lyukátmérő, nominal caliper = névleges
lyukátmérő, shear modulus = nyírási modulus, attenuation = akusztikus csillapítás, Poisson number = Poisson-állandó, acoustic = akusztikus hullámkép,

Tp = longitudinális hullám beérkezési ideje, Ts = transzverzális hullám beérkezési ideje
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Figure 8. Comparison of the shear modulus with the shear strength
determined on drill cores

F1 — no stress releasing effect on core sample, F2–F5 — the stress releasing 
effect increases according to the order of curves 

8. ábra. A nyírási modulus összehasonlítása a fúrómagokon
meghatározott nyírási szilárdsággal 

Dry core = száraz magminta, wet core = nedves magminta, F1 — nincs feszült-
ségkioldódási hatás a magmintán, F2–F5 — a feszültségkioldódási hatás a gör-
bék sorszámaival nő. Függőleges tengely = geofizikai nyírási modulus, 

vízszintes tengely = magminta nyírási szilárdság,

Figure 9. Connection between the difference of shear strengths
and the shear strength determined on drill cores

F1 — fitted function for dry core samples, F2 — fitted function for wet core
samples. Difference between geophysical and core shear strength,

shear strength (core) 

9. ábra. A nyírási szilárdságok különbségének kapcsolata a fúró-
magokon meghatározott nyírási szilárdsággal

Dry core = száraz magminta, wet core = nedves magminta, F1 — száraz
magminta adatokra illesztett egyenes, F2 — nedves magminta adatokra
illesztett egyenes. Függőleges tengely = a geofizikai és a magmintán
meghatározott nyírási szilárdság különbsége, vízszintes tengely = magminta

nyírási szilárdság

Figure 10. Comparison of well-log data and RMR intervals
RMR category I–V (best–worst) 

10. ábra. Mélyfúrás-geofizikai adatok és RMR-intervallumok összehasonlítása 
Resistivity = ellenállás, fracture density (fract/m) = repedéssűrűség (repedés/m), longitudinal velocity = longitudinális hullámsebesség, shear modulus = nyírási 

modulus, RMR kategória I–V (nagyon jó – nagyon gyenge)



basis of the cross section of the borehole as determined by
BHTV (see above).

The geotechnical conditions of the rocks and rock bodies
can be characterised by different methods based on well-log
data. These methods include partly the calculation of the
rock-mechanical subdivision of the rock, and partly on the
latter’s qualitative and quantitative evaluation.

The in situ geotechnical conditions of the seismically hard
rocks (Vs >1500 m/s) are indicated effectively by well-log-
ging, mainly acoustic parameters. Out of these, the Vp (longi-
tudinal) and Vs (transversal) wave transmission velocities, de-
rived from the acoustic wave image, and also the density ob-
tained from gamma-gamma logging, are used for the charac-
terisation of the mechanical conditions of the rock.

In every deep borehole — which together run to almost
4000 metres — the rock mechanical (elasticity) parameters
(e.g. Young modulus, Poisson number, shear modulus, etc.)
were determined. In Figure 7, the well-log data and calcula-
tions carried out in Borehole Üh–25 are represented.

In Figure 7, the measured or derived parameters (i.e.
guard laterolog, hole diameter, density, longitudinal and
transversal velocity), the short and long channels of 
the whole acoustic wave image, the geotechnical boundaries
and the calculated petrophysical parameters can be seen.

The results of the laboratory investigations and meas-
urements on drill cores were compared with the relevant
well-log parameters and the reasons for the possible differ-
ences were analysed (ZILAHI-SEBESS 2001). Figure 8 shows
a comparison of the geophysical shear modulus, defined by
the formula m = r.Vs

2, with the shear strength determined
on drill cores. In Figure 9, the difference of the index num-
bers is presented as also being standardised for the geo-
physical shear modulus. The shear modulus, determined
on the basis of the geophysical measurements, is generally
larger than that determined on the drill core. The reason for
this is mainly the relief from the stress of the removed core.
In Figure 8, the individual curves link the points that can be
characterised with the same rock stress relief. The differ-
ence between the two data systems increases with the de-
crease in the resistivity against the rock-shearing forces.
The conceptual curves converge towards the great shear
modulus values since in the case of a rock which has not
been fractured no relaxation effect can be expected. At
very small values of the shear modulus the curves converge
because the difference between the conditions of the
strongly fractured, altered rocks in the borehole and on the
surface is smaller and smaller with the decrease in the
shear modulus. On the basis of the figures, it can be as-
sumed that the reason for the difference of the results is the
difference between the measurement conditions. It can be
stated that the well-log data differ mostly from the results
of the laboratory analyses in cases involving medium-al-
tered rocks —  that is, the less fractured and the strongly al-
tered rocks behave in a similar way.

The RMR (Rock Mass Rating) method (HÁMOS 2003)
classifies the rock materials of the exploratory boreholes from
a geomechanical point of view and characterises the rock on

the basis of six parameters that affect essentially the durability
and necessary support of the subsurface cavities. Designation
of the RMR intervals and RMR categorisation are among the
basic tasks of tunnel planning. The well logging — i.e. mainly
the resistivity log, the acoustic wave image, the BHTV, and
the high-sensitivity flowmetry — carry a lot of geotechnical
information. During the ground-based geophysical survey,
several thousand metres of geotechnical measurements were
carried out in granite. According to the preliminary investiga-
tions, the physical parameters (i.e. specific resistivity, fracture
density, rock velocity, shear modulus) derived from them cor-
relate well with the RMR qualifications that are determined
from core samples (Figure 10). On this basis there is a possi-
bility to determine the RMR intervals from the well logs in a
simple, reliable way and carry out RMR categorisation. The
advantage of this method is that it provides the results imme-
diately after finishing the measurements — that is, it is not
necessary to wait for the laboratory investigations; further-
more, it is free of subjectivity.

Summary

It can be seen on the presented examples that the well-log-
ging methods are in an extremely close relationship with the
other branches of earth sciences. In every field of the ground-
based geophysical methods, basic input parameters are the
values of the well-log data (VÉRTESY et al. 2003). The well-log
information also plays an important role in the geological in-
vestigations mainly because the geological information ob-
tained from the drill-core analyses is translated into the lan-
guage of physical parameters by this assemblage of methods.
This is necessary for the proper interpretation of the ground-
based geophysical survey. Both the primary material differ-
ences and the secondary geomechanical alterations may re-
sult in boundary surfaces that may be equivalent for the
ground-based methods. Furthermore, the interpretation of the
well logs supports the geological correlation itself by deter-
mining the pattern of the curve shapes (ZILAHI-SEBESS,
SZONGOTH 2003).

Well logging could provide useful help in the exact stra-
tigraphic classification of the loess and palaeosols, which
alternate with each other as a reflection of the Quaternary
climatic cycles. The subdivision of the weathering crust of
granite is based on well-log parameters.

The BHTV contributed significantly to the orientation of
the cores, and also to the tectonic investigation of the sections
that lack a core or produce cores not suitable for scanning.

The efficiency of the packer tests is enhanced by the use of
the well logs at the designation of the intact borehole sections
as well as the determination of the flows and spots of infiltra-
tion with the accuracy of one-two m (BENEDEK et al. 2003).

The precise execution of the boreholes and the supervi-
sion of the wells are considerably facilitated by well logging.

Well logging provides important petrophysical and rock-
mechanical information for tunnel planning and safety anal-
ysis.
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