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SOME LABORATORY ELECTROMAGNETIC STUDIES OVER RESISTIVE BODIES
IN A CONDUCTIVE ENVIRONMENT
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Scale model oxperiments ovor resistive bodies in a conductivs msdium have been carr¡od
out to study tho application of elsctromagnetic methods in prospocting for groundwatsr
and construction materials. Also, some computational results havo beon revier¡nd.
Freshwatsr buriod stroam valleys, freshwater lenses in sand dunes and in sand and gravol
bodies are often embedded in clays or surrounded by layers containing salins wator.
Tho constitution of thes€ bodies is geoelectrically equivalent to the pres€nc€ of a non-
conducting body in a conducting med¡um.
Tho olectromagnstic response of a resistive body in conducting homogenoous and hetsro-
gonsous half-spaces has been studied for the case of a horizontal coil prospocting system.
The EM anomalies obtained are caused by(il variations in the current-path goometry in
the host modium (iil changes in the magnitude of the induced currents, and ( iii) intoraction
between the conducting flanks, when a res¡stive body is immersed in a conducting me
dium. A fiold oxample is shown of the application of horizontal-coil EM mothod in
delineating a frosh-water burried stream in clays.

Com a finalidade de estudar a aplicabilidade dos métodos eletromagnéticos na localizaçå'o
do corpos rosistivos imersos em meio condutivo, foram realizados experimontos com
modelos reduzidos. Tais situações sâ'o comumente encontradas na prospecçå'o do aqul-
feros e matoriais do construçiío, por exemplo, paleocanais em argilas, lentos de água doce
e_m ambientes de água salobra o bolsões de areia e cascalho em camalas de argila e till.
E reconhecidamente útil a aplicaçõo da oletrorresistividade nesses c¡rsos. embora as
medições se¡am extremamente custosss e lcntas. Mosmo assim, em terrenos favoráveis,
levantamentos EM sâo altamente convenientes.
Rospostas EM de situaçöes geoelétricas sob estudo referem-se a: (il corpo resistivo em
meio infinito condutivo; (ii) corpo resist¡vo entre "slaba" de largura e profundidado
limitadas. A primeira situação é simulada por uma placa do acrflico em uma soluçâ'o
condutora dentro de um tanque e a segunda, por dois slabs idênticos do grafite separados
do uma corta distância (ar livre).
Anomalias EM significativas obtóm"se em ambas situações para profundidades e dimen-
sões variáveis dos alvos. Outros fatoros que govornam as anomalias sâo o número de
induç5o do meio enca¡xante e o arranjo das bobinas utilizado nas modições. Visto que
nenhuma corronts podo ser induzida num isolante, estas anomalias sâo causadas por:
(i) variaçâo do trajoto da corronte no me¡o oncaixante condutivo quando um corpo
nâo condutivo é imerso nele; (ii) mudonços na magnitude total das correntes induzidas;
e (iii) interação das margens condutivas no limitø com o corpo resistivo,
Desta maneira, o presente estudo demonstra a potencialidade dos métodos EM na pes-
quisa de água doco o materiais cle construçá'o existentes num ambiente condutivo, como
por exemplo, aquíferos de água salobra e argilas. A domarcaçii'o do paleocanais contendo
água potável na llha de Marajo, no Estado do Pará, revelou-so como uma aplicaçâ'o bem
sucedida de métodos EM.

INTRODUCTION

Burried stream valleys, periodically recharged fresh-

water lenses in sand dunes, and enclosed elorìgated sand-

gravel bodies are irnportant sources ol groun<Jwater itr arrd

and somi-arid regiorrs (F lathe, 1967; Ogilvy, |967; Van flam,
1976) . Of ten the burried valleys and other sand-gravel

bodies containing freshwater are found ernl¡edded rn clays

or are pres€nt in saline-water modia. Sand and gravel are

also important corì$truct¡orì materials. Tlre geological
s¡tuation of their occurrence, approximate geoeloctric

conditions and the scals modol rsprosentation are slrown

in Fig. 1. Geoclectrically tho geological struclure may be

represented try a non-conducting body in a conducting

rnediunt.
Galvartrc resrstivity and se ismic rrìctlìo(ls are widely

used in thc exploration for grottndwatcr ðnd corlstruction
tnaterials. They procluco excellent results, but ðre tedius

in operatiorr. Orr the other hand, inductive electromagnetic

metlìods are easielr to opcr¿¡te rn a f avorable torrain. To holp

evaluate the use ol EM methods in ¡lrospecting for ground-

watcr ¡nd conslrr¡ctron mðter¡al, some resulls of scale.
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Figure I - Geological an<t oquivalent geoolectrical conditions ol tha occurrenco of groundwator and conttruction matorial¡, and tho mall'

¡cale model roprosontat¡on.

modelling and computation are analyzed, Palacky et al.

(1981) successfully applied H LEM techniquos in the

prospecting for groundwater pres8nt in fractured zones

in Precamhian terrains in the Republic of Upper Volta.

Also, HELM response over valley-like inhomogoneity in

an overburden was studied by Villegas'Garcia and West

( r 983).

sheet is ¡.l'ooLt, where t is ths thickness of the sheot and

L the distance botween the transrnitter and recsiver coils.

The electromagnet¡c responso of a horizontal'coil

system has been studiod for the following situations:
(i) A resistive body in a homogeneorJs, conductive

half'space: The model is a plastic slab immersod in

a conductive solution of dilute hydrochloric acid

containecl in a tank. A solution of conductivity
18 Sm-r together with a coil separation of 0.5m

and frequency 100kHz, would represont a half'space

of conductivity of 0.09 Sm-r for a coil soparation

of L : 100m and lrequency 500H2. The equipment'

and the system of measuroment havo boon degcribed

by Vorma and Gaur (1973)'

(ii) A resistive body in a hoterogonoous half'space: This

is simulatod by placing two identical graphite slabs

w¡th a gap betweon them (Fig. ll. Tho slab conduc-

tanco of r¡r - 12.5x10rS (o =- 2.5xl0tsm-¡, t :

EM MODELLING CONDITIONS

The theory of electormagnot¡c scale modelling has

been describsd by Grant and West (1965), Strangway

(1966), Ward (1967) and Frischkenecht (1971), among

othors. A half'space can be simulated in tho laboratory

at a reduced scalo by conserving the induction number,

!uuL2, where g is magnetic pormeebility, <^r is angular

frequoncy, o is electrical conductivity and L is signif icant

linear dimensions. The induction number of an extonded
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= 0.06m1 at å fr€quency 600H2 ând coil sopsrat¡on

0.2m, simulates a conductance of 25S at a frequency

500H2 and a coll s€parat¡on 100m. Considering the

full-scale sheet thickneg¡ a¡ 26rn, the conductivity
of the materisl will bo lSm-r.
Aocording to Flathe (19671 and Parasni¡ (1966)

conductivity of 0.09 Sm-r to lSm-r istypicalfor aquifers

contå¡ning sal¡ne wator and clay beds (F lg. 21.
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drochloric acid (o: 18Sm-r) at depths of D = 0.02m
and 0.05m is ¡hown in Fig.3. The anomaly pattern is

found to be inverse to that of a conducting slab in a slmilar
situation (Gaur et al., 1972). The anomaly amplitudes due
to the resistive body are much smaller compared with
thoss caussd by a conducting body.

Gupta Sarma and Maru (19711 obcerved a ¡ubstan-
tial quadrature and a small inphase anomaly over a verti.
cal backelite sheet partially immereed in a sslt solution
(o = 14.9Sm-l l. The anomaly profiler are similar to tho$
of a vertical conductor but dlsplaced abova zero-anomaly
level.

Re¡i¡tlve body in a heterogoneour holflpace

Figs. 4, 5 and 6 d€mostrato th€ offoct of the variation
in the eirgap betìnoen the graphite dab for different
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DISCUSSION OF RESULTS

RedrtiviÇ body in o homogoneour hrlf.tprce

Ths electromagnetic anomaly due to a horizontal
persp€x ¡lob (0.506x0.088x0.021mr immeræd in e hy'
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Figuro 6 - Anomaly prof ller ovor a rerirtive gap

betwosn graphlte rlab¡ for O/L : 0.2.

dopths below tho coil'system. At low valuss of the air'gap

(i.e. for G/L < 0.2) s central negative peak is obtained.

This gradually splits into two with a central hump when

the gap is increased. Therefore, the negat¡ve'peak position

is governed by the disposition of the edges of the graphite

slab with respect to the coil separation, ln genoral, the

inphaso anomaly profiles are found to shift upward whilst

the quadrature moves downward with rospect to tho zero-

anomaly reference'line, except in the case of D/L - 0'3

where both of them shift uPward'

The increaso in the coil-height (D/L) abovo the

graphite slab results in a goneral reduction of the anomalies'

Ouadrature anomaly profiles gradually shift upward in

thoir level as D/L is increas€d but tho inphase counterpart

remains unaffected.

-2

FlgurcS - Anomoly profiles ovar o rollllive gep

betwecn graphito ¡lab¡ for O/L = 0.3.

CAUSE OF ANOMALY

Since no current can bo induced in an insulalor,
the anomalies are caused by:
(i) variation in current path geometry in the conducting

host-medium when a resistive body is immorsed,
(¡i) changes in over.all magnitudo of the induced currents

in the host.medium, and
(iii) inloraction betwoon the conducting flanks that

surrond tho resistive body.
surrond the rosistivo body.
Those causos are evinced by Figs' 3 and 7, ln Fig' 7,

the anomaly profiles B aro not equal to the profiles B'

over an air-gap G/L : 0, l, B' boing the algebraic combina'
tion of the prof iles A and A'due to the edges of a graphite

slab individually positionod at X/L =' 0.05 and -0.05.
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This difference is caussd by the intoraction between tho

conducting slabs, which would bo negligeable if the slabs

wore far apart. Thus the prof iles C', which are the combina'

tion of thoso due to the edges, and C are the same over

tho air-gap for G/L : 1. Hor¡ræver, the effect of interaction

betweon ths slabs is to rsduc€ the anomalies'

% ¡NPHASE ANOMALY

D/¡ ' 9.2

-2

ing fresh groundwater and in soarch f or construction
materials (sand and gravel) in beds with saline watsr or

clays.
Sinha (1973) computed airborne E M anomalies

over a resist¡ve sand gravel pocket (p = 600 fù'm) for four
types of coil systems at the Winkler area in Canada. Ap
preciablo anomalies have been obtainod with all the four
syst€ms. However, the maximum anomalies have beon

otained with a horizontal coplanar coil system followod

by a vertical coplanar, a Tc-horizontal/Rc'vertical, and

the vertical coaxial coil systems.

Porsani etal. (19801 have sucossfully used a hori'
zontal coplanar coil system in demarcating the buriod

stream valleys containing fresh water on ths Marajó lsland
(Pará), Brazil. These buried valleys are fillsd with sand and

gravel (p t 40 Ohm-ml and embodded ln clay and sand

beds with saline water (p = 0.4-0 Ohm.ml. F ig. I shows the

horizontal-loop EM profiles across the burried valley
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Flguro 7 - Anomely prof ller lor D/L = 0,2: A and A' due to
the edget of o graphlto slob pos¡t¡onod seporotely
et X/L = 0.05 and --0'06; B and B' over the oir'gop

G/L = 0.1, B'bolng ths combinotion of A ond A';
and C and C' ovor the eirgop G/L : 1'0; C' boing

the comblned curvo clue to the odger porltioned

st X/L :0.5 ond -0.6.

CONCLUSIONS

Results of analog models demonstrate that significant

electromagnetic anomalies are caused by the pres€ncs

of resistive bodies in a conductive host medium. The sizo

of the anomalies is determined by tho induction numl¡er

of the conducting host medium and the dimensions and

disposition of the rosistive body in relation to the coil

arrangement usod for the measurem€nt. Therefore, EM

methods can be applied in prospecting for pockets contain'

Figure I - Electromognotlc prof ¡ls6 ocro¡r o burri€d ltrâem
chonnoal "Guaiaró Mirim", Marajó lrlond, Srarll

{Aftsr Por¡uni ot ol, 1980}.
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"Guarala Mirim". The width of the valley is about 6(X)m
(1.e. ) 12L1. As the equlpment wss calibrated on the
valley, the reeponæ in general approaches zoro, except
closo to lts f lankc where the inhomogeneity producee
nsgativs valuæ. The fleld re¡ults are qualitatively compsr-
able with the model results; see profile for G/L = 1.6
in Fig. 4. However, th6y aro not €qual becauss (i) the
conductivity contrast at the border is sharp in the model
whilst it is gradual for burrisd valleys, (iil the response
paramster of the graphite slab is hlgher than of tho mðtorisl
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