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2.1 SEISMIC METHODOLOGICAL 
AND INSTRUMENTAL RESEARCH

2.1.1 Development of the program system for the processing of 3-dimensional

We have already reported on the basic programs for the processing of 3D 
seismics in Annual Report for 1981, and on the first processing results of the 
areal seismic survey in the Zsámbék region. In 1982 the package has been fur
ther extended with a 3D migration program and with the construction of hori
zontal time slices. Both programs have been incorporated to the SDS-3 Soviet 
seismic processing system.

The migration program carries out the 3D wave equation migration in two 
steps (cf. Prakla-Seismos Information, No 31, 1981). The basic idea of the 
solution has been derived from the method of separation, well-known from the 
theory of differential equations (see C laerbo ut  1976: Fundamentals of Geophy
sical Data Processing).
We start out from the wave equation

Let us split the wave equation to two separate equations with respect to the 
surface coordinates:

seismics*

is a function describing the wave field, 
is the velocity function 
are surface coordinates 
is depth coordinate 
is the time variable

* Drahos E., Kilényi É., Kovács E., Marle R., Sípos J.
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The total solution can be obtained as sum of the partial solutions to the two 
equations. The basic idea of the two-step migration method stems from this 
principle: in the first step we consider the x-oriented stacked time sections of 
the spatial measurement grid as input data and separately migrate them with 
respect to the x coordinate as 2D sections. In the second step the partially mig
rated results of the first step are taken as input and they are once more migra
ted, with respect to y, to arrive at the 3-dimensionally migrated end result. 
There is a difference, however, between the exact splitting method and the 
approximate two-step algorithm: in the splitting method we have to carry 
out in each step of the downward continuation a rearrangement of the data 
with respect to the x*+y coordinates, while in the two-step method the data 
should be rearranged only once, which means a significant saving in computer 
time. According to published data (G ib so n -L a r n e r -L evin  1982: Efficient 
3D migration in two steps. Geoph. Prosp. 31,1) the approximation has the 
greatest error if the x or у axis makes a 45° angle with the dip direction. If this 
angle is 0° or 90°, the error of the approximation does not surpass the effect 
of a slightly erroneous (-1-5%) migration velocity function.

We also wrote a new program for the construction of horizontal time slices 
that can be used to gather the amplitudes corresponding to any given time in
stant (GSI 3D Technology, 1980). Time slices are stored on magnetic tape in a 
conventional seismic trace format: the у coordinate corresponds to the time 
variable. Thus, all kinds of visualization or further S/N improvements available 
in the SDS—3 system can be applied to the time slices.

A few examples will now be presented from the results of the Zsámbék areal 
survey. Fig. 62 presents three parallel N-S oriented lines (E-49, 50, 51). 
The boundary marked by thin line between 0.2 and 0.3 sec is either the Miocene 
tuff* horizon, or some reflection boundary in its immediate neighbourhood. 
The fragmented boundary between 0.4-0.5 sec (solid line) can be identified 
with the Triassic basin floor. The time section contains a lot of diffraction ar
rivals (marked by hachures) pointing to the broken up nature of the basement. 
The exact location and throw of the faults, however, cannot be determined 
from the time sections. Even the presence of the fault (denoted only hypotheti
cally) around the middle part of the section has been mostly concluded from 
the gradual energy decrease of the upper, continuous reflection. The 3D mig
rated versions of the three sections are presented in Fig. 63. On the right-hand- 
side of the sections from the confused diffraction picture unfolds a clear high- 
amplitude fault with a small trough in its foreground. Moreover, it also be
comes evident on the basis of the migrated sections that the Miocene tuff hori
zon is also slightly affected by the fault. From the 3D migration results we 
can also determine the amplitude of this fault.

The time slices make possible a map-like visualization of the reflecting bound
aries (Fig. 64.) On the series of N-oriented time slices prepared at every 20 ms
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we marked the Miocene tuff horizon (solid line) and the “contour lines” of the 
accompanying reflections (thinner line). The dashed line denotes uncertain 
correlation. The series of time slices reveals the ESE dip of the Miocene tuff 
horizon (also supported by borehole data), the discordance of the subsequent 
contour lines is also clearly seen.

This can be interpreted as a slight change in the dips of the beds in the se
quence. No further marker horizons can be found beneath the strong reflections 
near the tuff horizon even though occasionally some sporadic energy concent
rations appear. On the time slice belonging to 240 ms—at the middle of the 
southern part of the region—the sudden appearance of an “energy block” 
is connected to the Triassic dolomite horst at the southern end of the sections, 
the energy increase in the SW corner of the 260 ms time slice is connected to 
another horst. Along the continuation of the fault bounding these horsts the 
contour line of the Miocene tuff horizon abruptly changes its direction, indi
cating that it had also been cut by the fault.

2.1.2 Seismic expedition data processing system based on the 
RYAD-10 computer*

In 1982 we finished the development of the seismic data processing package 
of the RYAD-10-based expedition centre. Even though this development has 
lasted for some 5 years, and the respective steps were duly reported in the pre
vious Annual Reports, it still seems worth while to give a general overview 
of the present hardware configuration and program package, all the more so 
since the system has been continuously working for more than two years in 
Greece (based on a contract of the DEP Greek National Oil Enterprise) and it 
has significantly facilitated the work of our field crew.

The hardware configuration is tailored to the field conditions (mountability 
in a cross-country truck, minimum power consumption, etc.). The present 
configuration consists of

— a RYAD-10 CPU of 64 kbyte memory;
— console display;
— a fixed-head system disc of 800 kbyte capacity;
— line printer;
— punched tape input/output unit;
— terminal display;
— 2 fixed discs each of 800 kbyte capacity supplied with a special seismic 

demultiplexing/multiplexing interface;
— 2 magnetic tape drives, 9 track, 800 bpi density;

* Korvin G., Molnár Petrovics I., Rácz I.
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— 1 magnetic tape drive, 9 track, 1600 bpi;
— a 21-track seismic input unit;
— a special processor (with array displacement, scaling, NMO, convolu

tion operations);
— a COROLLPRESS off-line colour plotter.

The expectations concerning the software package have been gradually in
creasing during the development stage. In our very first plans we just wanted 
to have a means for the demultiplexing and for controlling the quality of the 
field material and for preparing simple stacking sections. Consequently, the 
following program system was created:

Seismic input programs

Demultiplexing of the field materials recorded on 21 track or 9 track (1,600 
or 800 bpi density) magnetic tapes and archivation in a prescribed trace sequen
tial format.

Program package for the pre-processing

— preparation, checking and loading onto the disc of the field parameters 
and other data governing the preprocessing steps;

— I/O routines for the magnetic tape drive;
— editing (mute, kill, etc.);
— static correction;
— dynamic correction;
— deconvolution;
— bandpass filtering;
— stack;
— display programs (for the COROLLPRESS).

The novel possibilities of the coloured display have been frequently utilized 
in the quality control of the field records for the proper selection of the VIBRO- 
SEIS sweep and other field parameters (see Fig. 70 in Annual Report 1981).

On the basis of the experiences of the first expedition years the preprocessing 
package was supplemented in 1982 with the following new procedures:

— we simplified the dialogue between the geophysicist interpreter and the 
machine;

— the processing was significantly accelerated by introducing multiprog
ramming: with the new version besides the simultaneous processing of 
two seismic sections one can also prepare the processing parameters of 
the next job;

— the preprocessing package has been extended by more sophisticated 
procedures that are generally only available in large processing centres
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(automatic statics, wave equation migration applicable up to 45° dips, 
crooked line processing) so that now full-value processing can be carried 
out in the field.

As an example, Fig. 65 shows a scatterogram computed for a curved profile. 
In the figure (scaled such that if plotted on transparent paper it can be placed 
directly on the map) the small squares denote the common depth points derived 
from the measurement geometry, the colour of the squares refers to the re
spective fold number. The geophysicist can construct the scatterogram even 
before the actual measurement or he can use it for the determination of the 
line of interpretation (that can be an arbitrary polygon).

The expedition centre continuously demultiplexes and checks the daily pro
duction of the crew and carries out express processing with about 2-3 days 
throughput time.

In 1976 the reporter of the journal “Time Break” interviewed the leading 
personalities of the US geophysical industry on some actual, and future ques
tions of geophysical exploration.

The most controversial opinions were reported on the future role of the 
field computer (Time Break, Spring 1974 pp. 6-19). ELGI have had absolute 
faith for many years in the future of field computers—the successes of the 
RYAD-10 based expedition centre justify these expectations. We do hope that 
in a few years we will be able to report on similar successes with our new gene
ration expedition centre based on the RYAD-11 computer.

2.1.3 Special processor with floating-point arithmetics5"

The special processor that had been originally designed for the real-time 
tasks of the R-10 mini computer has been further developed on the basis of 
past experiences to meet the new requirements. It has been supplied by floating
point multiplication and summation arithmetics, its internal operative memory 
has also been extended. In the new equipment the execution of the operations 
is microprogrammable, the arithmetics can be extended by floating-point divi
sion and square root options, also, the device can be optionally supplied with 
a disc background memory.

The basic RAM memory of the floating-point special processor (SP) is 
8KX 40 bit, its cycle time is appr. 70 nsec. Microprogram size 1KX32 bit 
PROM. Due to the microprogram controlled operation of the SP unit new 
modes of operation can be easily implemented. The new special processor 
has already been interfaced to the R - l l  and R-35 computers and to the SD-20 
field data acquisition system. *

* Komjáthy Páhi L., Rajnai R., Méry T., Lazarovits Gy., Rácz I
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The interface between the special processor and the R - l l  has a monocom
mand structure, SP commands can be sent either individually or sequentially, 
as chains of commands. The special processor is initiated with a conventional 
I/O command. Having received this command, the SP reads from the R -ll  
memory the 9-word table commencing at the address given by the second 
and third command words. This table (the so-called list block) specifies the 
operation to be executed by the SP, the length of the array to be processed, 
addresses of the first elements of the input array and of the output array, in 
the R - l l ’s memory. Having read these 9 words the SP executes the specified 
operation then generates an interrupt (IT) towards the CPU. In case of a chain
ed sequence of commands the SP does not send the IT but reads the next 
9-word list block and executes the corresponding command as well. Thus, an 
arbitrarily long chaining of commands is possible. No IT is generated until the 
end of the chain unless an error occurs. In case of chained commands the 
9-word list blocks should be continuously placed in the computer’s memory. 
Commands of the special processor

MOV

The MOV command serves for the transfer of double-word floating-point 
arrays. The input array is first read into the SP’s memory, then transferred to 
the given memory location of the main computer.

STACK

The STACK command carries out element-wise addition of two floating
point arrays. One of the arrays should first be sent to the SP’s internal memory, 
the other array is sent to the same SP memory location by the STACK com
mand. Due to this command the vectorial sum of the two arrays appears at 
the input address of the SP.

AVE

Computes with double-word precision the running average modulus in 32 
double-word long non-overlapping windows of a given double-word array. 
The number of words in the result array is 1 /32 nd of that of the original array:

An =nth element of the input array 
Am =  mth element of the output array 
m =  number of words in the output array 
n = number of words in the input array.

202



FLL

The FLL command is used to fill the parameters into the internal memory 
of the SP. The number of parameters is loaded into the parameter number 
counter, the beginning address to the parameter address counter.

SCL

The SCL (scaling) operation can be used for the programmed amplitude con
trol of seismic traces. The scaling function, which is given tor every 32nd sample, 
should be first loaded to the SP’s internal memory by means of the FLL ope
ration. The SCL operation linearly interpolates between the given values of 
the scaling function and multiplies term by term the values of the input data 
array by the corresponding scaling factor:

/= 0  . . .  32
K  +  **=0 . . .  I

m ‘ 32 ^  32 ’ m = 0 . . .  M
Ym= X m-Km

where
Xm is the mth element of the input array 
Ym is the mth element of the output array
Kj is the ith element of the scaling function prescribed at every 32nd sample 
Km is the m th interpolated value of the scaling function.

NMO

The operation carries out the normal move-out correction of seismic traces. 
For any output value the discrete value of the correction to be applied is deter
mined by linear interpolation from a prescribed NMO function described for 
every ЪЪісІ sample. Prior to the NMO command, the correction function 
should be loaded into the SP’s internal memory by means of an FLL command. 
The correction function has the format

The first 10 bits of the mantissa form the address correction term Cm, the follow
ing 5 bits yield an amplitude multiplier factor Fm. Let us denote the value of the 
correction belonging to the m th output element by Km:

_  K ,(32-l)+ K i+1. / _  K,l , Kl+Vl 
32 ' 32 + 32
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During interpolation the summing arithmetics does not normalize the results. 
After interpolation the Km correction value assumes the form:

10 bits 10 bits

The value of the mth element of the output array is

D m=  11 -  Fm) -f An+1Fm=  A n- A nFm+ An+1Fm,

where n=m-\-Cm, An denotes the nth element of the input array.

The final result is a normalized floating-point number.

REK

The operation can be applied for the recursive filtering of seismic traces. 
Filter points should be first loaded into the internal SP memory by means of an 
FLL command. Denoting by Y k (&= 0, 1, . .  .) the output data, by Xk the input 
data, and by C, (/= 1 , 2 , . . . ,  I) the filter points the recursive filter realizes the 
expression

Yk= x k+ 2  y k-rC ,.1=1

CNV

The operation carries out convolution filtering of seismic traces. Sampled 
values of the filter response function should be loaded to the internal memory 
by a FLL command. If Yk (A:=0, 1, . . .) denote output data, Xk the input 
data, and C, (/=0, 1, . . ., I) are the filter points, the filtering is carried out ac
cording to the formula

Xk-cCi
i = 0

The operation can be also applied for the computation of correlation.

OTT

The operation serves to erase a given part of the internal memory of the SP, 
beginning from a given address.

ORE

This is equivalent to the subsequent use of an OTT and a REK command.
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OCN

Subsequent use of an OTT and a CNV command.

FFT
1
The Fast Fourier Transform operation transforms a given set of data into 

a complex-valued set in the frequency domain, according to the formula
N / 2 - 1  N 1 2 - 1

X(k)=  2  x(2n)W%nk+ 2  x (2 n + \W (Zn+1)k,
/7 =  0 П —  0

ppa =  [e“ J№»W]2,

where
X  (k) is a complex-valued data series as a function of frequency; 
x {n) is the input time series; 
n = 0 , . . . , N / 2 ;
N  is the word number of data.

In an optional configuration the floating-point SP is supplied with an inter
face that connects a (shockproof) 2.5 Mbyte disc drive to the SP’s internal bus. 
This 2.5 Mbyte disc serves for the SP as a background memory. This is espe
cially advantageous for the processing of large data sets when partial results 
can be stored on the disc so that the monobus and the operative memory of 
the R—11 is releived of data transfers. If the SP has to write the partial result 
onto the disc or if it obtains the input data from the disc, this should be duly 
specified in the command block. In case of a disc operation the special proces
sor is busy, and keeps on being busy, until the disc accomplishes data transfer. 
The data are temporarily stored on the disc in a double-word floating-point 
2’s complement format.

2.1.4 Interfacing of the special processor to the R-35 computer*

Our R-35 based geological-geophysical computer centre was supplement
ed in 1982 by a new floating-point special processor, developed in ELGI. In 
the different stages of geophysical data processing vast amounts of data are 
frequently subjected to correlation analysis and similar tasks. It is well known 
that—assuming elements of similar degree of integration—these operations 
can be carried out some 20-100 times faster by means of an appropriate hard
ware device than by software. Keeping this in mind, the frequently occurring 
tasks should be carried out by a task-oriented hardware (array processor).

* K aszás A/., Csontos F., Gyurasits T., Zong L.
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To achieve this goal we interfaced our special geophysical processor (that had 
originally been designed for smaller computers) to the R-35 computer.

Basically, there are three ways of interfacing a special processor to the main 
computer:

— The set of commands of the computer is extended by matrix operations 
(e.g. the matrix module of the R-55). The advantage of this solution is 
that it only requires an extension of the set of commands of the central 
processor; the drawback is, however, that both the processor and the 
operative memory stay busy during the execution of the matrix opera
tions so that they are not available for other tasks.

— The application of an array processor without its own memory (as 
the IBM 2938, or the ES 2335 etc.). The drawback of this solution 
is that during its operation the array processor occupies the operative 
memory so that the CPU is only ineffectively devoted to other tasks. Also, 
this solution necessitates the incorporation of an additional DMA chan
nel.

— The application of an array processor having its own memory, inter
faced as a peripheral to the main computer (a typical example is the IBM 
3838, there are also several known solutions for smaller machines). The 
extra cost of the memory is amply counterbalanced by the fact that the 
CPU is not busy except during the execution of the initiation command, 
the operative memory is also free but for the time of the I/O data transfers 
and therefore the whole computer with all of its resources can be dedi
cated to other jobs.

In interfacing ELGI’s special processor (SP) to the R-35 we selected the 
third route. The solution is universal: the interface can be connected to any 
selector channel of the RYAD I, RYAD II series or of the IBM 360 and 370 sys
tems. On our own R-35 we interfaced the SP to the 4th selector channel, as 
shown by Fig. 6 6 . We have succeeded to achieve a more than 1 Mbyte/sec 
transfer rate. We have found it reasonable that no more peripherals be attached 
onto this selector channel.

The SP is activated by conventional IBM peripheral calls (by means of SIO, 
ТІО, TCH commands). After the acceptance of the call command the control 
is taken over by the channel, the channel commands are interpreted by both 
the channel and the interface card. This, however, only assures the I/O opera
tions of the SP as a peripheral. By means of a single call (EXCP) we can 
prescribe a chain of channel commands consisting of not more than 256 terms 
(CCW-s), that is there are at most 256 different operations to be carried out by 
the special processor as a result of a single call. The channel command words 
contain all necessary information for the execution of the I/O operation: type 
of the operation, beginning addresses of the I/O data sets in the virtual memory,
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block lengths, etc. The command code of the desired operations and all rele
vant information for the proper functioning of the SP (the list-words described 
in Section 2.1.3) are forwarded to the SP by a normal write operation of the 
selector channel. The separation of the recived information into a control- and 
a data block is made in the interface unit.

Termination of data transfer is signalled by the interface to the SP, and the 
SP independently carries out the prescribed operations on the data set stored 
in its own memory. Meanwhile, both the CPU and the resources of the R-35 
can be freely utilized by other jobs. Having finished all prescribed operations, 
the interface initiates an IT in the 4th selector channel and the control returns 
to the user’s program as in the case of standard IBM peripherals.

Program support o f the SP interface

The SP can be called, on the R-35, at the following four program levels:
a) physical input/output management (not advised)
b) by means of the handler made in ELGI
c) by means of ELGI’s GVPS (Geophysical Vector Processing System)
d) through the SDS-3 seismic program package.

a) As all peripherals, the SP can be reached by direct physical I/O handling. 
In this case the user himself has to take care of all the necessary tasks in order 
to ensure the proper functioning of the device, and this may involve an unne
cessary amount of programming.

b) The SP handler made in the ELGI creates a connection between the SP 
and the user, that is it carries out all tasks that are necessary for the control 
of a peripheral:

— it creates and activates the control blocks required by the operating 
system (processor control block, device control block, etc.);

— it generates the channel command-word chain according to the user’s 
specification;

— it checks whether the user asks for a bona fide operation (operations on 
oversized blocks, overflows and underflows, nonexisting addresses, non
existing operation codes, etc., are excluded);

— it senses the “end of operation” situation, returns the control to the ori
ginal program, detects eventual errors;

— the handler also contains special routines for the above-mentioned para
meter checking functions.

The operational logic of the handler can be characterized as follows:
— its basic operational system is the OS/VS1,
— it can be used without any changes in the following operating systems: 

OS/MFT, OS/MVT, OS/VS2,
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— it can be used with minor modifications in the DOS and DOS/VS opera
ting systems,

— it ensures a multiprogramming regime from the point of view of the SP 
(several programs can simultaneously use the SP).

If the user does not want to deal directly with the handler, the handler will be 
“transparent” for the user. The SP performs all operations on short floating
point numbers (standard IBM R*4 format). All computational routines are 
written in FORTRAN.

c) The Geophysical Vector Processing System (GVPS) of ELGI is a soft
ware system providing a higher level connection between the user program 
and the SP and, consequently, greatly simplifying the explicit geophysical appli
cations of the SP. The development of the GVPS system is still in progress, 
to date the following functions have been finished:

Vector-vector addition (ADVVH)

The operands of this operation are floating-point normalized arrays. With the 
present configuration of the SP the joint data size should not exceed 8K words. 
The mathematical operation realized is

U ( i ) = X ( i )  +  Y(i)  i =  1, 2, . . .  n.

Correlational multiplication (CORFH)

Operands to this function are floating-point normalized arrays, the size of the 
operational arrays is given by

K = N + M - 1.
where
N  — length of the filter function 
M  — length of the time series 
K  — length of the results.

Memory requirement is K + N -\-M = 2(N + M )— 1, that is 2(ЛЧ-М)— 1 should 
be less than 8K. Mathematically, the computed result is

U ( j ) =  2  P ( j > A ( i + j - 1)
/=1

Convolutional multiplication (CONVH)

Operands to this function are floating-point normalized arrays. Memory re
quirement is 2(A +M )— 1, where A is the filter length, M  the length of the 
time series. Convolution is realized by the sum of products
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U (j)=  2  m - A i - j+ 1 )i= 1

Vector-scalar division (DVSH)

Operands to the function are an array of floating-point normalized numbers 
and a floating-point scalar variable. In the basic configuration the size of the 
array is limited to 4K words. The operation realized is

U(i)=A(i):P .

Vector-scalar multiplication (MVSH)

Operands to the function are an array of floating-point normalized numbers 
and a floating-point scalar variable. In the basic configuration the size of the 
array is limited to 4K words. The operation realized is

U(i)=A(i)-P.

Vector-vector subtraction ( SVVH)

Operands to the function are floating-point normalized arrays. In the basic 
configuration the joint size of the two arrays is limited to 4K words. The ope
ration realized is

U (i)= A(i)-P(i).

It should be noted that during the performance of the SP

— all hardware resources of the main processor are available to jobs run
ning in other partitions;

— the operation of WAIT is asynchronous, that is while the job is running 
the SP can perform some other tasks as well (e.g. data preparation for 
a subsequent operation);

— by changing a single flag, the work of the SP is carried out by an appro
priate software routine executing a similar algorithm.

d) The parametrization of the GVPS routines agrees with the conventions 
of the seismic subroutines of the SDS—3 package (developed by the Central 
Geophysical Expedition of the International Oil and Gas Coordination Centre, 
USSR), that is the GVPS routines are directly applicable in the SDS-3 pack
age. As sketched in point c), the user has to change a single card in his deck to 
ensure the automatic application of the GVPS-SP subsystem within the SDS-3.

A few words on the increase of the data processing efficiency when 
applying the SP:
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— the application of the SP requires certain additional system activities 
(since the SP should be handled as a peripheral);

— the input/output operations also require a small amount of additional 
time;

— during the actual work of the SP, however, the whole complex—including 
the processor and the operative memory—is freely available to other 
geophysical jobs of a similar nature. The increase of the efficiency should 
be estimated by the decrease in CPU time rather than by the decrease 
of the total start/stop time.

The following measured data illustrate the efficiency of the SP. To charac
terize the speed of the hardware, it should be mentioned that a typical convolu
tion (103 filter points, 2,000 samples per trace) is about 73-times as fast with 
the SP than by software. Of course, this only takes care of the hardware accele
ration and does not take into account additional system times, or the advan
tages due to the availability of the whole complex during the work of the SP. 
For the FILVTX time-variant band-pass filtering routine of the SDS-3 
system the application of the SP has resulted in a reduction of the CPU time 
by a factor of 26.

This value already contains the appropriate corrections for those parts of 
the computations that do not use the SP, for additional system activities and 
the I/O operations.

The functioning of the system is basically different with and without SP:

2.1.5 Rock stress measurements in the lower coal seam of the 
Csordakút Mine*

A significant part of the coal resources of the so-called “Eocene coal basins” 
lies immediately below a thick-bedded freshwater limestone. It is a common 
experience that the presence of this thick, brittle limestone bed in the roof great
ly increases the danger of rock bursts following mining activity. Rock burst 
prevention requires, beyond the proper safety measures, special winning tech
niques that either avoid the dangerous accumulation of rock stresses or con
tribute to a controlled displacement of the accumulated stresses. Both solutions 
require the monitoring of the development of rock stresses in the wider fore
ground of the winning front with such accuracy that has been unattainable 
with previously used techniques.

Solution to this problem came by the recognition of the fact that a close 
relationship exists between rock stresses and the velocity of the seismic waves

* B o d o k y  T., Dianiska L , Hermann L., Körmendi A.
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propagating through the rock. By means of repeated seismic velocity measure
ments one can trace the changes that occur in the stress conditions of the rock. 
Starting out from this principle ELGI, together with the Research Dept, of the 
Mecsek Coal Mines have jointly developed the “seismic transmission” meth
od, already described in Annual Report, 1980.

The essential feature of the “seismic transmission” method is that the tran
sit times of the seismic waves are measured along many raypaths crossing each 
other. Both the wave sources and the observation points are situated along the 
boundary of the area in question, so that the velocities measured along the 
individual raypaths can be considered as projections of the velocity distribu
tion of the investigated domain. From these projections one can determine 
the velocity distribution by means of source image reconstruction technique. 
Our solution is based on an improved version of the iterative ART (Algebraic 
Reconstruction Technique) method, where it is taken into account that the ray
paths are not necessarily straight lines, that is in each iteration step the transit 
times should be computed along curved raypaths corresponding to the as
sumed velocity distribution.

In the so-called “Eocene Coal Region” the seismic transmission method has 
been first applied to rock stress monitoring in the Csordakút Mines. First we 
construct a reference velocity distribution map after drifting the addit but before 
the extraction has been commenced, then, as the coalface proceeds forewards, 
we carry out at regular intervals measurements in a zone, about 50 m ahead of 
the coalface between the haulage road and the airway. When comparing the 
results of the repeated measurements with the reference map we could make a 
clear distinction between the geological factors and the effects due to mining 
activity.

The measuring system has been jointly designed and built by ELGI and the 
Mining Geology Dept, and the Csordakút Mine of the Tatabánya Coal Mines. 
Receivers consisted of GDR-made piezo crystals built in a cylindrical metal 
housing together with the preamplifiers. They were placed in appr. 0.6 m deep 
holes drilled into the sidewall of the roads along the midline of the seam. Re
ceivers and energy sources were placed horizontally 4 m apart. Signals were sent 
up from the mine to the recording equipment on the surface through a standard 
54-core mining telephone cable of 1,800 m length. For surface recording ELGI’s 
ESS-01-24 type engineering seismic equipment was used. Energy was ini
tiated by hitting rock bolts placed in the middle of the seam by hammer. 
Generally, a recording was the sum of 16-20 individual blows.

Since we could measure a 50 m long section during the rest periods of the 
changes of shift, there was no need to stop production.

In the course of processing the determination of first arrivals was arrived 
at visually, all further tasks, including the plotting of the velocity distribution 
map, have been left to the computer. The anomalies of the velocity distribution
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maps can be reduced to geological and mining factors. Some of the results 
and their interpretation will be illustrated by a few examples:

a) Velocity anomalies due to geologic factors: A part of the reference velo
city distribution map of a winning district is shown in Fig. 67. The coalface 
advances appr. 50 m before the presented section. There is a clear-cut inter
dependence between the velocity distribution and the microtectonics revealed 
later during winning, for example the velocity high in the left lower corner is 
connected to a small-amplitude horst, the velocity low around the middle is 
due to a similarly small trough.

b) Velocity anomalies caused by the mining activity: Figures 6 8  and 69 
show two repeated measurements, obtained the same place as the reference 
map. When comparing the three maps it is clearly seen that further ahead of 
the coalface there is an increase in velocities, i.e. stresses and this is confirmed 
by the experience of mining engineers. In point of fact a zone of increased 
stress precedes the progressing coalface while immediately in front of it there 
is a sharp decrease in stress.

The velocity distribution map (Fig. 70) shows a sharp velocity peak 17 m 
from the coalface, the velocity increase being almost 30% as compared with 
the reference distribution. This velocity (stress) maximum occurs near a fault 
of approximately 1 m throw being a typical example for a “pinched-in” seam 
(“Einklemmung”), considered in mining literature as potentially dangerous for 
rock bursts. The velocity distribution of Fig. 71 shows an example for the 
velocity (stress) anomalies that are generated if the coalface approaches a road
way. At both sides of the prospecting drift, some 15 m away from the coalface, 
we find an unambiguous velocity increase. Figure 72 presents the results on a 
map of two parallel surveys where we carried out simultaneous measurements 
both before the coalface and in the adjacent winning district which was under 
preparation. Even though the presented velocity distribution map has been 
affected by other factors as well (e.g. by the pillars left over in the upper lev
els), we can still recognize the increased velocity zone along the line of the 
coalface due to transloaded stresses. This zone caused serious damage to the 
drift the day following the measurements.

As proved by these examples, the method of seismic transmission is a con
venient, reliable means for monitoring the development of the stress conditions 
in mines. The receiver system, whose individual elements are only very slowly 
moved forward in pace with the advancement of the coalface, can serve as a 
basis—with a proper instrumentation background—for the observation of 
spontaneous acoustic emissions in order to predict rock bursts.
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2.2 GEOELECTRIC METHODOLOGICAL 
AND INSTRUMENTAL RESEARCH

2.2.1 Computation of multifrequency electromagnetic sounding curves*

A basic mathematical problem that has arisen in the development of the mul
tifrequency electromagnetic method with inductive coupling (cf. Annual Rept. 
for 1980) is the computation of the field due to a horizontally layered model. 
The theoretical questions connected to the mathematical solution have been 
clarified in 1977-78, in cooperation with the group of V. I. Dmitriev at the 
Lomonosov State University, Moscow. The integrals, containing Bessel func
tions, figuring in the computational formulae were first approximated using 
the set of filter coefficients derived by Kaszás (ELGI) which had been found 
sufficiently accurate for the dc problem. Later, we recomputed the integrals 
using the coefficients published by Anderson (1979) and by Koefoed. The 
computed set of curves could be used to check the resolving power of the 
method. At the same time theoretical problems connected with the use of the 
Maxi-Probe EMR-16 device demanded the checking of the accuracy of the 
computed curves and to extend the range of induction numbers where the com
putations are within given error limits.

The filtering method—where the original integral is substituted by a quadra
ture formula—does not yield any information on the accuracy of the compu
tation of the value of the integral. In 1980-82 we developed a procedure for 
numerical integration, together with the corresponding program for the R-35 
computer, which computes the values of the integrals with a prescribed accu
racy. Comparison of the different programs has given the possibility to deter
mine the respective errors of the different filtering procedures and to select 
for each problem the most appropriate integration method depending on the 
required accuracy.

* Prácser E., Szigeti G., Szabadváry L.
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Electromagnetic field o f a vertical magnetic dipole placed on the surface 
o f an n-layered medium

The following computational formulae are the final results of the theoretical 
considerations and mark the beginning of the subsequent computer programm
ing:

L [m] — transmitter-receiver distance
со [1/s] — angular frequency of the transmitter (co=2 nf)
I  [A] — current strength in the transmitting coil
S  [m2] — area of the transmitting coil
^[Vs/Am] — magnetic permeability (taken as ia=4*10“ 7 Vs/Am in each 

medium)
o’, [l/f2m] — conductivity of the ith layer (e,= l/o*,)
Л, [m] — thickness of the \th.

the above:

wavelength in the first layer (k 2  = iojjao1) 

h
— are dimensionless normalized quantities.

The factor b ^ b f t )  figuring in the kernel functions of the previous integrals 
can be computed from the layer parameters (qí 9  q2, • • • Qn) an (hl 9 h2 . . . 9 hn_ x) 
by means of the recursive formula
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In the above equations, for the components and H, the first term de
scribes the homogeneous half-space, in case of Hr the first term itself has no 
special physical meaning, it stems from the integration of the asymptote of 
the kernel function for large values of t.

To realize the above formulae on a computer we have to find an algorithm 
in order to numerically evaluate the integral expressions. A theoretical diffi
culty arises from the fact that, since the numerical integration can obviously 
proceed only between finite limits (0,N) instead of (0,<»), we must find an effi
cient estimation for the rapidly oscillating remainder term. A second problem 
is a practical one in as much as the recursive computation of bx (which involves 
complex quantities) is very time consuming and the computation time line
arly increses with the number of layers. The first problem has been solved by 
an estimation relating to Leibniz type series for sufficiently large values of N, 
when the kernel function monotonously tends towards zero and the Bessel 
function can be substituted by its asymptotic form; the second problem was 
tackled by the combined use of the Simpson and Fiion integration formulae. 
This last solution has the advantage that for large values of r the oscillation of 
the Bessel function—which is more rapid than the changes of the kernel func
tion—can be taken into account in an analytical form.

Table III compares, the HzIHr curves, computed for a given model, by three 
different filtering methods and numerically. The relative error of the results 
of the “numerical” column is e= 5 - 10-4 which is by an order of magnitude less 
than the relative deviations between the different columns, therefore it can be 
used to estimate the error of the other columns. Among the filtering methods the 
Anderson filtering is the most accurate in a wide range of induction numbers, 
consequently in those problems where the induction number does not vary 
within very wide limits (e.g. design of the survey parameters) the curves can be 
generated by means of this method. In other cases, where we have to produce 
very accurate results even at high frequencies (e.g. the determination of mini
mal penetration depth) we use the thrice as slow, more expensive numerical 
method.

Fig. 73 shows a set of two-layer master curves, the parameter of the curves 
is the resistivity of the high conductivity second layer. The curves have been
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computed by means of filtering and were numerically checked at higher fre
quencies. The difference between the two methods was negligible.

a — maximum error for /= 3 ,2 0 0  Hz; b — number of filter coefficients; c number 
of samples of the kernel function (to compare the computing times)

2.2.2 Archeological exploration*

Recently, geophysical techniques have become more and more widespread 
in archeological exploration, worldwide and in Hungary as well. After a number 
of successful surveys (see e.g. Annual Report, 1979) the Central Office of Geo
logy and the Archeological Committee of the Hungarian Academy of Sciences 
has launched a joint project in 1982 for the application of geophysical methods 
in archeological studies. We carried out surveys over selected sites using those 
well-established surface geophysical techniques that had been originally invent
ed for mineral exploration but could also be applied for archeological studies.

In the Kapospula-AIsóhetény exploration site we had to trace a fragment of 
a Roman limestone fortress wall buried under 0.7-1 m thick soil. Downwards, 
the wall extended a few metres. There was a large specific resistivity contrast 
between the limestone wall and the soil so that we succeeded to locate the wall 
sections by resistivity profiling (Fig. 74). From the wall sections—taking into 
account the archeological knowledge on the architecture of Roman fortress

* Csathó B., Csókás J. (Univ. of Heavy Industry, Miskolc) Pattantyús M., Simon A.
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walls—we could reconstruct the location of the fortress walls. The resistivity 
profiling has provided such unambiguous, reliable results that—in the opinion 
of our archeologist partners—there was no need to check them by a trial 
trench.

Another survey was carried out in the outskirts of Aszód where we were given 
the task to map an annular trench of some 60-80 m diameter and a few m width 
and depth, buried under some 0.5-1.0 m of soil. The resistivity contrast between 
the clayey-sandy soil and the contemporary filling was only 10-30%. The 
object—due to its relatively large dimensions —could be fairly reliably deline
ated by resistivity profiling. In 1983 the Archeological Institute plans an orient
ed ditching, after further geophysical measurements.

One of our most difficult tasks in 1982 was the tracking down of some buried 
pit-dwellings, graves and pits below a 0.7-1.6 m soil cover. While the resisti
vity contrast between these objects and their vicinity was again 10-30%, their 
horizontal dimensions have not exceeded a few metres. Such measurements 
were carried out by ELGI around Balatonmogyoród-Hidvégpuszta and Aszód, 
and by the Geophysical Department of the University of Heavy Industry at 
Tiszaluc. In the detection of some of the ancient dwelling places we could uti
lize the magnetic effect of the buried remnants of materials from ovens and 
fireplaces. The surveys consisted of resistivity mapping along a dense grid, 
with additional magnetic mapping in some places. The graphical visualization 
and the necessary filtering of the resistivity sections and maps were performed 
by special routines incorporated into our field processing package based on the 
HP 9845S desk-top computer (“EIS”, see 2.2.3.). The maps reveal certain 
anomalies which—on the basis of their extension and frequency—are very 
likely connected to the archeological objects sought for. Of course, we can 
not judge the successfulness of this project until the excavations planned for 
1983 will have been accomplished.

The adaptation of the radio-frequency method and instrument for archeolo
gical studies has began with some preliminary theoretical considerations and 
instrument design, at the University of Heavy Industry and at ELGI. The posi
tive results of the field experiments justify the continuation of them.

2.2.3 An interactive computer system for geological—geophysical 
exploration (the EIS System)*

During the various stages of geological—geophysical exploration one obtains 
a vast amount of data concerning the study area. The handling of these data, 
the retrieval of information according to different aspects cannot be imagined 
without up-to-date computer techniques.

* HornungP., Kelemen Z., Tóth Cs., Szabadváry L.
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ELGI has developed a computerized Exploration Information System (EIS), 
briefly summarized in Annual Report, 1979. Here, we present a more detailed 
description of the system, together with the recent developments. The system 
is based on the HP 9845 S type microcomputer. The configuration consists 
of a 64 Kbyte central memory, magnetic tape drives and floppy discs, a plotter 
and a digitizer. All these can be mounted in a cross-country vehicle so that the 
field computer centre is easily transported and directly used at the survey site. 
If necessary, a communication network (data transfer) can be established be
tween the field computer and ELGTs R-35 centre.

The basic element of the program system is a data management module. 
Its task is reading, editing, storing and retrieval of the data. The data come 
from different sources:

— from boreholes (geological data, information on the productive forma
tions),

— from geological mapping at the surface (e.g. outcrops),
— from geophysical profiles,
— from interpreted geophysical data points.

Data are either entered from the keyboard or, in case of maps, topographi
cal and geological data can be directly fed to the machine by the digitizer. 
During digitization the coordinates of the selected points and lines of the map 
are electronically sensed and automatically sent into the computer. Data 
can be either textual (e.g. the formation names in a borehole) or numerical 
(for instance the depth of the respective layers).

A basic property of the microcomputers is their interactivity: there is a con
tinuous dialogue between the machine and its operator during the run of a pro
gram. This offers fast, versatile data management. The data bases are built in a 
keyed structure, that is all data belonging to a given record (say, borehole) 
are directly accessible with respect to the corresponding identifier (key). The 
structure of the data base is flexible, it is always tailored to the exploration 
problem and to the specifics of the data. Data can be stored point-wise, 
along profiles or grids. If the data base contains borehole data, information 
pertaining to a given hole can be separately printed out as a borehole sheet. 
The format of these data sheets are also flexible. Data sheets first appear on 
the graphical screen then hard-copied by the line printer. As an illustration, 
Figs. 75-78 present a series of data sheets corresponding to a borehole of the 
Máza-south exploration site. The first sheet (Fig. 75) contains a summary table 
of the productive layers for different mining levels, together with the geologi
cal column. The second sheet (Fig. 76) shows the deviation of the hole as viewed 
from above and in profile. The third and fourth sheets (Figs. 77 and 78), pre
sent respectively, the coal seams and compile their most important quality 
characteristics (calorific value, ash content, cokability, etc).
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The graphical visualization of the borehole data base provides a high-accu- 
racy sketch of the section. The geologist or geophysicist can use this sketch as a 
working copy and conveniently superimpose his interpreted section. In case of 
a significant deviation of the borehole, they are plotted accordingly. Optionally, 
the corresponding geological formations can be correlated by a best fitting sur
face.

The most informative way of graphic visualization is the contour-line or 
the 3D display. Both methods require that the input data shoulb de available 
along a regular grid. For the application of these programs we have to trans
form the original irregularly spaced set of data of different accuracy into the 
points of a regular lattice. This is done by means of interpolation, that is by 
fitting the given points by smooth surfaces. This procedure creates a map that 
stays close to the actually measured values, yields realistic contour lines and a 
reliable correlation between the actual observation points. This map, of course 
only relies on information that can be found in the original data base.

The constructed map obiously does not show the presence of such faults 
which would be only plotted on a hand-made map on the basis of geological 
considerations, but are not indicated by borehole data. The existence of such 
faults should be communicated to the machine in terms of well-defined quan
titative information (e.g. when digitizing the sections). A map constructed by 
the EIS system has already been shown by Fig. 12 of Section 1.1.2, for the Csor- 
dakut bauxite occurrence at the southern part of the Gerecse Mts. The map 
shows the location of the boreholes, other kinds of mapping information (con
tour lines of the outcrops, sketch of the survey profiles, etc.) can be also repre
sented.

The 3D axonometric plots start out from the same regularly spaced data 
points as in case of contour line plotting. The axonometrically viewed surface 
can be coloured according to the heights of the surface points or according 
to the values of some other data set defined on a similar, regular grid. Fig. 13 
of Section 1.1.2 shows the axonometric picture corresponding to Fig. 12.

In one of the plots the colours denote basement depths, in the other plot 
red colour emphasizes the presence of bauxite deposits.

Three-dimensional displays are mainly used for a quick inspection or as 
aid for decision making. Beside the axonometric version we can also make 
perspective plots from an arbitrary visual angle. We can even make stereoscopic 
pairs of pictures that give a three-dimensional image when viewed through a 
stereoscope.

In course of the applications the original A/3-sized plotter of the HP has 
frequently proved to be too small. We developed therefore a computerized map
ping software package (CMS) for the VERSATEC plotter of ELGI’s R-35 
centre. Input data to this package are previously reduced to a regular grid on 
the small computer. Since data transfer between the two machines is very in
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convenient from the point of view of the field computer, this solution is mainly 
used for final reports and documentation. For example, a series of such large
sized and high accuracy maps were attached to the summary report of the 
Mány-Zsámbék reconnaissance survey, a reduced example being reproduced 
as Fig. 79 (thickness of the Eocene deposits, colouring made manually).

The application of the EIS system for the coordination of the various geo
physical methods in an integrated exploration project will be illustrated by a 
case history. Fig. 80/a shows three horizons constructed on the basis of two 
exploratory drillings. Borehole Cs-316 hit bauxite (BxA) below the coal 
(CE). To trace the extension of the bauxite—in the detailed exploration stage— 
electromagnetic frequency sounding was made along the section. On the basis 
of the sounding data (Fig. 80/b), layers of different specific resistivities were 
determined. The results suggest the presence of bauxite between the two bore
holes. The two further holes that had been drilled in between have actually hit 
bauxite and more accurately delineated the deposit (Fig. 80 jc).

Special subroutines of the EIS system can also be used for the tasks of min
ing and mine design. The data sheets of Figs. 75-78 were constructed for the 
Máza region keeping in mind the special demands of mine design (and the 
preceding resource estimates). The prospecting of the bauxite lense No. V. of 
Iharkút was also connected to a mine design problem. The bauxite is situated 
in karstic hollows along a tectonic line. The axonometric picture of the bauxite 
lense is shown in Fig. 81 la, its cross section in Fig. 81/b. The resource estimate 
computed from the data set is shown in Fig. 81 /с.

In the last years the EIS system has found a wide range of applications in 
solid mineral exploration (in cooperation with engineers, geologists, and min
ing experts):

— In the Eocene Program (Mány-Zsámbék), a contract from GEOMIN- 
CO and the Design Office of the Dorog Coal Mines;

— Bauxite exploration (Bakonyoszlop), a contract from the Bauxite Explo
ration Enterprise;

— Liassic Program (Máza-Váralja), a contract from the Central Office 
of Geology;

— Brown coal exploration (Dubicsány), a contract form the Central Office 
of Geology and the Coal Mining Information Service;

— Geophysical Exploration in Baden-Württemberg, a contract from Bri
gitte und Elwerath Co. (FRG);

— Bauxite exploration in Csordakút, a contract from the Tatabánya Coal 
Mines.
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2.2.4 New instruments of the DIAPIR family*

The D-10/R and DIAPIR-DP instruments (marketed under the final 
names D-10R and DIAPIR-18, respectively) have already been presented in 
the Annual Report, 1981. Recently, a new instrument version, the DlAPIR-18A 
has been developed, where the termination of the primary signal starts 
the IP measurement. These instruments were also supplemented by a set of 
transmitters of various power. Thus, we now have a family of instruments whose 
members can be economically used for the solution of a wide range of explo
ration tasks. Most important members of the family are introduced in Figs. 
82 and 83, some of the experiences gained with long term field work will be 
presented below.

The effectiveness of the signal/noise ratio improvement techniques (integ
ration over a long time interval and weighted summation) has been analysed 
by comparative measurements. Apparent specific resistivities obtained by indi
vidual, point-wise measurements with the DIAPIR-E equipment were taken 
as reference values. By taking separately the averages of these values, and those 
of the weighted averages of the integral means obtained by the DIAPIR-18, 
we derived specific resistivity data that could be considered as exact values. 
The error distribution diagram of Fig. 84 shows the histogram of the devia
tions from these mean values. Taking into account the different current strength 
of the two kinds of measurement, and the distribution of the errors, it can be 
stated that the applied techniques resulted in some 20-fold S/N improvement.

Similar experiments were made with respect to the IP parameters on the 
occasion of a Bulgarian instrument show and during comparative measure
ments. The section shown in Fig. 85 was first measured by an IP instrument 
without S/N improvement facilities, that required a current strength >20 A. 
The DIAPIR-18 measured the same resistivity- and IP values within 1%— 
utilizing only 0.1 A! Over the peak of the anomaly we measured in a wide time 
range the dynamic polarizability (Pt), using first a 200 W transmitter then, to 
prove the versatility of the equipment, a high-power transmitter (GU-30 kW) 
controlled by the DIAPIR-18. The difference of the Pt values obtained from 
the two measurements did not exceeded a few tenth of a percent in spite of 
the twentyfold difference between the applied current.

* Erkel A., Simon P.

221



2.3 WELL LOGGING INSTRUMENTAL 
AND METHODOLOGICAL RESEARCH

2.3.1 Nuclear methodological research""

Solution of four-group neutron diffusion equations for coal beds o f 
different types

In 1982 in cooperation with the Department of Geophysics of ELTE using 
four-group neutron diffusion equations theoretical curve sets of ash content 
vs. neutron flux were calculated for black coals of Pécs, brown coals of Orosz
lány and lignites of Visonta.

On the basis of data of the Coal Register (1980) coal models were conceived 
with composition and density as shown in Table IV. The three main compo-

Tabfe IV. Composition and quality parameters of coals used for theor
etical calculations *

* Andrássy L ., Baráth L, Dorkó R.
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nents of these coal models are pure carbon (C), ash (h) and humidity (n). 
To calculate neutron fluxes it was necessary to know the accurate chemical 
composition of the above-mentioned three components. It seemed adequate 
to take ash composition for fixed in order to reduce the number of varying 
parameters in the coal models and to render calculations simpler. To fix the 
composition of ash is permissible all the more since elements encountered in 
ash (Si, Al, Fe, Ca and Mg etc.) show similar behavior against neutrons.

The percentage of carbon content of samples was determined by coal 
models. The main components of the samples are C, Hand О atoms. Among 
the rest of elements the quantity of N  can be neglected, while S  enters the ash 
components.

In Figs. 8 6  and 87 presented are sets of theoretical curves for black coals 
of Pécs and brown coals of Oroszlány (with borehole diameter as parameter).

Methodological test o f the coal sonde

In the course of the year the one-detector version of the coal sonde type 
KRGGC-2-80-60 sMY has been completed. The caliper unit of the sonde 
has been tested, calibration of the sonde for density in standard arrays with 150 
mm and 214 mm diameter with consideration to the mud cake effect has been 
performed. The value of the two-point field calibration standard has been in
serted in the correction diagram.

Energy-selective measurement o f natural gamma-radiation in borehole 
conditions

The effect of borehole on counts measured in individual energy windows was 
investigated. The following energy windows were used:

window 1 (K): 1.34-1.57 MeV 
window 2 (U): 1.60-2.03 MeV
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where
/  — the intensity of radioactive radiation,
/0 — the intensity of radioactive radiation at a given point of the cylinder, 
R — borehole radius,
Z  — bed thickness, 
p — density,
(.i — mass absorption coefficient with values considered in the various energy 

windows as follows:

window 1: 0.050 cm2/g 
window 2: 0.046 cm2/g 
window 3: 0.0447 cm2/g 
window 4: 0.039 cm2/g

Our investigations were carried out at the model base of ELGI. The average 
bulk density of the beds is 1.6* 103 kg/m3. With model data being known the 
correction factors were calculated for given borehole diameters and rock den
sities and the obtained values were plotted on diagrams. In Fig. 8 8  the borehole 
correction diagram of natural gamma spectral logs is presented. The parame
ter of the curve set is the fx • R value. Thus, when the values of Z/2R  and [x • R 
are known, the borehole correction factor Cd can be read from the vertical axis. 
With the knowledge of the rock density determined on the basis of gamma- 
gamma measurement the density correction factor CQ for the corresponding 
energy windows can also be determined. Thereafter the correction multiplying 
factor C to be used is as follows:

Gamma-ray spectral logging was performed in several bauxite exploration 
holes with an equipment composed of the surface unit type KRF-4-12 An 
and the energy-selective sonde type KRGE-1-120-60 s. The potassium, 
uranium and thorium content of rocks penetrated by the borehole were cal
culated from the corrected gamma-ray logs with the use of the spectrum strip
ping method. The processed material of the bauxite exploration hole GF-2/3 
is shown as an example in Fig. 89. The levels of radioactive materials ob
tained in this way show good agreement with core analysis data. On the basis 
of literature data published in 1979 by Dresser Atlas Inc. we have investigated 
the relationships between thorium content and aluminium- and silicon con
tents, respectively, in bauxites. The subjects of this investigation were the 
thorium content received from gamma-ray spectral logs and the P value 
calculated from core analysis:

p _  ^ /20 3
AI0 O3  4- SiO?
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The result of the investigation is presented in Fig. 90. A linear relationship is 
observed between the two quantities within the range of 0 .4<P< 0.95. The value 
of the correlation factor is r=  —0.9025.

2.3.2 Computerized interpretation*

An automatic program system COAL-1 for HP 9825A calculator to process 
logs of coal exploration holes has been compiled. The processing sequence con
sists of the following main steps:

a) Loading the core data store

The most important laboratory parameters of core samples from boreholes 
drilled in the survey area (sampling site, ash content, caloric value, humidity, 
carbon content, density, volatiles) are entered from key-board and stored on 
magnetic disc for the loading program. By the aid of an independent program, 
relationships between the above data—characteristic to the survey area—are 
established in this stage.

b) Preparing logs for processing

The preparation includes digitization and graphical checking of analogue 
logs, on the one hand, and the entering of analogue and digital records (the 
latter on cassettes) into the data store. Drilling constants and various parame
ters are also entered into the computer in this stage.

c) Processing

Processing programs stored in subsequent files on the cassette maintain direct 
information transfer with the magnetic disc data store by help of the data base 
management programs. To characterize the clay content of the drilled sequence 
the program system calculates from SP and gamma-ray logs the a reduction 
factor and the relative gamma clay indicator logs. The program determines the 
density necessary for determining the quality characteristics of coal from the 
gamma-gamma log, and the porosity from the neutron-neutron log with due 
consideration to the borehole diameter, which acts here as a distortion factor. 
The calculation to the quality parameters of coal is performed with the help of 
relationships determined in step a). The system contains a program based on 
statistical principles for the lithological classification of the drilled sequence. 
This program determines a probability factor for each rock type encountered 
in the survey area—taking into account their characteristic physical parame

* Baráth I., Bihari A., Mészáros F., Szalai M., Szegedi Sz.
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ters, the probability of their occurrence and the scatter of their indications on 
logs. The depth distribution of rock types ordered to maximum probability 
values permits to determine the traditional lithological column. In accordance 
with up-to-date requirements—particularly in the case of heterogeneous rock 
formations—there is also a possibility to determine the percentage distribution 
of individual rock components for each depth point (e.g. clay 80%, sand 20%).

d) Display

In the course of processing results are obtained in the form of logs and 
tables. By way of an example we present in Fig. 91 the most important logs 
(relative gamma, density, neutron porosity, ash content, caloric value, carbon 
content) obtained in the course of processing the logging materials of borehole 
NHAZA-123. Table V shows parameters of the coal-bearing layers of the 
same borehole in tabulated form.

The discussed processing system is automatic, i.e. the subsequent program 
is called in by the running program when its run is completed. At the same 
time there is a possibility to interrupt the calculation process in the course of 
processing, to call partial results or to modify parameters whenever necessary.

2.3.3 Methodological investigations in the field

X-ray radiometric measurements*

As the last stage of research in applying the X-ray radiometric method for 
the determination of Cu and Fe content investigations were carried out in 
order to improve the accuracy of results obtained so far.

In the course of X-ray radiometric investigations we had to solve the measure
ment of very low (6-18 KeV) energies. Owing to the low energies the absorp
tion exercises an extraordinary influence on the measurements. The calibra
tion curve of ore content deviates significantly already at comparatively low 
ore content (about 2%) from the straight line due to the absorption and gets 
increasingly flatter, i.e. the pulse number does not grow proportionally with 
increasing ore content (Fig. 92).

The investigations served the purpose of determining the absorption-in- 
creasing effect of mineralization by the help of elastic scattering. If this effect 
is corrected for the ore content of rocks can be determined with high accuracy 
from the value of corrected X-ray radiometric radiation.

* Karas Gy., Szunyogh F.
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As to the absorption the relationship in the form

Г=І0 е-"<

also holds here, where
I  — the intensity decreasing under the influence of the absorption,
/0 — the original intensity,
[x — the coefficient of mass absorption, 
d — the thickness of the material.

The higher the density of rocks, the bigger the absorption and proportion
ally to it the value of the mass absorption coefficient. The investigation of the 
elastic scattering of photons emitted by the generating radiation source offers 
an opportunity to correct the absorption effect. Photons of the generating 
radiation source (in this instance Pu238 having an energy of 12-18 KeV) pen
etrate the rock exciting the copper atoms and, of course, scatter within the 
rock. In the process of scattering the photons return—proportionally to the 
rock density—to the detector where they can be counted. Thus the measure
ment of scattered radiation furnishes a measure of the relative density of 
rocks, i.e. of absorption. It is evident that if a rock contains ore then its den
sity (average atomic number) increases its absorption will also be higher, thus 
a reduced number of photons returns back to the detector. Here a ratio can be 
determined to distinguish between counts for barren and ore-bearing rocks.

In the case of copper content the 8 KeV characteristic radiation appears as 
well. Because of the absorption fewer photons reach the detector than formed 
in the course of generation. The lower the number of returning photons, the 
denser the ore-bearing rock than the barren one. Thus, if the count for copper 
is multiplied by the above-mentioned ratio the count characteristic to copper 
can be determined.

This procedure makes the so far deviating calibration curve straight and ren
ders the interpretation more accurate. The measurements were performed with 
Cu standards in spectral mode with 2 channels. One of the channels measured 
the energy range from 7.5 to 9 KeV, the other from 12 to 18 KeV. The result 
of these measurements reaffirmed the possibility of correcting the error caused 
by absorption (refer to Fig. 92).

After the instrument was calibrated further tests were carried out in five 
boreholes located at the deep level of the Recsk-mine. Two of these five holes 
penetrated iron ore zones. The correction method was used for these holes 
(Fig. 93).

With the introduction of the above discussed correction technique the X-ray 
radiometric method for Fe and Cu is regarded as established. The X-ray radio- 
metric method can be used for the exploration of other elements (Zn, Sb, Pb) 
as well, but, of course, with different characteristic parameters.
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Magnetic susceptibility logging*

Regular logging of magnetic susceptibility which began in previous years 
were continued in 1982. Surface boreholes were investigated with sondes type 
GM-250 (having a measuring range of 10- 6  to 10-1  in the SI system) and bore
holes in mines with sondes type GM—232 (having a measuring range of 
10“ 5—10° in the SI system) both types being of Czechoslovakian manufacture.

The purpose of these measurements was to collect data all over of Hungary 
and to elaborate the methodology of geological and geophysical interpretation. 
The bulk of the data come from sedimentary areas with sand—clay sequences, 
as well from ore- and coal-bearing formations. From the methodological 
point of view the most important results were obtained in the Liassic coal
bearing complex of Pécs in the ore-bearing formations of Recsk and from sedi
mentary sections (alluvial cone of the Maros river, terrace of the Rába river).

The significance of the measurements at Recsk is explained by the fact that 
within a given mineral association the highest susceptibility is caused by mag
netite or pirrhotite, thus these section can be unambiguously recognized.

In the Pécs coal district the younger (lower Cretaceous) trachidolerite veins 
penetrating the Liassic coal beds show very high susceptibilities and this makes 
the unambiguous identification of the various lithologies of the coal measures 
possible (Fig. 94). In investigations carried out in boreholes in mines it became 
possible to separate barren section of the sequence. This offers also the possi
bility to identify individual lithologies.

The heavy mineral content of sands (chiefly magnetite) allows conclusions 
to be drawn about provenance and facies distributions.

As a summary of data from measurements performed so far Fig. 95 presents 
the characteristic susceptibility values for each rock type. Readings of the most 
frequent values can be taken from distribution curves.

Induced polarization logging* **

Work on the induced polarization logging has been carried out in three areas.

A) IP decay curves measured in boreholes were recorded on magnetic 
tape with the K-3000 digital logger designed in ELGI. Sampling rate was 10 
ms, charging-and decay time 2.5 s. The interpretation was carried out with an 
HP 9825 calculator, due to the following considerations. Under ideal conditions 
the decay curve U(t) can be described with the following expression:

U(t) = 2  U.exp
i = 0

* Karas G y ., Zilahi-Sebess L. jun.
** Dankházi Gy.
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where

Uі — the amplitude of the ith component, 
t,. — time constant,
N  — the number of exponents,
c — a constant composed of SP and the remanent potential.

The distortion effect of the constant was reduced with automatic SP com
pensation at the end of each measurement period in the course of operation. 
In the determination of exponential components we deviated from methods 
used earlier (e.g. Annual Report, 1976), since the polarization of rocks is 
caused by dipoles with dipole moments showing large dispersion. In the pre
vious formula the number of exponents (N) could grow to a great extent, thus 
the formula would become ungovernable. It is assumed that the dipole mo
ments group around a given value thus it is adequate to use a method of pro
bability calculation.

To each interval of arbitrary width Ati of a selected section on the decay 
curve (which may partly overlap) an amplitude (A) and a time constant (r) 
are ordered (with the method of least squares). The assembly of amplitudes 
and time constants defines distribution functions, designated by F(A) and F(x). 
With the knowledge of these F(A) and F(x) distribution functions one may cal
culate for an adequately chosen (depending on dispersion) interval of AA and 
Ax the probability of the occurence of amplitudes and time constants. These 
probabilities for the K th interval are as follows:

Pa[Ak ^  a  <  (AK+ A A ) ] =

P A X K ^ X <  ( r K +  A t )]=F(r K + 1 )  -

Fig. 96/a presents the probability P(r) spectrum lines of a decay curve meas
ured in a bed of argillaceous sand in a borehole at Kevermes. The individual 
spectrum lines are ordered to the mean value of the time intervel Ax beginning 
at the moment xK. Average values of the amplitudes are shown with dashed 
line. It could be assumed that the component with the highest time constant 
overlaps components with lower time constants, therefore the values of the 
exponential function generated with the most probable time constant and amp
litude were subtracted from the measured values for each sampling point. 
The decay curves obtained in this way were again analysed and new well 
defined spectrum lines were received (Fig. 96/b).

So far nearly one hundred decay curves have been analysed in a similar man
ner which permit to infer that two spectrum lines can be readily recognised 
in beds of argillaceous sand and sand. One of the lines falls in the time constant 
range of 30-300 ms, the other in the time constant range of 0.8-6.0 s. It could
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be unambiguously established that the depth, age of beds and the percentage 
quantity of clay affect significantly the time constant and amplitude values. 
The experiments have been performed with a microprocessor controlled equip
ment which is being developed at present.

B) Continuous IP measurements have been carried out with an equipment 
designed in ELGI, which permits to determine the following quantities conti
nuously at the velocity of 6 m/min logging speed and 2 0 0  ms charging time:

where
U0  — the charging voltage measured at the moment of the charging current 

being turned off, 
t± — 2 0  ms
t2  — 160 ms
U{t) — decay potential
c — an additive member stemming from SP and the remanent potential, 

which is continuously compensated by an automatic device within 
the time interval of 180-220 ms after the charging current has been 
turned off.

According to experience obtained in the course of interpretation the instru
ment detects well the mineralized zones in ore exploration holes, particularly 
the disseminated mineralization. In pure sands an increase of the IP value may 
indicate a decrease of the expected water yield. In good water-bearing forma
tions the IP value hardly surpasses IP values measured in clay beds. The situ
ation is significantly more complicated in argillaceous sands namely here maxi
mum IP values are received at a clay content of 2 to 10% depending on the 
type of clay (montmorillonite, kaolin etc.). The IP value decrease at clay 
contents deviating from these values. This is conspicuously seen in Fig. 97 
presenting a gamma-ray—IP crossplot for an upper Pannonian complex of 
clay and sand inthe northern part of the Transdanubian region. Relative va
lues were used for preparing the crossplot.

C) It seemed to be necessary for the evaluation of the experimental results 
to search for a relationship between IP and petrophysical properties using theo
retical models. Such works are being performed at present, they aim first of all 
at finding a quantitative relationship between the physical properties of water
bearing, permeable beds (Rw, surface (zeta) potential, permeability and clay 
content) and the induced polarization.
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2.3.4 Apparatus design

Photorecorder* **

The use of photographic recorders continues to be justified first of all in the 
exploration for petroleum since they perform multichannel recording without 
depth shift in a common field of writing and permit to photograph on the rec
ord a depth grid corresponding to the actual depth and the numeric value 
of depth. This explains why ELGI elaborated several versions of photorecord
ers in recent years.

In 1982, as the last stage of this development the photorecorder type 
AFR-224-12 was completed on commission of the National Oil and Gas Trust 
(OKGT) and through a contract with the GAMMA Works. Its main features 
are as follows: It permits to record simultaneously 9 channels with 12 galvano
meters; film transport with stepping motor ensures the adjustment of 6  depth 
scales (from 1 / 2 0  to 1 /2 0 0 0 ) with a high accuracy; the field of writing over the 
223 mm wide film is divided into sections according to the API standard. This 
recorder has a special advantage—even when compared with available photo
recorders—that it is very resistant to tilts and vibrations, on the one hand, and 
the galvanometers excel with rapid action, thus they permit to carry out fast 
playback from magnetic tape or to prepare special records like the sonic phase 
correlation diagram.

Integrated production control system using the Industrial Rapid Analyser 
type MTA-1527-2000* *

At the present technical level of bauxite mining determination of quality 
(the Al20 3/Si02 ratio) is made with a 24 hour time delay. Thus, there are cases 
of producing ores unsuited for direct processing (barren rocks). Therefore a 
procedure is needed which furnishes accurate and quick information to the 
production control possibly before the bauxite leaves the mine.

The rapid analyser type MTA-1527-2000, suitable for use in mines, enables 
us to direct production according to ore quality. It has been tested in a mine 
for one year, performing continuous analysis (in three shifts) of samples taken 
from holes drilled for blasting. Thus it furnishes quantitative data about the 
quality of ore intended for exploitation.

A special loading and receiving system has been designed and built for 
transmitting data to the control center. Thus an opportunity was created to 
establish an optimum production strategy for each day through simultaneous 
collection, evaluation and storage of data from instruments located at various 
production sites.

* Jánosi L., Szalai J., Vándor J.
** Renner J., Siklós A.
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With the AI20 3, Si02 and CaO contents as determined at various production 
sites, as well as the produced quantity in relation to a given time unit being 
known, the requirement to production quotas of individual crews can be fixed 
in a manner maintaining the average quality of the delivered ore at a predeter
mined constant value at a minimum of production, transport and stockpiling 
costs.

The integrated system offers the following advantages:

— no need to maintain a large-sized mixing and storing area to ensure the 
required quality,

— an optimized operation of conveyers at a minimum of energy consump
tion and costs can be realized,

— barren rocks can be used at waste areas for solid packing without trans
porting them to the surface,

— when the quality of the exploited ore exceeds the prescribed level, the av
erage quality can be maintained by adding ores of lower quality.
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