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2.1 S E IS M IC  IN S T R U M E N T A L  
A N D  M E T H O D O L O G IC A L  R E S E A R C H

The central problems of seismic and digital instrumental developments 
were further improvements of the offshore data collecting and processing 
system and putting the V IB R O SEIS** system—bought in 1975—into 
operation. The digital colour plotter is in connection with both above 
mentioned projects and it was constructed in its final form.

Our offshore instrumental research program had two major targets:
(i) To build a computer controlled 24 channel, multiple coverage real 

time processor and to improve its program structure.
(ii) To improve the reliability of service using the experience gained 

last year, and to prepare experimental operation on sea for a considerable 
period.

The block diagram of the system is shown on Fig. 34. The discs, 
the SD-10 data acquisition system, the magnetic tape-memory units and 
the special processor for NMO correction are directly connected to the 
DMA bus.

The program package for real time data processing—including the control 
and organiser program as well as the input, demultiplexings fixpointing and gain 
control̂  NM O , stackings bandpass filterings deconvolutions writing on magnetic 
tape and plotter programs—have been developed and improved.

"Experimental operation on the Black Sea—within international cooperation— 
started in the end of 19/6.

The instrumental and experimental methodological tasks in connection with 
the V IBR O SEIS system, purchased in 1975, have been successfully dealt 
with.

The three main elements of the vibrational seismic system are the 
vibrators, the seismic recording instrument and a controlling, summing 
and correlating computer centre. To satisfy the requirement of the 
VIBRO SEIS method the computer controlled field system, CFS I—dev
eloped by Texas Instruments—combines the D FS-IV  type recording 
instrument with the ruggedized R-890 A type powerful and high speed

** Trademark o f Continental Oil Company
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computer. As the SD-io type seismic equipment—developed in E L G I— 
V EB Geophysik cooperation—is similar in system technology to the 
D FS-IV, E L G I was aiming to develop its interfacing between CFS-I 
computer system and SD-io.

The essential differences between SD-io and D FS-IV are in:
(a) gain control (binary or floating point),
(b) the construction of the amplifier and playback unit (that is with or 

without independent control logic).
The interfacing unit developed ensures that the CFS computer registers 

the SD-io and D FS-IV instruments as identical in respect of their signal 
levels, timing of control signals and connection points. Thus, the 
CFS-SD-io system is fully corresponding to the CFS-DFS configuration.

The vibrators are of Failing Y -i 100-66 type built onto the hydraulically 
driven Birdwagen carriers.

The system was set into operation and the first methodological measurements 
were performed at Debrecen on the survey area of 1974-1976. We had cross 
sections obtained by explosive seismics at our disposal for comparison and thus 
problems arising from local geological characteristics and those from the new 
surveying technology could be separated.

There were no problems with the C F S -i—SD -io/2 1 field system all through 
the project.

Location of the experimental operation is shown on Fig. 26. Geologically profile 
KaM S-18176 represents a very deep, whereas line V éV -32176 a rather shallow 
basin area. The aim of the tests performed was to clear points in the techniques 
and methodology of the measurements which were not explained satisfactorily 
in the literature.

The lower frequency limit of the recorded signals was set by the frequency 
response of the geophones (G S C -11D ). Based on amplitude response it was found 
to be 10 H%, but taking into consideration the phase response it was higher. The 
upper frequency limit was set by the 12  j  cut-off point of the antialiasing
filter belonging to the 2 ms sampling interval.

Based on our previous experience it can be stated that the average ground 
frequency response of the test area can be characterised by the spectrum of a j j  H% 
and the average ground roll by that of a 2. j  Ricker wavelet. A ll these data 
are shown in Fig. j  j  with equal amplitudes for sake of simplicity. According 
to this diagram the permissible maximum bandwidth is between 14-64 that 
is it is hardly wider than 2 octave. Thus, the theoretical optimum sweep limits are 
i  j  and 6 0 H%, respectively.

One of the problems with the VIBRO S E lS  method is the noise produced 
by the vibrators. The effect of upper harmonics and its elimination possibilities 
w ill be dealt ivith in more detail.

Vibrators are generating upper harmonics besides the upsweeps or downsiveeps 
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within the required frequency hand. During the process of correlation the time 
shifted correlation signal of harmonics—as ghost reflection—is unavoidably 
present. It appears before the real autocorrelation signal (Klander wavelet) in time 
with upsiveeps and after it with downsweeps. Although the generation of upper 
harmonics is inevitable, by suitable selection of siveeps the arrival time of the ghost 
can be influenced. It can be seen that the timeshift between the Klauder wavelet 
and the ghost reflection of the first upper harmonic is given by

where
f a and f j  are the lower and upper frequency limits of the sweep, and 
T its duration.

In case of a two octave sweep:

For further studies a time-distance graph was plotted with iyoo m/s—the 
regularly recorded velocity—of first arrivals (Fig. j6 ) . The time-distance curves 
of the ghost first arrivals for the first upper harmonics with different duration 
of downsweeps were plotted as well. Considering that the presumed useful recording 
time is j  s and the maximum sweep length available is u s ,  it can be seen from  
the diagram that we cannot get rid of the effect of ghosts using downsweeps—even 
though it is more desirable for the vibrators. A t  the same time the noLe wave 
characteristics of the test area permit the use of shorter sweeps, which is advant
ageous from economic point of view. Taking all these facts into consideration we 
have decided to choose upsweeps with frequencies determined by experiments on 
each profile.

Based on previous experience we have set the geophone base distance at у 0 metres.
Assuming a mute of j  00 msec during processing the iCbeginning of the record”  

was marked out. Thus, from this diagram it can be seen that the maximum 
allowable vibrator-geophone distance is 1800 metres and the maximum offset 
is 6jo  metres. The actual value of the offset was determined by experiments.

Extending the frequency response diagram to the frequency plain (Fig. j j )  
the yones of the ground roll and that of the first arrivals were plotted. Thus, the 
cut-off value required by the groupings and the maximum wave number present 
can be determined fro?n the graph. Thereby, the length of geo phone array and 
geophone distance within a group can be calculated to be i jo - i jo  metres and 8-10  
metres, respectively.

Considering the calculated parameters and the practical requirements the use of 
a vibrator array length of 100 metres and vibrator spacing of 10 metres was chosen. 
A s the vibrator array became underrated it became important to have a geophone
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array of at least i j o  metres or to use some kind of filtering for an equivalent effect. 
Because of practical reasons this was realised by the continuous spread of geophone 
groups of length of geophone base distance and by mixing before input.

The distortions of the early reflections were also investigated and marked 
the boundary o f undistorted signal %one on the time-distance diagram. This has 
an important role in the research of near surface horizon .

The coverage wa* determined experimentally.
On Fig . 3 /  a series of parameter tests are presented.
The Corollpress-3 colour plotter (Fig. 38) is an improved version of its 

earlier type. It is digitally controlled either by a computer or by a 9 track 
magnetic tape unit. It can print in three colours.

Theory of operation: the information transmission is synchronized 
to the rotation of the drum and it is fed from a temporary buffer register 
to the electromechanical plot head assemblies through the write logic 
and control unit. In case of a logical “ 1 ” signal, the writing rollers leave 
a dye mark on the plotting medium. The plot heads are continuously 
proceeding parallel to the axis of the rotating drum, while the writing 
rollers move in perpendicular direction.

The different colours of the writing rollers and the digital control 
makes this instrument applicable for drawing contour maps of coloured 
isolines and to print arbitrary alphanumeric informations as well.
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The following programs were added to the s o f t w a r e  s y s t e m  o f  
s e i s m i c  d a t a  p r o c e s s i n g  during the year of 19 76 :

(a) new versions of linear and weighted migration
(b) automatic static correction
(c) programs for the off-line variant of the digital colour plotter. 
T h e o r e t i c a l  a n d  m e t h o d o l o g i c a l  w o r k  was done in the

following fields:
( i ) the theory of wave propagation in inhomogeneous medium 
(2 V IBR O SEIS deconvolution
(})  automatic velocity evaluation
(4) spectrum and absorption calculations
(j)  true amplitude processing
The new version of linear migration stack may be used up to a maximum 

of jS j  channels. The distortion of wave shape along the diffraction hyperbola can 
be limited to a given percentage.

The time variant normalisation of the migrated section can be done in two ways: 
according to

a) the square root of the number of traces in the stack, or
b) the expected number of signals stacked in phase.
The w e i g h t e d  m i g r a t i o n  s t a c k  differs from the linear one only 

in the method of stacking. Two types of weighing algorithm have been worked out: 
the polarity coincident analysis based on the statistics of signs of the signals present 
in the stack, and the classic similarity analysis.

On Fig. J9  migration stacks of a portion of the time section V é -2 jfó  (Fig. 
28) is shown with linear migration and with similarity criterium weighing.



2.2 G E O E L E C T R I C  I N S T R U M E N T A L  
A N D  M E T H O D O L O G I C A L  R E S E A R C H

Our geoelectric methodological and instrumental research work may 
be grouped into three main fields:

(1) Induced polarization measurements and construction of the re
quired instruments.

(2) Automatization of geoelectric data processing.
(3) Magneto-telluric investigation of special geological problems.
Our research in the field of i n d u c e d  p o l a r i s a t i o n  m e t h o d

was directed towards the analysis of the dynamic characteristics of decaying 
curves in the time domain.

A  long known problem in interpreting IP  anomalies is their dependence on 
instrument parameters. We cannot differentiate among anomalies originating from  
sulfidic ore deposits, disseminated graphite or porous rocks. In order to do this 
we not only have to record the complete decay curve but we have to describe it 
mathematically as well.

Therefore? the UGP =  f( t )  function has to be determined—best approximating 
the IP  decay curve—within the t =  ю 2і~ ю ъ ms time range. The following 
relationship was achieved by using the results of Wait (1959) and Roussel 
(1962) as a starting point:

where
A ; — amplitude of the i -th component in [ f iV];  
г,- — time constant of the i -th component in [sec];  
dy — linear component [[лѴ/sec];
UR — remanent potential in 
t — time passed after switch-off in [sec].
From the final part of the complex decay curve first the values of dy and UR 

were determined by using the relationship :

(1 )

d 1  (U .-s -  (Us-:-  V )  -  ( С Л - 3  -

- A t  2 (U- I U )  -  [W -5  -  V - 0  +  ( V -1 -  Ю ]
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where
Us_q, Us_ 4) . . . Us are the last six equidistant samples of the decay curve, ts the 
instant of last sampling,, А/ sampling interval.

The values of both UR and dy also contain the errors in measurements such as 
inaccurate SP compensation, drift, noise originating from natural and artificial 
sources—such as long period telluric pulsations, or filtration of the electrolyte 
of the measuring electrode. Despite of all these, their signs were not random. 
This is why it may be presumed that both of these components describe an electro
chemical reaction closely related to induction. Namely, either the di'charging of the 
“ battery”  formed in the ground by the process of induction (which is approximately 
a linear process) , or a process similar to the exponential IP  components of large 
time constant (rR ~  100-200 sec). To choose between the two alternatives 
is a difficult task, because the exponential function of large time constant is hardly 
differ ring from the linear one within the range of measurements.

The regularity in the sign of UR and dy makes a simpler determination of their 
values possible rather than deriving them from equations (2) and (3).

The amplitudes and time constants of the exponential components are determined 
by using the method of factorisation.

In our experience the decay curve can be separated into 4 or j  components with 
time constants within the 0 .1-10 0  sec range. Under the given conditions the variable 
interval sampling—defined by the following equation—seems to be the most ap
propriate :

4  =  alT, (4)
where

a is the instant of the first sampling and
b the factor limiting the rate of sampling.
I f  the values of a and b are defined in powers of two, and close sampling 

is required within the io 2- io 5 msec period, then a suitable solution is :

I f  the values of r (tk) are determined from two adjacent samples as:

r(4) =  exp [(x +  ky) ln2 — Inin ——— |- In (2y — 1)] (6)
Цн-і

and they are plotted against the resulting curve ivill not reach stability as long 
as the decay curve consist of more than one component (Fig. 40). But i f  the values 
of r (tk) are constant, then the effect of one single component prevails having the 
required time constant t.
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The amplitude o f the same component may be determined sim ilarly by plotting 
the A  ( tk) graph, where

Knowing the values o f A 1 and тг the first step o f factorisation can be perform ed 
by subtracting the first component ( A 1e~ /‘TlJ  from  the decay curve corrected by 
the values o f UR and dy. Values o f t 2 and A 2 can be determined from  the 
remainders in a sim ilar way (see curve 2 in F ig . 40) and the process is continued 
t ill a single component remains.
. F ie ld  tests were carried out by an analogue recorder. Pending the amplitudes 
o f the decay curve according to the given time series the processing could be per
form ed by a programmable pocket calculator.

The amplitudes and time constants o f the IP  components are influenced by 
numerous factors, such as the quality, si/e, shape and resistivity o f the ore 
granule, the ion concentration o f subsurface water, the structure o f ore and host 
rock, etc. Thus it is hopeless to expect that the quality o f ore— being the most 
important o f the factors listed— could be determined unambiguously in a ll cases.

The first field  tests were perform ed in the Börzsöny Mountains near to four 
boreholes biting dijferent types o f mineralisation. In a ll cases the host rock consists 
o f alternating pyroclasts, subvolcanic instrusions and lava flows. In bore hole 
N o. N b -10  ore desposits o f industrial value is to be found at two levels (20 -30  
and 14 0 -18 0  metres) , but thepyrite content is around io °/0 at other levels as well. 
In bore hole N o. N b -/  the pyrite content o f the host rock is between o.j - io %  
with several clay veins o f more than 1  m thickness, and containing pyrite in 10 -3 0 %  
concentration.

In borehole N o. P -7 the average pyrite content is about 1- 2 %  with enrichment 
t ill 6%  at some places. In borehole N o. P -8  there is only sparse disseminated 
pyrite here and there.

The IVj-T; curves as obtained by factoring the decay curve are shown in F ig . 4 1.
N ote the very large value o f the component having the largest time constant 

(remanent component)  at N b -10 . This is the component having the largest 
amplitude in both N b -/  and P -/ , but the growth is only 2 .3 -3  Times as compared 
to those o f other components. The diagram o f P -8  is quite dijferent from  these 
because a ll the components are o f identical amplitudes.

On the area o f our other site at Pudab any a the host rock was found to be 
Mesozoic shale. The data concerning ore deposits are not available because o f lack 
o f drillings and sample analyses. The only known fa c t is that sulfidic ore deposits 
can be found at some places in the shale. Interpretation o f IP  results can only be 
done after fu rther tests and dillings.

The common features o f our experiments perform ed in the Börzsöny Mountains 
and near P u  dab any a are the follow ing:
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(a) the combined decay curve can be represented by 4 - j  exponential com
ponents;

(b) the value o f remanent potential compared to other components is characteristic 
to geology;

(c) increasing the time o f induction (T G) the amplitude o f the remanent potential 
increases the most. A  typical example o f this can be seen on F ig . 42.

Only the first attempts o f the analysis o f the IP  decay curves have been reported. 
Experim ents w ill go on in the future because the only гѵау to determine the con
nection between geolog; and A - r  diagrams is by statistical-em pirical means. 
We have to improve further on our technique o f measurements— even within the 
lim its o f analogue technology— as the useful range o f time constants is wider than 
the duration o f recording possible with the present instrument.

The aim of  our research work in the field o f  geoelectric instruments 
is to develop a digital resistivity and induced polarisation fie ld  system.

The D IA PIR type instrument is a digital, automatic recorder suitable 
for self potential and induced polarization as well as resistivity measure
ments. It directly measures and displays with 3 digit accuracy the ga 
values without making conductive connection with the AB circle. Thus 
—apart from the most general AM NB array—it may be used for dipol- 
dipol profiling and also for potential mapping. As this instrument has 
a built-in reference voltage source it may be used for accurate potential 
measurements. So the D IAPIR may be considered as an universal instru
ment in the direct-current geoelectric family.

It measures induced polarization in a form suitable for signal shape 
analysis.

The value of apparent polarizability (Pak or ?ya) can be read off the 
display with an accuracy of 0.1%/bit as:

Pak = f i - - 100 [%],
Uq

where
Uk is the sample taken from the decay curve at the moment t =  tk, and
Ue the magnitude of the primary signal.
In conventional time domain (TD) instruments the value of tk is fixed, 

whereas in the D IA PIR  it is determined by the following relationship:

h  =  a.jbk,

where
aj is the instant of the first sampling, and
b the factor limiting the sampling rate 

(see the methodological section for more detail).
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For routine measurements the following parameters were found as the 
most suitable:

a1 — 125 m s; b — 2 ; 0 <  >£ <  4 .

I f  it is necessary to investigate a latter part of the decay curve and the 
signal/noise ratio is good enough, then even a2 =  i sec and a3 =  8 sec 
can be set on the instrument (keeping the values of b and k unchanged)

The duration of induction (TG) can be selected according to the length 
of recording.

Measurements performed with the D IA PIR  instrument produce iden
tical results to those obtained by conventional TD measurements con
sidering the Pax or Pa2 values only (Fig. 43). But plotting the difference 
(Pax — Pa2)—that is the parameter characterizing the gradient of the 
decay curve—more information is gained already. Even approximate 
factorization can be performed by using five Pak values. As it can be seen 
from Fig 43, Wx—rhe amplitude of the first component normalized 
to the primary signal—can be determined from Pa4 and Pa5, while W2 
from the remainder (ДРах and ДРа2). The basis for interpretation could 
either be Wx or W2, their sum or in some cases their quotient.

Under favourable conditions readings can be taken in the tk =  0. 125- 
128 sec interval and with the maximum 11  Pak values several components 
can be separated.

The fast evaluation of results is ensured by the use of programmable 
pocket calculators on site for signal shape analysis. In order to satisfy 
the requirements of laboratory or special field experiments the interval 
of measurements can be extended to both lower and higher values of tk 
and sampling at equal intervals is possible as well.

Construction and laboratory testing of the digital electric recording 
equipment (D EF-i) was accomplished in 1976 by completing the con
struction of the five-channel analogue amplifier and by purchasing three 
induction probes. The block diagram of the complete system is given 
in Fig. 44. Laboratory tests proved that the system can be operated not 
only by computer compatible magnetic tape units (e.g. Peltec), but with 
tape recorders of much lower technical specifications. The equipment 
fully satisfies the IBM  and ESR  (Unified Computer System of Socialist 
Countries) standards.

The program system for input of IBM  (and ESR) format tapes and 
converting data to M INSK-3 2 format was completed. Thus, the magneto- 
telluric recordings can be processed by the same program packages as 
the data of previous digital recorders.

The success with lim ited application o f programmable pocket calculators 
in a u t o m a t i c  p r o c e s s i n g  o f  g e o e l e c t r i c  m e a s u r e m e n t s
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lead to the demand for a desk-top calculator having more powerful capabilities, 
and a plotter interface. Thereby the majority of the maps could be computed and 
plotted on site virtually at the same time as the measurements were taken.

The calculator chosen for the task was the H P 981 j  A  type (having a memory 
capacity of 2 Kbyte, execution speed in the order of msecs, built-in casette recorder 
and thermal alphanumeric printer, R P N  programi?2ing language) and the H P  
9862 type X -Y  plotter (Fig. 44).

Having fed  the results of measurements in manually, the program system 
calculates normal conductivity maps with the required (and thus modifiable) 
model. The results are printed and plotted with the required scale, then the 
contour lines are plotted.

The advantages of calculator processing in underground potential mapping 
(UPM ) are the most striking. This is because the dependence of conductivity 
maps on the parameters of the presumed normal model is decisive. Repeated 
processing with different normal models lead to considerable methodological ex
perience.

Generally UPM  measurements at present are connected to industrial drilling 
research operations. Often the drilling rig is still operating at one site and the task 
of UPM is to situate the next one. This requirement was fulfilled by our fast 
processing method and by placing the calculator and plotter on a trailer operating 
on the field.

The system is of interactive nature, as the required map format, the parameters 
of the model, scale, format of printing and the values of contour lines must be 
given during processing. The system may be stopped and restarted at any time.

Map plotting in the central computer centre is reserved for large data systems 
obtained from different geophysical methods. The axonometric surface plotting 
program is proved to be a successful attempt for spatial representation of black 
and white contour maps (Fig. 46). On the projected plain above the surface the 
ground objects, identifying the location can be indicated.

Л  result of m a t h e m a t i c a l  m o d e l l i n g  of direct current sounding, 
profiling and mapping is shown in Fig. 47. The method of conform transformation 
is suitable for calculation of a two-layer model of infinite resistivity contrast bounded 
by a polygon. The numerical solution of the fault model was calculated by the 
HP 981 j  A  calculator.

The three different types of electrode arrays detailed in Fig 47 transform 
the fault more or less similarly. The sounding curves right and left from the fault 
—interpreted as two-layer models—give the actual depth (curve 1  and j )
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The empirical relation is proved mathematically that the si^e of the fault 
can be determined from the asymptotes and its location from the abscissa of unit

ordinate | at a distance of x 0 =  ty~+2) ) ‘

T h e  i n v e s t i g a t i o n  o f  L a
o f  g o o d  c o n d u c t i v i t y  i n  So Termer 
magneto telluric soundings carried out by the Geodetical and Geophysical Research 
Institute of the Hungarian Academy of Sciences in the Bakony Mountains 
indicated formations of good conductivity below the Triassic limestones of high 
resistivity.

E L G I joined to the research program of good conductors, but the interpretation 
of the distorted M TS curves was ambiguous due to the complicated geological 
conditions. Therefore, the research program of 1976 was set ojf in two directions, 
namely magneto-telluric model calculations by the T)epart?nent of Geophysics 
of the Technical University of Heavy Industries, Miskolc, and field measurements 
under simple geological conditions.

For this purpose the sites of the 19 6 1— 64 geoelectric investigations in South- 
Transdanubia seemed to be suitable. There the horizon of the T E -D E  measure
ments was interpreted as the surface of the Paleozoic basement. The Paleozoic 
is overlain by layers of Neogene or younger sediments. The high velocity boundary 
of seismic refraction measurements—although interpreted similarly at certain 
localities differs from the horizon in depth up to as much as 1000 metres or 
more.

Some of the reasons of these deviations are already known from informations 
obtained from boreholes drilled during the last few years. For example, when the 
geoelectric horizon is significantly deeper than the seismic high velocity boundary, 
strongly carbonized, partly graphiti^ed Carboniferous shales of extremely low 
resistivity were found

M TS tests were carried out on areas of this type during 1976. On Fig. 48 
a typical cross-section is presented indicating the following anomalies: (a) 
magnetic, (b) telluric, (c) gravity, and (d) Hseismic— Helectric depth difference.

The bottom part of the figure (e) indicates the magneto-telluric results.
The A ly A 2 AIT soundings indicate an H  type three-layer buildup. In good 

agreement with the data of Okordg-2 well and ivith the seismic depth data the 
geo elec trie horizon of resistivity higher than 400 Ohm ms—presumably built up 
from pre-Cambirangneiss—is found at a depth of 1400 metres. The overlaying 
sediments can be separated into a lower, clayey and an upper, sandy part with 
resistivity of j- 8  and 17-20  Ohmms, respectively.

A t  M TS point A s the geoelectric basement is below the seismic basin floor 
by several hundred metres. Above the geoelectric basement there is a p i esumably 
Carboniferous complex of unusually low resistivity, overlain by supposedly 
Neogene clays. The resistivity of the top layer is decreased to 12  Ohmms. A t points
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A -4 and A -4 M  the Carboniferous complex of 1  Ohmm resistivity has more than 
1000 metres thickness. Its surface correlates with the siesmic basement5 overlain 
by Neogene or younger sediments of 12  Ohm ms resistivity and 4-300 metres 
thickness.

It is remarkable that both the telluric minimum and the extreme value of the 
Hsz— He profile are at point A -4 (b9 d in Fig. 48).

Further more, the maximum thickness of the low resistivity complex can be found 
at the same place. A t points A - j and A - 6 four-layer curves of КН -type were 
recorded with more than 400 Ohm ms resistivity in the bottom layer. The thickness 
of the overlaying conductor layer is of 1-2  00 m at point A -6 presuming a resistivity 
of i  Ohmm. This is covered by a layer of 60-100 Oh?nms resistivity and of 
thickness of 600-1100 metres. Its surface coincides with the seismic high velocity 
horizon interpreted as Carboniferous according to the wells at Téseny (T-6) and 
Bogddminds^ent.

Thus the Carboniferous complex was separated into a thick high resistivity 
and suprisingly thin low resistivity layer. A t point A -у a two-layer curve was 
obtained. The layer of 300 Ohmms resistivity at a depth of 130-140  ///, can be 
interpreted as a pre-Cambrian mica schist, according to borehole Kisdér-1. 
Finally, it may be concluded that well conducting layers belong to the upper 
Carboniferous series. Their lateral distribution correlate with the negative ano
malies of the Hsz— He parameter, but the coincidence between its absolute value 
and the thickness of the Carboniferous layer can happen merely by chance.



2.3 W E L L - L O G G IN G  IN S T R U M E N T A L  
A N D  M E T H O D O L O G IC A L  R E S E A R C H

One of the most important results in nuclear instrument development 
is the KRNG-2-150-76SHY type two-parameter probe (see its block 
diagram in Fig. 49) made for hydrocarbon exploration. In respect of its 
electronic circuitry and mechanical construction, it is an improved version 
of the three-parameter probe developed in the previous year. With high 
sensitive detectors it is suitable for simultaneous recordings of gamma 
ray and density logs. Retaining its excellent parameters (1 ^sec dead time, 
1300 cpm/^R/h gamma ray sensitivity and 98% thermal neutron 
efficiency) the circuitry is considerably simplified, therefore the failure 
rate decreased.

To avoid the harmful mechanical effects (breakage of crystal and/or 
photomultiplier) during well-logging, a shock-resistant scintillation 
detector was constructed. As it can be seen from the block diagram shown 
in Fig. 50, the large sized crystal is kept in position by rubber “ o” rings 
and the photomultiplier is flexibly attached onto the crystal by spring 
loading.

A supplementary collar locator probe (type K L - 1 - 150-43) has been 
constructed for the K R  type probes used in productive wells. Inter
connections are carried out by the standard rapid connectors produced 
by E L G I.

The signals coming from the magnetic detectors of the collar locator 
are fed into the signal transmitting cable by an electric circuitry which 
is capable of transmitting simultaneously both the negative or positive 
impulses from the two channels of the nuclear probe and the low- 
frequency current signal produced by the collar locator probe. The 
advantage of this method is that no alterations are required in the 
previously produced probes.

An additional circuitry was designed for the PSG-76 type power- 
supply—signal receiving and selecting surface unit which picks up signals 
of the collar locator probe and couples them to the recording galvano
meter. The amplitudes of the current changes—that is the magnitude of 
the deflection of the galvanometer—can be set by the potentiometer 
marked as CCL on the front panel of the unit.
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The direct recording of density by the industrially used K R G G  type 
probes can be performed by using the ACD-75 processor unit which 
was described in the 1975 Annual Report. In order to calibrate the 
processor as well as the records, it is necessary to produce a radiation 
intensity which corresponds to two points of the base line (“ spine”) 
and one point of the mud cake curve (“ rib” ) of the probe characteristics 
determined in model wells. The direct application of density standards 
for this purpose was found to be too difficult or cumbersome because 
of their weight and size. To solve the problem, a D FC  type field calibrator 
was constructed which is shown in Fig. 51. The instrument contains 
two radiation sources of small intensity having the same half-period 
as the one used in the probe. To produce a radiation field of different 
intensity lead shielding cells are used.

A s a part of the n u c l e a r  m e t h o d o l o g i c a l  r e s e a r c h  
program the test of the double detector K R G G -2-120-6osY (scintillation) type 
density probe was accomplished in two phases:

(a) examining the centric and excentric detector locations in models the ex- 
centric location was found to be more sensitive;

(b) determining the optimal spacing parameters (ar - 13  cm, ab =  38 cm) 
and the collimation window, the probe was calibrated.

The evaluation nomogram of the probe was constructed (Fig. 32). Characteristic 
parameters of the probe within the generally used 1.00-2.30 gjcm3 density 
interval can be found in Table I. The following data are tabulated:

(1)  Qb density intervals;
(2) N  count rates corresponding to the boundaries of density intervals;
(3) A N  difference of the count rates;
(4) change in count rates corresponding to the density change of 0.0 j  gjcm3;
( j ) ö  typical relative statistic error within the interval;
(6) Kg percentage resolution;
(/) Agb typical density error within the interval.
The c o m p u t e r i s e d  c o n v e r s i o n  o f  g a m m a - g a m m a  

l o g s  to d e n s i t y  l o g s  is controlled by the К В Г А М  main program run 
on the M IN SK -32 computer using the evaluation nomogram in its tabulated 
form and the universal constants of measurements (probe dimensions ar, ab;  count 
rate of short and long probes N rv, N h0 measured in water ;  limit of hole diameter). 
A s an example the evaluation nomogram of the KRGG -2-2 00-86 type probe 
developed fo r oil exploration is shown in Fig. 33.

The parameters used for the evaluation were as follows:
(i) count rates corresponding to the two different source-detectors spacing in 

the density probe ;
(ii) borehole diameter ;

(Hi) count rate of gamma ray in case correction is necessary.
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qb =  density ; D, 
penetration depth and porosity.

The program processing density logs produces a master tape for the plotter 
parallel with data print-out. Fig. /4 indicates the results obtained from a short 
hole section.

A  digital recording instrument for the K -joo type shallow well logging 
equipment was constructed. It is provided with a special data handler 
which organises data obtained from two nuclear detectors to a common 
depth point. Thus, the use of K R G -2 -120-43 sY  type neutron activation 
probe in bauxite exploration became simple. The probe contains two 
scintillation detectors of identical sensitivity which are separated by 
2.8 metres; and at their middle point a neutron source is placed. I f  the 
probe is lifted the signals of the gamma ray (upper) channel is delayed 
by 2.8 m in order to record at the common depth point together with 
the signals of the neutron activation (lower) channel. The instrument 
also provides the differences between count rates of channels which 
in turn is proportional to the aluminium content of the bauxite.

The K-jooo digital logging recorder was reconstructed in order to satisfy 
the demands of improved methodology measuring methods. The 
modified instrument is suitable for performing the following measure
ments and recording their data on magnetic tape:

a) nuclear logs;
b) acoustic arrival times;
c) measurement of nuclear energy spectrum by 120 energy windows;
d) measurement of induced polarization decay curves by 2 X 12 0  

sampling;
e) recording of acoustic wave form with 2X240 sampling;
f) measurement of neutron life-time with 40 +  2 time windows.
Because the instrument was redesigned, the format of data recording had to be 

changed as well. Using the GD R made IM S 2 j  6 type tape recorder, which stores 
data on 1/2" tapes in E S R  standard incremental fo r mat, the problem of its feeding 
into the M IN S K -j 2 computer had to be solved. The method chosen was to limit 
the number of characters within a block recorded on field tape partly because 
errors may be produced both during recording and playback and partly because 
of the limited capacity in the main memory of the computer. In the final solution, 
a single block of record contains only the information of a 10 m log section.

Control of data flow from the A M P E X  tape recorder interfaced to the 
M IN S K -j 2 computer is by the B E X  input routine. The program reads data
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word-by-word and after rearranging them, data are recorded in the magnetic tape 
memory.

'Evaluation of field records is performed according to the following steps:
a) Identification of ihe log address.
b) Identification of codes characterising the log (time of recording, location 

and drilling N o), opening a file in the data retrieval system.
c) Determination whether 16  word or 2 j6  word format was used in recording 

—that is to decide on whether to use the conventional method or the method 
of multivariate analysis.

d) Checking of blocks, rearranging and recording on tape.
e) deceiving the last block of the log the program closes the file and by producing 

new file identification code it is ready for storing data of the next log.
Evaluation of the field tape is carried out from the beginning of the tape up 

to a given address. Having stored all field data the program prepares a list 
indicating the identification numbers and the values of top and bottom depth. 
Thus all necessary data for further processing is available automatically without 
any operator interference. The data retrieval system so reformed is suitable for 
storing data obtained from the versatile acoustic-nuclear logger developed within 
the framework of the Soviet-Hungarian cooperation agreement ( A - 14 ).

During the last year field tests with this instrument were performed in three 
holes in Tartary (U .S.S.R .) and in two wells in Hungary. The aim of the test 
series was to examine the applicability of this new logger—developed mainly for 
oil exploration—in the geological conditions of Hungary, and to work out suitable 
data processing methods.

The acoustic logs of A -12 8 2 1 and A - 139 71 wells together with previous logs 
(SP, gamma ray, neutron-gamma and laterolog) are shown in Fig. j  j .  Processing 
the recorded acoustic wave forms obtained from the A - 128 21 well, boundaries of 
gas, oil and water were located. It was established that the water level within the 
reservoir is i 8j i  metres, because the amplitude of longitudinal waves increased 
at the oil-water contact and at the same time the amplitudes of shear waves 
decreased. The layers containing gas are indicated by the increase of shear wave 
amplitude, ivhile the amplitude of longitudinal waves remain unaltered. Gas was 
found between 1838-1839 metres and 1928-1932 metres.

The latest instrumental research project is the design of a minicomputer 
controlled logging and quick processing system.

The experimental instrument, operating in our laboratories consists 
of the following units:

(i) depth signal transmitter system;
(ii) multiplexer and analogue-to-digital converter;
(iii) magnetic tape storage (M EM O D YN E casette unit) suitable for 

recording and playback of data;



(iv) analogue photorecorder and its interface unit (matched to the 
AFRD-8 type recorder unit developed by ELG I).

The constructional parameters, software structure and the measuring procedure 
were designed according to the given require?nents. For check and correction of data, 
and correlating on-site calculations the followings were considered:

a) the range of possible measurements,
b) suitable probe combinations,
c) depth intervals for data sampling.
From the projected software tasks, the input-output routine for handling 

the data acquisition unit, the auxiliary store and depth data was written. It was 
extended by a recorder handling and a store relocating program package which 
makes it possible to plot logs matched in depth obtained from probes with 
a different depth reference. Лп experimental test program was written in which 
the parameters of data acquisition (type of log, sampling interval, displacement 
from the reference probe) can be set for each individual logging runs. The system 
described before has been tested successfully.

In W e l l - l o g g i n g  I n t e r p r e t a t i o n  S у  s t e ?n (K É R ), the 
depth identification program was co?npleted. To collect data to a common depth 
level it is supposed that the depth differences ( Ax =  f  (x )) of a given (y = f ( x )  ) 
reference log compared to other logs can be approximated by a poly no me. Expanding 
the log corrected by the Ax function into a Taylor series, from point to point the 
differences are equal to the values of the polynome itself. By minimising the square 
of the differences between the Taylor series and the linear combination of the other 
logs the coefficients of the polynome can be determined. Thus,,substituting back 
into the Taylor series the values of the corrected log can be determined. Repeating 
the same process several times for each log, the calculated values will converge 
towards the log of accurate depths.

By using this progra?n all the logs can be corrected simultaneously, or selecting 
some as reference logs the others are matched to them. The degree of the polynome 
describing the depth difference and the number of iterations must be given as in
put parameters. I f  the degree of the polynome is %ero then the process is equivalent 
to cross-correlation but the determination of optimum shift is not by trial-and-error 
but by calculation, thus saving time. A s a result of the mathematics of the 
process there are no lost values at the boundaries so the number of depthpoints 
is not altered.

The process developed for depth correction can be used also in all cases where 
c<paralleling? of functions is required.

In the field of laboratory nuclear analysis our efforts were concentrated 
on two topics :

(i) methodological and instrumental development within the frame
work of the COMECON Ocean Research Program; and
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(i) instrumental services for the bauxite industries and within this the 
construction of an 8-component industrial automatic analyzer.

The methodological task within the ocean research program was the investigation 
of the applicability of isotope induced X-Ray-Fluorescent (X R F ) analysis in 
geological tasks. Several standard rock types were collected for X R F  analysis 
purposes. The data obtained are tabulated in Table II. During our research 
special attention was paid to the study of the matrix effect and to the preparation 
of the samples.

The aim was to develop calculation methods which are suitable for large-scale 
analysis of industrial routine problems. The efficiency of our instrument was 
examined in respect to a wide range of elements: mfior components and trace 
elements as well.

For the sake of routine application of the measuring system i  jo  ore samples were 
tested by using the X R F  method. The results were evaluated by using nomograms 
being developed along methodological research works. The number of samples was 
large enough to prove the reproduceability and stability of the system. For exciting 
isotope the Pu-238 of 10 mCi was used while the measuring time was joo sec. 
Apart from the Fe, Си, Zn elements, Pb in 37 samples and A s in 34 were 
found.

In order to study the behaviour of the two last mentioned elements, besides the 
Pu-238, the A m -241 excitation was used as well in the test of 23 samples 
During this examination the presence of In, Sb, Cd, Ba and Pb was studied too. 
During the COM ECON conference the instruments were moved to Tihany and 
demonstration measurements on the rock samples brought along by the delegates 
were performed.

In Fig. j  6 the instrument set up, used for the measurements is presented, ivhile 
in Fig. J7  the possible ways of determining the elements by using various exciting 
sources are shown. To detect characteristic X-ray radiations a vertically arranged 
Si I L i semiconductor detector was applied while the spectrum was recorded on 
a multichannel analyser.

For a special purpose all the advantages of the complicated universal instrument 
cannot be exploited to a fu ll extent since with a given exciting source the investiga
tion of only 8-10 elements is possible. A s useful information is contained in few  
spectrum sections, the high number of data channels (1024) is unnecessary. 
Therefore, the high resolution of the multichannel analyser and the simplified 

features of the purpose-built instruments were combined in an instrument consisting 
of a 1024 channel analogue to digital converter and a 16  window programmable 
data acquisition system. Using this instrument the X R F  measurement series can 
be performed faster and the evaluation of the results is simplified.

For the b a u x i t e  i n d u s t r y  methodological research work was carried 
out for mines, alumina factories and industrial analysing centres. A part from  
this, undertakings in the Soviet-Union, Brasil and Jamaica were completed as well.
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Within the framework of the research contract with the Alumina 
Factory of Ajka, as a development of the aluminium and silicium content 
automatic analyser being in service for many years, the possibilities o f 
determining Ca, Ti and Fe in the solid phase of sludges was studied. 
For this purpose a measuring instrument was developed, which operates 
on an 'X-ray-flourescent analysis principle without energy selectivity. It was 
constructed to be able to fit into the pneumatic and electronic system 
of the equipment.

For the Alumina Factory of Almásfüzitő, the possibility of the 
moisture content measurement of bauxite samples by the neutron 
transmission (NT) technique was examined. For this purpose a new type 
of detector emplacement was developed on the outer wall of the neutron 
source container.

By commission of the Metallurgical Research Institute a new industrial 
element analyser was designed for the problems of the bauxite and 
alumina industry. The constructional principles of the original M TA-i 5 27 
type bauxite analyser were kept as well as the pneumatic post system. 
The new design of the detector systems was matched to the original 
tubulated sample form. Due to their simplicity and good reliability, the 
various GM tube counting techniques were chosen.

Apart from the neutron activation analysis (NA) three new techniques 
—radioisotope X-ray flourescence (XRF) analysis, neutron and gamma 
transmission (NT and GT, respectively) measurements—were developed, 
thus enabling the detection of 5 new parameters (Table III).

Tests can be performed on 2 x  iog samples with precíze but nondestruc
tive and not wet chemical pretreatment. A single test lasts three minutes, 
so under 24 hour continuous operation the 8 component analysis of 100 
samples is possible.

To determine the average atomic number, the grade of absorption 
of gamma radiation passing through rock samples is recorded.

In the development of the X  - r a y  r a d i o m e t r i c  m e a s u r i n g  
m e t h o d , methodological tests were run with the N E  J0 17  type portable 

i ns trument. A s a check on the calibration curve of powdered samples (see 
Annual Report 19 7j ), the copper content in 48 coded samples was determined. 
The results obtained are in close agreement with those obtained from chemical 
analysis; only in the 0,0-0,4% range the calibration curve required a slight 
modification.

To find a possible way to determine the heavy metal concentration on site, 
several tests were performed in mines and on coarse rock samples. The determina
tion of the calibration curve in this case is more difficult, because the scatter in 
measurements is increased by the roughness of the sample surface, the changing
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granule texture3 but most of all bj the uneven distribution of the heavy metal 
concentration.

The X-ray radiometric probes used in boreholes had to be modified because 
the detection of low energy of a few K eV  was impossible due to the considerable 
stand off between detector and wall. The solution was to place the crystal directly 
to the wall of the probe and by putting a light guide prism between the photo
multiplier and the crystal. Thereby reliable detection of energy higher than 6 K eV  
was achieved. Considering that the resolution of scintillation systems in about jo°/0 
at 8 Ke V , elements of similar atomic numbers could not be separated. To overcome 
this problem differentiating filter pairs were used thus making the separation 
of Fe, Си and Zn possible. During the last year successful tests were performed 
in the deep mines of Recsk to reveal the change in copper content. The future task 
is to certify the instrument, to prepare the more accurate calibration curve and to 
construct a pressure resistant probe housing.




