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IP METHOD AS A MEANS OF IMPROVING THE SITING OF WATER
WELLS

Heinrich AIGNER* and P4l DRASKOVITS**

In order to determine the optimum sites for drilling water wells, the IP method was used
combined with a resistivity survey. Initially resistivity and polarizability characteristics of recent
river sediments of different grain size were studied by laboratory model measurements. Interpreta-
tion of field data was based on these laboratory results. In order to support the interpretation of
field measurements, in-hole resistivity and IP measurements (both in the time- and frequency
domain) were carried out. For this purpose the instruments had to be adapted to borehole
conditions. In a water prospecting project in SE-Hungary, the quantity and distribution of porous
formations were determined qualitatively. These data were later checked by test pumping. On this
basis in alluvial basins the best water-bearing formations can be expected in areas characterized by
high resistivity and low or medium polarizability.
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1. Introduction

In hydrogeologic investigations of clastic sediments the sand/shale ratio is
of prime importance as high permeability zones can only be expected in areas
of high sand content. In water supply projects the various resistivity methods
are generally used as the leading geophysical method. The limitations of the dc
methods become obvious when sand and different sand-clay mixtures have
similar resistivities. Therefore it is necessary to find another geoelectric method
which, without considerably increasing the costs, might help to solve the prob-
lems. Judging from the technical literature, induced polarization might be the
method sought [Aigner 1986, Bertin and Loeb 1976, Bodmer €t al. 1968,
Niesner and W eber 1985].

In sedimentary rocks, at the phase boundary between the matrix and the
electrolyte, there is a state of equilibrium (electric neutrality). If a current is
turned on (or off), this equilibrium of charges breaks down and polarization
phenomena occur. The amplitude, frequency and phase characteristics of this
polarization are utilized in the induced polarization method [Aigner 1986,
Keller and Frishknecht 1970].

There are two ways to measure the IP effects. In time-domain measure-
ments, direct current is passed into the ground and in a certain time it is
interrupted. The current can be turned off practically instantaneously whereas
the decay of potential between the electrodes is a relatively long process.
Time-domain IP measurements mean the analysis of this decaying potential.
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In frequency-domain measurements, charging is effected by ac current and
the resistivity of the rocks (the amplitude of the potential) and the phase shift
between the charging current and the measured potential will be studied as a
function of the frequency.

The work was carried out co-operatively, the basis for co-operation —
between Joanneum (Leoben, Austria) and ELGI (Budapest, Hungary) — being
provided by the former’s expertise in frequency-domain IP, while the latter’s in
time-domain IP. ELGI had, in 1982, completed a large water supply project
when the idea for co-operation in using the IP method in hydrogeological
problems arose. In that the results were available of a 4-year systematic
VES + IP (time-domain) survey together with the pumping tests of the subse-
quent drilling project [Draskovits et al. 1990], an ideal test area was at hand
for comparing different methods.

2. Instrumentation

Induced polarization has been the leading method in ore prospecting for
about 25 years. The possibility of using the method for other purposes was
opened up by the development of the instruments [Ketter and Frishknecht
1970, Sumner 1976, Vacquier et al. 1957] increasing their accuracy significant-
ly, first of all by introducing the microprocessor technique. In the 1980s a large
amount of IP measurements were carried out both in the field and in the
Iaboratory [Draskovits 1986, Ketter and Frishknecht 1970, Lipskaya and
Ryapolova 1970, Roy— Ertiott 1980]. Several attempts were made to extend
the method to in-hole measurements which resulted in further problems mainly
of a technical nature (e.g. electromagnetic coupling through the cable, or
limitations caused by the small hole diameter and large depths, etc.) [Dras-
kovits 1986, W ebster 1986]. In the first stage of Austrian-Hungarian co-opera-
tion, field and laboratory measurements were carried out in the time domain,
and in-hole measurements were performed both in the time and frequency
domains.

For time domain measurements the DIAPIR-18 resistivity and polarizabil-
ity equipment (ELGI, Budapest) was used. It samples the first 1.5 s of the decay
curve in 100 ms steps, and uses longer sampling intervals for the time range up
to 30-40 s. The length of the current pulses can be varied in accordance with
the formula T = 1.6x2*s where k=0, 1 2, ..., 9.

For frequency domain measurements the instrument (Joanneum, Austria)
contains a sine generator which produces current pulses of varying frequency;
these pulses are converted to dc by a potential-to-current transformer. The
measured potentials reach a two-phase lock-in analyser where the potential
synchronized to the frequency is filtered and its amplitude and phase related to
the charging current are determined. The instrument operates in the
0.1-10,000 Hz frequency range.

It must be underlined that the above instruments are not well loggers.
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Either the standard field units are connected to the sondes or they are modified
to some extent (e.g. built-in preamplifier), and standard well-logging winches,
depth indicators, etc. are used.

3. Model studies

For model measurements Danube sand was used. By passing the sand
through a series of sieves, different grain size samples were obtained
(0.63-0.32 mm, 0.32-0.20 mm, 0.2-0.1 mm, 0.1-0.06 mm). They were saturated
with fresh water and with a solution of NaCl of various concentrations. The
resistivity and polarizability curves (100 ms after turn-off) for fresh and brackish
water (0.01 n NaCl) saturation are presented in Fig. 1. This shows, in agreement
with published data, that
— whereas resistivities of different grain size fractions differ slightly, their
polarizabilities show considerable differences;

— the best conditions for high polarizability (first of all for electrolytic polariza-
tion) occur in the grain size fraction below 0.1 mm.

Fig. I. Resistivity and polarizability
measured in sands of different grain
size

/. dbra. Kilénb6z6 szemcseméreti
homokban mért ellenallas és
polarizalhatésag adatok

Puc. 1. 3HayeHus conpoTuBNEHUS
1 NONAPU3YEMOCTU, MOSTYHEHHbIX
B Nneckax pasnnyHoi 3epHUCTOCTU
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These results of laboratory measurements prove that the induced polariza-
tion method provides valuable additional information for water prospecting in
a sand/shale sequence.

4. Field measurements

The next step in the co-operation was field work with the frequency-domain
instrument of the Austrian team in an area which had formerly been prospected
by ELGI. The test area chosen was an alluvial fan of the river Maros (SE
Hungary). The task was to search for the coarse sediments of paleo-rivers
running in Upper Pliocene and Pleistocene times. The whole alluvial fan is
located on Pannonian clays of considerable thickness. An integrated geoelectric
survey was carried out in 1978-82 over an area of 1500 km2. Two promising
depth intervals could be traced between the surface and near-surface formations
of extremely variable resistivity and the low-resistivity Pannonian clays, named
upper and lower water-bearing horizons. The areal resistivity and polarizability
distribution of the upper water-bearing horizon are presented in Fig. 2. Depth
to this horizon varies between 5 and 30 m while the thickness of the
water-bearing sequence between 100 and 300 m, decreasing from E to W. On
the resistivity map there are definite highs of similar resistivity (Fig. 2a), inter-
preted as local accumulation of the coarse-grain fraction (areas marked by
1-2-3). So on the basis of this single parameter the hydrological value of these
areas can be taken as near to equal. Anomaly No 1 can be judged more
favourable because of its large extent.

The polarizability distribution of the same depth interval (Fig. 2b) shows
a totally different character: areas having identical or similar resistivity show
different polarizability.

5. In-hole measurements

Figure 3. shows a comparison between point-like in-hole measurements
performed with a 40 cm Wenner probe attached to a time-domain surface
instrument and the resistivity log obtained with a 40 cm potential probe on
drilling 1 The two resistivity curves match perfectly and enable us to construct
the sand/clay variation in the lithologic column. The polarizability values are
— small (below 4%) in clays (e.g. 50-56 m);

— medium (4-6%) in clean sands (62-68 m);
— high (8-11 %) at sand/clay boundaries (60 m, 70 m, 91 m, 98 m).

O

2. dbra. A Maros hordalékkupjanak ellenallas- (a) és latszolagos polarizalhatdsag- (b) térképe O

Fig. 2. Resistivity (a) and apparent polarizability (b) maps of the alluvial fan of river Maros

Puc. 2. KapTbl conpoTuBneHus (a) U Kaxylyeinca nonsapusyemocTu (B) N0 KOHyCYy BbliHOCA p.
Mapow
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Fig. 3. In-hole resistivity and polarizability values measured in SE-Hungary
3. dbra. DK-Magyarorszagon mért farolyukbeli ellenallas- és polarizalhatésag értékek
Puc. 3. 3HaueHusi CONPOTUBNEHNUS U MONSIPU3YEMOCTU, N3MEPEHHBIX B CKBaXMHAX
I0r0-BOCTOYHON BeHrpuu

These results suggest that induced polarization takes place mostly at sand/
clay boundaries. Therefore the average level of polarizability becomes high
where thin individual sand and shale layers alternate (e.g. between 78 and 86 m).
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At the same time, the average resistivity level is only slightly lower than in the
case of a clean sand layer (between 62 and 68 m). From these data it may be
suggested that the resistivity value determined by surface measurements is
linked with the total quantity of sand in the depth interval studied, while the
polarizability value is linked with the distribution of this sand. Thus thick clean
sand layers may be expected in areas of high resistivity and low polarizability,
i.e. in our case in the eastern anomaly marked by 1 In areas of similarly high
resistivity but high polarizability (anomalies marked by 2 and 3), variation of
thin sand and clay layers are to be expected. This conclusion is supported by
borehole data and pumping tests.

Time domain and frequency domain in-hole measurements were compared
in the framework of another water supply project (Western Hungary). Fre-
guency domain measurements were carried out in the frequency range of 0.1 to
1000 Hz, at 11 discrete frequencies. One point in clean clay (24 m) was taken
as reference, and measurements at other points were normalized to this value.
Normalized resistivity and phase curves obtained in clay (Fig. 4a) differ both
for shape and amplitude from the respective curves obtained in sand (Fig. 4b).

1Q-71 t-~Jrad] Ig-b- i"-'Urad]

*24m *14m

Fig. 4. Normalized resistivity (ei/g.. ™ an<) phase shift (V,-"*24m) values versus frequency
a) Sonde in 25 m, clay; b) Sonde in 30 m, sand
4. dbra. Normalizalt ellenallas (Q\lg2i ,,) és faziseltolas m) értékek a frekvencia
fliggvényében
a) 25 m mélyen Iév6 szonda, agyag,b) 30 m mélyen lévé szonda, homok
Puc. 4. 3HayeHns HOpMMpoBaHHOTO conpoTueneHns (eJQ2 N 1 ha3oBbIX CMeLLeHUIA (<p,~<p2Am)
KaK (DyHKLMM yacToT
a) 30H[ Ha rny6buHe 25 M, rAnHa; b) 30HA Ha rny6uHe 30 M, nMecok
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Although the experiment comprises a short section of the well, it includes
the boundary of a layer of dominating sand fraction around 28-29 m. This is
reliably indicated both by dc and ac resistivity measurements (Fig. 5¢) and the
time-domain polarizability measurements indicate the same boundary (Fig. 5a).
Figure 5b shows the phase shift as a function of depth and frequency. Sand
appears with high phase shift and the contrast between sand and clay increases
with increasing frequency. This is favourable from the viewpoint of both time
demand and economy of measurements. In the middle part of the section it is
interesting that ac and dc resistivity correlate well with the phase shift. A local
polarizability maximum at a depth of 28 m indicates the same boundary.

Summarizing, we found that clay and sand can be separated by other
methods (well-logging) more quickly and more accurately than by in-hole
resistivity and IP measurements. However, our experiments were aimed not at
accurate separation of clay and sand but as a means of contributing to the
interpretation of combined resistivity and IP surveys. In this respect our results
are of help in explaining IP phenomena in sand/clay sequences.
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Fig. 5. In-hole resistivity, time and frequency domain polarizability measurements
a) Apparent polarizability in time domain (Pa) and frequency domain (MF)
b) Phase shift in mrad versus depth and frequency
¢) ac and dc resistivity values

5. abra. Farélyukbeli ellenallasmérések 0sszehasonlitasa id6- és frekvenciatartomanybeli
polarizalhatésag mérésekkel
a) Latszolagos polarizalhatésag az id6- (Pa) és frekvenciatartomanyban (MF)
b) Fazistolas mrad-ban a mélység és frekvencia fliggvényében
¢) Valtéaramu és egyenaramu ellenallas értékek

Puc. 5. ConocTaBnieHne pe3ynbTaToOB CKBAXWHHbIX U3MEPEHWI CONPOTUBNEHNS C U3MEPEHUAMU
nonsipu3yemMocT BO BPEMEHHOM M 4aCTOTHOM AMana3oHax
a) Kaxyuwaaca nonsapusyemocTs Bo BpemeHHOM (P& n yactoTHOM guanasoHax (MF)
b) ®da3oBoe cmelleHMe B Mpag Kak yHKLUMS rAy6uH 1 yacToT
c) 3HaueHMs CONPOTUBNEHUS MOCTOSIHHOTO Y MEPeHEHHOro Toka
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6. Conclusion

In hydrogeologic prospecting of basins filled with young clastic sediments
the use of the IP method is found to be a good means of complementing
resistivity surveys. Anomalies of similar resistivity can be distinguished or even
classified with the help of their apparent polarizability. The best water-bearing
layers occur in areas characterized by high resistivity and low or medium
polarizability judging from our results in several water-prospecting projects.
This conclusion is supported by laboratory and in-hole resistivity and IP mea-
surements, and by pumping tests.
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VIZKUTAK TELEPITESENEK OPTIMALIZALASA A GERJESZTETT POLARIZACIOS
MODSZER ALKALMAZASAVAL

Heinrich AIGNER, DRASKOVITS Pél

Vizkutak optimalis telepitése céljabol az ellenallas méréseket gerjesztett polarizacios mérések-
kel kombinaltuk. El6szor laboratériumi modellmérésekkel meghataroztuk a kiilonb&z6 szemcsemé-
reti folyovizi Uledékek ellendllas- és polarizalhatosag jellemz6it. A terepi adatok értelmezése a
laboratériumi mérések eredményein alapul. A felszini mérések értelmezésének alatamasztasa célja-
bol fardlyukbeli ellenallas- és GP méréseket végeztiink az id6- és a frekvenciatartomanyban.
E célbdl a mérémliszereket alkalmassa kellett tenni a farélyukbeli viszonyokra. Egy DK-magyaror-
szagi vizkutatas soran kvalitative meghataroztuk a porézus képz6dmények mennyiségét és eloszla-
sat. Ezeket az adatokat kés6bb prdébaszivatty(zasokkal ellendrizték. Mindezek eredményeképp
megallapithatd, hogy alluvialis medencékben a legjobb viztarolé képz&dmények a nagy ellenallassal
és kicsi, vagy kozepes polarizalhatésaggal jellemezhet6 korzetekben varhatdk.

ONTUMAJTTINSALNA BbIBOPA MYHKTOB MO4 MAPOrEOC/OI MYECKUE
CKBAXWNHbI C MPUMEHEHVMEM METOJA BbI3BBAHHOW NMONAPUSALINN

leiiHpux AUTHEP, MNan APALUKOBWY

C uenbio BbIGOPA ONTUMAbHbLIX MYHKTOB AN TMAPOre0orMYecKUX CKBaXWUH 3N1eKTpopas-
Be/lKa METO/0M COMPOTUBAEHNIA Gblia MOCTaBMEHa B KOMM/IEKCE C METOZOM BbI3BaHHOI nonspusa-
ummn. Mpm 3TOM Ha NabopaTOPHbLIX MOAENAX 6bIN OnpeaeneHbl NapamMmeTpbl CONPOTMBAEHUS U MO-
NAPU3YEMOCTI aNnioBMANbHbIX OTNOXKEHWI Pa3NUUHOW 3epHUCTOCTW. MHTepnpeTauus AaHHbIX
nonesbIX PaGoT OCHOBAHAa Ha pesynbTaTax NaGopaToOPHbIX U3MepeHWii. Ons NOATBEPXKAEHNS UH-
TepnpeTauny Ha3eMHbIX JaHHbIX GbINN BbINOHEHbI U3MEPEHUs CONPOTUBEHUS W MONSPU3YEMO-
CTU B CKBXMHAX B Y4aCTOTHOM W BPEMEHHOM AuanasoHax. [s 3Toi uenu namepuTtenbHas annapa-
Typa 6blna NPUCNoco6eHa K CKBaXWHHBIM U3MEepeHUsM.

B xofe r1Maporeonornyecknx pa6ot B KOrosocTouHoit BeHrpum 6binn KauecTBEHHO onpese-
NeHbl KONMYECTBO 1 pacnpeaeneHne NopucTbiX NopoAd. 3TU AaHHble BMNOCAEACTBUM GbiN NpoBepe-
Hbl MYTEM WUCMbITATENbHbLIX OTKAYeK. B pe3ynbTaTe NpoBefieHHbIX PaboT MOXHO YCTaHOBUTb, YTO
B aNNoBUaNbHbIX GacceiiHax OTNOXEHWs, Haumbomnee HaCbILlEHHbIE BOAOW, MOXHO OXMAaTb Ha
yyacTKax BbICOKOrO COMPOTMB/EHWUS U Manoii 0 cpeaHeit Nonsipu3yemocTu.



