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Elgoscar Ltd. carried out geoelectric and engineering geophysical soundings in the vicinity of Udvari, Diósberény and Szárazd. 
Three or four generally distinguishable sequences were detected from the surface down to a depth of 200 m. The uppermost 20-60 m is 
loess whose thickness varies similarly to the elevation above the sea level of the present surface. Within this sequence sub-horizontal 
boundaries can be detected, primarily by engineering geophysical sounding and partly by VES. Below the loess a sequence of low-resis
tivity clay can be detected, then presumably an Upper Pannonian sandy sequence, deeper than 100 m. Simultaneously with these sur
veys several theoretical model calculations were also performed to study the correctness of the interpretation and the limits within 
which it can be applied.

1. Introduction

Elgoscar International Hungarian-American Environ
mental, Geophysical and Engineering Ltd. carried out geo
electric and engineering geophysical measurements in the 
vicinity of Udvari, Diósberény and Szárazd along profiles 
through the boreholes to ensure the continuation of their 
lithological and hydrogeological information. In addition 
to the surface geophysical measurements, hydraulic con
ductivity was also determined in the engineering geophysi
cal soundings (EGS) and water samples were taken for lab
oratory analysis. The investigations were carried out at five 
selected sites: in Németkér, in Diósberény-Kalaznó, in 
Szárazd and in the vicinity of Udvari and Üveghuta (Fig
ure 1), but the complete set of methods could be deployed 
only in Szárazd and Udvari. In Üveghuta, due to complete
ly different geological conditions, only engineering geo
physical soundings were required.

We tried to deduce the basic properties of the areas for 
geoelectric investigations from the water wells at the above 
mentioned villages by studying the well-logging measure
ments performed in them, and from our earlier regional 
surface measurements. The most important property of 
the “geological-geoelectric model” constructed in this way 
is that from the loess covering the area, down to a depth of 
about 100 m the specific resistivity gradually decreases, 
while when the more sandy sequences of the Upper Pan
nonian are reached a certain increase in specific resistivity 
can be observed.. To investigate such models is not easy. 
The layer boundaries are diffuse and taking into account 
the assumed thickness of the layers as well, so-called equiv
alent sounding curves can be expected. It means that from 
the interpretation of the electrical soundings, between cer
tain limits, the thickness of the layers and their resistivity 
cannot be determined unambiguously. Several different 
solutions are possible. This unfavorable situation might be 
overcome by the integrated application of more than one
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Figure 1. Schematic location map

Names of villages concerned by the exploration are in red

1. ábra. Áttekintő helyszínrajz >

Vörös színnel a kutatással érintett községek neve van jelölve



method. From our experience it is useful to apply direct 
current (vertical electrical sounding, VES) and transient 
electromagnetic (TEM) methods in combination with 
engineering geophysical soundings in order to determine 
the polarizability of sequences of different grain size. In 
addition to the application of this set of methods it is 
advisable to check the results of processing and interpreta
tion by theoretical model calculations. Elgoscar Ltd. alone 
was unable to offer this integrated approach, therefore spe
cialists from the Eötvös Loránd Geophysical Institute of 
Hungary, and retired colleagues were also ivolved.

The potential and the complementary nature of the 
individual geophysical methods are presented first. After 
that the survey results achieved at the selected sites will be 
discussed. The validity of our interpretation using different 
model calculations is demonstrated, underlining those as
pects which could be modified and improved if new, com
plementary geological information was available. Finally 
suggestions are made for future investigations.

2. Aspects of method selection

Four methods of geoelectrical and engineering geo
physical soundings were used. Integrated interpretation of 
the data resulted in the determination of physical proper
ties of the rocks.

2.1. Vertical electrical sound in g s (V E S )

VES is one of the long-standing methods in geophysics. 
This method is generally specified in the groundwater 
prospecting tenders of developing countries even today. 
Direct current is introduced into the ground through two 
current electrodes (AB) during the measurement, and in 
the axis of these two electrodes, in the middle the potential 
difference is measured between two potential electrodes 
(MN) on the ground surface; this is proportional to the 
specific resistivity of the medium penetrated by current. 
Changing the penetration depth takes place by changing 
the separation between the current electrodes. Thus, theor
etically the depth of penetration can be changed from the 
uppermost meters down to almost arbitrary depths. The 
resolution power, however, rapidly decreases with increas
ing penetration depth. It should be noted that when the 
current reaches the layer boundaries it always suffers re
fraction, therefore the real depth of a survey is less than in 
a homogeneous halfspace. The ratio of the real thickness 
or depth of a layer and its "theoretical” thickness or depth 
obtained from the vertical sounding is the anisotropy fac
tor which cannot be determined from the VES alone. The 
sounding curves are compared to master curves calculated 
for the surface of a layer sequence of known thickness and 
resistivity, and from this comparison the layer sequence 
beneath the measurement site is deduced. Nowadays this 
inversion procedure is automatically carried out by a com
puter. Different versions have gained ground. One of them 
is the direct inversion which is capable of resolving the 
sequence into many layers and almost continuously 
reflects the change in resistivity with depth. The Z o h d y  
algorithm also applied by us is one of these methods. The 
other version of inversion tries to resolve the sequence into 
a relatively small number of layers. The M a r q u a r d t  algo
rithm also applied by us is one of these methods. The real 
thickness of the layers should be obtained from other data

because of the anisotropy. This is one of the main disad
vantages of this method.

2.2. The in d u ced  po la r iza tio n  (IP ) m ea su rem en ts

This survey method was originally developed for pros
pecting for sulfide ores and was only later applied for 
groundwater prospecting in sedimentary basins. The physi
cal phenomenon on which this measurement is based is 
the electrode polarization or membrane polarization of 
clay minerals. This phenomenon is similar to the opera
tion of rechargeable batteries. When a direct current is 
introduced into the ground the sulfide ores or the clay min
erals bind charges on their surface. A relatively slow back 
flow of bound charges begins after cessation of current 
(the battery recharges) and therefore a potential difference 
can be measured between the potential electrodes for a few 
tenths of seconds after turning off the current. Experience 
shows that silt-size grains can most effectively bind the 
charges. This grain size occurs for example at the bound
aries of sand and clay layers. In Figure 2 the change in two

Figure 2. Changes in resistivity and polarizability as a function of 
grain size

The blue part represents the polarizability, the purple one the resistivity

2. ábra. A fajlagos ellenállás és a polarizálhatóság változása a 
szemcseméret függvényében

A kék mező a polarizálhatóságra, a lila mező a fajlagos ellenállásra 
jellemző
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Figure 3. VÉS and transient (TEM) curves over the same geoelectric model

1 -  VÉS, 2 -T E M

3. ábra. Ugyanazon geoelektromos modell VESz és tranziens (TEM) görbéje

1 -  VESz, 2 -T E M

physical parameters, specific resistivity and polarizability 
are shown as a function of grain size. While the resistivity 
monotonously increases with increasing grain size, polariz
ability reaches a maximum at medium grain size. Based on 
this it is obvious that simultaneous measurement of these 
two parameters provides more information. On the one 
hand, diagrams containing lithological and hydrogeologi
cal information could be constructed showing the relation
ship between the physical parameters and grain size. On 
the other hand, it is clear that there is a certain connection 
between the polarizability measured on the surface and 
alternation of layers (in the case of sand and clay layers). 
It means that a high number of thin layers can be deduced 
even if such a high-resolution power cannot be expected 
from VES. A sequence/electric layer of the same thickness 
has a lower polarizability if it consists of relatively thicker 
beds and its polarizability is higher if the sequence con
tains many thin beds.

It is considered advisable to apply the IP method to
gether with VES. This can be done easily with the DIAPIR 
instruments developed in ELGI, because they are designed 
to measure the resistivity with a given electrode array and 
after changing just a few switch settings, the polarizability 
can also be measured using the same array.

2.3. Transient electromagnetic sounding (TEM)

Although the first experimental measurements were 
carried out at the end of the 1960s in Hungary, this 
method has only become popular in the last 10 years be
cause of technical reasons (first of all in the depth range of 
10-100 m). ELGI possesses an EM-37 instrument and its 
more advanced version PROTEM manufactured by the 
Canadian GEONICS company. The main point of the 
method is that a current is introduced into a transmitter 
loop, after turning off this current secondary currents are
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generated in the ground. The high-frequency components 
of the electromagnetic impulse generated by the current 
turn-off decay at shallow depths, while the low-frequency 
components decay at larger depths, but the rate of decay 
also depends on the resistivity of geological layers. In prac
tice, sounding curves similar to those of the direct current 
geometric soundings can be constructed, and they can be 
interpreted in a similar way. Its advantage compared to the 
direct current measurements is that it requires much small
er dimensions than the geometric sounding for the same 
penetration depth. The measurement is more point-like. 
Since the vertical component of the electromagnetic field 
is measured, the layer thickness and resistivity are not 
influenced by the anisotropy present in VES. VES and 
transient sounding curves are shown in Figure 3 together 
with the anisotropy factors deduced from them which are 
characteristic of stratification.

The disadvantage of the transient method is that the 
depth interval of investigations strongly depends on the 
instrument. Neither arbitrarily shallow nor arbitrarily great 
depths can be investigated with the same instrument.

It is worth mentioning that the transient method is 
more sensitive to the low-resistivity layers in a sequence 
composed of low- and high-resistivity layers, while VES is 
more sensitive to the high-resistivity ones. This indicates 
that the joint application of direct current and electromag
netic methods provides more reliable results than only one 
of these methods.

2.4. The engineering geophysical sounding (EGS)

The engineering geophysical sounding has been devel
oped as a combination of the traditional geotechnical stat
ic sounding (Cone Penetration Test) and geophysical mea
surements performed in boreholes. The equipment devel
oped by ELGI and modified by Elgoscar Ltd. pushes down 
a probe of 4 cm diameter into the ground, and during push 
down several geotechnical parameters are measured, e.g. 
the total pressure required by push down and the resis
tance developing at the tip which is proportional to the 
breaking strength. After that, the natural gamma activity is 
measured within the pushpipe, and as a first approxima
tion it is proportional to the clay content. In addition, the 
gamma-gamma activity can also be measured by means of 
an artificial gamma radiation source in the pipe. Using cali
brations performed in media of known density these val
ues can be converted into bulk density. Information about * 10

Figure 4. Measured parameters of a 40 m deep engineering geo
physical sounding and the geological log obtained from them

a — depth, b — pressure in hydraulic system, c — tip resistance, d — natur
al gamma activity, e -  gamma-gamma activity, f -  neutron-neutron 
activity, g — interpreted geological log: 1 -  clay, 2 -  fat clay, 3 — clay, 4 -  
clay, 5 -  silty clay, 6 -  clayey silt, 7 -  lean clay, 8 — clay, 9 -  lean clay,

10 -  hard lean clay, 11 -16 -  hardly differing varieties of lean clay

4. ábra. Egy 40 m mélységű mérnökgeofizikai szondázás mért 
paraméterei és az ezekből meghatározott rétegsor

a -  mélység, b -  hidraulikai nyomás, c -  csúcsnyomás, d -  természetes 
gamma-aktivitás, e — gamma-gamma aktivitás, f — neutron-neutron 
aktivitás, g é r te lm e ze tt rétegsor: 1 — agyag, 2 — kövér agyag, 3 — agyag, 
4 — agyag, 5 — közetlisztes agyag, 6 — agyagos kőzetliszt, 7 — sovány 
agyag; 8 -  agyag, 9 — sovány agyag, 10 — kemény sovány agyag, 11-16 — 

sovány agyagok alig eltérő módosulatai

the hydrogen ion concentration can be obtained by apply
ing a neutron source. Close to the surface this means pri
marily data on water content.

Soundings can be performed down to the first hard 
bed. In an unconsolidated sequence this means a few tens 
of meters. Based on the four to five parameters measured, 
the penetrated sequence can be resolved into layers. The 
individual layers can be classified using their properties. 
As a consequence even 10 cm thick beds of differing phys
ical parameters can be detected based on the five parame
ters measured by the computer controlled device (Figure 
4). The interpretation program could be adapted to the 
local geological conditions by using suitable local compar
ative data (the results shown here used the terminology of 
the Little Plain). The engineering sounding equipment is 
capable of measuring fluid levels and of taking fluid and 
soil samples (these latter from a specified depth).

The set of methods discussed above has been used to 
investigate the potential sites for waste disposal.

3. Results of geoelectric and engineering geophysical 
investigations

The integrated interpretation of data from different 
methods resulted in the definition of the physical proper
ties of the sequences. The results are outlined for the areas 
separately.

3.1. Udvari area

VES (IP) and transient curves were measured along 
two, nearly perpendicular profiles at 39 sites on the east
ern lands of the village Udvari, and EGSs were carried out 
at 8 sites. An exploratory borehole was drilled at the-inter- 
section of the two profiles, so that the results of surface 
measurements could be compared with its geological and 
electric well log. On the right side of Figure 5 the interpret
ed geological log can be seen from the surface down to 200 
m with a resolution characteristic of the surface measure
ments based on the resistivity values. In the left side the 
blue “zigzag” line represents the electric well log measured 
in this borehole. It is capable of differentiating many thin 
layers of lower and higher resistivity. If we tried to approxi
mate this curve with longer straight lines it becomes clear 
that we would basically differentiate those sequences 
which could be obtained from the interpretation of VES, 
transient and IP sounding curves. It is clear from the fig
ure that we have four geoelectric layers. The upper two rep
resent the loess which is divided into two parts (an upper, 
drier part of higher resistivity and a lower, wet part of 
lower resistivity). The loess in underlain by a layer of the 
lowest resistivity within the sequence. It is an argillaceous 
formation of about 10 Qm resistivity. Finally, the resistivi
ty of the fourth layer is higher than that of the overlying 
one. This could be interpreted as an Upper Pannonian 
sandy sequence. The water supplier of the village produces 
drinking water from this unit.

Looking in detail we see that the results of the individ
ual methods are exactly identical in that neither determine 
the first layer boundary within the loess, nor do they have 
the same numerical value of the resistivity. This, of course, 
could be attributed to geological factors. One of them is 
that the layer boundary diffuse,'and there is a several m 
thick transition zone. If we consider the seismic results
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Figure 5. Resistivity log of the borehole Udvari-2A (green line), the layer thickness and resistivity data obtained from the interpretation of 
VES, TEM and IP soundings measured close to the borehole and their schematic geological interpretation (stratigraphic column in the

right side)

1 — d r y  lo e s s , 2 — w e t lo e s s , 3 — c la y e y  s e q u e n c e ,  4  — s a n d y  ( U p p e r  P a n n o n ia n )  s e q u e n c e

5. ábra. Az Udvari-2A fúrás karotázs ellenállásgörbéje (zöld), továbbá a fúrás mellett mért VESz-, TEM- és GP-szondázások kiértékelé
séből kapott rétegvastagság, fajlagos ellenállás görbék, valamint sematikus földtani értelmezésük (jobboldali rétegoszlop)

I — s z á r a z  lö s z ,  2  — n e d v e s  lö s z ,  3 — a g y a g o s  ö s s z le t ,  4  — h o m o k o s  ( f e l s ő p a n n ó n i a i )  ö s s z le t



Figure 6. Direct inversion of the VES (upper part) and TEM soundings (lower part) along the W-E orientation profile measured at
Udvari

1 — sites of measurements, 2 — contour lines of resistivity, 3 — site of EGS, 4 — borehole

6. ábra. Az Udvarinál mért Ny-K-i geoelektromos szelvény VESz (felül) és TEM (alul) direkt inverziója

1 — mérési hely, 2 — fajlagos ellenállás izovonalak, 3 — MGSz mérési pont, 4 — fúrás



Figure 7. Layered model interpretation of the VES, TEM and IP soundings along the W-E oriented profile measured at Udvari

I. Schematic layer sequence of the borehole Udvari-2A: a — loess with fossil soil horizons and calcareous concretions, b — red and speckled clay, c — 
sand and silty sand, d — silt, sandy silt. II. Legend for the layered model: 1 — loess, 2 — fine-grained sand, sand, 3 — clayey sequence (Quaternary and 
Upper Pannonian), 4 — sandy sequence (Upper Pannonian), 5 — resistivity from VES, 6 — resistivity from TEM, 7 — geoelectric layer boundary, S — 
groundwater table, 9 — average grain size (from VES-IP), 10 -  vertical boundaries. III. Miscellaneous marks: 1 -  site of geoelectric measurement on the

surface, 2 — site of EGS on the surface, 3 — borehole

7. ábra. Az Udvarinál mért Ny-K-i szelvény rétegmodelles értelmezése VESz, TEM és GP alapján

I. Az Udvari-2A fúrás vázlatos rétegsora: a — lösz, fosszilis talajszintekkel és mészkonkréciókkal, b — vörös és tarka agyag, c — homok, kőzetlisztes 
homok, d — kőzetliszt, homokos kőzetliszt. II. A rétegmodell magyarázója: 1 — lösz, 2 — finomhomok, homok, 3 — agyagos összlet (kvarter, felsőpannó- 
niai), 4 — homokos összlet (felsőpannóniai), 5 — VESz fajlagos ellenállás, 6 — TEM fajlagos ellenállás, 7 — geoelektromos réteghatár, 8 — talajvízszint, 
9 — átlagos szemcseméret (VESz-GP alapján), 10 — vertikális határok. III. Egyéb jelölések: 1 — geoelektromos mérési pont helye, 2 — MGSz mérési

pont, 3 — fúrás helye

and IP well logs, and the pushed down pipe of the engi
neering geophysical sounding, within the fine-grained loess 
the water table can be found where the resistivity definitely 
decreases to values between 20 and 30 iim. Water occurs, 
however, in the capillary fringe, several m above this level 
and this leads to a decrease in resistivity and changes in 
polarizability. It is clear that if we want to interpret the 
VES curve using the M a r q u a r d t  algorithm and the num
ber of layers is 6 instead of 4 then this transition (satura
tion) zone is divided into two electric layers.

It is interesting to observe that the third layer seems to 
be the most uniform and most argillaceous. Its lower 
boundary is, however, not unambiguous again. The differ
ent methods give this boundary with a deviation of 10-15

m in depth because the transition toward the Upper Pan
nonian sequence comprising more sandy beds is neither 
step like but continuous.

In our opinion this figure nicely demonstrates the ca
pabilities of the geoelectric methods in the investigation of 
the upper 200 m.

Away from the borehole our survey results are present
ed along a W-E oriented profile. In Figure 6 direct ( Z o h - 
d y ) inversion of the VES and transient measurements 
along the 3 km long geophysical profile provides an image 
of the depth variation of resistivity. VES reflects inhomo
geneity of loess from the surface and shows that this is the 
layer of highest resistivity within the sequence. Going 
downward, the blue colors mark the 80-100 m thick and



Figure 8. Interpretation of EGS along the W-E oriented profile at Udvari

1 — tip resistance, 2 — natural gamma activity, 3 — bulk density, 4 — static groundwater table, 5 — level of collapse, 6 — horizons interpreted on the basis
of EGS parameters: 5.8xlO-2: hydraulic conductivity (m/day)

8. ábra. Az Udvari Ny-K-i szelvény MGSz-értelmezése

1 — csúcsnyomás, 2 — természetes gamma-aktivitás, 3 — térfogatsúly, 4 — nyugalmi vízszint, 5 — beomlási szint, 6 — MGSz-paraméterek alapján behúzható
szintek, 5,8* 10-2 — szivárgási tényező (méter/nap)

relatively uniform argillaceous sequence. However the 
resistivity of the whole sequence increases at 800 m east of 
the borehole. Toward the eastern end of the profile this 
sequence seems to be divided into several layers. This is 
primarily based on VES and is in agreement with the state
ment in the description of the methods, i.e. VES is more 
sensitive to high-resistivity interbeds. Finally, both meth
ods detect the increase in resistivity in the lowermost 
(deepest) part of the section.

In Figure 7 layered model (4 layers) inversion (using 
the M a r q u a r d t  algorithm) of VES and transient measure
ments and its geological interpretation similar to that 
shown in Figure 5 can be seen. It should be added that 
from the upper two layers representing the loess the thick
ness of the uppermost one strongly varies depending on 
the relief, but the lower boundary of the second layer is 
almost horizontal, and it can be found at an elevation of 
about 100 m above the sea level. In other words the pre
sent surface of the originally horizontal loess of uniform 
thickness has been formed by erosion. As was mentioned 
earlier the water table divides the loess into two layers, but 
in the capillary fringe the water content is significantly 
enhanced. In the interpretation of the measurements the 
water table determined with engineering geophysical 
soundings has been accepted and it was introduced into 
the curve interpretation as a fixed value.

The third layer up is sub-horizontal, and its total thick
ness is 40-60 m. Although this layer seems to be uniform, 
in this four-layer processing it should be mentioned that

this holds true only as a first approximation. The most 
striking feature is that the resistivity of this sequence obvi
ously increases compared to its vicinity in a 600-800 m 
wide zone. The center of this zone lies about 800 m east of 
the borehole. This increase is about 30-60%, and it can be 
seen in the previous figure as well. Our idea is that a ter
race or detrital cone of larger grain size, deposited by a 
paleo-river, is crossed here. This phenomenon can be 
observed in a section of the perpendicular profile not pre
sented here. Based on this the paleo-river flow is assumed 
in a NW-SE direction. This ancient river bed can be found 
below a present valley, so some doubts have been express
ed as to whether this phenomenon could be the conse
quence of the curve distortion caused by the relief. The 
problem was analyzed by 2D modeling. However, a curve 
distortion which significantly changes the resistivity of a 
layer lying in the depth interval 40-100 m below the sur
face is not likely in our opinion because elsewhere in nar
rower, deeper and similar valleys we have not observed this 
phenomenon.

Engineering geophysical soundings performed to study 
the loess hills should also be mentioned. The resolution 
power of this method is much higher than that of the sur
face methods.

Unfortunately, in the profile presented here (Figure 8) 
such measurements were carried out only at four sites. It 
can be seen, however, that the engineering geophysical 
sounding is capable of resolving the loess into more layers 
(down to the depth of 20-40 m). It might be expected



Figure 9. N-S oriented profile measured in the vicinity 
of Diósberény-Szárazd using several methods

1 — results of engineering geophysical soundings, 2 -  direct inversion of 
VES, 3 -  direct inversion of TEM, 4 -  integrated interpretation using a 

layered model. For other marks, see Figures 6-8

9. ábra. A Diósberény-Szárazd térségben mért 
É-D-i komplex szelvény

1 -  mérnökgeofizikai szondázások eredményei, 2 — VESz-mérések direkt 
inverziója, 3 — TEM-mérések direkt inverziója, 4 — komplex rétegmo- 

delles értelmezés. Egyéb jelölések magyarázatát 1. a 6-8. ábrán

from this method that in addition to the groundwater table 
which follows the topography in a smoothed off way and 
to the upper boundary of the capillary fringe, the sub-hori
zontal sandy and harder beds can also be detected by 
means of tip resistance and natural gamma activity. This 
statement is probably not proven from just one example, 
but similar experience has been gained in each of the areas 
mentioned here. It can also be seen in this figure that the 
boundary marked at an elevation of 160 m above sea level 
at the western part of the profile cannot be seen in the 
eastern part. In our opinion, this bed has been eroded 
there.

3.2. A rea  betw een villages o f  D iós bérén y  a n d  S zá ra zd

Four profiles were measured in the vicinity of Diósbe
rény-Szárazd. From these a nearly N-S oriented section 
running along the hill ridge is shown (Figure 9). An 
exploratory borehole (Diósberény-1) was also drilled 
here. The image is similar to Udvari. This is demonstrated 
most clearly by the four-layer model that can be seen in the 
lower part of the figure. It is apparent that the thickness of 
the loess decreases in the same way (from N to S) as the 
elevation above sea level does. As in the Udvari area, two 
other electric layers exist, though here the sequences can be 
characterized, with a somewhat higher average resistivity 
and higher degree of variability in thickness. From these 
differences it can be concluded that there are sub-horizon
tal interbeds of higher resistivity within the loess. These can 
be interpreted as sand. The clayey third layer up is thinner 
and from VES which is more sensitive to high-resistivity 
interbeds, sandy beds can be presumed to occur at several 
places at greater depth (about 100 m below the surface).

3.3. Ü veghuta area

From the Üveghuta area we can report only on a few 
engineering geophysical soundings. These soundings 
stopped at a depth of 20-30 m, after reaching the surface 
of an impenetrable rock which is very likely granite rubble 
underlying the loess.

Within the penetrated loess several horizons can be 
detected, primarily based on the breaking strength and nat
ural gamma activity. In Figure 10 the engineering geophys
ical sounding section from the Üveghuta area can be seen. 
If we analyze this more thoroughly a contradiction seems 
to emerge. It was noted above that the traceable horizons 
within the loess which can be characterized with certain 
physical parameters are sub-horizontal. Here, however, 
only four soundings were carried out along the 3.5 km long 
profile. The profile constructed on the basis of such few 
soundings cannot be considered accurate, as far more 
points are needed to achieve a valid interpretation. The 
main conclusion that can be drawn from this figure is that 
the thickness of the loess can be determined by means of 
EGS and its internal resolution is also feasible.

3.4. G eneral conclusions

Some general conclusions can be drawn from the inves
tigations carried out at potential sites of waste disposal:
1. The uppermost 200 m of the deep sedimentary basins 

can be divided into four geoelectric layers. The upper 
two layers represent the loess, and are divided into two 
parts by the water table. The upper one is dry and of



Figure 10. EGS section at Üveghuta

1 -  t i p  r e s is ta n c e ,  2  -  n a tu r a l  y  a c tiv i ty , 3 — b u lk  d e n s i ty , 4  — w a te r-f i l le d  p o r e  v o lu m e , 5 — lo e ss , 6  — lev e l o f  c o l la p s e , 7 — h o r iz o n s  i n t e r p r e te d  f r o m  E G S

10. ábra. Üveghutai MGSz-szelvény

1 — c s ú c s n y o m á s , 2  — te rm é s z e te s  g a m m a -a k tiv itá s , 3 — té rfo g a tsú ly , 4  — v íz  p ó ru s té r fo g a ta , 5 — lö sz , 6  — b e o m lá s i  s z in t , 7 — M G S z  a la p já n  k ije lö lh e tő  s z in te k

higher resistivity, the lower one is saturated and of lower 
resistivity.

2. Loess can be resolved by engineering geophysical 
soundings and at some sites by VES, but to achieve this 
the separation between the engineering geophysical 
soundings should be similar to the depth of investigation.

3. It is likely that the horizons detectable within the loess 
and having different physical parameters lie sub-hori- 
zontally. The loess itself is also sub-horizontal, and its 
present surface has been formed by erosion.

4. From the investigations up to now it can be observed 
that the hill ridges are generally relatively uniform, while 
in the directions perpendicular to the strike of the hill 
ridges the inhomogeneity is stronger.

5. The appearance of inhomogeneities caused by sandy 
sequences can be assumed from the VES in the deeper 
than 100 m parts of the four-layer geoelectric models. 
Their interpretation as individual layers is theoretically 
feasible but due to equivalency effects this is impossible 
without a priori data.

6. We carried out more or less detailed investigations at 
four sites in the areas covered by thick sediments. Of 
these, the vicinity of Udvari seems to be the most suit
able for deposition of radioactive waste. Although the 
loess cover here is not of very large lateral extension no 
sand beds were detected in it, through which radioactive 
water might flow into the surface water courses in the 
valleys if the containers should become damaged.

7. Although we consider the interpretation of our measure
ments presented here and in partial reports geophysical

ly correct we deem reasonable some complementary 
studies. Theoretical and model calculations should be 
performed additionally in some cases to check the valid
ity of the interpretation of certain phenomena. In other 
cases it can be shown what phenomena can be interpret
ed in a different way between the limits provided by the 
measurements, and to fit better with the geological 
observations. We report on these studies in the follow
ing section.

4. Model calculations and development results

Processing and interpretation of the methods applied 
produced results which can be used in different fields as 
well. They are outlined below.

4.1. V ES m odels

For the analysis of sounding data, special attention was 
paid to some distinct problems. Results of various model 
calculations were used for the interpretation of data.

4.1.1. Criteria of the detectability of sand bands in loess

We have already mentioned that if the waste is deposit
ed in the near-surface layers of loess and the structure gets 
damaged for any reason the rainfall infiltrating into the 
ground might transport the radioactive contamination 
away. A large difference is made by the length of time
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Figure II. VÉS modeling to study the detectability of sand interbed in loess

11. ábra. VESz-modellszámítás löszbe települt homokréteg kimutathatóságának vizsgálatára

needed for the contamination to reach the surface water 
courses or the water reserves. As can be seen from the geo
electric results, the water reserves can be found deeper 
than 100 m where the infiltration of the accidentally cont
aminated water takes a long time to penetrate, and during 
this time the contaminating material may well decay. The 
contamination might get from the deposits on the top of 
the hills down to the surface water courses in the valleys in 
a much shorter time through the sub-horizontal, perme
able sand layers which were detected at several places. 
From the surface geophysical methods VES gives a rela
tively good chances of detecting the sand layers. Therefore 
model calculations have been carried out to study at which 
depth, what thickness of sand layers the method can detect 
under a given layer thickness and resistivity conditions. In 
Figure 11 such a model can be seen. The left side of the fig
ure simulates a valley where the sequence of 20 £2m resis
tivity (clay or water-saturated loess) lies on the surface. 
Moving from the bottom of the valley (to the right) toward 
the top of the hill, at first a sand layer of 100 iim fixed 
resistivity is reached which is horizontal and 20 m thick. 
Moving further toward the top of the hill the dry loess 
overlying the sand is reached. Its resistivity has been cho
sen at 50 £2m and its thickness is proportional to the eleva
tion above the sea level, i.e. the thickness of the loess 
varies, To illustrate the results the sounding curves calcu
lated for the bottom, the side and the top of the valley and 
their simplified interpretation are shown in the upper part 
of the figure. When the measurement is carried out over 
the sand, it obvious that the curve reflects the sand. On the 
side of the valley where the sand lies at shallow depths it 
can reliably be detected. On the other hand, the effect of 
the sand can be recognized, although weakly, in the curve 
measured on the top of the hill.

The final conclusion that can be drawn is that the sand 
layer is detectable at the given resistivity contrast if the 
ratio of depth and thickness is smaller than 3.5; i.e. at a 
resistivity contrast of 1:2 a 20 m thick sand layer can be 
detected if it lies not deeper than 70 m. Detectability of the 
sand would be more favorable if the resistivity of the loess

had been chosen lower with the motivation that the resistiv
ity of the loess below the water table was lower according to 
our measurements than that chosen for the model. It does 
not change significantly the situation. This result is not very 
favorable because much thinner sand layers may well occur. 
This means that a 2 m thick sand layer cannot be detected 
by VES at a depth of only 8 m. This problem can be over
come by engineering geophysical soundings which are 
capable of detecting even 10 cm thick layers.

4.1.2. Impact of changes in surface relief 
on the VES curves

As with other geophysical methods, in the case of VES 
and the theoretical calculations used in the inversion meth
ods the lateral homogeneity is assumed i.e. it is assumed 
that the lateral extension of the layers obtained is infinite 
compared to the dimensions of the measurements. In 
other words, neither their thickness nor their resistivity 
changes in the vicinity of the site of measurement. It is 
obvious this is not fulfilled in our case simply because of 
the relief of the terrain. The question is how much does 
this influence our interpretation and how much does this 
distort the four-layer model which was calculated at the 
sites of the planned waste disposal facility. A detailed 
investigation taking into account all aspects would need a 
separate study. For the moment we discuss a case which 
caused problems to the geologists using our results.

It was shown that the resistivity of the third (argilla
ceous) sequence up increases in a certain section of both 
profiles in the vicinity of Udvari. It was interpreted as an 
assumed buried paleo-river. Sediments of coarser (sandy) 
grain size than are common in the vicinity have been 
deposited in its bed (in its terraces, detrital cone). It was 
surprising that this assumed paleo-river lay just below a 
present valley. The question was raised; Could not this 
phenomenon be the result of curve distortion caused by 
the surface relief?

For the study E. Pracser developed a 2D VES model
ing program based on the finite element method. Two
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trades are moving upwards, along the sides of the valley. In 
the course of sounding they finally reach the top of the 
bordering hills, which in reality is how the measurements 
were performed.

The apparent resistivity curve obtainable over the hori
zontally layered model has also been calculated, and both 
have been inverted using the M a r q u a r d t  algorithm. The 
two inversions, of course, have not yielded the same re
sults, but it can be said that the resistivity and thickness pa
rameters of the two layers lying closer to surface became 
more inaccurate, while the resistivity and thickness of the 
fourth and third layer are hardly disturbed by the surface 
relief. The basic question of the study was to decide, how
ever, could the resisitivity of the third layer increase due to 
the effect of the valley. In connection with this it should be 
stated that the slight deviation taking place in the resisitivi
ty of the critical third layer is just of the opposite direction 
which would make the existence of the buried paleo-river 
bed questionable. It means that the effect of the valley on 
the surface rather decreased and not increased the resistiv
ity of the third layer.

a b
Rho(1)-43.8 D(1)=13.3
Rho(2)-31.8 W2J=63.5
Rho(3)=7.5 D(3]=51.0
RM4M3.3

Rho(1)-60.0 D0).40.0 
Rha(2>»30.0 D(2)-60.0 
RM31-10.0 DI31-60.0 RM4W0-O

Apparent resistivity

C

Figure 12. 2D finite element VES modeling to study the effect 
of a superficial valley on the resistivity of the third layer 

from upward

A — geoelectric model with the superficial valley, B — geoelectric model 
without the valley, C — sounding curves and their M a r q u a r d t  inversion: 
a — with the effect of valley, b — with horizontally layered model: 1 — dry 

loess, 2 — wet loess, 3 — clayey sequence, 4 — sandy sequence

12. ábra. Kétdimenziós (végeselemes) VESz-modellszámítás 
a felszíni völgy felülről számított harmadik rétegre gyakorolt 

hatásának vizsgálatára

A — e le k t r o m o s  m o d e ll  a  f e lsz ín i v ö lg g y e l, B — e le k t r o m o s  m o d e l l  a  v ö lg y  

n é l k ü l ,  C — s z o n d á z á s i  g ö r b é k  é s  M A R Q U A R D T -k ié rté k e lé sü k : 

a  — v ö lg y h a tá s s a l ,  b  — s ík m o d e l le l ;  1 — s z á r a z  lö s z ,  2  — n e d v e s  lö s z , 3 — 

a g y a g o s  ö s s z le t ,  4 — h o m o k o s  ö s s z le t

models were chosen with a grid of 150x60 nodes. In both 
of the models the four-layer geoelectric structure was used, 
and the data of the two profiles measured in Udvari were 
used as layer thicknesses and resistivity. In the upper part 
of Figure 12 a piece has been cut off from the uppermost 
layer (corresponding to the width and depth of the valley 
east of Udvari), while in the lower part of the figure it is 
assumed that the valley is filled up with loess of uniform 
thickness. The first model corresponds to the surface dis
torted by topography, and the second one to the laterally 
uniformly layered model. By means of this modeling we 
have calculated a sounding curve, the center of which lies 
in the bottom of the valley, but in which the current elec-

4.1.3. Problems of equivalency

Equivalency is a frequently occurring problem in all 
kinds of geoelectric soundings. The main point is that when 
the thickness of the geoelectric layers is not large-enough 
the same sounding curve can be interpreted in several dif-. 
ferent ways. In practice it occurs frequently. It is also gener
ally true that the higher the number of layers used in pro- -• 
cessing of measurements, the more frequent is the equiva
lency problem. Therefore the geoelectric interpreter in
tends to approximate the measurements using the simplest ‘ 
model possible to ensure the general validity of the state
ments. The interpreting geologist would prefer to squeeze 
ever finer details out of the measurements. In our case this 
happened at Udvari. In Figures 6 and 7 it can be observed 
that the resistivity of the third layer up, which is interpreted 
as a uniform layer, is 30% lower in the western part of the 
profile than in the eastern part. The question was if this 
third layer in the eastern part could be resolved into two 
layers because according to the geological observations the 
main part of this layer is of Quaternary age in one part of 
the profile, but partly of Upper Pannonian, partly of 
Quaternary age in the other part. We can answer this ques
tion immediately with yes, but it is necessary to fix one of 
the thickness or resistivity parameters based on geological 
knowledge, because when one of these is fixed the other 
comes out from the interpretation. This work requires a 
long and detailed communication between the geologist 
and geophysicist which was not possible during the field 
data acquisition due to the project deadlines. Therefore 
only a possible solution is shown. When the third layer in 
the southern part of profile 401 is divided into an upper 
layer of lower resistivity, which is characteristic of the vicini
ty of the borehole, and a lower one of higher resisitivity then 
the result shown in Figure 13 is obtained. This result is, of 
course, not the only possible solution, but it can be used to 
illustrate what kind of solutions allow the equivalency.

4.2. Engineering geophysical sounding

The engineering geophysical sounding is the most suit
able of the geophysical methods to resolve the 10-50 m 
thick loess itself. This method has been intensively used up



Figure 13. Study of the VES equivalency

A plausible interpretation of the southern part of the N-S oriented profile at Udvari (different resolutions of the third and fourth layers)

13. ábra. VESz ekvivalencia-vizsgálat

Az Udvari É-D-i irányú szelvény D-i részének egy lehetséges értelmezése (a harmadik és negyedik réteg más bontása)

to now and is able to determine the soil mechanical para
meters specified in construction standards. The method at 
present, playing a role in the geological survey, is capable 
of providing parameters which require separate and earlier 
geotechnical investigations. At present the following soil 
mechanical parameters can be determined from those 
measured in engineering geophysical soundings: consisten
cy index angle of friction, water content, water saturation, 
void space, void ratio, compactness, clay content, dry bulk 
density. Instead of the method and formulae used to deter
mine the geotechnical parameters, it is schematically

shown in Figure 14 how the soil mechanical parameters 
can be deduced from the data directly measured by our 
engineering geophysical sounding equipment.

5. Conclusions

In this paper we demonstrate that the surface geoelec
trical methods and the so-called engineering geophysical 
sounding are capable of reducing the survey costs by 
reducing the costs of drilling within the geological investi-
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Figure 14. Measured and derived parameters from engineering geophysical soundings

1 — calibrations; 2 — measured data: PE — total pressure, F( — specific sleeve friction, R — tip resistance, Ty — natural gamma activity, y-y — 
gamma-gamma activity, n -n  -  neutron-neutron activity, p — electric resistivity, hv -  water table, H — altitude of borehole mouth above the sea level, k — 
hydraulic conductivity, hw — static water table; 3 — calculated data: p„ — bulk density, Uv — water volume, n — void volume, w — water content, S — water 
saturation, e — void ratio, T — compactness, A — clay content, pd — dry bulk density, v — lateral velocity of groundwater flow (in the case of at least three 
measurement sites); 4 — derived data: Ic — consistency index, <j> — angle of friction; 5 — calibrations; 6 — layer boundaries; 7 — later classification; 8 — 

stratigraphy; 9 — mass percentages (Sk — quartz, Sa — clay, Sv — water); 10 — volume percentages (Uk — quartz, Ua — clay, Uv — water, U, — air) 14

14. ábra. Mérnökgeofizikai szondázások mért és származtatott paraméterei

1 — hitelesítések, 2 — mért adatok: Pr — összegzett nyomóerő, F| — fajlagos köpenysúrlódás, R — csúcsellenállás, Ty — természetes gamma-aktivitás, y-y — 
gamma-gamma aktivitás, n-n — neutron-neutron aktivitás, p -  elektromos fajlagos ellenállás, hv — talajvízszint, H -  lyukszáj tengerszint feletti magassá
ga, k — szivárgási tényező, hw — nyugalmi talajvizszint; 3 — számított adatok: p„ -  halmazsürúség, Uv — viztérfogat, n -  hézagtérfogat, w — víztartalom, S 
-  víztelítettség, e — hézagtényező, T — tömörség, A — agyagtartalom, pd -  száraz halmazsürúség, v — talajvíz horizontális áramlási sebessége (legalább 
három méréspont esetén); 4 — származtatott adatok: Ic — konzisztencia-index, <J> — súrlódási szög; 5 — hitelesítések; 6 — réteghatárok; 1 — rétegminősítés; 

8 — rétegsorok; 9 — tömegszázalékok (Sk — kvarc, Sa — agyag, Sv — víz); 10 — lérfogatszázalék (Uk — kvarc, Ua — agyag, Uv — víz, U, — levegő)

gation area. The results have a broader application in both 
the closer and wider vicinity. The most important results 
of the reconnaissance survey are summarized at the end of 
section 3 detailing the results in the three areas. Where 
questions have been left unanswered, we have documented 
the problems. To study these open questions we have car
ried out theoretical research before, during and after the 
reconnaissance survey and reported on them here. On the

basis of this we conclude that the engineering geophysical 
sounding and VES will yield essential results which are 
capable of providing not only solution to definite geologi
cal problems but also geotechnical data. It should also be 
noted that , a wider application of geophysical methods in 
the investigation of the areas with outcropping granite is 
also necessary.




