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2.1 SEISMIC METHODOLOGICAL 
AND INSTRUMENTAL RESEARCH

2.1.1 Investigation of the high-cut effect of near-surface low-velocity layers in shallow 
prospecting with the VIBROSEISR technique*

For shallow seismic prospecting (100-200 m) the most essential requirement is 
high vertical and horizontal resolution. However, for reasons of economy, surface 
sources have to be used. One of the problems of surface sources is that the signal 
generated by the source passes through the low-velocity layer twice, thereby increas
ing its high-cut effect due to frequency-selective absorption. This results in a deterio
ration of vertical resolution.

Absorption of elastic energy by rocks can be characterized by several physical 
parameters, most commonly by the attenuation coefficient (a) and by the quality 
factor ( 0 .  The most reliable method for determining the attenuation factor is the 
calculation based on the ratios of the amplitude spectra from VSP first arrivals. 
Let A (f9 0) be the amplitude spectrum of the source function and A( f ,  H)  that of the 
signal detected at a depth of H.  For a homogeneous medium the amplitude spectrum 
of the signal at depth H  can be expressed by that of the source function as follows :

K—is the constant including spherical divergence,
a(/)—is the attenuation factor characterizing the inelasticity of the medium.

For the horizontally layered medium, K  also contains the effect of reflectivity of the 
overburden—whereas a (/) is an effective value characteristic of the whole sequence.

It was found by several authors that the absorption coefficient in the seismic 
frequency range (5-500 Hz) is the linear function of frequency:

where
k  —  is the part of the attenuation coefficient independent of frequency 
Q — is the dimensionless quality factor 
V — is the velocity in the given medium, 
a ( /)  can be obtained from Eq. (1) after taking the logarithm:

* L. Gombár, L. György

(i)
where

(2)
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(4)

Here we have assumed that the reflectivity of the sequence does not depend on fre
quency. Thus a straight line of slope k  is obtained from the logarithm of the ratio of 
amplitude spectra as a function of frequency, by means of which Q can be calculated 
by Eq. (2). The value of the quality factor for young loose sediments generally is in 
the range of 5-50, whereas for older compacted rocks it is 50-500.

An experimental survey was carried out in an area with highly varying top
ography to examine the high-cut effect of the low-velocity layer of varying thickness. 
The survey was performed by means of a Failing Y-1100 CB type high-frequency 
vibrator, equipped with a force control unit, a DFS-V seismic recording system 
(sampling interval 1 msec) and a Cs-2502 correlator. VSP was carried out in four 
boreholes along experimental profile K-l/87 from 50 m upwards in 10 steps, by a 
sonde pressed against the wall. Vibrator distance from the hole was 10 m. Separate 
detectors monitored and recorded the signals of the base plate and those of the 
reactive mass, as well as the sum of the two acceleration signals weighted by the 
masses which give the earth force. This can be considered as the signal of the source.

For the experiments the following sweeps were used: a linear, 16 sec long sweep 
in the 40-200 Hz frequency range (Fig. 52) and a non-linear one in the 40-200 Hz 
frequency range enhancing the range of 190-200 Hz (Fig. 53). Figs. 54 and 55 show 
some of the amplitude spectra of signals recorded in different depths in the case of 
thick (15 m) and thin (5 m) LVL, respectively. One can see the decrease of amplitudes 
of frequency components above 100 Hz which is especially considerable for thick 
LVL. The spectra of the signals are restricted to a narrow band with the dominant 
frequency of about 80-100 Hz.

The logarithm of the spectrum quotient versus frequency function can generally 
be adjusted by a straight line in the 80-160 Hz range (Fig. 56). The reason for the 
high scattering in the range of 170-200 Hz may be the effect of noise. Table IV  shows 
the values of the absorption parameters determined by the method of spectrum 
ratios under different surface conditions. The k and Q values are so-called effective 
values characterizing the sequence from the surface to the depth of the sonde. The 
data obtained in depths of 10-20 m, are influenced essentially by the effect of the 
LVL. From these data we can state the LVL to be characterized by the following 
values: & ^l-3-10~3 (1/m/Hz) and Q^2-2.5. For the consolidated Oligocene sands 
and clays below the LVL A:^1.5-10-4 (1/m/Hz), <2^10-15 can be calculated i.e., 
the attenuation is by one order of magnitude lower than in the LVL. If the LVL is 
about 15 m thick, input signals of 200 Hz are already attenuated by 18-20 dB at the 
bottom of the LVL compared with the dominant frequency of 80-100 Hz. Such a 
considerable high-cut effect cannot be compensated for by input signals of non
linear frequency response enhancing high frequencies, even though the chosen sweep 
of /=40+160[l-//16]3/2 frequency function emphasizes the range of 190-200 Hz 
(Fig. 53). For thick LVL the signal obtained in the borehole is the same as if linear 
sweep were used. In the case of thin LVL it is apparent that by non-linear sweeps
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Table IV. Seismic parameters determined by VSP
№ —number of measurement point; d—thickness of LVL; V LVl —velocity of LVL; Vefj—v e r 
ity in consolidated rock; h—depth of sonde; V—average velocity; kejj—absorption ^efficient; 
Qeff—quality factor

the signal has a somewhat higher frequency content (Fig. 57) than by linear sweeps. 
Thus it is senseless to trouble oneself with generating frequencies above 160-180 Hz, 
even by non-linear sweeps, for areas covered by an LVL thicker than 3-4 m.

This is confirmed by the filter test of a record shot by sweeps of 40-240 Hz 
(Fig. 58). One can see that above 140-150 Hz there is no coherent signal except the 
sound wave.

2.1.2 Detail survey of an oil field by high-resolution pseudoacoustic sections*

The Hungarian petroleum industry is increasingly demanding the integrated 
interpretation of surface seismic and well-logging data in order to plan the production 
strategy of explored oil and gas fields. This necessitates highly detailed seismic 
sections with the information content comparable with well data. This means a 
double task:

— a higher and more uniform resolution than usual is required to ensure infor
mation comparable with well data on complex reservoirs, i. e. those consisting 
of rocks of different ages.

— in addition to kinematic parameters (traveltime, velocity) investigations 
should be extended to acoustic impedance and dynamic parameters.

A study of the frequency dependence of the resolution was performed for the 
characteristic interval-velocities of reservoirs in Hungary. The results demonstrated 
that for the study of the internal structure of reservoirs the frequency content of 
seismic sections should be extended to the range over 50 Hz. Therefore the field and 
processing parameters of our detail survey of an oil and gas field in E-Hungary were 
planned to enhance frequencies above 50 Hz.

* I. Albu, I. Jánvári-Kántor, A. Pápa, Z. Tímár (ELGI), I. Szulyovszky (GKV)
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The reservoir—a complex multiple reservoir in the depth range of 1800-2070 m 
— is built up of a thin Miocene layer and pre-Cambrian metamorphic rocks. Before 
carrying out the high resolution survey a series of tests were performed to make sure 
that the required energy is obtained from the reservoir if the sweep is in a higher 
frequency range than the usual 10-50 Hz. It was found that it was not enough to 
extend the band towards higher frequencies, since in order to overcome the dominant 
effect of low frequencies, the lower frequency limit had to be set higher, too. The 
experiments resulted in a sweep of a frequency range of 18-92 Hz.

In the course of processing—performed by the SDS-3 program system—our 
main objective was to maintain the high frequency content of the signals. As a result 
of this there are signals in the time sections even in the frequency range of 50-70 Hz. 
In order to enhance high frequencies a 35-80 Hz band-pass filter was applied. This 
enabled us to map the thin Miocene layer with its thickness varying between 0-100 m. 
We think that by separating the Miocene formation of primary porosity and the 
brecciated pre-Cambrian formation of secondary porosity, as well as by detecting 
the oil-water contact within the pre-Cambrian (Fig. 59), we contributed to the better 
understanding of the reservoir. Many of our conclusions have since been confirmed 
by more recent boreholes.

After routine processing, the study of the dynamic parameters of the seismic 
signals as well as the pseudoacoustic transformation of the seismic section (needed 
for integrating seismic and well logging data) were started with the aim of obtaining 
direct information on the layer content and on the internal structure of the reser
voir. For displaying more parameters simultaneously the instantaneous amplitude 
and instantaneous phase sections, computed by Hilbert transform, were combined. 
Amplitudes were illustrated by colours whereas the phase in black and white wiggle- 
trace form. On section Ga-6/86 (Fig. 59) the elevated metamorph reservoir between 
pickets 3000 and 5200 appears with an amplitude maximum indicating the high 
velocity contrast between the lower Pannonian and the pre-Cambrian crystalline 
rocks. The abrupt decrease of amplitude in some parts of the flanks make the occur
rence of brecciated rock masses connected to old faults probable. From this it can be 
concluded that in fissured metamorph reservoirs of secondary porosity the decrease 
in amplitude may be due to increase in porosity (the determination of shale content 
necessitates further experiments).

Section Ga-3 is shown in Fig. 60. Here the instantaneous phase section could be 
interpreted independently from the amplitude. In borehole Sz-15 a VSP was carried 
out by the GKV between 710 and 1990 m. Comparing the processed VSP and the 
migrated time section of the surface seismics, the most characteristic waveforms 
can be correlated with a time correction of 7 ms. Thus the possibilities given by the 
VSP—lithological identification and layer velocity data—could be transferred into 
the seismic section. A phase peak could be correlated with the top of the reservoir 
and thus—independently from the amplitude relations—the top of the reservoir 
can be followed along the section.

By calibrating the acoustic log, all depth data can be transformed into time more 
accurately. Acoustic logging was performed in borehole Sz-15 by the Oil Exploration 
Co. (KV, Szolnok) between 1940 and 2145 m whereas between 1500 and 1940 m 
acoustic logs were synthetized from other well logs by means of the KISS program 
system. The ‘acoustic’ log produced this way was transformed to t0 and calibrated 
to the seicmic section using previously calibrated VSP data. This then allowed for 
the comparison of the recorded seismic and acoustic traces and the filtered and trans
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formed ones (Fig. 61). The velocity function can be further improved by the eventual 
matching of signals in time. The acoustic velocity curve calibrated this way was 
plotted in Fig. 60 with the axis of borehole Sz-15 taken to be 3500 m/s.

According to borehole data the lower part of the Miocene gas reservoir that can 
be characterized with an abrupt decrease in velocity and with an amplitude maximum 
in the section, is a sandstone layer of increased porosity. This interpretation can be 
extrapolated to the space between the boreholes: similar amplitude anomalies will 
presumably indicate gas reservoirs of high porosity.

The investigation of the space between wells can be made more complete by 
producing pseudo-velocity sections. An example of this is a part of line Ga-4 almost 
parallel to Ga-3, 6-800 m to the south. The combined section of instantaneous 
amplitude and instantaneous phase can be seen in Fig. 62 whereas the relative pseudo
velocity section produced by recursive inversion is illustrated in Fig. 63 and the ab
solute pseudo-velocity section in Fig. 64. On all variants the matched velocity curves 
obtained by acoustic logging are plotted. The absolute pseudo-velocity section (Fig. 
64) contains the interval velocity data obtained from VSP data and from seismic 
velocity analysis, i.e., the ‘thick layer model’.

Between the boreholes there is an elevation of remarkable extension. In the 
instantaneous amplitude section (Fig. 62) the faults breaking up the elevated basement 
can be recognized by zones of decreased amplitude. These velocity anomalies are 
due—most probably—to internal brecciated zones. In the overburden the sand
stone and aleurite bodies within the lower Pannonian low velocity clays and argillace
ous marls can be identified with positive velocity anomalies in the time range of
1.4 to 1.5 s. Between boreholes Sz-45 and Sz-31 two sandstone (aleurite) layers of 
10—17 m thickness can be found. It can be recognized that these are not continuous 
layers but separated sandstone bodies some of which may be gas reservoirs as well.

The material described represents merely the first stage of a project. Much yet 
remains both in the field of methodological research and in that of geological inter
pretation to fulfil these modest beginnings.

2.1.3 Compaction studies*

The formation and accumulation of several useful mineral raw materials, in 
particular hydrocarbons, are linked to basins filled with sediments of considerable 
thickness. Basin analysis aims at reconstructing the processes forming the basin and 
the present structure of sediments in time and space by means of integrated analysis 
of geological, geophysical and geochemical data. In basin analysis reflection seismic 
data are of critical importance since the structural and macrostratigraphic features 
of the basin can be best known by interpreting seismic sections. In principal it is also 
possible to get information on additional parameters, such as porosity, layer pressure 
and fluid flow, from seismic data. The palaeo data system of these parameters can 
also be reconstructed.

In 1986 the research team of the Geophysical Department of the Lorand Eötvös 
University (Budapest) prepared a study including the

— description of the fundamental conceptions and relations connected to the 
subject

* F. Horváth, M. Vermes (ELTE), I, Petrovics, J. Sípos, Z. Tímár (ELGI)
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— general theory of the compaction of sediments
— theory of producing porosity and compaction sections
— an algorithm for the approximation of one-dimensional decompaction of the 

sedimentary complex.
Fig. 65 shows the block diagram of the methods adopted for solving the tasks. 

This series of operations can be inserted into a seismic processing system. Starting 
from the stacked time section r0(*)> the pseudoacoustic section (PAK) displaying 
acoustic impedance is produced. P-wave velocity can be calculated from acoustic 
impedance if the density function of the medium is known. An essential feature of the 
algorithm is that when calculating PAK traces, the results of velocity analysis are 
considered as a secondary condition. Assuming the velocity of the longitudinal wave 
to be known in both the pore fluid and in the rock matrix, the porosity section can 
be produced from the PAK section. The dependence of pore pressure on depth can be 
calculated from the porosity versus depth function. The porosity section may be the 
input for both the one- or two-dimensional decompaction procedures.

In 1987, algorithms for producing PAK, porosity and compaction sections weic 
developed in detail and the relating computer programs were developed in the frame
work of a cooperation contract. A simplified one-dimensional decompaction 
process was also developed and fitted into the SDS-3 processing program system. 
According to the basic idea of PAK calculations, amplitudes of to(x) seismic time 
section are taken—after appropriate preprocessing—as the estimates of the reflection 
coefficients {cj}. An essential part of preprocessing is to ensure that neither the seismic 
nor the restored acoustic impedance traces should be band-limited. This can be 
achieved by the autoregressive extension of the spectrum [Vermes 1986: Estimation 
of the acoustic impedance by using the extrapolation of seismic traces. Magya* 
Geofizika 21, 3-4, pp. 92-123). The process of extrapolation extends the bandwidth 
of the waveform in the frequency domain, introducing the least possible outside 
information into the data system. Extension is accomplished following the inside 
logic of the originally available data. From the reflection coefficient series {cj} ob
tained this way, acoustic impedance is obtained by the relation

log (W5i) =  2 2 c>
J =  1

where: £k = Qk Vk is the acoustic impedance of the k —th layer (q* is the density and 
Vk is the velocity). The impedance curve has to take up the values computed from 
velocity analysis results. This is ensured in the course of spectrum extrapolation.

Porosity is determined by means of the Wyllie relationship:

J_  _  7-Ф
V ~  Vf  Vm

used in well-logging interpretation. Wave velocity V is taken from the PAK section. 
Vf  and Vm are P-wave velocities in the pore fluid and in the rock matrix, respectively; 
Ф is the porosity value bein;; sought.

To determine pressure, the Terzaghi equation describing the static equilibrium 
of sediments, is initially use<i to calculate:

p(z) =  S(z) +  <y(z)
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where p{z) is the pressure of the pore fluid versus depth, S(z) is the load (the total 
pressure of the rock column of height z) and cr(z) is the effective stress in the rock 
matrix. This equation finally leads to the solution of a differential equation.

In the following we illustrate the operation of the program system through 
practical examples. Fig. 66 shows that part of a time section which was the input 
data system. Fig. 67 shows the traces with extended spectrum. 8 velocity values 
were entered as outside information to improve the accuracy of the extension. The 
PAK section is illustrated in Fig. 68 coloured according to velocity calculated with 
the assumption of constant density. The colour velocity scale can be seen on the 
left-hand side of the figure. Fig. 69 shows the porosity section calculated by the 
Wyllie relationship. The colour scale is calibrated to porosity in per cents.

Future aims and developments include:
— to work out the programs (not yet completed) of the block diagram of 

Fig. 65, namely the determination of palaeoporosity and palaeopressure using 
the Terzaghiequation;

— to test the complete system on a wide range of seismic sections, and
— to test the effects of various parameters as well as the sensibility of the system 

to these parameters.

2.1.4 Development of an interactive geophysical workstation*

The principal objective of ELGI’s development program is the establishment 
of a graphic workstation promoting seismic interpretation. Development work is 
being simultaneously carried out both for hardware and software within the frame
work of a Soviet-Hungarian Cooperation project.

At the present stage, the workstation IAGM-I consists of the following units:
— Z80 central processor;
— 2 Mb operative memory;
— 86 Mb Winchester fixed storage (2 pieces) one for 30 2-D time sections (2 Mb 

data), the other for a 3-D survey consisting of maximum 256 x 256 x 512 data;
— 2 colour monitors of 850x512 resolution; one for image manipulation, the 

other for comparison of images copied side by side;
— black and white quasigraphic monitor; operator’s console;
— GITA-11 digitizer for manual horizon picking and menu control consist

ing of a graphic table, a reading coil and the operator’s panel;
— keyboard for menu control.

The R - ll  host computer enables a two-way transfer of seismic data and/or graphic 
information, whereas an IBM-PC/AT with magnetic tape unit allows stand-alone 
operation of the workstation.

Seismic imaging is done by colour-coding the amplitudes of sampled seismic 
traces. A vertical line of raster points represents a seismic trace. There is a choice 
of 4096 colours from which one can choose a maximum of 64 colours simultaneously. 
In Fig. 70 one can see a time section of the Nagyegyháza coal exploration project 
displayed by a colour scale of 16 grades. A given range of the troughs is represented 
by the top colour of the colour scale—here by white—including—in the case of a 
strong reflector—practically all the samples of the negative half phase. The same is

* F. Horváth, M. Kaszás, J. Kiss, K. D. Lőrincz, I. Rácz, E. Széphelyi, É. Zsadányi
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true for the range of peaks with the bottom colour of the scale, i.e. with claret. Thus 
the graduation of the colouring can only be seen for the weak reflections within one 
trace.

The structure of the program package is based on a menu system. This main 
menu system, including the processing menus, can be seen on the photo taken from 
the black and white monitor (Fig. 71). Each processing menu contains further sub
menus. The menu initializing the system is on the top of the main menu system. 
Underneath there is a menu providing selection from where one can proceed further 
in 3 different directions. The menu Computer Transfer and Communication enables 
the two-way transfer by means of the connected IBM-PC/AT or R -l 1 host com
puter, whereas block: System Test, Maintenance, Test Patterns is designed for test
ing the system. The third branch, Local Mode Processing of Stored Data contains 
seismic operations for data of the Winchester storage. There are two possibilities 
within this branch: call for 2-D or 3-D material. On branch Display Parameter Set-up 
the parameters of the actual image can be set (colours, dynamic range, scale selection, 
use of windows for time sections larger than the screen) whereas branch Geophysical 
Image Processing includes different image manipulation processes (applying of 
markers, reflection picking, etc.). The sub-menus of this last branch can be seen on 
the photo taken from the black and white monitor (Fig. 72).

The functions of Geophysical Image Processing are as follows: horizontal and 
vertical lines as well as a cursor appearing as a point can be called in from the Markers 
block. The actual position of the cursor is digitally displayed on the top of the screen. 
The ROI process enables point by point drawing horizontally and vertically on the 
screen (if a joystick is connected to the system, then drawing in any direction is 
possible). Text function is designed for writing texts on the screen. The text may 
consist of 8 alphanumerical characters and at entering it appears in the Text window 
block. The Graph table command serves for activating the digitizer. By moving 
the reading coil on the graphic table, manual drawing on the screen (horizon track
ing, fault tracing, entering of well logs) becomes possible. Graphic information (text, 
lines) can be cleared by functions Clear point and Clear field, enabling correction. 
In block Objects circles and squares of varying size and position can be marked out 
(which are necessary for functions to be mentioned later). Numbers indicate side 
length or radius given in the respective raster points. By calling in the Filters block 
one can choose from three kinds of filters: Gauss and Laplace are averaging filters 
whereas Contour is an edge filter. Using the commands of the GEO Color block, 
display of seismic data can be coloured according to attributes other than amplitude. 
Selecting the first function of the block results in an image coloured according to 
signs, selecting the second results in a variable frequency, while selecting the third 
results in a maximum amplitude display (Fig. 73). Colouring according to maxi
mum amplitude differs from the original display (Fig. 70) in that the given half phase 
(positive and/or negative) is displayed by the colour representing the maximum 
amplitude in that phase. Thus the vertical series of points corresponding to a seismic 
trace will be divided into stretches of the same colour. This way of colouring facili
tates the tracking of varying amplitudes along geological boundaries. Colour dis
plays according to different attributes are produced by simple image processing al
gorithms (no Hilbert transform!).

The signal intensity can be displayed along the vertical or horizontal line called 
in from the Markers block by the Density profile command of the Statistics block. 
In the case of a vertical line this means a seismic trace in wiggle trace form. By means
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of the Histogram function, amplitude distributions can be calculated for closed 
curves marked out in the Objects block or for the whole section. The amplitude 
distribution is displayed graphically, while the mean values and the variation numeri
cally. From these figures display parameters can be set for the appropriate dynamic 
range of the section. Automatic horizon picking can be performed by the Search 
process in horizontal or vertical direction.

The functions of the Enlarge block enable horizontal or vertical enlarging as well 
as in both directions. Enlargements can be carried out by the powers of 2, centrally 
with linear interpolation between the displayed points, without limitation on rep
etition.

The block Geomark is designed for displaying and storing graphic information. 
Identification data of the section can be brought onto the screen by means of the 
Reference command. The header of the section stored on disc as well as an identi
fication grid with trace numbers horizontally and time values vertically, can be dis
played. There are 6 bits available for displaying graphic information. 2 of them are 
so-called work bits (W, F), their content should be copied to any of the TW, ТВ, 
M l, MO bits or to their combination for storage. Any of the listed 6 bits can be 
allowed or prohibited by the Overlay CTRL command. (When prohibited, the con
tent of the bit remains, although not visible.) The allowed bits are inversely displayed 
in the Overlay block in the lower left corner of Fig. 72. Overlay color can be used 
for colouring certain bits or bit combinations. Since bit combinations are of inde
pendent colours altogether 15 different colours can be used for picking horizons. 
Copying from work bits into the above 4 bits can be performed by means of Over, 
to Image and vice versa by means of Image to Over.. The content of the 4 bits can 
be stored on the Winchester; in the case of 3-D material the pick will also be auto
matically marked on the cross sections. The content of the bits can be cleared by the 
Clear Overlay command. The Mapping function can be used for 3-D materials. The 
picks on the time slices will be projected to a plane parallel to them and they appear 
as coloured contour lines.

In the 3D data block orientation is enabled by means of the sub-menus of branch 
3-D Transfer from Winchester into Display of the main menu. Any of the planes in 
the main direction can be displayed by itself or in combination. One can look into 
the data block from 4 different directions. If merging 3 planes (2 vertical and 1 hori
zontal) the 3 planes can be illustrated either in open cube (Fig. 74) or in corner 
cube form (Fig. 75). In Fig. 75 horizons AH and BH were picked automatically. 
Time sections parallel to that on the screen can be displayed by generating animation. 
If there are 3 sections perpendicular to each other on the screen (Figs. 74, 75) then 
from the two vertical time sections the ones parallel to that on the left side can be 
called to the screen in a quick succession. By means of the so-called chair, 6 planes 
can be displayed simultaneously. In this case (Fig. 76) within the 3 basic planes a 
parallelepiped can be seen bounded by 3 planes of any serial number.

Besides these possibilities successive time slices can also be studied. An example 
for this can be seen on Fig. 77. These time slices were prepared from the AH  horizon 
of Fig. 75. The presented 3-D material was prepared in the Soviet Union by the 
Central Geophysical Expedition.

Interpretation of 3-D seismic data has been radically improved and processing 
accelerated with workstation IAGM -I’s facilities. Further development is directed 
towards the creation of an interactive interpretation facility for 2-D seismic data.
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2.2 GEOELECTRIC METHODOLOGICAL 
AND INSTRUMENTAL RESEARCH

2.2.1 2-D numerical modelling for direct current resistivity problems*

Numerical methods most frequently applied to model 2-D and 3-D geoelectric 
problems (finite-difference, finite-element and integral equation methods) require 
the use of large high-speed computers, even for simple geological models. However, 
the Polozhii decomposition procedure [Polozhii 1965] can be executed on a personal 
computer [James 1985].

This approach is suitable for studying 2-D structures that can be constructed 
with 1-D regions (for the program discussed, a maximum of 3) (Fig. 78). Such struc
tures may be vertical contacts, vertical dikes, vertical faults, grabens and horsts. 
Each 1-D region might contain layers of an arbitrary number. The electrical potential 
and quantities derived from it, e. g. apparent resistivity or conductance, can be deter
mined on an arbitrary plane of the studied halfspace. The source electrodes might 
be located within the medium as well, thus modelling of measurements with buried 
electrodes (e. g. cross-hole methods) is possible too.

The problem is neither 2-D nor 3-D but rather 2 1/2-D (a 2-D geoelectrical struc
ture and a 3-D source) and can be reduced into a series of simpler problems using the 
Polozhii transforms analogous to analytic Fourier transforms. Unlike the Fourier 
transform which can only be applied to the coordinate in the strike direction (in 
Fig. 78 this is the x-direction), the nonuniform Polozhii transform can also be applied 
in the direction of resistivity variation (in Fig. 78 this is the z-direction). Thus instead 
of the 3-D problem we can directly solve a number of 1-D problems. For a model 
with several hundred thousand nodes with 2 regions (e. g. a fault), the execution time 
on an IBM-PC/AT is 15-20 minutes and for a 3-region model (e. g. a graben) 40 to 
60 minutes. The execution time, which depends mostly on the number of nodes in the 
z-direction, is independent of the layering and location of electrodes. Results obtained 
by this numerical method were compared with analytical results for simple models 
(vertical contact, dike, 1-D model), and the agreement is good for two value sets 
calculated in different ways, if the parameters are properly chosen (i. e. number of 
nodes and grid spacing in different directions, parameters of the terminal-impedance 
at the boundary of the studied halfspace). For problems which cannot be solved 
analytically, results of numerical modelling were compared to that of physical (tank) 
modelling. Differences fell into the order of measurement errors.

Some examples concerning the DC potential mapping (PM) frequently used in 
solid mineral prospecting are shown. In this method the source electrodes, A and B, 
are positioned far away from each other and potential measurements are carried

* Varga M.
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out about the midpoint of the AB line (AB/2). Fig. 79 shows the apparent resistivity 
(pfl) values calculated for a resistive and a conductive dike using both the analytic 
and numerical methods, respectively. The agreement is better for the resistive body, 
on the other hand, for the conductive body the pfl values are closer to the specific 
resistivity of the body. Fig. 80 shows the Sn values normalized to the values belong
ing to the 1-D halfspace to the left over a series of faults. It can be seen that according 
to expectations the right-hand-side asymptotes of the Sn curves approach the thick
ness of the first layer of the halfspace to the right. Fig. 81 shows the normalized 
S  values computed over two grabens and two horsts of different widths. Using the 
Sn curves the approximate width of the horst can be determined but only qualitative 
conclusions can be drawn about the parameters of the graben.

References
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J a m e s , B. A. 1985: Efficient microcomputer-based finite-difference resistivity modelling via 
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2.2.2 Transient electromagnetic scale modelling with a field device*

Geoelectric mathematical and scale modelling has been carried out in ELGI for 
several decades. However, program development and scale modelling were mainly 
limited to direct current and frequency domain electromagnetic methods. As a result 
of the intensive methodological research activity prior to the purchase of the EM-37 
transient system (Geonics Ltd., Canada) different programs were developed to calcu
late the transient response of 1-D models. Study of the potential inherent in this 
method necessitated the kowledge of transient behaviour of 2-D and 3-D models. 
For the time being, however, computational requirements of 3-D mathematical 
modelling cannot be met, thus we began the experimental investigation of the feasibil
ity of scale modelling.

The EM-37 field device was used in its original form in our experiments but, 
according to the model law, small-size transmitter loops and receiver coils had to be 
made. The loop and coil parameters are

Choice of proper materials was a serious problem. Sampling times of EM-37 
and smallest manufacturable dimensions strongly limit the range of suitable materials. 
The resistivities of the majority of cheap and common metals are too low to model 
the resistivity conditions of the domestic geologic structures. The resistivity of iron

* Balog Gy., Csathó B., Prácser E., Sőrés L.
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would be suitable, however, it cannot be used because of its high magnetic permeabil
ity. In cooperation with the Department of Casting at the Technical University of 
Heavy Industry in Miskolc we succeeded in finding two suitable alloys. Firstly bronze 
type NBZ-4 and then a nickel-steel alloy called NIRESIST (which becomes non- 
magnetizable after a heat-treatment) were found acceptable. The resistivity of bronze 
is about 0.7- 10”7 fim, and that of NIRESIST is 8-10“7 Dm. These values correspond 
to 7 Dm and 80 Dm if a model scale of 1:10,000 is used. Machining of the models 
was carried out on a milling machine and a surface grinder with an accuracy of 
10 Dm. Contact between the fitting surfaces was ensured mechanically with strain 
clamps.

Soundings with the central induction loop (CIL) array play a dominant role in 
the transient surveys carried out in Hungary. Their most important practical aspects 
(e. g. lateral resolution, detectability of small 3-D structures) can directly be studied 
by scale modelling. Figs. 82 and 83 show the results of measurements performed 
over the models of a graben filled with conductive material and a vertical fault. 
Scale 1:10,000. The overburden is made of bronze and the bedrock of NIRESIST. 
The location of both the fault and graben can be determined unambiguously from 
the grey scale image. Depth of the bedrock was determined using both the TRH* 
and interactive curve fitting methods. For the fault the depth of the downthrown 
part can be determined to 10% accuracy at a distance equal to the depth of the lower 
edge of the fault. The depth of the graben, obtained from the interpretation, is less 
than the real one.

It can be seen that the “visual field” of the array is approximately the spatial 
domain within a cone with an apex angle of 45°. The lateral resolution increases with 
decreasing dimensions of the transmitter as far as dimensions of the investigated 
structure become large compared to that of the measuring system. After that no sig
nificant improvement can be expected.

It is a frequent and difficult task to detect small bodies having a conductivity 
one order of magnitude higher than that of the conductive host rock. Detection 
of conductive bodies embedded in a highly resistive medium is relatively simple, 
and the theoretical background is clear. The effect of conductive host rock—judged 
by the evidence of papers—is being studied by several teams involved in EM investi
gations. Our experiments, carried out with the TURAM configuration, also aimed 
at this problem.

We carried out measurements over three models:
1) uniform conductive halfspace (4 cm thick NIRESIST plate)
2) conductive prism in free-space (bronze parallelepiped, wood)
3) conductive prism in conductive halfspace (bronze parallelepiped and NIRESIST). 
Fig. 84 shows the measured Hz values for 20 channels along the marked lines. The 
first set of curves reflects the well-known time behaviour of the EM field over the 
uniform model, while the second one shows the powerful extreme values over the 
bronze parallelepiped embedded in a resistive medium. In the third and fourth curve 
sets (3a. and 3b.) the response of the combined model can be seen along the orthogonal 
lines. The anomaly over the body almost disappears in the regional background noise 
of the environment. With the purpose of studying the anomaly we subtracted the 
field of the uniform model from the field of the combined model (Fig. 85). This 
subtraction made the effect of the bronze parallelepiped clearly visible (hatched area).

* Transformation of resistivity versus time function into resistivity versus depth function
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The anomaly changes sign several times, this is due to the interaction between the 
halfspace and the parallelepiped. The reason for this apparently unusual behaviour 
can be observed in the plotted decay curves. The conductive mass of the parallelepi
ped distorts the field of host rock as if it were a uniform medium of a specific resis
tivity less than the concrete value.

The conclusion can be drawn from our experiments that inexpensive materials 
and the field device can be used, and without special lab conditions, time domain 
EM modelling is feasible. Measured and calculated values for a horizontally layered 
model show close agreement. If we suppose that this is valid for 3-D models as well, 
the practical significance of our experiments becomes obvious. Question of resolution 
power, problems of dipping layers and topographic effects can be directly studied.

We have not got a satisfactory answer to the important problem of “current 
channeling” . If a current flows through the boundary between two media of different 
conductivity, as a result of charge accumulation at the boundary, an additional cur
rent and magnetic field are generated, and this makes the simple description based 
on inductive interaction more complicated. It makes a difference whether the vicinity 
of a conductive body is non-conducting or—even if very poorly—conducting. 
Current channeling significantly modifies the generated EM field. In our measure
ments, e. g. in the case of fault model we substituted either the poor conductor N1- 
RESIST for an insulator or we cut the contact along the fault plane between the 
bronze and NIRESIST. The profiles measured in this way showed no significant 
variation compared to the original values. This suggests that the effect in question 
either falls into the order of measurement error for the given model or, in spite of 
our efforts, the contacts were not satisfacory, and thus current channeling could not 
develop.

2.2.3. The cross-hole radio-wave absorption technique in bauxite prospecting*

In radio-wave absorption measurements, the transmitting antenna (vertical 
electrical dipole) located in a borehole or tunnel, radiates radio waves which propa
gate in every spatial direction [Petrovskii 1971, Petrovskii and Popov 1977]. During 
propagation EM energy is absorbed according to the electrical parameters of the 
medium and to the frequency of the waves; their amplitude decreases compared to 
the initial value near the transmitter. Rate of wave absorption can be described by 
the absorption coefficient p. The receiving antenna, located in a borehole or tunnel, 
picks up the electric field component parallel to the antenna (Ez). The equations 
describing the electric field in a uniform isotropic medium at any P(x, y, z) point 
within the wave zone are

(1)

(2)

(3)

* Yi Y. S., Zhou H. (Institute of Geophysical and Geochemical Exploration, Ministry of Geology 
and Mineral Resources, Langfang, China), Király E., Simon A. (ELGI)
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where x, у, z are the Cartesian coordinates, and the origin of coordinates is the 
transmitting dipole,

E0 is the initial field strength, near the antenna,
I  is the current flowing in the antenna,
L is the effective length of the antenna, 
p is the magnetic permeability of the medium, 
со is the angular frequency of the waves,
R is the distance between the origin and point P, 
r is its projection on the x-y plane,
6 is the permittivity of the medium, 
p is the specific resistivity of the medium, and 
p is the already mentioned absorption coefficient.
The transmitter of the Chinese-made instrument JWQ-3A radiates about 1 W 

power at any of the following frequencies: 0.5, 1, 2, 4, 8, 16 or 32 MHz. Its receiver 
measures the amplitude of the incident wave’s electrical component parallel to the 
antenna (Ez), and its relation to the initial electric field strength (£0) is displayed in 
dB (henceforth called attenuation):

C =  10 Ig —  [dB] (4)
Eo

Measured data are fed directly into the memory of a microcomputer. The transmitting 
and receiving antennas are linear dipoles and their length is usually chosen to be 
about half of the wavelength. Both transmission and reception are performed 
inductively, that is without making galvanic contact (grounding) with the medium 
(borehole wall). The diameter of the transmitter and receiver units, to be lowered 
into boreholes, is 35 mm and the system can easily be moved by hand.

The absorption coefficient of bauxites is usually many times larger than that 
of dolomite. This provides a basis for detecting bauxite bodies occurring in dolo
mite. In the course of our experimental measurements we carried out parameter 
determinations in the vicinity of the Vörösföld-I near-surface bauxite lens (Trans- 
danubia) to allow for choosing the optimum frequency, and to check whether the 
attenuation of waves differs sufficiently in bauxite and the host rock (dolomite) 
in the given area. For that purpose we carried out radio wave logging in boreholes 
drilled in the bauxite body and in the barren rock. In Fig. 86 logs measured in five 
boreholes at 16 MHz (the optimum frequency) can be seen. In bauxite the attenuation 
is approximately 90 dB, and in dolomite approximately 77 dB. This difference in the 
wave absorption property proved to be sufficient to solve the discussed geologic 
task.

We carried out cross-hole measurements between boreholes P3 and F144B in 
order to detect a dolomite ridge. The transmitter and the receiver were simultaneously 
moved in the boreholes, then the transmitter was kept at a constant depth in one 
of the boreholes and the receiver was moved in the other (Fig. 87).

Plotting the values of attenuation versus the depth of the receiving antenna, we 
obtained the “attenuation profiles” . Because the boreholes were near to each other 
compared to their depths for measurements with a stationary transmitter and a 
moving receiver the transmitter-receiver separation varied strongly. Thus the meas
ured attenuation data should be normalized to the transmitter-receiver separation. 
Normalization can be performed using equations (I) and (2). In the figure the nor
malized curves are shown.
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Those parts of the attenuation profiles which are determined by the waves passing 
through the bauxite—although with some scattering—are parallel to the depth axis. 
In those parts, to which paths partly crossing the dolomite ridge belong, the profile 
deviates towards the lower attenuation values in proportion to the section of the 
path in the dolomite. Deviation of the profiles is definite; it clearly detects the pres
ence of the dolomite ridge, and allows for unambiguous interpretation. Starting points 
of deviations should be determined in the profiles. Lines drawn between the trans
mitter and these break points intersect in the vicinity of one point in the space bet
ween the two boreholes. This point gives the peak—or height—of the dolomite ridge 
with an accuracy of some m for the given model. Profiles measured with transmit
ters lowered to the depth of 15 m show practically no deviation, that is all paths be
longing to the different receiver locations pass through bauxite only.

Using this method, bauxite bodies between boreholes 20-30 m apart can be 
reliably detected. This justifies its routine application for detailed prospecting for 
bauxite lenses with drillings, in order to plan strip mining.
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2.2.4. Shallow geoelectrical prospecting with electromagnetic conductivity measure
ment*

These days investigation of shallow depths (<30 m) has been gaining more 
and more importance beside the deeper traditional geophysical investigations. The 
increasing importance of environmental protection and the growing demand for 
investigation of raw material deposits exploitable by openpit mining (e.g. gravel, 
clay, bauxite, lignite, etc.) justify this trend. The rapid and effective geophysical 
prospecting is a great help in solving different engineering tasks. In’ our paper we 
take a look at the electromagnetic mapping that can be used for the tasks listed 
above. Mapping and profiling methods representing the first stage of geoelectric 
surveys should meet several requirements: Easy and rapid performance of measure
ments, accurary, a simple interpretation method, possibility for graphic representation 
and interpretation in the field.

ELGI purchased an EM-31 conductivity meter from the Canadian firm, Geonics 
Ltd., in 1986. The most significant advantages of this SLINGRAM system are that 
there is no need to make a galvanic contact between the ground and the measuring 
system, and high resistivity layers do not cause screening. Thus measurements can 
be carried out in areas where direct current measurements are not feasible (e.g. roads, 
rocky areas, screening gravel layers). Other advantages of EM mapping are speed, 
precision, excellent lateral resolution and sensitivity to small resistivity changes.

The EM-31 conductivity meter uses two coplanar coils with an intercoil spacing 
of 3.66 m. The transmitter coil generates a sinusoidal field at a frequency of 9.8 kHz, 
and the receiver measures its inphase and quadrature-phase components. It is known

♦ Balog Gy., Csathó B., Prácser E., Vincze L.
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that in the range of low induction numbers there is a simple relation between the 
measured magnetic field components and the geoelectric parameters of the earth 
[M cN eill 1980, K aufman and K eller 1983]. Thus the quadrature-phase compo
nent of the measured magnetic field—in the case of uniform halfspace—is propor
tional to the specific conductivity of the halfspace (or to the specific resistivity. Using 
this, the instrument was calibrated to display directly the apparent conductivity 
(if the coils are horizontal and the instrument is at a height of 1 m). Measurement 
of inphase component sensitive to susceptibility is suitable for detecting metallic 
objects.

The development that started in 1986 aimed at two main goals. The first was the 
study and introduction of transformations and measuring techniques that allow for 
increasing the information content of measurements and speeding up the inter
pretation. The second was to ensure the possibility for digital data recording and 
on-site interpretation.

The value of the measured apparent conductivity (basically being the measured 
quadrature-phase component of the magnetic field multiplied by a constant) depends 
on the height of the instrument above the surface and on the orientation of the coils. 
Thus it is advisable to introduce the concept of apparent resistivity similar to the 
traditional one.

Let the apparent resistivity be the specific resistivity of that halfspace, over 
which a resistivity value equal to the measured one would be obtained with the given 
configuration. This apparent resistivity can easily be calculated using the equations

and

for vertical magnetic dipoles

for horizontal magnetic dipoles,

where aa is the measured apparent condictivity,
h is the height of the instrument over the surface, and 
z and z* are simple functions of h.

We checked the accuracy of the transformation, and the height dependence of the 
apparent resistivity was only a few percent. Changing the height of the instrument 
over the surface and the orientation of the coils changes the distribution of the eddy 
currents induced in the earth. In favourable cases layers of different resistivity can be 
detected based on these changes. Taking into account the relatively poor vertical 
resolution of soundings, carried out by changing the height, a qualitative interpreta
tion method has been introduced instead of the interpretation with curve fitting. 
This was based on the construction of apparent resistivity—apparent depth profiles 
similar to the DC dipole-dipole profiles.

Apparent depth is defined on the basis of the current distribution function that 
can be obtained for a uniform halfspace. The apparent depth is defined as the depth 
below which the contribution of the earth to the measured signal is the e-th 
part of the total effect. The apparent depth defined in this way—for vertical coils—is 
almost directly proportional to the height of the instrument above the surface, while 
for horizontal coils the relation is much more complicated, and the apparent depth 
changes only slightly when changing the height of the instrument.

It is advisable to transform the sounding curves into apparent depth-apparent
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resistivity curves. These, unlike the instrument height-measured “apparent con
ductivity” curves given by the manufacturer and suggested for interpretation with 
curve fitting method, reflect the resistivity and depth conditions of the models cor
rectly (Fig. 88).

The gradient method [Frohlich and Lancaster 1986] is suitable for enhance
ment of shallow 2-D and 3-D inhomogeneities. Studying the effectiveness of the 
method by mathematical modelling (Fig. 89), it can be seen that the difference be
tween the magnetic fields generated by transmitting dipoles at different heights 
rapidly decreases moving away from the transmitter in both horizontal and vertical 
directions. Thus the effect of the regional changes in resistivity of the earth can be 
eliminated using the difference calculated from the resistivity values obtained from 
measurements at different heights.

Effectiveness of field measurements has been greatly increased by interfacing 
a PTA-4000 pocket computer, as a data logger, to the instrument (Fig. 90). Digital 
data asquisition and storage eliminate subjective errors in observation, and allow 
for simultaneous measurement at both channels and real-time resistivity calculation.

The scheme of the data logger has already been published in our 1985 Annual 
Report [Simon et al. 1986]. The data acquisition program (in addition to acquisition, 
storage and display of data) makes the calibration of the instrument easier and 
allows for continuous measurement of parameters as well but without storage. It 
continuously checks the batteries in the instrument and in the data logger. In data 
storage mode of operation, stepping of coordinates takes place after inputting the 
header, both in profiling, mapping and in soundings. The program can simulta
neously store 2000 observation data in five independent data files, and it provides 
possibilities to check or correct during the measurements. The data printout is 
substituted for the field report. Using the profiles drawn by the printerplot
ter of the pocket computer a preliminary interpretation can already be made in 
the field. Observed data are temporarily recorded on a cassette tape. Data transfer 
to an HP-9845 desktop computer opens the possibility for storing the data on disks 
and for constructing maps by a computer.

Conductivity profiling with shallow penetration has been successfully applied 
to solve the following tasks:

— general purpose geologic mapping (identification of near-surface rock types, 
detection of fault and fractured zones),

— determination of the topography of the high resistivity basement,
— measurement in openpit and underground mines (e.g. near-surface lignite 

and bauxite mining, etc.),
— archaeological surveys,
— delineation of buried pipes and other objects of metallic conduction,
— prospecting for raw materials for the building industry,
— engineering geological surveys,
— study of soil contamination, etc.
Some field examples demonstrate the effectiveness of the method, data processing 

and interpretation procedures discussed above.
The purpose of measurement shown in Fig. 91, was to investigate a syncline in 

the Triassic basement. Geologic mapping was supplemented by electromagnetic 
measurements with the EM-31. It was possible to delineate precisely the outcrops 
and to differentiate between formations of different type and age below the thin 
loess or soil.
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The figure shows the results of mapping performed around the borehole Met-1 
in Mencshely, representing the measured apparent resistivities in an axonometric 
form. Not only is there good correlation between the geologic mapping and apparent 
resistivities but there is also the possibility to correct the observation map using the 
apparent resistivity data.

Effects of secondary field due to different pipelines can distort the results of 
measurements carried out with high-resolution electromagnetic methods (transient, 
controlled source frequency sounding) and make them uninterpretable. Based on our 
earlier tank model experiments we are mostly able to decide whether the distortions 
in field results refer to pipeline effect or not. Reliable study of the problem, even fore
cast of the pipelines (thus avoiding unnecessary measurements) are also possible by 
the induction profiling performed with the EM-31. Because the anomalies developing 
over pipelines are well known from modelling, the exact location of the pipeline can 
be determined. An example of that is shown in Fig. 92 from the vicinity of Farkas- 
gyepű. The very similar nature of the distortions in the field frequency sounding 
curves and tank model curves can be observed. The apparent conductivity-inphase 
magnetic component profile pair clearly demonstrates the significance of the measure
ment of inphase component sensitive to susceptibility. Where the change in conduct
ivity is caused by geologic effects, the inphase component is almost constant, but 
over the pipeline there is a very sharp anomaly.

The goal of the experimental measurements carried out on the Csepel Island, 
near to Makád, working with the Central Danube Valley District Water Authority, 
was to suggest a set of geophysical methods which are suitable for rapid and perfect 
study of the material in the earth embankments. Thus changes in the embankments 
caused by the water load can be detected with the minimum number of samples.

Results of EM mapping and profiling carried out in a dry, unloaded state are 
compared with that of measurements under water load are shown in Fig. 92. The struc
ture of the embankment was determined by engineering geophysical soundings (Fig. 
93/b). Results of EM profiling are plotted in a form discussed above, as apparent 
resistivity-apparent depth profile (Fig. 93e and f). It can be seen that at low water 
level the resistivity of the clayey silt in the dam is high compared to that of its vicinity 
which is lower because of the water saturation. Under water load the embankment 
becomes homogeneous from a geoelectric viewpoint. Based on our experiments up 
to now it is very likely that the process of water saturation can be monitored by EM 
measurements and the critical places—where the dam body might get damaged, 
where slope sliding or failure might occur—can be found.
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2.2.5. Development of the field measurement control and data acquisition unit 
ISODEM *

In the early 80’s we planned the development of the field geoelectric data acqui
sition and preprocessing unit PURO in the framework of the INTERGEOTECHNI- 
KA Comecon programme. After several years work and many specialists’ meetings 
we had to realize that conditions were not ripe for the development, or use of such 
a field computer. The available electronic parts and peripheral units did not allow 
for the necessary low consumption, and those geophysical instruments that would 
have been connected to the planned PURO did not exist. Input of the instrument 
readings through a keyboard is complicated, so this solution did not work well in 
practice. By the second half of the 80’s the situation had changed. The Soviet-made 
processor K-588 and the CMOS static RAMs already meet our requirements. They 
were able to perform preprocessing of geophysical data and to control measurements. 
At the same time, as a result of our own development activity and similar achieve
ments in the Soviet Union a new generation of geoelectric instruments had appeared. 
To these—through standard interfaces—data acquisition and preprocessing units 
could be connected. Therefore in 1985, with a slightly modified goal, we suggested 
restarting the PURO programme. On the Soviet side, SNIIGGIMS (Novosibirsk) 
cooperated with us.

In 1985 we specified the technical requirements in a bilateral meeting held in 
Novosibirsk. In 1986 this instrument development got into the Complex Programme 
for Technical and Scientific Development of the Comecon (Task 1.4.6., Development 
and manufacture of new technical tools to carry out geological works). The contract 
for the R and D work was signed in October, 1986. Keeping the schedule we finished 
the lab version of the unit in 1987. After testing it, we checked the hardware, the 
system program and the compatiblity of our unit with the Soviet computer Elektro
nika 60. After getting favourable results we rewrote a FORTRAN digital filtering 
program, so that new version could be run on our unit. This run has shown the kind 
of services our unit can offer—data input from cassette, data presentation on a 
screen, data correction, and after running a program presentation of results, and 
storage on cassette—and the size of programs that can be effectively run, without 
difficulties.

Change of the unit’s name to ISODEM refers to the modified aims, too. Block 
diagram of ISODEM, involving the developments planned for 1988, is shown in 
Fig. 94.

The real-time clock (1) provides the timing necessary for the measurements and 
generates the time base. It operates in the OFF state of the unit. The operator is in 
contact with the central processing unit through the keyboard (2), containing com
plete Latin and Cyrillic alphanumeric character sets. The CPU (3, 4) is constructed 
from a DEC-compatible, 16-bit CMOS microprocessor type K-588 to which a high
speed multiplier unit is connected. This is very advantageous in real-time execution 
of geophysical algorithms. As a further step the present memory of 160 kbyte (5) 
will be extended to 0.5 Mbyte. The display (6) has a resolution of 512x256 pixels 
and it is suitable for simultaneous presentation of alphanumeric and graphic infor
mation.

Preprocessing block A can be built according to the tasks connected to the

* Gyenge L., Verő L.
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specific measuring techniques; its basic parts are the floating point arithmetic pro
cessor (7), the memory extension (8), the multiplexer (9) and the timer (10).

Communication with different geophysical instruments, peripheral units and 
other computers is ensured through standard (serial, parallel, RS-232C, IEC-625) 
interfaces (11, 13, 14, 17). In addition to the K-588’s own bus (18), the Z80 processor 
(12) together with its bus system (19) allows for versatile use.

The cassette recorder (15), which satisfies the requirements of the international 
standard ISO-3407, serves as a background store and ensures the data transfer to 
other computers. The printer-plotter can make a hard copy of the display image.

The power source which supplies the electronics with the required voltages is not 
shown in the figure. In order to reduce the consumption the power source immediately 
turns off the units which are not used.

Field test will be the last part of this R & D contract in 1988. During these 
tests reliable operation of the field-resistant version should be demonstrated, and our 
unit should be connected with geophysical receivers developed by Soviet institutions. 
Only after successful solution of these tasks will three copies of the final version be 
manufactured.

199





2.3 WELL LOGGING METHODOLOGICAL RESEARCH 
AND APPARATUS DESIGN

2.3.1 Theoretical modelling of neutron fields* *

The HOLLO program package was completed in 1987 with the cooperation of 
the Technical University of Budapest. This program package can be run on an IBM 
PC/AT computer and serves to calculate the neutron radiation field around neutron- 
neutron sondes by the Monte Carlo method. Inputs for the program are: composition 
of elements in the rock matrix around the hole and in the drilling mud; energy 
spectrum of the neutron source used in the sonde; and geometric data of the borehole 
and of the sonde. To determine neutron physical parameters of various materials the 
program uses a nuclear data bank of 47 energy groups; correspondingly, neutron 
spectra are calculated in 47 groups. To describe conditions of the sonde and of the 
borehole the program works with five ‘regions’ (groups of parameters representing 
the source, the moderator, the detector, the borehole and the rock). It is also possible 
to take into account asymmetrical positions of the sonde. Table V gives a compre
hensive view of the HOLLO program package with subroutines for various functions, 
with types of input and output data files and their notations.

Table V. List of subroutines in the HOLLO program package

* Andrássy L., Baráth I., (ELGI), Fehér S. (BME)
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Calculations of neutron spectra were performed, using the HOLLO programs, 
for limestone, sandstone and water standards of the NATIONAL METROLOGICAL 
station for Geophysical Well Logging. As a first step, data files were prepared both 
for the geometry (.hog expansion) and the chemical composition (.horn expansion) 
of the given physical models. As an example, such data files calculated for the Bul
garian Vraca limestone are presented in Tables VI and VII as computer print outs. 
Geometrical data files have been computed for an experimental 60 mm diameter 
compensated neutron sonde with the following sonde lengths: 35, 40, 50 and 60 cm.

Preparing for the actual Monte-Carlo calculations, the next step was to establish 
data files of the macroscopic cross sections (. hox) corresponding to rock models of 
the given composition. The HOLLO L I B  program was used for this task which 
sorts the microscopic cross section [hollonuc.hol] data file and breaks this down into 
the macroscopic data files consisting of 47 groups.

Borehole diameter ........................................................................................................  214 mm
Sonde diameter .......................................................................................    60 mm
Excentricity of the sonde in the borehole ................................................................ 100%
Length of the source region ........................................................................................  95 mm
Length of the moderator region ................................................................................  140 mm
Length or the detector region ....................................................................................  1500 mm
Distance between source centre and sonde bottom ...............................................  75 mm
Active volume of detector ..........................................................................................  88.31 cm3
Distance between detector centre and sonde bottom .............................................  600 mm

Table VI. Geometrical data file (.hog) for the Bulgarian Vraca limestone model

Table VII. Data file of chemical composition (.horn) for the Bulgarian Vraca lime
stone model

Numbering of regions: 1—rock, 2—drilling fluid (drilling mud); 3—source region; 4—moderator 
region; 5—active volume of detector
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Then using the Monte-Carlo program HOLLO M C I ,  theoretical neutron 
spectra were calculated for the 4 different sonde length for the position of the de
tector in the following models: Bulgarian Vraca limestone (VL-214), Polish Zerkovic 
sandstone (ZS-214) and Greek Nikisiannis marble (GM-214). On the basis of the 
calculated neutron spectra we have studied:

— The reproducibility and optimization of the computation time. As an example, 
the results of 180 minutes’ repeated calculations for the ZS-214 sandstone model are 
presented in Table VIII. The columns of this Table show the integrated relative flux 
values obtained by summing the individual groups;

Table VIII. Integrated relative flux values resulting from 180 minutes long Monte- 
Carlo calculations for the ZS-214 sandstone model 

group 46: E=10~3-0.414 eV; group 45+46: E =  10-3-0.876 eV; group 44 + 45+46: E =  10-3-  
1.85 eV; group 43 +  44+45+46: E =  10"3-5.04 eV

— Comparison of the Monte-Carlo calculations, the four-group diffusion cal
culations and the experimental thermal/epithermal measurements. The Monte-Carlo 
calculations for four different sonde lengths for the VL-214 limestone model were 
compared with the results of the four-group diffusion calculations and the thermal/ 
epithermal model measurements. Results of calculations and measurements are shown 
in Fig. 95 and Table IX. The latter also contains neutron porosity values calculated 
from the slowing down path lengths Lf .

Using the CSOPAK program compiled in 1986, which works on the principle 
of multi-grouped neutron diffusion, neutron physical parameters were calculated, 
for the following formations in 1987:

— limestones of various porosities
— sandstones of various porosities
— dolomites of various porosities
— black coal of Pécs with various ash contents and humidities
— methane
— kaolinite
— illite
— pyrite and other metallic minerals
— bauxite of average composition.

The results are summarized in Table X.
A new set of algorithms was defined for the determination of the diffusion length, 

the thermal absorption cross-section and the neutron porosity. These were obtained 
from the slowing down path length Lf  and the respective parameters determined for 
limestone, sandstone and dolomite models.
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Carlo calculations and experimental model measurements for the VL- 
214 limestone model (P = 10.5%)

I—relative neutron flux for various sonde lengths; Lf—slowing down path length; P—porosity; 
N—pulse number (cps); TDSZ—four-group diffusion calculation for thermal neutrons; TMSZ— 
Monte-Carlo calculation for thermal neutrons; TM—thermal measurement; ETDSZ—four-group 
diffusion calculation for epithermal neutrons; ETMSZ—Monte-Carlo calculation for epithermal 
neutrons; ETM—epithermal measurement

Table X. Neutron physical parameters of different rock matrices 
Lf—slowing down path length; Ld—diffusion length; Lm—migration length; D—diffusion con
stant ; 2 —thermal absorption cross section
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2.3.2 Development of the KD-80 (MOLE) logger*

The processor controlled, well logging equipment type KD-80 (MOLE) with 
shared intelligence was improved, taking into account users’ needs. (The basic ver
sion of this logger was presented in ELGI’s Annual Report for 1983.) As a result 
the instrument’s capabilities have been significantly developed. In particular, the 
diversity of measurements as well as the simultaneous processing and displaying 
facilities have been expanded (Fig. 96).

We were among the first to use a matrix printer to replace the expensive and 
troublesome photorecorder. This proved not only cheaper but more reliable than a pen- 
writer. It can plot 12 logs with headings (name, scale, units time of logging, drilling 
and measurement parameters). The printer draws time signals and markers, too. 
Logs can be visualized in 10 formats (mm and API standards, linear or logarithmic 
scales). The logger is equipped with several kinds of digital storage: solid state 
memory, a cassette recorder and a 1/2" magnetic tape unit (interfacing of the 3,5" 
floppy unit is under way).

The sonic surface module designed for this equipment can be used with all types 
of sonic tools developed by ELGI. In the course of measurement the wave form is 
stacked 4, 8 or 16 times, leading to a substantial reduction of noise. The sonic wave 
forms are recorded in digital form by the magnetic tape unit, by the cassette recorder, 
or displayed on the matrix printer in real-time or during playback (Fig. 97).

Nuclear spectra obtained by the 256-channel spectral unit can also be recorded 
in digital form, or visualized by the matrix printer.

A programmable version of the logger has also been created, which permits users 
to write programs corresponding to special parameters of the survey area. These pro
grams can be stored in the central storage or loaded from tape prior to measure
ments.

A program package for real-time processing under field conditions was also de
veloped. This can determine realistic petrophysical parameters (density, ash content, 
aluminium oxid content, permeability, potassium-uranium, thorium ratio, quasi- 
lithological composition) using algorithms based on calibration diagrams, semi- 
empirical formulae and core data.

2.3.3 Development of a combined nuclear and focused resistivity sonde**

Designed for hard mineral and water exploration, the KLL3G-2-80-43SY type, 
43 mm diameter probe works on a single conductor steel armoured cable in the pulse 
mode of operation, thus enabling simultaneous 3-electrode laterolog and gamma-ray 
measurements. Construction of the probe is shown in Fig. 98. The metal casing of 
the sonde is shaped according to the 3-electrode system. The radiation detector is 
fixed near the sensing electrode therefore the matching of resistivity and gamma-ray 
logs to a common depth point is simple. The block diagram of the circuitry is pre
sented in Fig. 99.

For detecting gamma radiation a photoelectron multiplier mounted on a Nal(Tl) 
crystal (1) is used. Focused resistivity measurements are performed with the square

* Bán /., Szongoth G.
* * M. Szentpály, G. Korodi
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wave generator (9) and the potential and current amplifiers, respectively (5, 8). 
These amplifiers partly measure the potential of the A0 electrode as related to N, 
and partly the current flowing out of electrode A0 using resistor Rf  (of very low value). 
The signals of the amplifiers are processed by the voltage-frequency converters (7) 
after they have been rectified. Output pulses of the three channels are transferred to 
the surface by the pulse encoding unit, working by shift registering and storage, thus 
pulses are transmitted with no coincidence.

The electronic cartridge is built up of CMOS integrated circuits and passive 
elements of high stability. The resistivity is calculated from signals arriving at the 
surface by a processor unit, which takes into account the geometric factor of the 
probe (U/I measurement). The cartridge is enclosed in a pressure resistant stainless 
steel tube with rubber sealing rings. The lower focusing electrode is removeable and 
the probe is thus easily transportable.

Technical parameters o f the sonde

Detectors:
Gamma radiation 
Resistivity

Measurement characteristics: 
Range of gamma-ray channel 
Dead time
Range of resistivity measurement 
Supply current 
Supply voltage 
Pressure resistance 
Temperature rating

Dimensions
Diameter
Length
Mass
Recommended surface module 
Recommended logging cable

Nal(Tl) 24 x 74+FEU-102 
Metallic ring, arranged on the insulated 
probe casing

43 mm 
1900 mm 
~  12 kg
KFU-P series, KD-80 logger
loop resistivity: 100 Q capacity between
two conductors: 0.75 pF

0-2000 pR/h 
2-3 ps
1 Qm-20,000 Qm 
120 mA 
40 V 
26 MPa 
0-80 °C

2.3.4 Special geophysical analyser (SGA-1000) *

A special geophysical analyser (type SGA-1000) has been developed with the 
aim of processing signals from scintillation counters, proportional detectors and 
Si/Li semiconductor detectors. In the following, a version of this processor working 
with a Si/Li semiconductor detector and coupled to the XRF measuring system is 
presented.

In contrast to normal practice, the role of the analyser has been taken over by

* J. Renner, L. Volly
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an 8 bit personal computer (C-64). The computer type has been selected considering 
the wide scale of available programs, easy handling of peripherals, satisfactory 
graphical features and price. The computer has been completed with

— circuits for prolonging the detectors’ amplified analog signals of amplitudes 
proportional to various energy levels so that the analog/digital converter may 
measure signal amplitude with the lowest possible error;

— a special program package enabling the computer to receive input digital 
codes and to perform operations fulfilling the functions of a traditional analyser.

Thus an up-to-date data acquisition and processing system has been created, 
matched to the sensitivity and resolution power of the applied detector, and per
forming easy data handling and processing with the computer. These features 
surpass the possibilities offered by earlier 1024-channel analysers.

After setting the duration of measurements and the number of repetitions in the 
course of interactive initiation by computer, the measurements can be automatically 
performed. At the end a signal warns us to replace the sample.

The following data can be displayed:
— the complete energy spectrum of 1024 channels (Fig. 100) or any selected 

part of it comprising 256 channels (Fig. 101);
— count in any channel;
— the area under any peak;
— count in preselected windows.
Results of measurements can be printed in tabular form separately for indi

vidual channels, as well as counts in preselected windows together with the energy 
limits of windows (Fig. 102). The whole measuring cycle (commands) together with 
its parameters (measurements duration, repetition number, sample name, measure
ment date, position of preselected windows etc.) can be stored on disc and called 
back for further processing.

Program development continues in the direction of automation of various task- 
oriented measurements. This system promises substantial future improvements in 
data analysis and cost-effectiveness with the potential to replace traditional analysers 
in industry and laboratories.
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